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i

This invention relates to the catelytic conver-
sion of carbon oxides with hydrogen to form val-
uable synthetic preducts. The invention is more
particularly concerned with an improved method
of employing and reconditioning finely divided
catalysts having & high activity and selectivity
for the formation of normally liquid hydrocar-
wons in the catalytic conversion of carbon mon-
oxide with hydrogen employing the so-called fiuld
solids technique.

The synthetic preduction of liquid hydrocar-
bons from gas mixtures coniaining various pro-
portions of carbon monoxide and hydrogen is
already known and nurerous catalysts, usually
containing an iron group metal, have been de-
scribed which are specifically active in promoting
the desired reactions at certain preferred operat-
ing conditions. For ezample, cobalt supported
on aun inert carrler is used when relatively low
pressures (atmospheric to about 8 atmospheres)
and low temperatures (about 375-425° F.) are ap-
plied in the manufaciure of a substantially sat-
urated hydrocarbon product, while at the higher
temperatures (sbout 450-750° F.) and higher
pressures {about 5-25 atmospheres and higher)
required for the production of unsaturated and
pranched-chain products of high anti-knock
value, iron-type catalysts are more suitable.

In both cases, the reaction is strongly exo-
thermic and the utility of the catalyst declines
steadily in the course of the reaction chiefly due
to the deposition of non-volatile conversion prod-
uets such as carbon, parafiin wax, a.nd the like,
on the eatalyst.

The extremely exothermic character and high
temperature sensitivity of the synthesis reaction
and the relatively rapid catalyst deactivation
have led, in recent years, to the application of
the so-called fluid solids technique wherein the
synthesis gas is contacted with a turbulent bed
of finely divided catalyst fiuidized by the gaseous
reactants and products. This technique permits
continuous catalyst replacement and greatly im-
proved heat dissipation and temperature control.

However, the adaptation of the hydrocarbon
synthesis to the fluid solids technique has encoun-
tered serious difficulties particularly with respect
to catalyst deposits and their detrimental effects
on the fluidization characteristics and mechani-
cal strength of the catalyst.

As stated above, one of the most important
modifications of the hydrocarbon synthesis re-
quires the use of iron-type catalysts. These cata-
lysts are the outstanding representatives of a
group of catalysts which combine a high synthe-
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sizing activity and selectivity toward normally
liquid products with a strong tendency to car-
bonize during the synthesis reaction, that is, to
form fixed carbon or coke-like catalyst deposits
which cannot be readily removed by conventionsi
methods of synthesis catalyst regeneration such
iaii extraction, reduction, steam-treating or the

e.

These carbon deposits, when allowed to accu-
mulate, weaken the catalyst structure, probably

-due to carbide formstion which leads io rapid

catalyst disiniegration particularly in fiunid op-
eration. The reduction of the true density of
the cataelyst resulting from its high content of
low-density carbon coupled with the rapid disin-
tegration of the catalyst particles causes the
fluidized catalyst bed o expand, thereby redug-
ing its concenftration of catalyst and ultimsately
resulting in the loss of the ecatalyst bed because
it becomes impossible to hold the catalyst in o
dense phase at otherwise similar fluidization con-
diticns. With these changes in fiuid bed charac- .
teristics, the heat transfer from and throughout
the bed decreases markedly favoring further car-
bonization and accelerating the deterioration of
the fluidity characteristics of the bed.

Prior to the present invention it has been sug-
gested o reduce the carbon content of catalysts
of this type by withdrawing the carbonized ecata-
iyst and subjecting it to an oxidation reaction
with an oxidizing gas such as air, oxygen, carbon
oxides, steam, or the like, or mixtures of such
oxidizing gases whereby the carbon is converted
into carbon oxides. However, it is extremely diffi-
cult to conirol the oxidation conditions of pro-
cedures of this type so as {o remove a substantial
proportion of the carbon without simultaneously
to oxidize the catalyst itself. It has, therefore,
been normally necessary to subject the decarbon-
ized catalyst to a subsequent reduction treatment
before the catalyst is returned to the synthesis
reactor.

The present invention oevercomes the aforemen-
tioned difficulties and affords various additional
advantages. These advantages, the nature of the
invention and the manner in which it is carried
out will be fully understood from the following
description thereof read w1th reference to the ac-
companying drawing.

‘In accordance with the present invention the
carbon content of carbonized synthesis catalysts
is substantially reduced or completely removed
by intimately contacting the carbonized catalyst
with a metal oxide reducible by carbon at a tem-
perature below the fusion temperature of the cat-
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alyst and maintaining a contacting temperature
conducive to a selective reaction of the oxygen
of the metal oxide with the carbon of the carbon-
ized catalyst so as to remove the carbon from
the catalyst in the form of carbon oxides and
simultaneously to reduce the metal oxide con-
tacted with the catalyst. In this manner an
oxidation of the synthesis cafalyst during the
decarbonization treatment is avoided and the re-
quirement of g separate reduction stage for re-
ducing the decarbonized catalyst is eliminated.

Various readily reducible metal oxides such as
the oxides of iron, nickel, manganese, titanium,
vanadium, cobalt, chromium, molybdenum, cop-
per, or mixtures of such oxides are suitable for
the purpose of the invention. In accordance with
a preferred embodiment of the invention, how-
ever, the synthesis catalyst iftself is used in the
unreduced state as the decarbonizing metal oxide.
This embodiment of the invention has the ad-
vantage that no separation of reduced metal
oxide and decarbonized catalyst will be required
prior to the re-use of the decarbonized catalyst
in the synthesis reactor while such a separation
may bhe necessary when metal oxides are used
which adversely affect the synthesis reaction, as
for example, nickel oxide.

The amounts of metal oxides required may, of
course, vary within wide limits mainly depending
on' the amounts of carbon to be removed from
the synthesis catalyst and the character of the
metal oxide itself. Quite generally it may be
stated that the metal oxide should be used in such
amounts as to make an excess of oxygen avail-
able over that theoretically required to remove
the desired amount of carbon. More specifically
when using Fe:03 as the metal oxide to reduce
the carbon content of an iron catalyst from abeut
35% by weight to about 5% by weight the amount
of Fex0s3 required will be about 2 ibs. per pound
of catalyst to be decarbonized, which corresponds
to an oxygen excess of about 22%. It has also
been found desirable to take care that the car-
bonized catalyst to be decarbonized in contact
with the metal oxide contains a. limited amount
of oxygen, say about 5-20% by weight of the cat-
alytically active metal component, in the form
of an oxide of that component. This oxygen com-
bined with the active catalyst component greatly
assists in starting up the decarbonization reac-
tion in contact with the extraneous metal oxide.

The decarbonization temperatures suitable for
the process of the invention may fall within the
approximate limits of from 1000° to 2000° F. de-
pending on the metal oxide and catalyst used.
More specifically when Fez0s3 is used as the metal
oxide, decarbonizing temperatures of 1200° to
1400° F. are suitable for iron catalysts. The heat
required by the decarbonization reaction may be
supplied in any suitable manner, for instance, by
passing a sufficiently pre-heated gas such as
steam, flue gas, or other inert gas through the
mixture of carbonized catalyst and metal oxide or

he heat may be supplied to the decarbonization
zone immediately by indirect heat exchange in
any conventional manner. In accordance with
a8 third method a controlled combustion of g pref-
erably gaseous fuel such as synthesis tail gas or
the like with a limited amount of air may be car-
ried out within the decarbonizing zone under
overall nonoxidizing conditions.

When g metal oxide is used as such or in the
reduced stage which does not adversely affect
the synthesis reaction, for example when the un-
reduced synthesis catalyst itself is used to supply
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the metal oxide, the reduced metal oxide may be
returned together with the decarbonized catalyst
to the synthesis reaction and reoxidized under
the normally oxidizing conditions of the syu-
thesis reaction to re-iorm metal oxide in suffi-
cient amounts to be useful for a subsequent de~
carbonization reaction in accordance with the
invention. When metal oxides are used which
adversely affect the synthesis reaction they must
be substantially completely separated from the
decarbonized catalyst prior to the return of the
latter to the synthesis reaction. In this case a
separate oxidation zone must be provided in
which the reduced metal oxide may be contacted
with an oxidizing gas such as steam, air, oxygen
or mixtures thereof to regenerate the metal oxide
for the decarbonization treatment. It will be
understood, of course, that such separate oxida-
tion zone may also be used to reoxidize metal
oxides which do not adversely affect the synthesis
reaction.

In the process of the present invention the fluid
solids technique may be applied to particular
advantage, finely divided carbonized synthesis
catalyst being circulated from a fluid synthesis
reactor to a fluid decarbonizer where it may be
contacted with the metal oxides of the invencion
in the fluidized state. The finely divided state
and the intimate mixture of the fluidized car-
bonized catalyst and metal oxide greatly improves
the contact between the reacting solids, facuitates
temperature control and accelerates the decar-
bonization reaction. )

Having set forth its general nature and ob-
Jects, the invention will be best understood from
the subsequent more specific description in which
reference will be made to the accompanying
drawing the single figure of which is a sche-
matical illustration of a system suitable for carry-
ing out a preferred embodiment of the invention.

Referring now to the drawing the system illus=
trated therein essentially compirses a fluid syn-
thesis reactor 10, a decarbonizer 55 and a metal
oxide reoxidizer 30, the functions and co-opera-
tion of which will be forthwith explained using
the decarbonization of a carbonized iron type
synthesis catalyst as an example. It should be
understood, however, that the system of the
drawing may be used in a generally analogous
manner for the decarbonization of other syn-
thesis catalysts.

In operation, synthesis reactor {8 contains
finely divided iron catalyst such as reduced
pyrites ash promoted with about 1.5% of potas-
sium fluoride. However, other conventional iron
catalysts of satisfactory activity and selectivity
toward liquid products may be used. The catalyst
may have g particle size of about 100-400 mesh
and finer, preferably mostly about 200 to 400
mesh.

A synthesis gas mixture from any suitable
source, having a ratio of H2:CO which may vary
between the approximate limits of 0.5-3:1, is fed
at a synthesis pressure of about 5-50, preferably
10-30, atmospheres through line { to enter re-
actor {8 through a distributing device such as
grid 3 at a superficial velocity controlled within
the limits of 0.3 to 10 ft. per second, preferably
0.5 to 3 ft. per second, so as to maintain the
catalyst in the form of a dense, highly turbulent
fluidized mass having a well defined upper level
L. The position of level Lio is a function
essentially of the amount and specific gravity of
the catalyst and the velocity and viscosity of the

78 synthesis gas. The fluidized catalyst in the



http://ww. Pat ent Gopher. com

2,506,802

5
catalyst zone below level Lso may have a density
of about 15 to 150 pounds per cubic foot while
the catalyst density above level Lis may be as low
as 0.05 pound per cubic foot. Any catalyst par-
ticles remaining suspended in the gaseous and

- vaporous reaction products and unreacted syn-

thesis gas withdrawn upwardly from level Iao

.may be separated in a conventional type cen-

trifugal or electric gas-solids separator 12 and
returned through a pipe 14 to the catalyst mass
below level Lie. ’ :
As a result of the excellent heat transfer char-
acteristics of the fluldized catalyst mass in re-
actor 10, the reaction temperature may be easily
kept constant within a few degrees P. at the
desired temperature level which for catalysts of
the type here involved lies between the approxi-
mate limits of 500° and 800° F., preferably be-
tween about 550° and 700° F. - Surplus heat of
the exothermic reaction may be withdrawn and
heat required for starting up the process may be

- gas may be readily so controlled as to reoxidize -

the metal oxide to the desired degree during its
residence time within reoxidizer 30 at relatively
high reoxidation temperatures of about 1400°-
1800° F. depending on the metal oxide used.
Spent oxidizing gas which may contain suspend-
ed metal oxide particles of small size is with-

" drawn overhead from level Lo through line 36

I
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supplied by any conventional heat transfer means

{not shown). .

Reaction gases’ and vapors substantially free
of entrained catalyst fines are withdrawn from
separator {2 through line §8 and passed to a
conventional product recovery system * (not
shown). )

In order to prevent excessive carbonization and
catalyst disintegration within reactor 18 and to
permit the maintenance of the favorable fluidi-
2ztion and reaction conditions specified -above,
the present invention provides for g catalyst
treatment as follows. When the carbonization of
the catalyst has reached the highest degres that
may be tolerated without excessive disintegration
of the catalyst particles, say & carbon content of
about 10-30% by weight, fAuidized catalyst is
withdrawn from reactor {8 through a hbottom
drawoff well 18 and a conventional standpipe 28
which may be aerated through one or more taps
22, The catalyst flows through s slide valve 24
into line 26 wherein it is suspended in an inert
gas such as steam, flue gas, or the like pre-
heated preferably by means of heat exchanger
83 in heat exchange with catalyst returned from
decarbonizer 55 to reactor 10 and/or by means of
heat exchanger 40 in heat exchange with spent
oxidizing gas withdrawn from reoxidizer 30 as
will appear more clearly hereinafter. :

Referring now to metal reoxidizer 8¢ a dense
fluidized mass of & finely divided readily reducible
metal oxide of the type specified above is main-
tained in oxidizer 30. For the purposes of .the
present example it is assumed that separation
of the reduced metal oxide from decarbonized

catalyst prior to the latter’s return to reactor {8 -

is desirable. To facilitate this separation the
metal oxide preferably has a larger average par-
ticle size than the catalyst withdrawn from re-
actor 10. Average metal oxide particle sizes of
abouf 50-150 mesh are generally suitable when
using the catalyst particle size specified in con-
nection with reactor 10. An oxidizing gas such
as steam, air, oxygen, or suitable mixtures of
these gases, is supplied through lines 31 and/or
32 through a grid 34 to the bottom of reoxidizer
38 at a superficial velocity sufficient to fluidize
the solids. Gas velocities of about 1 to 5 feet
per second are usually adequate. The oxidation
reaction within reoxidizer 30 is exothermic par-
ticularly when free oxygen-containing gases are
used and conventional cooling means (not shown)
may be provided for temperature control. The
amount of oxygen supplied with the oxidizing
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and passed through separator 37, line 38 and heat
exchanger 40 to vent 42. Heat exchanger 40
may- serve to preheat inert gas supplied through
line 26. Solids in separator 37 may be returned
through line 44 to the metal oxide in reoxidizer
30 or discarded through line 46.

Reoxidized metal oxide is withdrawn through
standpipe 48 aerated through one or more taps
80 and passed through slide valve 52 to gas line
26 wherein it is mixed with, and supplies addi-
tional heat to, the catalyst withdrawn from re-
actor 18. The amount of metal oxide added to
line 26, of course, depends on the amount and
degree of carbonization of the carbonized cat-
alyst as well as on the degree of decarboniza-
tion desired. If Fex0z is used as the metal oxide
and the carbon content of the catalyst is to be
reduced from about 30% to about 5%, the amount
of metal oxide may be gbout 1 to 3 pounds per
pound of catalyst withdrawn from reactor 6.

The solids and gases in line 2§ may after the
addition of the metal oxide, aftain a temperature
say of about 1200°-1400° ¥. fo support the de-
carbonization reaction in decarbonizer 5% and
may then be passed directly to decarbonizer §&.
However, if desired, additional heat may be added

5 In any conventional meanner by heater 5%.

The suspension of carbonized catalyst and
metal oxide in inert gas passes at the decarbon-

Jzation temperature into decarbonizer 5% which

is of enlarged cross-section. The superficial ve-
locity of the gas within decarbonizer 55 is pref-
erably so controlled that considerable slippage of
solids against gas and violent turbulence of the
solids within decarbonizer 55 are achieved at an
approximate apparent density of the suspension
of aboul 10-30 pounds per cubic foot, while all
solids are ultimately carried overhead suspended
in the gas in a manner commonly known as up-
flow operation of fluid reactors. As a result of
the extremely intimate contact of the solids par~
ticles within decarbonizer 55 decarbonization of
the catalyst and reduction of the métal oxide
may be accomplished within a relatively short
residence time of say about 190 to 100 minutes.

A dilute suspension of decarbonized catalyst
and reduced metal oxide in inert gas:is taken
overhead from decarbonizer §5 and passed

. through line 57 to an elutriator or low-efficiency

gas-solid separator 53 wherein coarse reduced
metal oxide particles are separated from the finer
decarbonized catalyst particles. The coarse met-
al oxide particles are withdrawn from separator
59 through line 6f and returned to metal oxi-
dizer 32 to be reoxidized therein as previously
described. A dilute suspension of decarbonized
catalyst in inert gas is passed overhead from sep-
arator 59 to reactor {8 through line 62 and heat
exchanger $3 which may be used to preheat inert
gas supplied to line 26 as mentioned above.
The system illustrated in the drawing permits
of various modifications. Instead of using stand-
pipes 20 and 48 for circulating solids as outlined
above, other conventional means of conveying
fluidized solids such as mechanical conveyors,
lock hoppers, eic., may be employed in & manner

78 obvious to those skilled in the art. Fresh, coarse
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tiietal oxide may be supplied through line 83 to
reoxidizer 30 to make up for metal oxide losses
in the form of fines withdrawn through line 46.
Synthesis catalyst of undesirably small size may
be withdrawn through line 61 from the system
and fresh makeup catalyst may be supplied from
line €9 through line 71 to oxidizer 30 and/or
through line 73 to reactor 10.

The invention will be further illustrated by the
following specific example.

In a synthesis reaction using a catalyst con-
sisting of fused Fe, Al203, K20, SiOz in propor-
tions roughly 95; 3; 1; and 1 parts by weight,
carbon was allowed to accumulate to the extent
of 35¢ by weight. With this carbonized catalyst
was admixed Fe20z in the weight ratio of 1.8 to 1.
Decarbonization was carried out at 1300° P. for
120 minutes during which time the carbon con-
tent of the original catalyst was reduced from
35% to 5% by weight.

While the foregoing description and exemplary
operations have served to illustrate specific ap-
plications and results of the invention other
modifications obvious to those skilled in the art
are within the scope of the invention. Only such
limitations should be imposed on the invention
as arz indicated in the appended cla‘ms.

I claim:

1. In the continuous production of valuable
synthetic products by conversion of a synthesis
gas containing carbon monoxide and hydrogen
in synthesis proportions at synthesis condit ons of
temperature and pressure in the presence of a
finely divided iron-type catalyst maintained in a
conversion zone in the form of a dense, turbulent
fluidized mass of solids, in which used fluidized
carbon-containing catalyst is withdrawn from
the conversion zone, decarbonized by oxidation
and thereafter refurned to said conversion zone,
the improvement which comprises contacting
said withdrawn catalyst in said decarbonization
zone with a metal oxide which is reducible by car--
bon below the fusion temperature of said catalyst
and which does not adversely affect said con-
version, maintaining in said decarbonization
zone a temperature conducive to the oxidation of
the carbon on said catalyst to remove carbon
from said catalyst in the form of carbon oxides,
withdrawing a mixture of catalyst of reduced car-
bon content and reduced metal oxide from said
decarbonization zone and returning at least a
portion of said mixture to said conversion zone.

2. The process of claim 1 in which said car-
bon-containing catalyst and said metal oxide are
maintained in said decarbonization zone as a tur-
bulent mass of solids suspended in an upwardly
flowing gas.

3. The process of claim 2 in which said gas is
preheated to supply at least a portion of the heat
required in said decarbonization zone.

4, The process of claim 1 in which said por-
tion to be returned is cooled at least to said syn-
thesis temperature prior to its return fo said con-
version zone.

5. The process of claim 3 in which said gas is
preheated in heat exchange with said returning
catalyst and with gaseous decarbonization prod-
ucts.

6. The process of claim 1 in which said metal
oxide is Fe203 and said carbon-containing catalyst
contains about 5-20% of oxygen by weight of its
iron as iron oxide.

7. The process of claim 1 in which said decar-
bonization temperature is about 1200°-1400° F.

8. The process of claim 1 in which reduced
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metal oxide is separated from decarboniZed
catalyst by separating means based on & grav-
ity ditferential prior to the return of said por-
tion to said conversion zone. U

Y. The process of claim 1 in which metal oxide: .

reduced in said decarboruzation zone and sepa-’
rated from decarbonized catalyst is reoxidized
in a reoxidation zone at a temperature substan-
tially higher than said decarbonization tempera-
ture and heat required in said decarbonization
zone is supplied in the form of sensible heat of
reoxidized metal oxide.

1¢0. In the regeneration of a catalyst carbonized
in the catalytic conversion of carbon oxides with
hydrogen to form valuable synthetic products
the improvement which comprises contacting a
metal oxide which is reducible by carbon at a
temperature below the fusion point of said cata-
lyst, with said carbonized cafalyst at a tempera-
ture conducive to a reaction of the oxygen of
said metal oxide with carbon on said carbonized
catalyst to form carbon oxides, and converting
at least a substantial proportion of said carbon
into carbon oxides by said reaction to decarbonize
said carbonized catalyst at least in part.

11. The process of claim 10 in which said metal
oxide is selected from the oxides of chromium,
molybdenum and vanadium.

12. The process of claim 10 in which said metal
oxide is an oxide of copper.

13. In the regeneration of a finely divided iron-
type catalyst carbonized and oxidized to contain
about 5-209% by weight of oxygen in the con-
version of carbon monoxide with hydrogen to
form valuable synthetic products in the presence
of a dense fluidized mass of iron-type catalyst,
the improvement which comprises contacting said
carbonized and oxidized catalyst in a decar-
bonization zone with a metal oxide reducible by
carbon below the fusion temperature of said
catalyst, and maintaining in said decarbonization
zone a temperature conducive to the oxidation of
carbon on said catalyst to remove carbon from
said catalyst in the form of carbon oxides.

14, In the regeneration of a catalyst main-
tained in a conversion zone and carbonized in
the conversion of carbon monoxide with hy-
drogen to form valuable synthetic products, the
improvement which comprises withdrawing car-
bonized catalyst from said conversion zone, con-
tacting said withdrawn catalyst in a decarboniza-
tion zone with a metfal oxide which is reducible
by carbon at a temperature below the fusion
point of said catalyst and which does not ad-

5 versely affect said conversion, at a temperature

conducive- to a reaction of the oxygen of said
metal oxide with carbon on said carbonized cat-
alyst to form carbon oxides, converting at least
a substantial proportion of said carbon into car-
bon oxides by said reaction to decarbonize said
carbonized catalyst and to reduce said metal
oxide, at least in part, withdrawing a mixture
of decarbonized catalyst and reduced metal oxide
from said decarbonization zone and returning at
least a portion of said mixture to said conversion
zone.

15. The process of claim 14 in which said metal
oxide is an iron group metal oxide. -

16. The process of claim 14 in which said car-
bonized catalyst contains a minor proportion of
oxygen bound to the active component of the
catalyst.

17. The process of claim 14 in which said cata-

76 lyst comprises a catalytically active metal com-
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ponent which is the same as the metal of said
metal oxide. -

18. The proces of ¢laim 17 in which said metal
oxide comprises said catalyst in an oxidized state.

19. The process of claim 17 in which said cata-
1yst is an iron-type catalyst and said metal oxide
is an iron oxide.

20. The process of claim 14 in which said car-
bonized catalyst and said metal oxide are main-
tained in sald decarbonization zone as a tur-
bulent mass of solids suspended in an upwardly
flowing gas.

21. The process of claim 14 in which a portion
of said mixture is reoxidized in a separate oxida-

tion zone.
ROBERT W. KREBS.
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