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The present invention relates to the synthesis of
hydroéarbons as a result of the catalytic reduction of carbon
oxide with hydrogen, and more specifically is concerned
with the regeneration of the catalyst for the removal of
objectionable deposiﬁs including elemental carbon.

In the known process of reacting a gaseous mixture
of hydrogen and carbon oxide for the-production of hydro-
carbons of varying molecular size, a catalyst comprising a
metal of the iron group such as cobalt, iron, nickel or
ruthenium, is effective to reduce the carbon oxide with the
direct desorption and evolution of the hydrocarbons. The
character of the hydrocarbons, as is known, depends upon the
catalyst employed and the pressure and temperature at which
the reaction is éarried out. The catalyst in question has
however usually been characterized by a more or less rapid.
degeneration accompanied by accumulation of elemental carbon
at conventional operating temperatures. Numerous treatments
have been proposed for regenerating or revivifying the
catalyst in order to place it in condition for further use.

It is an object of the present invention to pro-
vide an improved method of revivification wherein the
catalyst may be readily treated to remove objectionable
accumulations of elemental carbon and placed in a condition
of good activity suitable for return to the synthesis
reactor.

Another object of the present invention contem-
plates a revivifying treatment as above which is readily
adapted to continuous operation without impairing the con-

tinuous use of catalyst in the reactor.
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Other and further objeects will be apparent from a
consideration of the following disclosure.

In accordance with the present invention, the cata-
lyst having accumulated an objectionable content of elemen-
tal carbon in the course of the normal synthesis reaction,
is subjected to contact with carbon dioxide at high tempera-
tures quite matérially above the temperature of the synthe-
sis reaction and at which carbon dioxide and carbon are
favorably consumed with the production of carbon monoxide.

The effluent gases are separated from the catalyst at sald
high range of temperature and the catalyst cooled and returned
to the synthesis reactor in revivified condition.

I have obgerved that the formation of elemental
carbon in the synthesis reaction results primarily from a
condition represented substantially as follows:

200 = COp + C.
At the familiar temperatures at which hydrocarbons are
ugually synthesized, as aforementioned, the foregoing de-
composition of carbon monoxide proceeds readily under
equilibrium conditions which render it impossible, for all
practical purposes, to control the reaction. That is to
say, it appears that in the presence of an iron catalyst
operating at about 625°F. to synthesize essentially hydrocarbo,
boiling in the motor gasoline range, a minimum €O, to CO
ratic in the order of from 5000-6000 to 1 would be necessary
to prevent formation of eIémental carbon. At higher tempera-
tures, however, equilibrium conditions alter, so that ele-
mental carbon and carbon dioxide may be consumed with the

formation of carbon monoxide.
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The temperatures at which the carbon dioxide may

be caused to react with carbon to form carbon monoxide are
advantageousiy substantially ebove convent ional temperatures
of hydrocarbon synthesis, prefefably higher than 1000°F,. and
advantageously in the range of 1400°F. or 1500°F. and above.
The upper l1mit of the range is controlled only by the adverse
effect of high temperatures upon the catalyst. Obviously,

this will vary materially depending.upon the character and

| particularly the refractory properties of the catalyst in
‘10

question. With catalysts which comprise essentially pure iron
with conventional additions of activators and promoters, 1t

has been found that temperatures materially above 1500°F. may

‘tend to promote sintering.

Where finely powdered catalysts are desirable, as

in operations employing the technique of fluidization, there-

.fore, higher temperatures may be objectionable. With cata~

lysts, however, including a highly refractory support such

-as gllica gel or filter cel, upon which the active metal is
[t deposited, somevhat higher temperatures may be appropriate.
-éogin'any eﬁenbgzht temperatures. of 1400°F. and above, <it has

‘been found that equilibrium will be reached with, for example,

30 ﬁo 90% of carbon monoxide in the gas. Therefore, with a

'-ffeed ‘of- substantially pure carbon dioxide, the converelon of

,elemental carbon into carbon monoxide may be directed 1n a

-controlled mannel such thatxany deelred proportion may be

”separated from the caﬁalysﬁ.

In accordance with the present invention, it is

therefore necessary to 1ntroduce the catalyst into the re-

generation zone at the relatively high temperature mentioned.

‘Stated in ancther way,ethe gaeeous products of reaction must

‘be withdrawn from the catelyst while in the selected range

-k -




of regeneration temperature, because at lower temperatures the
favorable equilibrium between carbon monoxide and carbon dioxide
is upset. - Therefore, the catalyst must be preheated from the
temperature of the synthesis reactor up to the regeneration

5 tampérature, out of direct cdntact with the hot effluent gases
from the regeneration zone.

' While any suitﬁble means may be provided for heating
the catalyst to regeneration temperature, in view of ﬁhe ex-
penditure of thermal energy requiréd, I prefer, for préétical
10 lireasons of economy to preheat the catalyst by countercurrent
passage in indirect heat exchange with the hot affluent gases
from the regeperation Zone.

‘ It is morsover desirable in operation of the present
1nvantion to supply soma of the endothannlc heat snergy neces-
ﬁ*15 sary for regeneration by diract combustion of a portion of .
the elemsntal carbon content in the presence of a controlleé
stream of oxygen. Where the synthesis process operates,with,‘
a syntheslis gas produced, for example, by partial combustion
of a hydrocarbon gas and a relatively pure oxygen stream from
2q an agsociated air fractionation and rectification systenm, a
-portion of such stream may be made available 1n_the limited
'éuantities:required. This éxpadient obviates the necessity

of external heating or preheatlng and contributaa the’ thermal

requirements Qf tha;endotharmic reaction involved in the ré-

25 action of carbon-dioxide with carbon: "On the obherihand. the
external heat requiremgnts may be made up from any feaqible

‘SOurée. ' _ |
| The maJor portion of +the carbon dioxlde necessary

for the regeneration step is most advantageously supplied as
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a separate stream derived from the synthesis reaction. As is
well known,-carbon dioxide forms & more or less inevitable,
advantageously minor by-product of.the process capable of
being readily separated from the product gases-.IMbreover,
.ohe stream of carbon dioxide can be ‘preheated to reaction
temperature by direct countercurrent passage in heat exchange
reletion.to the regenerated catalyst, thus returning to the
"gystem the sensible heat supplied in preheating the catalyst
'and.lowering the final catalyst temperature to the range appro

rpriate: for the hydrocarbon synthesls astep.

In order to illustrate the invention mecre specific-
ally, refersnce is made to Figure 1 of the accompanying draw-
ings, wherein one preferred embodiment-of the invention is
illuetrated more or Iess diagrammetically.

In accordance with the arrangement shown, the

_numeral 10 represents a synth931s reactor of conventional

'form having a cylindrical body portion terminating at its -

1ower extremity in a- standpipe ll. Synthe51s gas. comprismng

iessentlally carbon monoxide and hydrogan, for example, 1a
=introduced from any suitable source, not. shown ~through an
"inlet conduit 12 terminating in an ingector nozzle 13 which
'diredts the stream of reactant feed gases upwardly through a

mass of catalyst lh in the reector.

Gooling means 15 comprising a heat exchanger of any

"conventional form is immersed in the mass of catalyst, as.
'.shown, and is adapted to be supplied with a coolant circula-

ted inwardly through inlet pipe and header 16 and discharged
by’ way of outlet pipe and header 17. While in the embodiment

shown, the cooling surfacee of the heat exchanger comprise a

_series of vertically extending pipes, obviously the cooling

means may takfh_i
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the exothermlc heat of reaction from the surrounding catalyst
and maintaining the contents of the reactor at any desired
temperature level. The upper portion of the reactor is con-
ﬁected with an outlet conduit 18 receiving the gaseous re-
actants through a filter element 19 which may be formed of
alundum or any other suitable pdfous, refractory material
operative to pass the gaseous reactants to the pipe 18 free
‘of entrained solld particles. Obviously, equlvalent separat-
ing means may be employed such as cyclone, magnetic or
electrostatic separators.

In accordance with the present embodiment, the
catalyst tokas £he form of a fine powder held in a condition

of uniform aeration by ‘the upward flow of reactant gases.

‘More specifically, the catalysﬁ;is maintained in the well

:known state of dense phase fluldization, wherein the indivi-

dual particles are suspended or buoyed up in the gaseous flow’

for random movement, and the entire mass of powder assumés

‘a coodition.analogous in appearance to that of a boiling _

liquid. ﬁndor these conditions, as is also known, reaction

temperatures may be controlled within narrow limits and the

'reactants contacted with the catalyst for any predetermined

Referring now more particularly to the catalyst

iregenaratlon gystem, it will De noted that the reaction
EVBaael is provided at its upper portion with a baffle wall
20 forming a hopper communicating with a standpipe. 21.

. Gatalyst flows over the upper margin of the baffle 20 and

‘downwardly through- the standpipe 21 past the heat exchanging
coil 22, hereinafter descrlbed more in detail. In its
passage down the standpipa, the catalyst is heated from the

-7 -
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reaction temperature of the reactor 10, e.g., LO0°F. tc 650°F.

)
' to a substantially elevated temperature, as for example,

fi200°F, to lBQO“F., or higher. ,Rate of flow of the catalyst
.;throdgh-the:etandpipe'is controlled'hy a-sniteble mechanical
5 -feeder such as’a ‘star feeder 23 located at its lower extremity v

R

;and diecharging into regenerating chamber 2L. The botton of

‘th regenerating chamber in.turn diecharges into the elongated
::etandpipe_25~w ich in the embodiment ehown ie provided with a
‘5=multiplic1ty of baffles or partitione 26, between which the

hfparticles move downwerdly into the vicinity of Screw conveyor

'27 The acrew conveyor 27 in turn conducts the regenerated

catalyst back to atandpipe 11, where ‘it is picked up by the -
injector 13 and redirected into the reactor 0. o F
T During paseage of the.catalyst through the lower
__lﬂletandgipe 25,‘it iy eubaected to! the dpward countercurrent
;flow‘of & eupply of eubstantially pure carbon dioxide intro-

" [[duced from pipe 28 through a distributing header 29. The

. R . . - . - Y

:carhonfdioxlde,-introducedfatﬁany;suitabie-temperaturefhelew
‘ H'emperature of the reactor 10 mevee upwardly in ccunter-

-fzatcurrent heat exchange relationship te the downflowing cata—

lyst and through the regeneration zone 2#. A etream of

A euitable elevatcd
} temperature is maintained:in the regeneretion vessel 2h by

'“wiolcontrol of the oxygen stream eupplied through pipa 30 at “such




"?;and a pipe 34 into a eeparator 35, from which a normally

”?limonoxide ‘and - hydrogen ie taken overhead through pipe 33 to a

_ie subjected to contact for any: predetermined pericd of time:

‘and at the predetermined elevated temperature with carbon

Jprbon With the liberation of carbon _monoxide. The effluent

'fstream of carbon monoxide, together with residual carbon di-

“through a Filter 31 to an outlet 32 and thence directly to thy
.3ind1rect heat exchanger 22. Adcordingly, therefore, the’ hot
Tgaseoue products of reaction pass in countercurrent heat  ex-
'chenge relation to. the incoming catalyst, progressively heetinF
it to a temperature oloeely approximating the tempereture of

‘the vessel 2“‘.ﬁ

several gaeeous etreams, it will be noted that the synthesie

freaetor outlet conduit 18 diecharges through a condenser 33

':jany'suitable means for further treatment or recovery. A coné
;‘densed water layer is discharged at the bottom through pipe
iB?;_ A normally gaseous fraction, nswally consisting of gas-

qeous hydrocarbons, carbon dioxide and poseibly unreacted oarbon
fdconventional ges recovery plant 39 Operating for ‘the recovery

_of carbon dioxide. The ges recovery means 39 may coneiet of

7any conventionel inetrume'telity, such- as the well known

other seperatedjgeees throughfpipe L1. The carbon dioxide

a relative rate as to controlledly burn carbon from the cata-

1yst. Accordingly, therefore, in the vessel 24 the catalyst
dioxide which consumes‘the residual unburned elemental car=-

oxide rs removed at. the elevated reaction temperature, paesing'

With more perticular reference to the origin of the

' quid hydrocarbon layer 1e conducted through outlet 36 to

it ¥

Girbitol procees, operating to supply substantially pure -
carbon dioxide through outlet pipe 40 and to discharge the
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in pipe 40, after withdrawal of any excess via valved pipe 4LOA

‘| passes through a heat exchanger 42 in indirect heat exchange

relationship to the effluent gases of regeneration, and in the
somewhat preheated condition is discharged through the afore-
mentioned pipe 28 to the lower portion of the standpipe 25.
The oxygen stxream introduced through pipe 43 from any suitable
source, not shown, passes through heat exchanger 44, where it
is preheated in indirect exchange relation with the effluent
regensration gases, and is dischérged by the aforementioned
pipe 30 to the lowsr portion of the regenerator 24. The efflu
ent gases from the heat exchange coll 22 are conveyed success-
ively through exchangers &L and 42 by means of pipe 45 which
connects with pipe 38 leading to the gas recovery plant 39.

Since the products discharged through outlet pipe 41
of the gas recovery plant may comprise carbon monoxide, hydrog
ungaturated gases and other products suitable for return to
the synthesis reactor, a branch pipe 46 provided with a pump 4
permits recycling of all or any predetermined portion of this
stream to the synthesis gas inlet pipe 12, as shown.

Thus, carbon dioxide recovered from the reaction
products of the synthesis reactor is first preheated by
exchange with gaseous products of regeneration and later
passed in countercurrent heat exchange relationship to the
catalyst in the standplpe 25, where it is further preheated
to the temperature of the regenerator 24 while cooling the
catalyst from standﬁipe 25 to a temperature suitable for
return to the synthesis reactor 10. In the vessel 24 this
gas, together with the carbon dioxide resulting from the

combustion of oxygen proceeds to go to equilibrium with

- 10 -
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completion of the reaction whereby carbon monoxide is formed.
The gaseous effluent is employed to preheat the lncoming
stream of catalyst to reaction temperature and discharged at
a temperature of somewhat above the initial temperature of
the incoming catalyst to preheat the oxygen and carbon di-
oxide streams.

Advantageously, therefore, preheating of the carbon
dioxide stream in exchanger 42 may be to a'temperature about
or just below the operating temperature of the reactor 10,
with a sufficient differential so that catalyst entering the
pipe 11 is about or below reaction temperature.

With particular reference te certain practical
details of the apparatus, it should be noted that the rela-
tive arrangement of standpipe 21 and coil 22 is selected for
efficient countércurrent, indirect thermal exchange betweden
the hot effluent gases and the incoming catalyst. While
many arrangements will suggest themselves for this purpose,
it is to be noted that I employ a relatively narrow standpipe
in which the catalyst makes good contact with the heating
surfaces. A restricted flow of carbon dioxide, from a source
not shown, introduced through pipe 48 at a temperature of,
for example, 1400°F., may be used to aerate the fine powder
and thus promote heat exchange. While an excessive flow of
this gas may agitate the powder to the point of preventing
good countercurrent exchange, a more restricted flow, as is
known, in a standpipe of limited, lateral dimension will per-
mit dense phasé fluidization with a good vertical heat gradi-

ent and without substantially upsetting the countercurrent,
gt
\‘i"§

indirect heat exchange éffect.
In other embodiments, however, designed for gopd

heat transfer and flow of solids, fluidization may be omit-

ted or a suitable vibrating means may, as is known in the

- 11 =
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art, be attached to standpipe 21 to promote regular flow of
the solid powder. ‘

The heat exchanging system defined by the standpipe
25 operates in a manner analogous to the foregoing by separat-
5 || ing the downflowing catalyst powder into a plurality of streams
which, even in a condition of good fluidization, maintain a
temperature gradient favorable to good heat transfer in the
presence of the upflowing cooling gas. This is achieved by
the partitions 26 which include additional partitions similar-
10§ 1y spaced, extending laterally in intersecting relation to
those indicated. The standpipe is thus divided into a plural-
ity of vertical passages of rectangular section. As is well
known in the art, by such means, a gas may be readily pre-
heated to the initial temperature of the catalyst, while the
151 latter ig discharged at a temperature closely approximating
that of the incoming gas.

A suitable alternative form of countercurrent heat
exchanger is shown more or less diagrammatically in Figure 2
of the drawings wherein the numeral 50 designates an upstand-
20| ing tubular vessel divided into a series of catalyst zones
by vertically spaced, funnel shaped parcitions 51, .each
terﬁinating at its lower extremity in a tube or orifice 52.
In operation, the gas to be hesat exchanged is introduced from
any convenlent source not shown, through the distributing head
25 53 and is withdrawn through outlet 53a after passing upwardly
successively through the several beds of catalyst and the
intervening orifices 52, maintaining each bed in fluidized
condition.

Catalyst is introduced to the topmost zZone through

30|l inlet pipe 54 controlled by a feeder 55 and rises to the

- 12 -
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fluidized level 56 controlled by standpipe 57. BExcess cata-
lyst overflows into standpipe 57 and is conducted to the suc-
ceeding bed of catalyst. With catalyst continually introduceq,
as described, and discharged at a coordinated rate through
outlet pipe 58 controlled by feeder 59, the catalyst beds
will assume the operating levels shown, the particles following
'a progressive path downwardly at any desired temperature dif-
ferential. It is advantageous to constrict the lower extremityjy
of each standpipe 57 somewhat as indicated at 60 so as to
maintain a fluidized head of catalyst in the standpipe at ail
times sufficient to balance the operating pressure drop be~
tween successive catalyst beds.

A somewhat analogous alternative suitable for in-
direect countercurrent heat exchange between a fluidized solid
and a gas or liquid is shown in Figure 3 wherein a tubular
heat exchange tower otherwise constructed as in Figure 2 is
shown fragmentarily. Herein funnel-shaped partitions 51 con-
nect at their lower orifices with a recirculating line 61 in-
cluding pumpg or fans 62 adapted to circulate a sultable,

preferably inert gas through pipe 61 and thence upwardly

through the catalyst bed to maintain good dense phase fluidiza
tion. Efflusnt gases are collected and returned to the eir-
culating means via pipe 63 which may be provided with a filtex
or other separating means, not shown, to remove entrained

particles of catalyst. Standpipes 6l, permit downward migra-

tion of catalyst as before and preferably each of the circulay
ing means 62 operates at about the same pressure differential

so that catalyst migration is not impaired.

- 13 -
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The fluid to bhe heat exchanged is introduced from
any source not shown, at the lower portion of the tower, to
lowermost heat exchanging tubes 66 and from there passes by
intervening connectors 67 to successive coils 66 arranged in
series. Obviously, exchangers or tubes 66 may take any
familiar form adapted to present adequate heat exchange sur-
faces to the fluidized solid powder.

According to one example submitted by way of illus-
tration, catalyst is continuously withdrawn from the reaction
zone of a synthesis reactor operating with an iron catalyst
at a pressurs of 200 pounds per square inch gauge, and a
temperature of 625°F. for the production of hydrocarbons essen;
tially 1n the motor gasoline boiling range.

The catalyst consists of metallic iron, containing
about 1% potassium oxide (K;0) and about 2% alumina (Al,0,),

in a finely powdered form passing 200 mesh screen, about 65%

drawn from the reactor contains approximately 25% by weight
of carbon.

Catalyst is withdrawn at the rate of approximately
150 pounds per hour and at a temperature of 625°F. and
preogressively preheated to a temperature of 1340°F. The pre-
heated catalyst is continuously discharged into a regenefation
vessel operating at a temperature of 1520°F. The regenera-
tion vessel contains catalyst maintained in a state of dense
phase flulidization by an incoming flow of carbon dioxide Ilnto
which is injected a separate flow of oxygen of 98% purity.
The catalyst is continuously withdrawn from the lower extremiy
of the chamber. The oxygen is preheated to a temperature of
about 800°F. and the carbon dioxide to a temperature of about

1500°F. The gases pass upwardly through the catalyst at a

-1 -
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linear velocity sufficient to maintailn the catalyst in the
_sféte of dense phase fluidization aforementicned. The gaseous
effluent from the contact mass is withdrawn directly from

the regeﬁeration zone at the aforesaid reaction temperature.

With more particular reference to the quantity and-
character of reactants, the oxygen, prehéated as aforementione
is introduced into the regeneration chamber at the rate of
approximately 0.55 pound mols per hour. Concurrently there-
with, the substantially pure carbon dioxide is introduced at
the rate of approximately 1 pound mol per hour. The catalyst
entering the regeneration chamber and containing about 25%
carbon appears to reach the internal temperature of 1520°F.
immediately. Pressure in the regeneration zone is maintained
at 200 pounds per square inch gauge.

The composition‘pf_the gas withdrawn from the top
portion of the regeneratign:zoné after passage through the
catalyst is substantialljuas follows:

cop : 12.9%
co -~  87.1%,

and is evolved at the molar rate at about 0.35 mols of CO,

per hour and 2.4 mols of CO per hour.
The cooled catalysf discharged from the regeneration
zone contains only about lO%'of carbon, being in ‘suitable cond
dition for return to the synthesis reactor.
In accordance withganother example, proceeding undex
substantially the same econditions as the foregoing, the sev-
eral‘reactants are subjected to heat exchange in accordance
with the principle set out in the embodiment disclosed in the
drawing. In accordance with this éxample, the hot gases, at

a temperature of 1520°F;, evolved from the upper portion of

- 15 -
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lyst withdrawn from the bottom of the regenerating zone. The

heat exchange means previously mentioned.
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the reaction zone are passed through a heat exchanger immersed
in the catalyst stream from the synthesis reactor, and prior
to introduction into the regeneration zone, the heat exchanger
and stream of catalyst being so arranged as to secure a
countercurrent, indirect exchange of thermal energy. In the
course of this heating step, the temperature of the catalyst
1s raised to 1340°F. and the gases are discharged from the
heat exchanger at a final tempeérature of 860°F.g These are in
turn heat exchanged by indirect means with the: fhcoming
streams of oxygen and carbon dioxide, raising the temperature
of the former as high as possible and the latter to about
650°F. The oxygen stream is fed directly to the lower portion
of the regensrating zone at this temperature, whereas the

1 .
carbon dioxide stream is introduced into the lower portion of

carbon dioxide is, bywthis means, faised from an initial
temperature of about 650°F. to a tempserature which presumably
reaches 1520°F. by the time it arrives at the regeneration
zone. The carbon dioxide stream is detrived from a gas purific
tion plant receiving the normally gaseous products from both
the synthesis reactor, and the residual gaseous effluent dis-

charged from the regeneration zone after passage through the

When operating in accordance with this example, the
catalyst discharged from the aforementioned standpipe has sub-
stantially the same compesition as mentioned in the earlier
example, as well as a temperature of about 690°F. This is
coaled to 600°F. and reintroduced into the synﬁhesis reaction

zone for the purpose of synthesizing hydrocarbons.

- 16 -




10

15

20

24

30

2186086

While the foregoing examples have been concermned
with processes employing iron catalyst, the invention is
applicable, though in a more restricted aspect, to other
hydrocarbon synthesis catalysts, such for example, as cobalt,
nickel and ruthenium or any other metals of the iron group
which may be used for this purpose.

It is apparent from the foregolng, that the several
streams of reactants may be subjected to heat exchange in any
desired manner, so that the thermal efficiency indicated is
not impaired. While this obviously does not requlre the
specific methods or sequence of heat interchange herein men-
tioned, it is advisable to utilize reaction heat to bring the
catalyst to the required regeneration temperature, and then
abstract the sensible heat of the regenerated catalyst in
furtherance of the reaction. The incoming streams of gaseous
reactants may acquire their necessary heat frem any appropri-
ate portion of the system wherein excess heat energy is
available.

As indicated above, the catalyst may comprise any
typical form, as for example, the elemental metal previously
referred to and the like.

While the use of pure oxygen in the regeneration
zone is of obvious advantage, particularly where such a
stream is available, the invention is not limited in this
respect, and may employ any oxygen-containing gas such as
air. Somewhat the same statement is true of the carbon dioxid
provided that in both cases the diluting gases are inert and
incapable of impairing the process of regeneration. It is,
of course, advantageous and advisable to employ gaseoﬁs feeds

to the regenserator free from any substantial portion of car-

- 17 -
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bon monoxide, although it will be evident from the foregoing
that the process will still be operative with relatively high
concentrations of carbon dioxide greater than that of the
final equilibrium at the-regeneration temperature selected.
The presence of small proportions, as for example, 2% of hy-
drogen in the carbon dioxide feed is usually beneficial. The
moisture content is beat‘maihtained as low as possible, for
example, not more than 0.01%.

Obviously, from the foregoing, it will be apparent
that the requirements of oxygen and carbon dioxide for con-
version of the elemental carbon will be increased as the
temperature at which the decarbonization is carried out is
lowered within the range heretofore mentioned. Conversely,
an increase in the temperature above that represented in the
specific example will result in a dacreased requirement. More
over, in respect to pressures, it should be noted that a de-
c¢rease in pressure favors catalyst regeneration.

High pressures do not seriously impair the reaction,
as lndicated in the second example above. This is of particu-
lar advantage in permitting continuous recycling of the cata-
lyst from & synthesis reactor operating at the high pressures
which prevail in accordance with many of the processes with
which I am familiar. In other words, it is possible to operat
the regeneration zone at a temperature corresponding to the
pressure in the synthesis reactor, so that the catalyst may be
freely handled without the serious problems which normally
attend the transfer of materials between zones of widely vary-
ing pressure. On the other hand, where possible, it is desir-
able to use low pressures in the order of atmospheric and

thereabouts.

- 18 =
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While the foregoing disclosure discusses the maximum
regeneration temperatures in terms of catalyst sintering,
there are many processes known in the art for the catalytic
synthesis of hydrocarbons which require the use of sintered
catalyst, and in these, sintering, unless excessive, is not
objectionable. In fact, a normal tendency toward excessive
subdivieion of catalyst particles in the reaction zone may be
advantageously overcome by controlled sintering and agglomera-
tion into somewhat larger pérticles. In this connection, it
;s usually of advantage to operate the regenerating vessel at
such a lineal upward flow of reactant gases that the catalyst
is thoroughly aerated and fluidized. Under these conditions
any tendency of the powder to agglomerate by sintering is

largely overcome.

When c¢atalyst féééner&iibn is carried to the point |

where oxidation of-the iron, for example, becomes excessive,
the invention contemplates its reconditioning prior to return
to the synthesis reactor. Thus in such cases, the regenerated
product may be reduced with hydrogen and thereafter conditioned
with a stream of synthesis gas until a good state of settled
catalytic acﬁivity results, Reduction and conditioning may
follow conventional procedure.

As will be evident to those skilled in the art, the
invention does not necessarily require application of the
technique of fluidization, and is obviously applicable to
fized bed, moving bed, or other operations from which catalyst
can be withdrawn by any conventional means and contacted, as
above, with carbon dioxide feed gas for a sufficient length of
time at the proper regeneration temperature. Alternatively,
the catalytic synthesis operation may be shut down and the
catalyst treated in accordance with the teachings of the
present invention.

- 19 =




e

Many other specific modifications and adaptations

of the present invention will be obvious to those skilled in
the art from a consideration of the foregoing more or less

exemplary disclosure, and it is therefore understood the in-
vention is not limited to any such details except as defined

by the following claims.
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The embodiments of the invention in which an exclu-

slve property or privilege is c¢claimed are defined as follows:
1. In the synthesis of hydrocarbons by the éatalytic
reduction of carbon oxide with hydrogen in a synthesis reactidn
zone in the presence of a solid particle catalyst under con-
ditions including an elevated synthesis temperature at which
desired hydrocarbons are directly formed with the production
of hy-product carbon dioxide and the progressive contamination
of the catalyst with an pbjectionable accumulation of elementall

carbon, the improvement which comprises limiting the accumula-

tion of elemental carbon by withdrawing from the synthesis
faaction zone'catalyst contaminated with elemental carbon, con-
veying said withdrawn catalyst successively through a preheating
zone, a regeneration zone and a catalyst cooling zone, subjectd
ing a dense fluid phase of sald catalyst in said regeneration
zone to contact with carbon dioxide at a temperature maintained
in the range above about 1000°F., and in a concentration at
twhich carbon dioxide substantially consumes elemental carbon in
the formation of carbon monoxide, separating product gases
from contact with the catalyst. at a temberatura within said
range, éreheating the catalyst in the preheating zone by indirect
eat exchange with the said product gases, preheating sald
carbon dioxide prior to introduction to the regeneration zone
by direct exchange with hot catalyst in the catalyst cooling
zone, introducing molecular oxygen into said regeneration zone
in a limited proportion effective to maintain the temperature
in said elevated range and returning catalyst from the cooling
zone to the reaction zona.

2. The method according to claim 1, wherein carbon
dioxide supplied to the regeneration zone is derived by re-
covery, as a substantially pure stream, from the effluent pro-

ucts of the synthesis reaction zone and wherein the effluent
carbon monoxide from the preheating zone is supplied as a

upplemental feed to the synthesis reaction zone.
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3. In the synthesis of hydrocarbons by the catalytic

reduction of carbon monoxide with hydrogen in a reaction zone
in the presence of a solid particle catalyst comprisiﬁg a metal
of the iron group at an elevated temperature of about L00-6509F.
at which the catalyst becomes contaminated with a deposit of
‘elemental carbon, which impairs catalytic activity, the improve-
ment which involves continucusly maintaining catalyst activitj

in the reaction zone by subjecting a withdrawn stream of the

catalyst particles containing elemental carbon to contact in g

[+H

gasification zone with a stream of substantially pure preheate
carbon dioxide at a gasification temperature maintained sub-
stantially above 1000°F, at which s0lid, elemental carbon is
gasified by substantial concentrations of carbon dioxide to form
a product gas rich in carbon monoxide, effecting substantial

gasification of the elemental carbon from the catalyst particles

[4]

within sald gasification zone, withdrawing said product gas

stream of carbon monoxide from contact with the catalyst at a
temperature not substantlally below said gasification tempsra-
ture such that redeposition of elsmental carbon is prevented,
introducing thus treated catalyst and said withdrawn product gas
stream of carbon monoxide to the reaction zone to produce
additional hydrocarbon products and continuously preheating the
catalyst particles and the substantially pure stream of carbon
dioxide substantially to said gasification temperature prior
to introduection into said gasification zone, by passing said
catalyst particles in indirect heat exchange relation with the
hot withdrawn product stream of carbon monoxide issuing from

the gasifiéation zone, simultaneously passing the stream of

carbon dioxide in direct, countercurrent heat exchange relatioh
-with the hot, treated catalyst withdrawn from the gasification
zone, thereby reducing the temperature of the treated catalyst
to a level suitable for reintroduction to the reaction zone,
and burning a portion of said elemental carbon in said gasifi-
cation zone with elemental oxygen in a regulated guantity only

sufficient to maintain the said gasification temperature there}n.'
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4. The method according to claim 3 wherei?s%i@ﬁ G

gasification temperature is substantially above 1400°F,

5. The method according to claim 3 wherein §aid
gasification temperature is substantially above 1400°F., but
below the temperature at which catalyst sintering occurs.

6. The method according to claim 3 wherein the cata
lyst particles comprise an iron synthesis catalyst.

7. The method according to claim 3 wherein said sub
stantially pure stream of carbon dioxide comprises a small pro
portion of hydrogen not greater than about 2% and wherein the
moisture content of said stream is not substantially greater
than about 0.01%. '

8. In the synthesis of hydrocarbons by the catalyti
reduction of carbon oxide with hydrogen in a synthesis reactio
zone in the presence of a solid particle catalyst under con-
ditions including an elevated synthesis temperature at which
desired hydrocarbons are directly formed with the production o
by-product carbon dioxide and the progressive contamination of
the catalyst with aﬂ ocbjectionable accumulation of elemental
‘carbon, the improvement which comprises limiting the accumula-
tion of elemental carbon by withdrawing from the synthesis
reaction zone cabalyst contaminated with elemental carbon,
passing said withdrawn catalyst into a regeneration zone, sub-
jecting saidlcatalyst in said regeneration sone to contact wit
carbon dioxide at a temperature maintained in the range above
about 1000°F., and in a concentration at which said carbon
dioxide substantially consumes elemental carbon in the forma-
tion of carbon meonoxide, .separating product gases from contact
Wiﬁh_the catalyst at a temperaturs within said range, preheat-
ing sald withdrawn catalyst prior to passage into said regen-
aration zone by indirect heat exchange with the said product
gases, preheating said carbon diocxide prior to introduction to
the regeneration zone, supplying to the rsgeneration zone

molecular oxygen in a limited amount effective to maintain the
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gldhperature of said zone in said range, and returning catalyst
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from the cooling zone to the reaction zone.

9. In the synthesis of hydrocarbons by the cata-
lytic reduction of carbon monoxide with hydrogen in the pre-
sence of a solid particle catalyst at an elevated temperature
of about 400-650°F. at which desired hydrocarbons are formed
with progressive contamination 6f catalyst by carbonaceocus
deposits, the improvement which éomprises limiting the accumu-
lation of said carbonaceous deposits by periodically subjecting
said catalyst to contact with carbon dioxide at a temperature
maintained above about 1000°F. in a concentration at which the
carbon dioxide reacts with elemental carbon to form carbon
monoxide, withdrawing the resulting product gases from contact
with the catalyst at a temperature not below about 1000°F.,
preheating the catalyst to at least about 1000°F, prior to
said coﬁtact with carbon dioxide by passing said hot, with-
drawn, high temperature gases.innindirect heat exchange rela-
tionship therewith and incorporating molecular oxygen in said.
carbon dioxide contacted with the catalyst in a limited amount
effective to maintain the temperature of contact within said

range above about 1000°F,
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Certified o be the drawings referred to By~
in the specification hereunto annexed. -
- Arnrart R Btpa
Ottawa,.Canada, September 16 19 47 :
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