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. The pi'esent invention relates to the-synthesis

of hydrocarbons -as -a -result -of the catalytic res -

duetion -of -.carbon oxide with ‘hydrogen, ‘and
more specifically is-concerned with :the regenera-
tion-of the catalyst for the removal -of -objection-
able -deposits .including elemental carbon.

in the known process 'of reacting :a :gaseous
mixture of hiydrogen and carbon ‘oxide for the
production of hydrocarbons of varying molecular
size, -a -catalyst -comprising "a :metal of the iron
group such as-cobalt, [iron, nickel :or ruthenium,
is ‘effective to ireduce the ‘carbon ‘oxide with :the
direct- desorption ‘and -evolution -of ‘the hydro-
carbons. The character of the hydrocarbons, 4s
is known, depends upon the ‘catalyst employed
and the pressure :and temperature at ‘which the
reaction is carried out. . The catalyst in ‘duestion
has -however usually.been characterized: by =
more or.less rapid :degeneration accompanied by
accumulationof elemental ‘carbon at-conyentional
operating temperatures. Numerous treatments
have been proposed-for regenerating.or revivify-
ing the tatalystin -order to-place ‘it in condition
for further use, -

It is-an object of the present invention to pro-
vide an ithproved method of revivification whete-
in:the catalyst 'may be readily treated to remove
objectionable :accumulations of eleméntal ¢ar=
bon and ‘placed in & ‘condition -of geod activity
suitable. for return to the syhthesis reactor.

Another object of the present invention éown-
templates a revivifying treatment as- ‘above which
is ‘readily adapted to ‘continuous operation Wwith=
out -impairing the continuous use -of catalyst
in the reactor.

-~Other and further objects will be apparent
from % -consideration of the following disclosure.
‘I ‘wecordance with the present invention, the
catalyst ‘having ‘accumulated an objectionable
content -of ‘elemental carbon in the course of the
normal synthesis reaction, is ‘subjected to contact
with ¢earbon dioxide at high temperatures qu1te
materially gbove the temperature of the syn-
thekis reaction. and &t which carbon ‘dioxide and
carbon are favorably consumed with the ‘pro-
duction of carbon monoxide. The effluéht gases
are separated from the eatalyst @t said high
ratige of temperature and the catalyst eooled
and veturned to the synthes1s reactor in revivxﬂed
condition. °

1 have Observed that the formation “of ‘ele-
mental carbon-in the synthesm reaction results
primarily from a condition represented substan-
tlally as follows

2CO=CO:+C
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" At the familiar temperatures -at ‘which hydro-

carbons are usually -synthesized, as aforemen-
tioned, the foregoing ‘decomposition -of carbon
monoxide proteeds readily under equilibrium
conditions which render it impossible, for all
praetical spurposes, ‘to control .the reaction. That.
is to :say, it appears that in the presence of -an
iron ‘¢atalyst ‘operating -at about 625° F. to syn=
thesize essentially hydrocarbons boilinig in the
motor 'gasoline ‘range, a minimum :COz t6 CO
ratio:in the-order -of from 50006000 to 1 -would
be necessary to prevent formation of elemental
carbon. At higher temperatures, however, equi-~
librium conditions alter, :so “that elemental car~
bon jand ‘earbon dioxide ‘may be consumed with.
the formation :0of carbon monoxide. . .

‘The itemperatures:at which the carbon d10x1de
muy. ‘be caused 1o react ‘with -carbon to form
carbon monoxide, ‘are -advantageously substan=-
tialiy -above ‘cohventional temperatures of hydro=
carbon ‘synthesis, preferably higher than 1000°
P, and advantigeously in the range of 1400° F.
or 1500° F, and above. The upper limit 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 parmcula.rly the refractory prop-
erties of thecatalystin: questmn With ieatalysts
which comprise essentially pure iroh with ‘eon-
ventional hidditions. of :activators ‘and promoters,
it has been found that tempera,tures materially
above 1500° F. may tend to6 promote s1nter1ng.r

‘Where finely powdered ccatalysts are desrrable,
as in ‘vperations ‘employing the techmque of-
fluidization, therefore, ‘higher temperatures 1may -
be objectionable. W1th icatalysts, however, in-
cluding a Fefractory support such as silica
gel ‘or Hilter :gel, ‘upon which tHe active metal is
eposited, SOmewhat higher temperatures may
be ‘@ppropriate. In any evént, at tempeératures
of '1400° . and -above, it ‘has bBeen found that
equilibriura Wil be reached with for -example
80 to 90% of carbon monoxide in the gas: Thete~
foté, Wwith 'a “fded of substantially pure carbon
dioxide, the conversion -of elemental ‘carbon into
carhon monox1de ‘may be-directed in 3 controlled
manuer ‘sich that any ‘désired ‘proportion may’
be separated from the catalyst

In accordancé with the present invention, it
is theretore necessary %0 introduce the - catalyst
into the vregenieration zone ab ‘the rélatively high'
temperature mentioned. ‘Stated in another way,
the gaseous products of reaction must be Wwith<
drawn from the -eéatalyst ‘while in the seléeted’

‘range of regenerstion temperature, because -ab:

lower temperatures the favorable equilibrium be-
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tween carbon monoxide and carbon dioxide is
upset. Therefore, the catalyst must be preheated
from the temperature of the synthesis reactor
up to the regeneration temperature, out of di-
rect contact with the hot efluent gases from the
regeneration zone,

‘While any suitable means may be provided for
heating the catalyst to regeneration temperature,
in view of the expenditure of thermal energy
required, I prefer, for practical reasons of econ-
omy to preheat the catalyst by counter-current
passage in indirect heat exchange with the hot
efluent gases from the regeneration zone.

It is moreover desirable in operation of- the
present . invention to supply  some of the en-
dothermic heat energy necessary for regenera-
tion by direct combustion of a portion of the
elemental carbon content in the presence of a
controlled stream of oxygen. Where the syn-
thesis process operates with a synthesis gas pro-

duced, for example, by partial combustion of-

a hydrocarbon gas and a relatively pure oxygen
stream from an associated air fractionation and
rectification system, a portion of .such stream
may be made available in the limited quantities
required. This expedient obviates the necessity
of external heating or preheating and -contrib-
utes the thermal requirements of the endother-
mic reaction involved in the reaction of carbon
dioxide with carbon. On the other hand, the
external heat requirements. may be made up
from any feasible source.

The major portion of the carbon dioxide nec-

essary for the regeneration step is most advan--

tageously supplied as a separate stream derived
from the synthesis reaction. As is well known,
carbon dioxide forms a more or less inevitable,
advantageously minor by-product of the process
capable of being readily separated from the prod-
uct gases. Moreover, the stream of carbon diox-
JIde can be preheated to reaction temperature by
direct countercurrent passage in heat exchange
relation to the regenerated catalyst, thus re-

turning to the system the sensible heat supplied.

in preheating the catalyst and lowering the final
catalyst temperature to the range appropriate
for the hydrocarbon synthesis step. .

- In order to illustrate the invention more speci-
fically, reference is made to Figure 1 of the ac~
companying drawings, wherein one preferred em-

bodiment of the invention is illustrated more

or less diagrammatically. .

_In accordance with the arrangement shown,
the numeral 10 represents a synthesis reactor of
conventional form having g cylindrical body por-
tion terminating at its lower extremity in a
standpipe 1. Synthesis gas comprising essen-

tially carbon monoxide and hydrogen, for ex- .

ample, is introduced from any suitable source,
not shown, through an inlet conduit 12 terminat-
ing in an injector nozzle 18 which directs. the
stream of reactant feed gases upwardly through
a. mass of catalyst 14 in the reactor.

Cooling means |5 comprising a heat exchanger
of any conventional form is immersed in the mass
of catalyst, as shown, and is adapted to be sup-
plied with a coolant circulated inwardly through
inlet pipe and header 16 and discharged by way
of outlet pipe and header 11. While in the em-
bodiment shown, the cooling surfaces of the heat
exchanger comprise a series of vertically ex-
tending pipes, obviously the cocling means may,

take any conventional form capable of abstract=-

ing the exothermic heat of reaction from the

surrounding catalyst and maintaining the con-

10

15

20

25

30

50

55

60

65"

70

75

4
tents of the reactor at any desired temperature
level. The upper portion of the reactor is con-
nected with an outlet conduit i8 receiving the
gaseous reactants through a filter element (9
which may be formed of alundum or any other
suitable porous, refractory material operative
to pass the gaseous reactants to the pipe 18 free
of entrained solid particles. Obviously, equiv-
alent separating means may be employed such
as cyclone, magnetic or electrostatic separators.

In accordance with the present embodiment,
the catalyst takes the form of a fine powder held
in a condition of uniform aeration by the upward
flow of reactant gases. More specifically, the
catalyst is maintained in the well known state
of dense phase fluidization, wherein the individ-
ual particles are suspended or buoyed up in the
gaseous flow for random movement, and the
entire mass of powder assumes a condition anal-
ogous in appearance to that of a boiling liguid.
Under- these conditions, as is also known, reac-
tion temperatures may be controlled within nar-
row limits and the reactants contacted with the
catalyst for any predetermined time.

Referring now more particularly to the cata-
Iyst regeneration. system, it will be noted that
the reaction vessel is provided at its upper por-
tion with a baffle wall 28 forming a hopper com-
municating with a standpipe 21.. Catalyst flows
over the upper margin of the baffle 28 and down-
wardly through the standpipe 21 past the heat
exchanger coil 22, hereinafter described more in
detail. In its passage down the standpipe, the
catalyst is heated from the reaction temperature

5. of the reactor 18; e. g., 400°. F. to 650° P, to a

substantially elevated temperature, as for ex-
ample, 1200° F. to 1300° F., or higher..  Rate of
flow. of the catalyst through the standpipe is
controlled by a suitable mechanical feeder such

" as a star feeder 23 located at its lower extremity

and discharging into regenerating chamber 24.
The bottom of the regenerating chamber in turn .
discharges into the elongated standpipe 25 which
in the embodiment shown is provided with a

2" multiplicity of bafiles or partitions 26, between

which the particles move downwardly into the
vicinity -of screw conveyor 271. - The screw con-
veyor 21 in turn conducts the regenerated cat-
alyst back to standpipe (!, where it is picked up
by the injector {3 and redirected into the re-
actor {0.

During passage of the catalyst through the
lower standpipe 28, it is subjected to the upward
countercurrent flow of a supply of substantially
pure carbon dioxide introduced from pipe 28
through a distributing header 29. The carbon
dioxide, introduced at any suitable temperature .
below thie temperature of the reactor 16, moves
upwardly in countercurrent heat exchange re-.
lationship to .the downflowing catalyst and
through the regeneration zone 24. A stream of
preferably pure oxygen is supplied through the
pipe 38 to the lower portion of the regeneration
vessel 24 in sufficient quantity to maintain the
temperature required in said vessel.

In the operation of the foregoing arrangement,
as thus far described, the carbon dioxide reaches
the lower portion of the véssel 24 after indirect
countercurrent heat exchange with the down-

flowing catalyst. A suitable elevated temperature

is maintained in the regeneration vessel 24 by
control of the oxygen stréam supplied through
pipe 80 at such a relative rate as to controlledly
burn- carbon from the catalyst. Accordingly,
therefore, in the vessel 24 the catalyst is sub-
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. Jected to-contact for any predetermmed period
of time and at the predetermined elevated tem-
perature with carbon dioxide which consumes the

o residual, unburned, elemental carbon with the
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hberatxon of carbon monoxide. The efiluent
stream -of -carhon monoxide, together with re-
sidual earbon dioxide is removed af the ele-
vated reagtion temperature, passing through a
filter 31 to an outlet 32 and thence directly to
the indirect heat exchanger 22. Accordingly,
therefore, the hot gageous preduets of reaction
pass in ceuntereurrent heat exghange relation
to the incoming catalyst, progressively heating
it to a. temperature closely approximating the
temperature of the vessel 24,

. With more: particular reference 1o the arigin

Q— Qf the several gaseous streams, it will be noted

.C

that; the synthesis reactor outlet conduit 18 dis-
charges through a condenser 33 and a pipe- 34
intg & geparator 35, from which a normally liquid
hydrocarbon layer is conducted through outle§
36 to any suifable means for further treatment
or recovery. A condensed water layer is. dis-
charged at the bottom through pipe 37. A
normally gaseous fraction, usually -consisting of
gaseous hydrocarbons, carbon dioxide and possi-
bly unreacted carkbon monoxide and hydrogen is
taken overhead through pipe 38 to g conventional
gas recovery plant 39 operating-for the recov-
ery -of -carbon dioxide. The-gas recovery means
39-may consist of any conventional instrumen-
tality, such ‘as the well known Girbitol process,
operating to supply substantially' pure carbon
dioxide through -outlet pipe 48 -and to discharge
the other separated gases through pipe 41. The
carben ‘dioxide in vipe 40, after withdrawal of
any- excess via valved pipe 48A, passes through
a heat exchanger 42-in indirect heat exchange re-
lationship to-the effiuent gases of regeneratlon,
and in the: somewhat preheated condition is dis-
charged through the aforementioned pipe 28 to
the lewer-portion of the standpipe 25. The oxy-
gen stream introduced through pipe 43 from any
suitable source, not shown, passes through heat
exehanger 44, where it is preheated in indirect
exchagnge relation with the effiuent regeneration
gases, and is discharged by the aforementioned
pipe 30 to the lower portion of the regenerator
24, The effluent gases from the heat exchange
coil .22 are conveysd sucecessively through ex-
changers 44 and 42 by means of pipe 45 which
connects with pipe 38 leadmg to the gas recovery
plant 39,

Since the products discharged through. outlet
pipe 41 of the gas recovery plant may comprise
carbon monoxide, hydrogen, unsaturated gases
and other products suitable for return to the
synthesis reactor, a branch pipe 46 provided with
a pump &7 permits recycling of gll or any pre-
determined . portion of this stream to the syn-
thesis gas.inlet pipe 12, as shown,

Thus, carbon dioxide recovered from the re-
action 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
standpipe 25, where it is further preheated to
the temperatiure of the regenerator 24 while ecol-
ing the catalyst from standpipe 28 to a tempera~
ture suitable for return to the synthesis reactor
f0. In the vessel 24 this gas, together with the

carbon dioxide resulting from the combustion
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preheat ‘the incoming stream of catalyst to re-’
action temperature and discharged at & tempera-
ture of somewhat above the initial temperature
of the incoeming catalyst to preheat the oxygen
and carbon dioxide streams.

Advantageously, therefore, preheating of the
carbon dioxide stream in exchanger 42 may be
to a temperature about, or just below the operat-
ing temperature of the reactor 19, with a suffi-
cient differential so that catalyst entering pipg
{1 is about or below reaction temperature.

With particular reference to certain practical
details of the apparatus, it should be noted that
the relative arrangement of standpipe 2{ and
coil 22 is selected for efficient countercurrent, in-
direct thermal exchange between the hot effluent
gases and the 1ncoming catalyst., While many

purpose, 1t 1s to be noted that I employ a rela=
tively narrow standpipe in which the catalyst
makes good contact with the heating suriaces,
A restricted flow-of carbon dioxide, from a source
not shown, introduced through pipe 48 at & tem-
perature of for example 1400° F,, may be used to
aerate the fine powder and thus promote hea
exchange. While an excessive flow of this gas
may agitate the powder to the point of pre-
venting good countercurrent exchange, a more
restricted flow, as is known, in. a standpipe of
limited, lateral dimension will permit dense phase
fluidization with & good vertical heat sradient
and without substantially upsetting the counter~
current, indirect heat exchange effect.

In other emboediments, however, designed for
good heat transfer and flow of solids, fluidization
may ke omitted or a suitable vibrating means
may, as is known in the art, be attached to stand-
pipe 21 to promote regular flow of the solid pow-
der.

The heat exchanging system defined by the
standpipe 2§ operates in a manner analogous to
the foregoing by separating the downfiowing cat-~
alyst powder into a plurality of streams which,
even in a condition of good fiuidization, maintain
a temperature gradient favorable to good heat
transfer in the presence of the upflowing cooling
gas. This is achieved by the partitions 28 which
include additional partitions similarly spaced,
extending laterally in intersecting relation to
those indicated. The standpipe is thus divided
into a plural_lty of vertical passages of rectangu-
lar section. As is well known in the art, by such
means, s gas may be readily preheated to the
initial temperature of the catalyst, while the lat-
ter is discharged at a temperature closely ap-.
proximating that of the incoming gas.

A suitable alternative form of countercurrent
heat exchanger is shown more or less diagram-
matically in Figure 2 of the drawings wherein
the numeral 5¢ designates an upstanding tubular
vessel divided into a series of catalyst zones by
vertically spaced, funnel shaped partitions 51
each terminating at its lower extremity in a tube
or orifice 52. In operation, the gas to be heat
exchanged is introduced from any conveniens
source not shown, through the distributing head
§8 and is withdrawn through outlet 53a after
passing upwardly, successively through the sev-
eral beds of catalyst and the intervening orifices
52, maintaining each bed in fluidized condition.

Catalyst is introduced to the topmost zone
through inlet pipe 54 controlled by a feeder 58
and rises to the fluidized level 58 controlled by
standpipe - 51. ' Excess catalyst overflows into
standpipe 57 .and is conducted to the succeeding
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bed of catalyst. With catalyst continually intro-
duced, as described, and discharged at a coordi-
nated rate through outlet pipe 58 controlled by
feeder 59 the catalyst beds will assume the oper-
ating levels shown, the particles following a pro-
gressive path downwardly at any desired temper-
ature differential. It is advantageous to con-
strict the lower extremity of each standpipe 57
somewhat as indicated at 62 so as to maintain a
fluidized head of catalyst in the standpipe at all
times sufficient to balance the operating pressure
drop between successive catalyst beds.

A somewhat analogous alternative suitable for
indirect countercurrent heat exchange between a
fluidized solid and a gas or liquid is shown in Fig.
3 wherein a tubular heat exchange tower other-
wise constructed as in Fig. 2 is shown fragmen-
tarily. Herein funnel shaped partitions 51 con-
nect at their lower orifices with a recirculating
line 61 including pumps or fans 62 adapted to
circulate a suitable, preferably inert gas through
pipe 61 and thence upwardly through the cata-
lyst bed to maintain gcod dense phase fluidiza-
tion. Effluent gases are collected and returned to
the circulating means via pipe §3 which may be
provided with a filter or other separating means,
not shown, to remove entrained particles of cata~-
lyst. Standpipes 84 permit downward migration
of catalyst as before and preferably each of the
circulating means 62 operates at about the same
pressure differential so that catalyst migration is
not impaired.

The fiuld to be 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 connec-
tors 67 to successive coils 86 arranged in series.
Obviously, exchangers or tubes 66 may take any
familiar form adapted to present adequate heat
exchange surfaces to the fluidized solid powder.

According to-one example submitted by way of

_ jHustration, catalyst is continuously withdrawn

from the reaction zone of -a synthesis reactor
operating with an iron catalyst at a pressure of
200 pounds per square inch gauge, and a temper-
ature of §25° F. for the production of hydrocar-
bons essentially in the motor gasoline boiling
range.

The catalyst consists of metallic iron, contain-
ing about 1% potassium oxide (K20) and about
2% alumina (Al203), in a finely powdered form
passing 200 mesh screen, about 65% passing 325
mesh screen, and in the state in which it is with-
drawn from the reactor contains approximately
2%5% by weight of carbon.

Catalyst is withdrawn at the rate of approxi- -

mately 150 pounds per hour and at a temperature
of 625° F. and progressively preheated to a tem-
perature of 1340° I, The preheated catalyst is
continuously discharged into a regeneration ves-
sel operating at a temperature of 1520° . The
regeneration vessel contains catalyst maintained
in a state of dense phase fluidization by an in-
coming flow of carbon dioxide into which is in-
jected a separate flow of oxygen of 289 purity.
The catalyst is continuously withdrawn from the
lower extremity 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 linear velocity sufficient to maintain
the catalyst in the state of dense phase fluidiza-
tion aforementioned. The gaseous effluent from
the contact mass is withdrawn directly from the
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regeneration zone at the aforesaid reaction tem-
perature.

~ With more particular reference to the quantity
and character of reactants, the oxygen, preheat-
ed as aforementioned; is introduced into the re-
generation chamber at the rate of approximate-
ly. 0.556 pound mols per hour. Concurrently
therewith 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° P, immediately. Pressure in the regen-
eration zone is maintained at 200 pounds per
square inch gauge.

The composition of the gas withdrawn from the
top portion of the regeneration zone after pas-
sage through the catalyst is substantially as fol-
lows:

) Per cent
CO e 12.9
CO e 87.1

and is evolved at the molar rate at about 0.35
mol of CO2 per hour and 2.4 mols of CO per hour.

The cooled catalyst discharged from the re-
generation zone contains only about 10% of car-
bon, being in suitable condition for return to the
synthesis reactor.

In accordance with another example, proceed-
ing under substantially the same conditions as
thie foregoing, the several reactants are subjected
t0 heat exchange in accordance with the princi-
ple set out in the embodiment disclosed in the
drawing. In accordance with this example, the
hot gases, at a temperature of 1520° F., evolved
from the upper portion of 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 is raised to 1540° F. and the gases
are discharged from the heat exchanger at a final
temperature of 860° F. These are in turn heat
exchanged by indirect means with the incoming
streams of oxygen and carbon dioxide, raising
the tempserature of the former as high as possi-
ble and the latter to about 650° P, The oxygen
stream is fed directly to the lower portion of the
regenerating zone at this temperature, whereas
the carbon dioxide stream is introduced into the
lower portion of a standpipe containing a ver-
tically extending column of catalyst withdrawn
from the bottom of the regenerating zone. The
carbon dioxide is, by this means, raised from an
initial temperature of about 650° F. to a tempera-
ture which presumably reaches 1520° F. by the
time it arrives at the regeneration zone. The
carbon dioxide stream is derived from a gas puri-
fication plant receiving the normally gaseous
products from both the synthesis reactor, and
the residual gaseous effluent discharged from the
regeneration zohe after passage through the heat
exchange means previously mentioned.

“When operating in accordance with this exam-
ple, the catalyst discharged from the aforemen-
tioned standpipe has substantially the same com-
position as mentioned in the earlier example, as
well as a temperature of about 690° F. This is
cooled to 600° F. and reintroduced into the syn-
thesis reaction zone for the purpose of synthesiz-
ing hydrocarbons.

While the foregoing examples have been con~
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cerned with processes employing iron catalyst,
the tnvention-is applicable, though in a more re~
stricted. aspect, to. other hydrocarbon synthesis
catdlysts, :such for example, cobalt, nickel and
rutheniunt or any other metalg of the iron group
whichk may be used for this purpose.

It is apparent from the foregoing, that the
several streams of reactants may be subjected to

heat exchange ‘it any desired manner, so that
10

the thermal efficiency indicated is not impaired.
‘While tlifs obviously does not require the specific
methods or sequence of heat interchange herein
mentioned, 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 re-
actants may acquire their necessary heat from
any-appropriate 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 regenera-

tion zone is of obvious advantage, particularly g

where sueh a stream is available, the invention is
noet limited-in this respect, and may employ any
oxygen containing gas such as air. - Somewhat
the same statement is true of the carbon dioxide
provided that in-bothcases the diluting gases are
inert and incapable of impairing the process of
regeneration, It is, of course, advantageous and
advisable to -employ gaseous feeds to the regen-
erator-free from any substantial portion of ear-
bon -monoxide, although it will -be evident from
the- foregoing that the process -will still be op-
erative with relatively high concentrations of
carbon- dioxide greater than that of the final
equilibrium at the regeneration temperature se-
lected. - The presence of small proportions, as for
example, 2%-of hydrogen in the carbon dioxide
feed is usually beneficial. -The moisture content
is-best maintained as low as possible, for exam-
ple, not more than 0.01%.

- Ohviously, from the foregoing, it w111 be appar-
ent that the requirements of oxysen and carbon
dioxide for conversion- of the elemental carbon
will be increased as the temperature at which
the .decarbonization is carried .out is lowered
within the range -heretofore mentioned. Con-
versely, .an increase in the temperature above
that represented in the specific. example will re-~
sult: in a decreased requirement. Moreover, in
respect to pressures, it should be noted that .a
decrease in pressure favors catalyst regenera-
tion.

High pressures do not seriously impair the re-
action, as indicated in the second examvle above.
This is of particular advantage in permitting con-
tinuous recycling of the catalyst from a synthesis
reactor operating at the high pressures which:
prevail in aceordance with many of the processes
with which I am familiar. In ether words, it is
possible to .operate 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
whichrnormally attend the transfer of materials
between zones of widely varying pressure. 'On
the other hand, where possible, it is desirable to
use low pressures in the order of atmosphenc
and thereabouts.

‘While the foregoing disclosure discusses the
maximum regeneration temperatures in terms
of catalyst sintering, there ‘are many processes
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known in the art for the catalytic synthesis of
hydrocarbons which require the use of sintered
catalyst, and in these, sintering, unless exces-
sive; is not objectionable. In fact, a normal tend-~
ency toward excessive subdivision of catalyst par-
ticles in the reaction zone may be advantageously
overcome by controlled sintering and agglomera-~
tion info somewhat larger particles. In-this con-
nection it is usually of advantage to operate the
regenergting vessel at such a lineal upward flow
of reactant gases that the catalyst is thoroughly
aerated and- fluidized. ~Under these conditions
ahy ‘tendency of the powder to agglomerate by
sintering is largely overcome.

‘When catalyst regeneration is carried to the
point where oxidation of the iron, for example,
hecomes 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 activity
results. Reduction and conditioning may follow
conventional procedure.

Ag will be evident to those skilled in the art,
the "invention does not necessarily require ap-
plication of the technique of fluidization, and is
obviously applicable to fixed bed, moving bed, or
other operations from which catalyst can be with-
drawn by any conventional means and contacted,
as above, with carbon dioxide feed gas for a suffi-
cient length of time at the proper réegeneration
temperature. . Alternatively the catalytic syn-
thesis operation may be shut down and the cata-
lyst treated.in accordance with the- teachmgs of
the present invention.

Many other specific modifications and adapta-
tions 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 invention is
not limited to any such details except as deﬁned
by the following-claims, :

Iclaim:

1. In the synthesis' of hydrocarbons by the
catalytic reduction of carbon oxide with hydro-
gen in a synthesis reaction zone in the presence
of a solid particle catalyst under conditions in-
cluding an elevated synthesis temperature at
which desired hydrocarbons are directly formed
with the production of by-produet carbon diox-
ide -and the progressive contamination of -the
catalyst--with  an objectionable accumulation of
elemental carbon, the improvement which com-
prises limiting the -accumulation of elemental
carbon by withdrawing from the synthesis reac-
tion zone -catalyst contaminated with elemental
carbon, conveying said withdrawn catalyst sue-
cessively through a preheating zone, a regenera~
tion zone ‘and g ecatalyst. cooling zone, subject-
ing a dense fluid phase of said catalyst inm said
regeneration zone to contact with carbon diox-
ide at -a temperature maintained in the range
above gbout 1000° 7., and in a concentration at
which said carbon dioxide substantially con~-
sumes elemental carbon in the formation of car-
bon monoxide, separating product gases from
contaect with the catalyst at a temperature within
said range, preheating the catalyst in the pre-
heating zone by indirect heat exchange with the
said product gases, preheating said carbon diox-
ide prior to introduction to the regeneration zone
by direct exchange with hot catalyst in the cata-
lyst cooling zone, introduging molecular oxygen
into said-regeneration zone in a limited pro-
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portion effective to maintain the temperature in
said elevated range and returning catalyst from
the cooling zone to the reaction zone.

2. The method according to claim 1, wherein
carbon dioxide supplied to the regeneration zone
is derived by recovery, as a substantially pure
stream, from the efiluent products of the syn-
thesis reaction zone and wherein the effluent car-
bon monoxide from the preheating zone is sup-
plied as a supplemental feed to the synthesis re-
action zone.

3. In. the svnthesis of hydrocarbons bv the
catalytic reduction of carbon monoxide with hy-
droren in a reartion zone in the presence of a
solid particle catalvst comprising a metal of the
iron rrouv at an elevated temmneratire of about
400-650° P, at which the catalvst becomes con-
taminated with a devposit of elemental carbon,
which impairs catalvtic activitv. the imvrove-
ment which involves continuonsly maintaining
catalvst activity in the reactiorn zone bv sub-
jecting a withdrawn stresm of the catalvst nar-
ticles containing elemental earbon to contset in
7, gasification zone with a stream of substantially
pure. preheated carbon dioxide at a gasificatior
temveratnre maintained substantially above
1000° F. at which solid, elerental carbon is gasi-
fied bv substantial concentrations of earbon di-
oxide to form a product gas rich in carbon mon-
oxide, effecting suhstantial gasification of the
elementa]l carbon from the eatalvst varticles
within said gasification zone. withdrawing said
product gas stream of carbon monoxide from
contact with the catalvst at a temveratnre not
substantiallv helow . said gasification tempéra-
ture such that redenosition of elemental earbon
is' prevented. Introdneing thus treated catalyst
and sald withdrasm prodret gas stresm of ear-
bon monoxide to the reaction zone to produce
additional hvdroearhon nroducts. and continmn-
ouslv nreheating the catalvst vartieles and the
substantiallv prire stream of carbon diovide sih-
stantiagllv to said easification termverature vrior
to introduction into said easification’ rone. bv
passing said eatalvet varticles in indirect heat
exchanege relation with the hot withdrawn prod-
uet stream of carbon monoxide jssuing from the
gasification zone, simultaneously passine - the
stream of carbon dioxide in direct, countercrir-
rent heat exchange relation with the hot. treated
catalvst withdrawn from the gasification zone.
thereby reducing the temperature of the treated
catalyst to a level suitable for reintroduction to
the reaction zone, and burnine g vortion of said
elemental carbon in said gasification zone with
elemental oxyzen in a regulated anantity only
sufficient to maintain the said gasification tem-
perature therein.

4. The method according to claim 3 wherein
said gasification temperature is substantially
above 1400° R,

5. The method according to claim 3 wherein
said gasification temperatvre is substantially
above 1400° F. bhut below the temperature. at
which eatalyst sintering occurs.

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

7. The method according to claim 3 wherein
said substantiallv pure stream of earbon dioxide
comvrises g small proportion of hvdrogen not
greater than about 29 and wherein the moisture
content of said stream is not substantially
greater than abont 0.01%.

8. In the synthesis of hydrocarbons by the
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catalytic reduction of carbon oxide with hydrogen
in a synthesis reaction zone in the presence of
a solid particle catalyst under conditions includ-
ing an elevated synthesis temperature at which
8 desired hydrocarbons are directly formed with
the production of by-product carbon dioxide and
the progressive contamination of the catalyst
with an objectionable accumulation  of ele-
mental carbon, the improvement which comprises
0 limiting the accumulation of elemental carbon by
withdrawing from the synthesis reaction zone
catalyst contaminated with elemental carben,
passing said withdrawn catalyst into a regenera-
tion zone, subjecting said catalyst in said re-
16 generation zone to contact with carbon dioxide
at a temverature maintained in the range above
gbout 1000° F., and in a concentration at which
said carbon dioxide substantially consumes ele-
mental carbon in the formation of carbon mon-
oxide, separating product gases from contact
with the catalvst at a temperature within said
ranee, preheating said withdrawn catalvst prior
to passage into said regeneration zone by indi-
rect heat exchange with the said product gases.
preheating said carbon dioxide prior to intro-
duction to the regeneration zone, supplving to the
regeneration zone molecular oxvgen in a limited
amount effective to maintain the temperatnre of
said zone in said range, and retvrning catalyst
from the cooling zone to the reaction zone.

9. Tn the syvnthesis of hydrocarbons by the
catalytic reduction of carbon monoxide with hy-
drozen in the presence of g solid narticle eatalvst
at an elevated temnerature of about 400-650° .
at which desired hydrocarbons are formed with
proeressive contamination of catalvst bv car-
bonaceous devosits. the improvement which com-
prises limiting the accumulation of said ecar-
bonaceous deposits by veriodicallv snhiecting said
catalvst to contact with carbon dioxide at a tem-
perature maintained-above about 1000° F. in a
concentration at which the earbon dioxide reacts
with elemental carbon to form carbon monoxide.
withdrawine the resulting produvet gases from
45 contact with the catalvst at a temverature not
below abont 1000° F.. preheating the catalvst to
at least about 1000° P, prior to said contact with
carbon dioxide by passing said hot, withdrawn,
high temneratiire gases in indirect heat exchange
relationship therewith and incorporating mo-
lecular oxyegen in said carbon dioxide contacted
with the catalvst in a limited amornt effective
to maintain the temverature of contact within

55 said range above ahout 1000° ¥,
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