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This invention relates to the catalytic conver-
sion of carbon oxides with hydrogen to form
valuable synthetic products. The invention is
more particularly concerned with an improved
method of employing -and- reconditioning. finely
divided- catalysts having a high activity and

selectivity for the formation of mormally liguid:

hydrocafbons in the catalytic’ conversion of car-
bon monoxide: with' hydrogen employmg the so-
calléd fuid solids‘téchnique:

The synthetic. production of liquid hydrocar-

bons from gas mixtures containing various pro--
portions..of - carbon. monoxide-and -hydrogen is-

already-known and numerous catalysts, usually
containing- an iron group -metal, have been de-
seribed which are specificglly active in promoting:
the desired reactions at certain preferred operat-
ing conditions. For example, cobalt supported
on an inert carrier is used when. relatively low.
pressures (atmospheric to about.5 atmospheres).
and-low temperatures (about 375°-425° F.) are
applied -in- the -manufacture of -a substantially
saturated: hydrocarbon; product while .at the
highertemperaturesz (about -450°=750° F.) and
higher. pressures: (about: 5-25 atmospheres and
higher): required: for.the:production-of unsatu-
rated-and branched-chain products of high anti-
knock yalue, 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 partly due

to the. deposi lon -of non-vola.tlle conversion prod-.
on; Mp,ar_afﬁn_«,wax, and the like,

ucts. such as. carb

Lye
and the relatwely rapld ca.talyst deactivation

have

ided catalyst ﬁuxdxzed by the gaseous

1ea,ctan,ts’and products Tlus technique permits

continuous. catalyst replacement and greatly im-.

led, _m recent. years, to the application of-

(Cl. 260—449.6)
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proved .heat, d1551pat1on and temperature con~

trol.

Hovt*ever, the adaptatmn of the hydroca.rbonl

synthes1s to the lluid solids techmque ha$ encoun- .

tered serious dlfﬁcultIes particularly with respect

to catalyst deposms ‘and their detrimental effects

on the ﬁu1d1za,tlon characteristics and mechani~

cal strength of the catalyst

As stated above, one of the most important'_

modlﬁcatlons of the. hydrocarbon synthesis re-
quires the _:use of 1ron-type catalysts. These cata~-

lysts ‘are the ocutstanding representatives of” a:55

group of catalysts which combine @ "high “synx
thesizing getivity and select1V1ty toward normally

liguid ‘products with o strong tendency to car-
bonize during “the synthesls reaction, that is, to"
" tional--fluid-type “reactors through™ which “the

form fixed carbon-or: coke-like catalyst deposits-

which can not be readily removed by conventional

60

2
methods of synthesis ‘catalyst regeneration such
as extraction, reduction, or the like.

These carbon deposits, when allowed to accu-
mulate, weaken the -catalyst structure, which
leads fo rapid. catalyst ‘disintégration, pa,rtmularly
in fiuid' operation. The reduction-of the- true"'
density of the catalyst resulting from -its high-"
content of low-density carbon coupled with' the”
rapid disintegration™ of “the - catalyst- particles-
causes the fluidized.catalyst bed to expand, there-’
by reducing its concentration of-catalyst "and--
ultimgtely resulting in the 1oss of ‘the catalyst-
bed because it becomes impossible to hold the
catalyst in a dense phase at otherwise similar
fluidization conditions. With these changes in
fluid- bed characteristics, the heat transfer from
and throughout the bed decreases markedly,
favoring further carbonization and accelerating
the deterioration of the fluidity characteristics
of the bed.

Prior to the present invention, it has been
suggested-to reduce the carbon content of cata-
lysts of this type by withdrawing the carbonized: .
material from the synthesis reactor -and subject-
ing the same to a combustion treatment with free.
oxygen-containing gases-to remove.carbon in the.
form of carbon oxides. These treatments, when
applied to fluid: operation, require excessive cata-:
lyst circulation between reaction and regenera- .
tion zones as well as excessive quantities:.of oxidiz- .
ing -gases, reducing-gases, and undesirably large -
regeneration -equipment. - Also, the  combustion.
temperatures are. usually excessive if substan-:.
tially complete carbon removal is desired unless:.
expensive means for heat removal are provided: -

These difficulties are considerably.aggravated.
in fluid-operation because the individual particles:-
making up the fluidized catalyst mass vary widely: .
in carbon content, i.-e. the withdrawn- catalyst.:
particles: fall - within the wide range of from:-
carbon-free particles to particles of highest .
degree of carbonization. When a catalyst mass
of this type is subjected to oxidative regeneration.
at conditions optimum for a catalyst of average
carbonization, it will be appreciated that only a,
relatively small proportion of catalyst Pa,rtmles
will be fully benefited by these optlmum condi- -
tions while the major. portmn of .the - part1cles~
will be either over- or under-treated.

The present invention overcomes the afore--.
mentioned difficulties and affords various addi- .
tional advantages. These advantages, the nature.,
of the invention and the manner in which it is
carried out will be fully understood from the
following descnptlon thereof read with reference ..
to the accompanying drawing. . N

In-accordance with the present mventmn, the_
hydrocarbon- synthesis using” fluidized iron- type'
catalysts is carried outin a ‘plurality of conven-

fluidized catalyst fiows in series continuously or
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intermittently. Catalyst is withdrawn from the
last reactor in the direction of catalyst flow, re-
generated by a treatment comprising complete

combustion of the carbonaceous- deposits. and

usually some oxidation .of the iron, and the re-
generated catalyst is returned to the first syn-
thesis reactor in the direction of catalyst flow.
The synthesis gas may be passed through the

synthesis reactors either in series or in parallel.

When applying series flow of synthesis gas, it
may be advisable to pass the synthesis gas coun-

tercurrently to the catalyst flow through the re-.
The advantages of this procedure are as..

actors.
follows.

Assuming that a given coke formation rate
occurs in a fluid-type synthesis reactor, the larger
the catalyst circulation rate-through the regen-
eration system the lower.will:be. the coke .con=-
tent of the spent catalyst.
rates-of the catalyst are obviously expensive-in-

Large  circulation

10

.20

asmuch as-larger transfer- means, such: as :lock:

hoppers, are required- and, what is.more impor-

tant, more air is needed -for regeneration since a.
larger quantity of iron is oxidized: Laboratory
work. has shown -that when -the-carbon:content -
approaches 309% or. thersabout: on-iron catalyst,
At
concentrations substantially below. this percent- .

disintegration - tends to - become excessive..

23

4~

particles having a carbon concentration above
the disintegration limit. When a sufficient num-
ber of stages is used, this proportion may even
be-substantially reduced. It -follows that opera-
tion- according. to the invention permits a sub-
stantial reduction in the requirements of oxidiz-
ing and reducing gases as well as size of regenera-
tion equipment.

These relationships will be best understocd
from: an ingpection of the curves shown in Fig-
ures I and II of the drawing.

Figure I illustrates the effect of catalyst cir-
culation rate and plurality of reaction zones on
the residence time distribution of the spent cata-

lyst in the reaction stage, i. e. the percentages

of catalyst remaining in the reaction stage for
definite. minimum times. .

Figure II illustrates the effect of catalyst cir-
culation-rate and--plurality of reaction zones on
pereent-carbon: on spent catalyst, based on the
pure -iron:.content .of  the catalyst, i. e. percent-
ages: of - catalyst: containing  definite minimum
quantities.of.carbon; .

The-curves :of Figures I and II are based on a
coke production of 975 1bs. per hour and a cata-
lyst hold-up based on iron, of 65 tons. The fol-
lowing comparison may be derived from these
curves.:

Iron Cir- 1. chent . A EI[{ydrogen
Pl on ve.: : o equire-
Curye No..| “Rater | stages in| Flaving | Percent, | AT REAUIe- | ments for
YO0 ons Per|  Series. | More [ Con | ety | Catalyst
Hour .|~ . Than Iron . Reduction
30%. C (MSCIFH)
2.83 | 41 80| 1795 211 72
4.1 1 8.0 11.9 252 105
4.1 . 44" 15 1.9 . 252 105

age, the carbon has little effect either on cata-

lyst disintegration or on .catalyst activity.

It will be understood that in a. system. such as:
described in which a stream of regenerated cata-.

lyst is .charged ito a fluid type. synthesis reactor,
not-all of the particles. of the catalyst will re-
main in this synthesis reactor for the same length:
of time. Some will remain for much less -than
average and some for a time much greater than
average. Consequently, in order. to- operate -in
such .a way that only a small fraction of the
catalyst, say about 5%, has less than about 30%

carbon it - will be necessary to circulate sufficient-
catalyst to the regeneration system so- that the-

average carbon concentration on the spent cata-
lyst is much less than 30%.
then that one of the most serious problems en-

countered here is that of decreasing the catalyst-

flow rate. o
When: operating in accordance with the pres-

ent invention, the catalyst particles withdrawn
from the last synthesis reactor in the direction.
of catalyst flow will have a_very nearly uniform

carbon content approaching the average carbon
content of particles withdrawn from a single re-

actolr -synthesis system -after a residence. time.

roughly corresponding to the total residence time
of the catalyst particles in the plurality of syn-
thesis reactors, provided the regenerated catalyst
is returned. to the synthesis reactor first in line
in the. direction of catalyst flow, in accordance
with the invention. The more reactors in series

the closer will be the_ approach of the carbon -

concentration on each particle to. the average.

As a result, catalyst circulation between the-re-.

generation and reaction stages may.be reduced
without increasing the proportion of catalyst

It will be observed -

50

60

65

70

75

Cur.veé A énd B indicate thaf 8.0% of catalyst

. is in-the. disintegration range for both curves,

i. e. above 30% C. The 4 stage operation A is
at a:lower circulation rate. Hence, in operation
A less.oxygen is-consumed by oxidation of the
iron associated with the coke, which results in
a substantially. reduced-overall oxygen require-
ment.

Comparison -of -curves B and C, which are for
the same- circulation rate of 4.1 tons per hour,
indicates that the same amount of oxygen is re-
quired. However, the 4 stage process (C) has
only 1.5% of the spent catalyst in the disintegra-
tion range -(above-30% C) as compared with 8%
for curve B.-

It -has been pointed out heretofore that the
oxidation regeneration treatment is preferably
carried to a complete decarbonization of the cata-
lyst.. This may involve an oxidation of the iron
component beyond the degree desirable for an
efficient -operation of the synthesis stage. The
catalyst may also contain an undesirably high
oxygen concentration when it leaves the synthe-
sis stage. In these cases, the catalyst, after car-
bon _removal and. prior to its return to the syn-
thesis stage, may.be, reduced at least in part,
as indicated in the .above, table. This separate
reduction stage is preferably conducted at an
elevated. pressure approximating that at which
the synthesis. is carried out. Hydrogen is the
preferred reducing .agent. Water formed during
the reduction reaction_should ke removed from
the system, which may be best accomplished by
drying.the. eflluent. gases from the reduction re-
actor. and . recycling: the..dried gases. This op-
eration is greatly aided by high pressures because
the condensation of water is facilitated.
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‘The need of a separate reduction stage may be :

avmded by 50 controHing the: oxidation - condi=
tions in the oxidative regeneration zone that the
carbonaceous -deposits are removed in the ionn
of - carbon . oxides 'either without affecting the
state of oxidation of the iron or even- with &
simultaneous- reduction. of .iron -oxide to - iron.

This may be accomplished by properly correlat- -
ing the amount and composition of the oxidizing -

gas with the temperature and pressure of the re-

generation zone-and the partial pressures. of: the
components of the oxidizing atmosphere in con-
tact with the catalyst.
disclosed and claimed in-the copending Martin,
Mayer and Tyson application, Serial No. 788,538,
filed November 28,1947, now Patent-No. 2,562, 804
(P. M. 24,405 et al) filed of even date herewﬁh
and assigned-to the same interests, which-is here
expressly referred to for all necessary details. -

It may also be desirable to subject the regen-
erated catalyst to a carbiding treatment prior to
its return to the synthesis-stage. This may be
advantagéously -accomplished by contacting-the
regenerated -catalyst, preferably after reduction,
with CO-containing gases at relatively low €O-
partial pressures, of preferably less than 1 at-
mosphere and temperatures of about 500°-800° F.
Coriditionis ‘should be so econtrolled -that the -at-
mosphere -in contact with -the catalyst is non-
oxidizing with respect to iron and its carbides and
that about 20-50% of the ircn.is converted to iron
carbides. )

Having set forth its objects and general nature,
the invention will be best understood from’ the
more specific description hereinafter - in -which
reference will be made to Figutres III and IV of
the accompanying drawing, wherein: )

Figure IIT is a semi-diagrammatical 111ustra-
tion of a system.suitable for carrying out a pre-
ferred embodiment of the invention; and

Figure IV is a similar illustration of @ system
involving a separate catalyst reduction stage.

Referring now to Figure III, the system illus-.

trated therein essentially. comprises a series of
conventional fluid type synthesis reactors iba,
18b, i8¢ and 10d and an oxidizer regenerator 30
whose functions and cooperatwn wﬂl ba for
with explained. :

In operation, synthesis reamors ﬁSa, ieb, '".hsc
and (24 contain a dense, turbulent, fluidized mass
of iron catalyst such as sintered pyrites ash pro-
moted with about 1.5% of potassium carbonate.

Synthesis feed gas containing about 0.8-3.0 vol-

umes of Hz per volume of CO is supplied from line
{ through line 3, manifold 5 and line 7 to the
various synthesis reactors which are arranged
for parallel flow with respect to the gas feed in
the case of the present example. Ag indicated
by lines i1, 12 and i3 the catalyst is passed
through .the synthesis reactors in ‘series from
reactor. {8« through 185 ‘and -{%¢ tc reactor 104
from which it is withdrawn and retirned to reac-
tor..i8a as will appear more -clearly hereinafter,

Any conventional means for conveying finely di=’

vided solids.such "as ‘aérated standpipes, lock-
hoppers, mechanical conv\,yors ete. (not showny
may ke used in a manner known in the art to
maintain the desired cﬂtelvst flow between ‘the
reactors.

The reaction COndlt.lD'lu in the synthesis reac-
tors. are those known for the conversion of CO
and He on fluidized iron catalysts. They may in-
clude pressures of ahout 5-50 atm., preferably
20-40 atm., temperatures of about 500“—800° P,
preferably about 550°-700° ¥, tote

This type of operation-is.

1 gzas through--
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6 ,
puts-of-about 5 to 500 v.7w./hr,; preferably abolt
10 to 50 v./w./hr. and. superficialngas™ veloeities
of about .3-5.0 ft. per-second, preferably about
.5-1.5 ft. per second for catalyst particle sizes
of about: 20150 -microns; -predominantly albout
50-100 microns. - The synthesis gas enters the
lower -portion- of* the synthesis reactors through
suitable distributing* means such -as grids G. .
Vaporous and gaseous reaction products and un-
converted - reactants -arewithdrawn overhead
from “catalyst levels Li-through-lines 14, {5, (6
and {7 -to be worked up in'a conventional product
recovery -system - (not- shown). ~-If desired, tail
gas may -be recycled ‘te -the reactors in.conven-

- tional ratios of aboui 1-5-volumes; preferably 1-2

volumes of tail gas per volume of fresh synthesis
gas.  Other-details-of ‘the-operation of fluid syn-
thesis: reactors ‘are ‘well known and need not be
further speclﬁed here: :

As. stated -before, carbon dep051ts form on: the
catalyst in-the-synthesis reactors and in:about
100 -hours of -catalyst residence time as much as
50% of carbon may be deposited on each 100 lbs.
of -catalyst.- This will-tend-to -diminish-the ac-
tivity of the catalyst and-also cause its physical
disintegration-so that fines in excessive quantities
will be formed -If this-condition-is net cerrected,: .
the-density of thecatalyst phase will drop rapidly
and the active catalyst will: be contmually b1own.
out of the. synthesis reactors -

As 3 result.of.the series ﬂow of catalyst tnrou.gh
the .synthesis’ reactors, the.-carbon content-will-
increase in. the direction of-catalyst flow:and will
be lowest in reactor .i0a. and highest in reactor
19d because the catalyst maintained in reactor-
{8d has. been subjected -to carbonization condi-
tions for the maximum time. -It-is an essential
feature of the.invention-that -the catalyst- cir-
culation rate through reactors {8e, {86, {8c and:
18dis so adjusted that the total catalyst residence
time in’ reactors {0a, 180, i8c and {8d is below
that which will cause -carbonization sufficient
seriously to interfere with proper fluidization in
any, and particularly the last one, of the syn-
thesis reactors employed. . While this total resi-
dence time depends- on the specific reaction con-
ditions’ ‘employed, -it. may be.stated that at a
throughput of about- 20 v./w./hr. total residence
times of about 50 to 700 hrs., preferably 75-200
hrs., which may cause total coke deposits of about:
10 t0+20% by weight of iron, are suitable for
the purposes of the mventlon at the cond1t1ons
specified” abova.

The catalyst resxdence tlmes Wlthm the mdl-
vidual reactors (8q, 10b, I8¢ and 184 may be
equal or unequal fractions of the total catalyst
residence time as desired. It is also noted that
the ‘reaction -conditions in the individual syn-
thesis. reactors need not be identical. . Allowances
may be made for the steadily increasing age and.
degree of carbonization of the catalyst as it ad-
vaneces through the reactors.  This may be com-
pensated for by increasing the temperature in
the direction of catalyst flow, for example I
series ﬁow ‘of synthésis gas is employed ‘the re-
action condmons in the successive reactors may
be adjusted to the changes in synthesis gas com-
position in a ‘manner known per se for multi-re-
actor systems. It is also possible to operate the
individual reactors at different conditions to pro-
duce products of diﬁerent character in the in-
dividual’ reactors. .'The level L within any- re-
actor is- preferably maintained constant SO as
not to disturb the synthesis operation. The eata--
lyst flow to among and from the synthesis re-.
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actors may likewise be maintained at a.substan-
tially constant average rate.

Fluidized catalyst containing -about 10.0 to
20.0% of carbon by weight of iron in substan-
tially uniform distribution .over the individual
particles is withdrawn downwardly through a
system of lockhoppers 20 wherein the pressure
may be reduced to atmospheric at which the
catalyst may be charged through line 25 to re-
generator 30. An oxidizing gas, such as air, is
supplied by blower 32 through line 34 to the bot-
tom of regenerator-30 which it enters through a
distributing means, such as grid 36, at a velocity
of about .5-3 ft. per second to regenerate and
convert the catalyst within reactor 30 into a dense
fluidized mass having an upper level I30. About
25 to 75 normal cu. ft. of air per pound of iron
on the catalyst is normally sufficient substantially
completely to burn off the carbon from the cata-
lyst, taking into consideration the- oxygen con-
sumed by simultaneous iron oxidation. Tem-
peratures of about 900°-1800° F., preferably about
1000° to 1200° F., are suitable.

The regeneration reaction is exothermic and
heat must be removed from the catalyst mass to
maintain it at the desired temperature. This
may be accomplished by a suitable recycle of
cooled flue gases, and, if necessary, any addi-
tional heat withdrawal means, such as cooling
coils or jackets (not shown).
however, to employ a catalyst circulation from
regenerator 30 downwardly through line 36 to
air feed line 34 and through a cooling means,
such as waste heat exchanger 38, back to regen-
erator 30.

The flue gas leaving Lo overhead may be
passed through a conventional gas-solids separa-
tion system 40 which may include cyclones, pre-
cipitators and/or filters and from which sepa-
rated catalyst fines may be returned through
line 42 to regenerator 30 or discarded through
line 44. The gas, now substantially free of en-
trained solids, may be passed through line 46 to
a cooling means, such as a waste heat exchanger
48 and line 50 provided with blower 51, back to
air feed line 34 as indicated above. Excess flue
gas may be vented through line 52.

Catalyst substantially completely decarbonized
is withdrawn downwardly through bottom draw-
off line 54 and cooler 56 to be.cooled to about
400°-600° F. and to be passed via a lockhopper
system 58 to synthesis gas feed line 1. The cata-
lyst suspended in the synthesis gas in line 7 is
returned to synthesis reactor 10a to repeat the
cycle.

The system illustrated by Figure III permits
of various modifications. For example, certain
iron catalysts tend to sinter under the above de-
scribed decarbonization conditions, which inter-
feres with a proper fluidization of the catalyst in
regenerator 30. In these cases, regenerator 30
may have the form of a rotary kiln to which the
oxidizing gas is charged. Heat may be removed
by reeycling a cooled portion of the flue gas to
the kiln, or by recyecling cooled. catalyst to the
kiln, or by quenching within the kiln with water.
The regeneration may also be carried out at ele-
vated pressures, if desired, so that pressure re-
duction on the catalyst flowing from reactor i0d
to the regenerator may be substantially mini-
mized or eliminated. Either one or both of the
lockhopper systems 20 and 58 may be replaced
by standpipes or mechanical conveyors if the
prevailing pressure conditions permit.

As a result of the high temperatures employed

It is preferred, 3
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in regenerator 30, substantial proportions of the
alkali metal promoter content of the catalyst
may be lost. This promoter may be advanta-
geously replaced at any point of the system after
the catalyst has been completely regenerated.
For example, a suitable promoter solution such
as an aqueous solution of a potassium hydroxide,
carbonate or halide may be injected through line
60 into catalyst withdrawal pipe 54. A conven-
tional steam-separating zone (not shown) may
then be provided above line 60. Addition of the
promoter at this or a similar point rather than
in the synthesis reactors is of advantage since the
catalyst at this point is free of oil and coke and
the promoter may thus penetrate the catalyst
much more effectively than if it is added to the
catalyst in the synthesis reactor.

Other modifications will appear to those skilled
in the art without deviating from the spirit of the
invention.

As indicated above, the catalyst withdrawn
from regenerator 30 may, as a result of overoxi-
dation in regenerator 30 or of oxidation in the
synthesis stage, contain more oxygen than desir-
able for an efficient operation of the synthesis
stage, say more than about 10.0 to 15.0% by
weight. In this case, the decarbonized catalyst
may be subjected to a separate reduction treat-
ment in equipment of the type illustrated in Fig-
ure IV,

Referring now to Figure IV, the system shown
therein comprises a synthesis stage (0 and a
regeneration stage 30 of the type illustrated in
Figure III, like reference characters being used
to identify like elements. The system, particu-
larly the synthesis stage {0, is drawn in a sim-
plified manner, only one reactor being shown as
representative of a multi-reactor system of the
type described above. The operation of the sys-
tem of Figure IV is. substantially the same as
that of Figure III up to the point of withdraw-
ing the regenerated catalyst from regenerator
30 through line 54.

Now, instead of cooling and returning the
catalyst to the synthesis stage it is passed to
catalyst reducer 10 which is preferably operated
at an elevated pressure at least as high as that
of the synthesis stage. Pressures of about 400-
700 Ibs. per sq. in. are generally suitable. The
catalyst from line 54 is passed, therefore, through
lockhopper system 58 to build up the desired
pressure and thence directly to reducer 70. Since
the reduction reaction is endothermic, the sen-
sible heat of the decarbonized catalyst may be
utilized to advantage in reducer 10 which may
be operated at about 400°-1200° F., preferably
700°-1000° ‘F\., using hydrogen as the reducing
agent. .

Reducer 10 is preferably of the fluid type and
has a construction similar to that of regenerator
30. Hydrogen, preheated to a temperature suf-
ficiently high to maintain the desired reduction
temperature in cooperation with the sensible
heat of the catalyst, is supplied from line 712
through grid 74 to the bottom of reducer 10 to
reduce and convert the catalyst therein into a
dense, turbulent, fluidized mass of solids, sub-
stantially as described in connection with the
regenerator 30, Reducer 10 is so designed as to
allow for a catalyst residence time adequate for
the desired degree of reduction. The proper
amounts of hydrogen to be used depend on the
amount of oxygen to be removeq from the cat-
alyst and may be readily determined by those
skilled in the art for each given set of condi-
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tions. = Reduced - catalyst is - withdrawn -down-
wardly through line 76, cooled in -cooler 88,
enriched, if desired, with promoter supplied
through line 78 and returned through gas feed
linie 7-to the final reactor of synthesis stage 10, ‘1f
desired after carbiding, all substantially as de-
_ scribeq heretofore. :

" The hydrogen, after contactmg the ca,talyst

passes through a gas-solids separatlon system,~- -
10

such as cyclone 82 provided with solids return
pipe 84, and-thence through line 86 to a heat
exchanger 88 wherein it gives off scme of its heat
to a mixture of fresh and recycle hydrogen. The

partially cooled spent hydrogen passes on to a-:

cooler 90 wherein it is cooled sufficiently to con-
dense the water which is finally- knocked “out
of the gas in drum 92. The separated water along
with suspended catalyst carry-over is returned
. through line 94 to regenerator 30,

The substantially dry gas-is withdrawn from

drum 82 through line 96'to which make~up hy-
drogen'may be added through line 98. The result-
ing gas mixture is passed-by recycle booster 108
through line 182 to heat exchanger 88, wherein
"it picks up heat from the exit hydrogen, and
"thence through line 104 and recycle heater 168
back to line 72 and reducer 70-at the desired
preheat temperature for maintaining the endo-
thermic reaction in -reducer -10. Since -inert
gases will accumulate- in thehydrogen recycle
system just - described, - it is -desirable to bleed
part of these gases from the system. This may
-be done by way of line 108, -’

-.It will be understood’that the system of Flg-
ure IV permits of substantially the same modi-
fications as those described with reference to
Figure TIT.

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

EXAMPLE I

A multi-reactor hydrocarbon synthesis system
designed for a daily production of 6,200 bbl. of
gasoline, 565 bbl. of gas oil and 570 bbls. of
alechols and other  oxygenated compounds is
operated at the conditions given below using
reduced pyrites ash promoted with 1.5 potassium
carbonate as the catalyst in a fluidized bed.

Synthesis conditions

Synthesis gas quantity, MMSCFD________ 226.5
Synthesis gas composition, volume per-
cent:
B2 e e 60.1
CO e 33.8
CO2 e e 13
N2 e e e e et 3.8
HoO e e 2
OB e et 1.0
T0bal o 100.0
No. of reactors wm oo 4
Total catalyst in reactors—btons_...._.__ 65
Average catalyst residence time in re-
2CtorS—hrS e 159.5
Throughput, v./hr./w. (H34}CO in fresh
feed) o e 72.5
Recycle ratio (recycle to total fresh feed) ... 1.62
Synthesis reactor temperature, °F._______ . 650
Synthesis reactor pressure, p. 8. 1. Sevceec 400
CO conversion, percent on fresh feed_......_ 98.0
H2 conversion, percent on fresh feed_.__._. 88.0

At these conditions about 974 bbls. of coke are
formed per hour. The following table compares
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the condition and results of - cata,lyst regenera-
tion when applying series flow of-catalyst in the
reactors. in-accordance with :the-invention with
those of regeneration when using -conventional

parallel flow' of catalyst, substantially as de-

scribed in connectmn Wlth F'lgures I and II of
the drawing.

Catalyst Regeneration ' © A | B “C
Catalyst Flow Through Reactors ............. @ g
Total Catalyst Clrculatlon Rate, Tons/Hr O .
of Fe. . i o i il LIl L 2.831 .41 4.1
Percent Catalyst Having More. Than - 30% [ AT R
Carbon on Fe. .o umemiiioiainis 8.0+ 8.0 1.5
Re]atlve Quannty of Catalyst I)lsmtegrated/ R
........................................... 5:33 |~ 5:33 L0
Average Percent C.-on Iron (Carbon and N
Oxygen Free).. 1197|119
Average Percent O on Iron .(Carbon.and | : SEEANN
Oxygen Free) 3 5.8 5.8
Average Percent O on, Regenerated Oatalyst 38.6 | 38.67 388.6
Alr:for Regeneration, MSCFH . . .
Temperature of Regeneration, ° F'_. -| 1,000 {1,0000 | 1,000
Pressure of Regenerator, p.s. 1. g._..._ S Y B A 3 U1
Residence Time in Regenerator, hrs._. - 251 25 25
Relative Regenerator Hold Up Volum 1.0 1.45| 1.45

1 In series.

2 In para]lel

The ‘above - daba demonstlat s that operation
in accordance with the invention permits either
& 'substantial reduction in.catalyst. circulation,
air requirements and equipment size at 4 given
coke. content, and disintegration of the catalyst
(column A), or a substantial reduction in coke
content and disintegration at a given catalyst
circulation, air consumptlon and equ1pment s1ze
(column ' C) ., . ,

EXAMPLE o

In order to illustrate the application of a sep-
arate reducing stage in accordance with the in-
vention, a comparison of the conditions and re-
sults of the reduction of .catalysts decarbonized
as indicated in columns A and B of Example I
are summarized in the table given below.

Catalyst Reduetion A B
Catalyst Flow Through Reactors..............__ O] )
Total Catalyst to be Reduced, Tons/hr, of Fe._._. 2.83 4.1
Hydrogen ¥resh Feed Oomposmon, Percent:
B e e e e 93:4 93.4
Inerts . 6.6 6.6
Hydrogen Fresh Feed MSCFH as Hydrogen. ... 72.2 104.6
Hydrogen Recycle Ratio (As Hydrogen)... .| 18.2 13.2
Hydrogen Purge, MSCFH (As Hydrogen)..._.._: 20. 25 29.4
Hydrogen Purge Composition, Percent:
B O 80.0 80.0
Inerts ....... 20.0 20.0
Temperature, ° F._ 900 900
Pressure, p. S.i. g.. 415 415
Residence Time, Brs..._......... 2 2
Hydrogen Preheat Temperature, ° F_______ 1, 000 1,000
Percent O on Catalyst Charged (on-Fe)__.__..__.. 33.6 33.6
Percent O on Catalyst After Reduc ion (on Fe)._.| <1.0 <10

! In series.
2 In parallel.

The above data indicate savings of about 360%
in the hydrogen requirement for the case of the
present invention (column A).

While the foregeing description and exemplary
coperations 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 in-
vention as are indicated in the appended claims,

We claim:

1. In the process of converting gas mixtures
containing CO and H: into hydrocarbons and
oxygenated products in the presence of a dense,
turbulent, fluidized mass of finely divided cat-
alyst tending to carbonize at the conversion con-
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ditions, the improvement which comprises
maintaining dense turbulent beds of said finely
divided catalyst in a plurality of separately con-
fined reaction zones at conversion conditions,
supplying a.gas mixture.containing CO and Ha
in conversion proportions to each of said reac-
tion zones, passing finely divided catalyst
through said reaction zones in series, passing
said gas mixture in parallel flow through said
zones whereby each of said zones is contacted
with substantially similar proportions of Hz and
CO, withdrawing carbonized catalyst from the
last of said reaction zones passed through by
catalyst, subjecting said withdrawn catalyst to
a decarbonization reaction with an oxidizing gas
to burn off carbon and returning decarbonized
catalyst to the first of said reaction zones passed
through by catalyst. ’

2. The process of claim 1-in which said cata-
lyst is completely decarbonized in said decarbon-
ization zone. )

3. The process of claim 1 in which the total
residence time of said catalyst in all of said re-
action zones is insufficient to permit accumula~
tion of carbonaceous deposits sufficient to in-
terfere with a proper fluidization of said cata-
lyst in said last reaction zone.

4. The process of claim 3 in which said accumu-
lation is about 10-20% of carbon on said cata-
lyst.

5. The process of claim 4 in which said resi-
dence time is about 75-200 hours.

6. The process of claim 1 in which said oxidiz~
ing gas is air.

7. The process of claim 1 in which said decar-
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bonized catalyst is subjected to a reduction treat-
ment with a reducing gas prior to its return to
said first reaction zone. .

8. The process.of claim: 1 wherein said conver-

‘sion conditions in each of said reaction zones are

maintained responsive-to the catalyst activity in
said zone. )

9. The process of claim 5 wherein the through-
put rate of said catalyst through said reactor is
about 20 v./w./hr.

HOMER Z. MARTIN.
~ IVAN MAYER.
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