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The present invention relates to improvements in
controlling the activity of catalysts used in catalytic
processes smploying the fluld catalyst technlaue. More
particularly, the inventlon is concerned with & process of
controlling the activity of catalysts used 1n the catalytic
synthesis of hydrocarbons and oxygenated organlc compounds
from carbon oxldes and hydrogen, employing the fluid cata-
lyst techniqgue,.

It is known 1in the art that the acéivity of catalyats
used in the synthesis of hydrocarbons from (0 and Hy gradu-
ally declines during the course of the reaction, causing a
corresponding drop in the rate of conversion and the yields

of deoslred products. Deopending on the type of catalyst used,

tho purlty of the synthesls gas and the roeoaction conditions

of temperature, pregssure, gas composltlon and flow rate, the

“duvactivatlion may be the result of one or meore of such causeas.

as the deposiltlon of high-molecular involatile recaction products,
such as paraffin wax, on the catalyst, polsoning by sulfur
compounds contained ln the synthesis gas, dlssclutlion of
the actlve catalyst component in oxygenated liquid reaction
products, undeslred chemlcal reactlons between the active
catalyst component and the reactants or reaction products, ete, E
In most cases, If the catelyst deactivation Ls unchecked,
the rate of conversion may drop within & relatlively short
time of say two to ten days apprecicbly below optimum and
gven below ¢cconomle lavels.

The decreoase 1ln catalyst actlvity may be counterr

balanced -to & certaln extent by a corresponding gradual risc
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of the reaction teﬁperature. However, the reactlion tenmpera-
ture may not be raised by morc than about 50 to 75°F., above
the optimum temperature for fresh catalyst without detri-
mentally affecting the ﬁighly temperature-sensitive synthesls
reaction resulting in the formation of excesslve amounts

of undesired gases and coke. These condlitlons have led to
relatively frequent shut-downs of fixed bed synthesis plants
for the purpose of replacing tho deactivated catalyst with
fresh or regenerated material. The application of the
fluid catalyst technique to the hydrocarbon gynthesls has
romoved this difficulty. This technique, employing the cata-~
lyst in the form of a denae turbulent mass of finely-divided
solids fluldized by the gaseous reactants and reactlon
prpducts, permlts continuous or periodlc nddition and with-
draval of powdered catalyst to and from the fluldized cata-
lyst phase, The procedurs affords satlsfactory control of
catalyst activity wlthout varlatlon of the reaction témper—
aturse and without }htorfgrence with the continuity of the
process,

Howevor, the last-mentioned method of operntion has
ggothér gerlous drawback., As a result of the high turbulence
and uniform gas and sollds distribution which are character-
1atle for the fluid catalyst phise, the catalyst actlivity
is likewise practically uniform throughout the catalyst phase,
Thus, ﬁhen'it 1s attempted to control catalyst activity by
the continuous or Periudic introduction of fresh catalyst
to the reactor and the simultaneous removal of deactivated
catalyst from the reactoer, actually catalyst of average
gctivity 1g removed rather than catalyst of lowest activity -

as would be desirable, This is true in principle no matter
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how far the points of catalyst introduction and wlthdrawal
are apart. Alternate withdrawal of deactlvated catalyst

and introductlon of fresh catalyst results in considerable
fluctuations of catalyst bed volume and éeriously interferes
with the continuity of the process.

The preoscnt 1nvention overcomes the aforemcntioned
difficulties and affords various additional advantages,
These advantages, the nature of the lnventicn and the manner
in which it 1s carried out will be fully understocd from the
followilng description therebf read with reference to the
drawing which shows seml-dlagrammotic views of apparatus
adapted to carry out the lnventlon.

A maln objoct of the inventlon 1s to provlde an
lmproved method for controlling the actlivlty of catalysts
used in tho catalytlic synthesis of hydrocarbons from CO and
H2 employing the flulid catalyst technidue.

Another objlect of the lnventlon is to provide a
now method of maintaining a constant catalyst activity in
a fluid catalytic reactor for the synthesls of hydroccarbons
without affectling the continuity of the synthesis reaction,
the reaction temporature and the volume of the catalyst bed.

Cther objects and advantages will appear herein-
after,

We have found that these vbjects may be accomplished
quite generally by employing multlistage series operation in
fluid technique pilants and charging each stage with catalyst
withdrawn from & subsedquent stage in the order of flow of
synthesis ges, For example, fresh synthesis gas may be
supplled to the flrst of a series of fluld cetalyst zones

and I'rom this flrat zone to onc or more subsequent fluid
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catalyst zones. Fresh or regenerated catalyst may be charged
to & last fluld catalyst zone while fluld catalyst nf

avorage actlvity is withdrawn therefrom, preferably at the
same rate, and charged to the next preceding zone wherein

1t is further deactiveted in contact with relatively fresh
synthesis gas. The averags catalyst activity in this latter
zone will be lower than that in said first catalyst zona,
This procedure may be rapsated until catalyst of lowest
average acti&ity i3 maintained in and may be withdrawn from
anld first Fluld catalyst zone which rceceives the fresh
syﬁthesis gas., It will be readily appreclated that operation
in this menner permits the maintenance of constant catalyst
activity within each of thé varlous catalyst zones and the
withdrawal exclusively of catalyst of loweat activity without
affecting tho continulty of the process., As o result, smaller
amounts of Frosh cotolyst are required to malntaln such
conditions as will produce an optimum guantity of the dealred
product, in addltion, our new procedure has the highly desir-
able further advantage of contacting the fresh and most
reactive synthesis gas with catalyst of lowest asctivity while
fresh highly aétive catolyst Lls contacted only wilth partinlly
spont and less reactlve synthesls gus. This arrapgem@nt
permits ilmproved reaction control and elimlnates dangers of
gsuperheating, reaction runaways and excessive cracklng.

As mentloned before, two or moro stages may oe uged
which may be operated elther in & complotely continuous manner
or intermittently ot intervals, depending on the deactivation
rate of the catalyst. The various fluid catalyst zones mey
be either arranged in separate reactors or combined in a

single reactor which may de subdivided by perforated grids
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intc various preferably supsrimposed reactlion zones, He-

action ﬁroducts uay be separated from the syntheosls gas

between two successive catalyst zones, However, these re-
actlon products have been found not to interfere with the
proper course of the reaction 1ln any subseguent catalyst

zones and the reactants nay be passed from zone to zone with-
out interrediate product removal. The cholce between these
two modlfications of our process may be nade depondent on

the rate of catalyst deactlvation for the following reasons.
If the reactants are possed from zone to zone without inter-
mediate product removal by coollng and lidquid scrubbing, &
substantial amount of catalyat entrained in the gasecs and
vapors la carried from zone to Zone even at the lowest
operative gas velocitles and notwithstanding the moat efficient
dry gas-sclids separatlon between zones. Thils phqnoméﬁon
tends to equallzeo catealyat activity thfoughout the various
zonos and thus to counteract the ultimate purpose of the
present invontlon. The equalizling offect of catalyst corry-
over wlll bo losas pronoﬁncod.at high than at low catalyst
clrculation rates in the opposite direction and wlll practlcally
disappoar wvhen the rate of this cetalyst circulation 1s suf-
ficlently high, e.g., of a hlgher order of magnitude than

the rate of catalyst cdrry~ovor. In accordance wilth the
invention, the rate of catalyst circulatlion is preferably made
a functlon of the rate of catalyst deactlivation, that i1s,

the higher the rate of catalyst deactivation the higher we
chocse the rate of fresh catalyst feed and spent catalyst
withdrawal. As a general rule, therefore, 1t may be advisable
to renove the reaction preducts between zones by means of

cooling and liguld scrubblng wlth attending separation of
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entrained catalyst 1f the deactivation rate is low, for
example 1n the case of the high pressure gynthesls employlng
jron catalyst. Catalyst thus soparated moy be roturned to
the zone from which 1t was carried away. However, wnen the
rate of catalyst deactlvation 1s high, for example in the
case of involatile hydrocarbonaceous deposlts particularly
on cobalt catalysts, we may prefer to pass the reactants
from zone to zone together with enprained catalyst without
intermediate product removal and to rely on the higher cata-
lyst feed and withdrawal rate to eliminate the detrimental
effect of catalyst carry-over,

The resction conditlons of temperature, pressure,
gas compositioﬁ and flow rate, as weoll as the catalysts used,
ere those known 1n the ari of hydrocarbon synthesls employ-
ing the fluld catolyst tochnique. Reactlion cornditions
operative in all cetmlyst zonos of the process comprise tamper;
atures of about 350°-800°F., pressures of about atmosphieric
to about H00 1bs./sq. in, gouge and synthesls gas composltions
of about 0.2 to 2 mols of €O per mol of Hp, the lower brackets
of these rangos belng preferred for cobalt, the higher
brackets for iron caﬂulyst 1n a manner known per se. The
particle size of the catalyst may vary from about 400 mesh
to 1/4 inch diameter, mainly depending on the speclfic gravity
of the catalyst and the superflcial velocity of the gases
in the catalyst zones, which may fall between the hroad
ranges of 0.3 to 10 ft. per second. The throughput of
powdered catalyst to and from the system and from zone to zone
nay be accomplished by any conventlonsl means, such as
mechanical sgrew or star feeders, overflow pipes, standpipes,

preumatic means, etc.
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Having sot forth the general nature and objects,

the invention will be best understood from the more detailed

[ deseription hereinafter, in which reference will be made to
the accompanying drawing wherein

Flg. 1 1s a semi-dlagrammatic illustration of = B
single-reactor system sultable for cerrying out one modlfica-
tion of the present invention, and

Fig. 2 is a partly schematic, partly diagrammatic
11lustration of a multl-reactor system sultable for carrying
out another modification of the invention.

Referring now in detall to Fig, 1, the system
1llustrated thereln will be described below in comnection
with the production of normally liguid and solid hydrocarbons
from CO and H,, using & finely-divided cobalt catalyst in &
continuously oporating fiuild catalyst roactor, which lnvolves
a relatlvely high rate of catalyst deactivation duo to high-
molecular hydrocarbvonaceoud cotalyst deposits such as paraffin
wax. It should be understcod, however, that the apparatus ls
roedily adaptable to other conversions involving simllar
rates of catalyst desctlvation., The system consists essen-
tlally of three superimposed converslon zones 10, 20 and 30,
which are consclidated lnto a single vertleal reactor and
separated by horizontel perforated pletes or grids 12 and 22,
Overflow standpipes 1% and 2%, which mey be provided with
control valves 15 end 25, take care of the transport of
Flnely-dlvided catalyst from zonc 10 to zone 20 and from zone
20 to zome 30. Standpipe 34 provided with control valve 35
serves the withdrawal of catalyst from the system.

In operaticn, fresh or regenefated finely-divided
cobalt catalyst of fluldlzable partlicle size, which may be

supported on a siliceous'carrier, such as kieselguhr, slilice

-8
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gol or the like, is fed from feed hopper 1 through line 3
provided with control valve 5 to zone 10 by &any conventional
éx means such as mechanical conveyors, aerated standplpes, ctc.
Fresh synthesis gas comprising CO and Hy in the desired
proportions ls supplied through line 40 provided with control
valve 45 to zone 30, preferably at a polnt below grid 32,
The powdered catalyst forms in zone 10 & dense turbulent
mass of solids having & well-deflned upper level Llo’
fluldized by the gaseous reactants and vaporous and gaseous
reaction products entering zone 10 from zones 20 and 30
through grid 12, Overflowing catalyst passes through stand-
plpe 14 to zone 20 to form therein in a sinilar manfer a
denso fluidlzed catalyst phase having an upper level LEO'
Frown zone 20 overflowlng catalyst passes through standplpe
24 to zone 30 to forw thoreln a dense fluldized mass with
an upper level L30, from whlch cetalyst is withdrawn through
standplpe 34 for wax recovery and catalyat regeneration;

Tho upwardly flowing fresh synthesls pgaes undergoes
partlal conversion in zone 30 in contact with catalyst of
lowest activity derived from the subseduent conversion zones
10 ard 26. Vaporous conversion products and unconverted

, reactants pass from zong 30 iuto a conventional centrifugal
and/or slectrical gas-sollds sepoarator 37 1n which the bulk
of entralned catalyst is removed to be returned through pipe
38 to the dense .catalyat phase ln zone 30. Vapors and gases
of & substantislly reduced content of reactantz and entrained
solids enter the dense éatalyst phase of zone 20 through
grld 22 to undergo further but still incomplete conversion
of CO qnd Hp in contact with catalyst of higher average

activity. The gases amd vapors taken overhead from zong 20

~Q
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are passed through gas-solids separator 27 eguilpped with
sollds return pipe 28 and from there through grid 12 into

Lthe dense catalyst phase of zone 10 whereln the conversion

of' the remalning proportions of €O and Hy takes plece in
contuct with frosh cetalyst of highest activity. Finol
vaporous and gtseous converslon products together with any
unconverted .aynthesis gas are taken overhead from zone 10
passged through ges-3ollds separator 17, provided with solids
return pipe 18, and removed from the reactor through llne
19 tobe processed for.the recovery of the deslred products.
Catalyst corried out of separator 17 and recovered in the
product recovery system (not shown) may be returncd to feed
hopper 1. Unconverted synthesls gas may be recycled to
Fosd gas line 40 after or prlor to complete product removal .,
The diameters of zones 30, 20 and 10 are shown in
the drawing to taper off In the dircctlon of thu gas Plow.
Thls Foature 1ls desirable in order to componsate for the gas
contiractlion taking place lu the course of the converslon,

which mey be 1llustrated by the following reaction mechanism:

nCO + 20y s, nCH_ 4 nH
44

20

2

Gradual reducticn of the Qlameters as imdilcated pernita the
malintenance of approximately constant space and superflcial
volocltles of gases and vapors in all zoncs, which facilitates
control of converslon and fluldizatlon. Heat ofrr@action mnay
be removed from the renction zones by way of cooling means

16, 26 and %6 arranged recpectivaly within the dense catalyst
phiases of zones 10, 20 and 30Q. Thése coollng means nay be

of any conventlonal deslgn such as coollng coils supplied with

~10-
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g flowing coolant or ecolls filled with coolant having &
constant boiling polnt at the desired temperature, or the

iike:

it will be readlly anderstood that the systen
{1lustrated by Flg. 1 permits the raintenance of constant
catalyst actlvity 1n cach conversion zone and the withdraval
exclusively of catalyst of lowesf pctivity. Thils moy be
accomplished either by continuous catalyst clrenlation in
the manner ipdicated or by perlcdio but simuliancous feed
of fresh catalyst amd withdrawal of spont catalyst. As a
result of the countercurrent flow of catalyst and synthesis
gas and the changing diametoer of the reaction zones, the
optimum conditions of temporature, pressuro, and gas velocltles
maj be.approximately the same in all zones, while the dense
phase levels nay be pasily maintained constant. IF desilred,
only two or mors than three conversion zones may be nged.

The system 18 particularliy adapted Lo carry out
¢conversions involving high rates of catalyst deactivation
end replacement, such as the hydrocarbon gynthesls on cobalt
catalyst which gntails relatively rapld deposition on the

catalyst of involatile carbonaceous natorial such as paraffin

wax, In these cases tho high cotalyst replaceument rate will
over-compensate any activity-equakizing effect of catalyst
 entreined in the gases and carried over [rom zone Lo zonc.
Preferred operating conditions for the production of more
than 150 g. of liguid and solid highly saturated hydrocarbons
per normel cu.m. of gynthesis ges by thils embodimant’ef the

Lnventlion mﬁy vary withlin the approximete ranges given below:

-1~




Catalyst composlitlon -

Catalyst partlcle slze -
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" 20-35% of Co on silica gel

15-60% through 325 mesh

Temperature - 375°-450°F.
Preasure - §-10 atm. abs.
Molar Ratio CO:Hp _ - 0.2-0.8:1
Space Velocity (volume of

gas/volume of catalyst/

hr. measured at 60°F.

and 1 atm, abs.) -  200-500

£1.5 £t./sec.

Superficial gas veloclty

Rate of complete catalyst

replacement ~ 10-50 days
Rate of conversion
(vased on CO + Hy in
original feed gas
-1st stage {zone 30 - 33-50%
2nd stage {(zone 20 - 33-35%
3rd stage (zone 10 - 33.15%

Another embodiment of the invention, which 1s
adapted to carry out conversions involving any rate and
particularly slow rates of catalyst deactlvatlon and replace-
ment is 1llustrated in Pig. 2. The system as shown thereln
eussentlally comprises two separate fluld catalytlic reactors
N ' 210 and 220 whlech cooperate through a catalyst clrewlatlon
| ' pipe 214 and a gas line 252 origlnatlng from a product
I rocovery system connected with recactor 220, as wlll appear
herelnafter. Wnile the operation of this system will be
described with specific reference to the high-temperature
high-pressure conversion of CO and H2 on iron catalyats
involvlng reiatively slow catalyst deactlvation and replace-
ment, 1t 1s nﬁted that the same or a similar system may be

uged for converslons involving differont rates of catalyst

deactlvation.

~12-
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Roferring now in detall to Fig. 2, fresh or
reletively fresh lron catalyst of fluidizable particle size
is passed to reactor 210 through line 201 by any conventional
means such &s pressurized feed hoppers, standplpes, cte.
to form in reactor 210 above grid 212 a dense turbulent cata-
lyst phase having o well-defined upper level Lqg, and
fluldized ﬂy tail gas from reactor 220, supplled from below
gr1d0212, ns will appear more clearly herelnafter, overflovw
cutalyst of an average actlvity which is somewhat lower than
that of the fresh catalyst is withdrawn through ovorflow
gtandplpe 214 and passed by ueans of standplpe pressure,
multiple standpipes, screw feeders or the like, to reactor
220 to form theorein above grld 222 a dense turbulent cata-
lyst phaso with an upper lovel Leo' filuldized by fresh or
relatively frosh synthesis gas supplicd through line 240 to
reactor 220 nt o poiunt below grld 222, Cotalyst of rolatively
low average activity is withdrawn through overflow atandplipe
225,

The synthesis gas supplied through line 240 and grid
222 undergoes partial conversion ln redector 220 in contact
with catnlyst withdrawn from sxd partially deactlivated In
recctor 210, which 1s thereby further deactlvated. Product
goses and vapors together with unrcacted gyntheals gos pe.ss
ovarhead frowm tho catalyst phase in reactor 220 to a conven-
tional gos-solids separator 227 from which the bulk of en-
trained catalyst is returned to reactor 220 ;hrough plpe 228.
Gapes and vepors of substantielly reduced solids content flow
through line 229 and, 1if deslred, through a cooler 230 to &
scrubber 235:by way of line 232, Secrubber 235 is supplied

through line 237 with & liguid scrubbing agent such as water,

~13-
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hydrocarbon oll or the like, to remove 1iguid end soluble
conversion products as well as 11 entrained catalyst from

the gas. Rich scrubblng l1iquor leaves scrubber 235 through

1ine 239 to enter settler o2 from which liguld converslon
products are removed overhead through line 244 for further
processing. Settler bottoms containing catalyst are passed
through line 245 to Tilter 248, leaving thereon a catalyst
filter cake. Filtered and dried catalyst may be returned
through lLine 250 %o the dense catalyst phase in reactor 220

py any conventional means "such as mechanlcal coOnveyors,
pneumatic means or the like (not shown). If desired, synthesls
gag from line 240 may be used for thls purpose in any manner
Fnown per Se.

Tgll gos essentlally consisting of unconverted CO
and H2 and smell proportions of gaseous reaction products,
hut freoe of any entralned catalyst, Ls withdrawn overhead
: fpom scrubber 23%% through line 252 to entor reactor 210 below

grid 212 and to be further converted thernin 1n contact with

relatively fresh lron catalyst. Volatlle resction products
and any unconverted pesctants are withdrawn overhead from
roactor 210 through gas-sollds separator 217 provided with
sollds return pipe 218, and withdrawn through line 219 to be
further treated in cooler 260, scrubber 265, settler 272
and filter 278, as outlined above in connoction with tho
volatile products leaving reactor 220 through line 229. Dry
catalyst from filter 278 may be returned Lo reactor 210
with the aid of teil gas from line 252 passed through line
280, as indicated on the drawing.

It will be appreciated Pprom the foregoing descriptlon
that the avertge catalyst activity in reactor 210 ig entirely

unaffected by the activity of the catalyst in recctor 220

-4
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since catalyst cardy-over from reactor 220 to reactor 210

is completely elininated, Therefore, o substantial activity

gradient will develop from reactor 210 to reactor 220 even
at the }owest rates of catalystldeactivation and resultling
catalyst replacement and the catalyst removed from reactor
22b will in all cases have AR overtge activity substantially
loﬁe; than that of the catalyst'remOVed from reactor 210.

As explained ln connection with zones 10, 20 and 30 of Flg. 1,
reactor 220 may have & larger Qiameter thon reactor 210 in
order to compensate for the redhction 6f the gas volune
caused by the converslon in reactor 220 and to make possible
the mointenance of constant similar peaction conditions 1n
bo;h reactors. Proforrod rangeé of such conditions for the
hydrocarbon synthesis on lron gatalysts Lo produce more than‘
150 g. of iiquid, relotlvely unsaturated hydrocarbons are

given Balow:

Oatalyét Compoaitlon - Reduced iron sesgqui-oxide,
unsupported

Gat&lyét partlcle slze - 15-60% through 325 wosh

Temperaturs - B50%-650°F.

Pressure - 5-25 atn. abs,

Ratio CO:H, - 0.%-1.35:1

space Veloclty (volume of

gas/volume of catalyat/br.,

neasured ot 60°F. and 1

atm. abs.) . - 500-1500

Superflclal gas veloclty - 1,0-3.0 ft,/second

Rote of complete catalyst
replacemnant - 100-400 doys

Rate of conversion (based on

co + H,. in origlnal

feed gas)

1st stage éRoactor 220} - 50-80%
- 50-20%

ond stege (Reactor 210
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It will be understocd that, if desiréd, more than
two reactors of the type of reactors 210 and 220 may be
made to cooperate with each other and their auxiliary equip-
rent in the manner shown in Fig. 2. Thus, catalyst with-
drawn fron reacﬁor 220 may be passed to a further reactor
supplied with fresh synthesis gas and eguipped with a product
and catalyst recovery systen as shown, tall gas from such
third peactor entering reactor 220 through line 240, Ov,
reactor 210 may receive its catelyst from another stage to
which fresh catalyst anﬁ tail gas from reactor 210 are supplied.
The two—réactor system shown in Fig. 2 1s intended nerely
to illustrate a typlcal arrangement permittlng the performance
of a multli-stage procedufa in acecordance with the ilnvention.

wWhile we have shown the use of coolers, scrubbers,
sottlers and fllters to remove entralned catalyst from the
reaction gases, we do not wish to limit ourselves to these
spociflc means, Any othor means affording gubstentially
complete separation of enérainad solids from gases, such
o8 hlgh‘efficiuncy, multl-stage combined electrical and
centrifugnl gas-sollds separators or tho like, nm& in mﬁny
cases succegsfully be uwsed in place of or in cooperatlon
with the separating means specifilcolly describéd and
1llustrated.

We have also shown only true and complets counter-
current flow of gas and éat&lyst in the foregolng description,
but itrwill be understood that we moy adjust gas compositlons
and catalyst material proportions by withdrawal or extrancous
addition of sireams beotween stages, and that gas recycle, &s
desired, arournd a single stege or between stages may be

practiced without deperting from the spirit of the invention.

~16-
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While the foregoing description and exemplary
operations have served to 11lustrate specific applicatlons
and results of the inventlon, other modificatlions cbvious
to those skilled in the art are within the scope of the
invention, Only such limitations ghould be imposed on the

inventicn as are indlcated 1n the appended clalus.

-17-
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THE EMBODIMENTS OF THE INVENTION IN WHICH A SPECIAL PROPERTY OR
PRIVILEGE I3 CLAIMED ARE DEFINED AS FOLLOWS:

1. The method of controlling catalyst activity in
the catalytlic synthesis of hydrocarbons f[rom CO and Hp,
employing the fluld catalyst technlque, which comprises passing
a aynthesls gas comprlsing CC and Ho in synthesils proportions
through at least two separate coversion zones in series
decreasing in volume 1n the direction of flow of sald synthesils
gas, maintalning individual dense fluldized beds of flnely
divided synthesis catalyst 1n each of sald zones at synthesis
conditlons, converting a portion of said aynthesls gas to
hydrocarbons in each of sald conversion zones, feeding
relatively fresh finely-divided synthesls catalyst to thgwlast
of sald converslon zones passed through by sald synthesls
gas, clreulating finely-divided synthesils catalysat of a
relatively nigh average activlty from sald last conversion zone
to the precedlng converslon zones in a dlrecticn opposite to
the flow of synthesls gas S0 as to establlsh in sald conversion
zones Fluldized catalyst beds of decreasing average activity in
gald directlon, withdrawing finely-divided synthesis catalyst
of prelatively low average actlvity from the converslon zone
first passed-through by sald synthesls gas and preventing
gatalyst of any individual zone from building up in any zone

subsequently passed-through by sald reactants.

2. The method as claimed in claim 1 whereln finely-
divided catalyst entrained in sald reactants 1s completely

removed from sald reactants between sald separate zones.

d
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3. The method as e¢laimed in c¢laim 1 whereln the

rate at which catalyst is passed through sald zones 1is increased

as the rate of catalyst deactlvatlon 1n said converslon increases,

4. The method as claimed in claim 1 wherein sald i
catalyst clrculation 18 so controlled as to maintain the catalyst

volumes in sald conversion zones gubstantlally constant.

5, The method as claimed in claim 1 in which the
synthesls gas passed through saild conversion zones contains
entrained synthesls catalyst, causing a catalyst carry-over from
conversion zone to converslon zone in the direction of the
synthesls gas flow and wherein the rate of sald catalyst
circulatlion is substantlally hilgher than the rate of said

catalyst carry-over.

6. fhe method of controlling catalyst activity 1n
the catalytlc synthesls of nydrocarbons from CQ and Hz,
employlng the fluld catalyst technique, which comprises passing
a synthesis gas containlng about 0.2-0.8 mol of CO per mol of
Hz through at least two separate conversion zones 1n serles,
malntaining individual dense fiuldized beds of finely-divided
cobalt catalyst having a particle size of about 15-60% through
400 mesh in each zone, malntaining in each zone a temperature of
about 357-450°F., a pressure of about 5-10 atm, abs., a space i
veloecity of about 200-500, and a superficlal gas veloclty of noct
greater than about 1.5 f£t. per second, convertlng a portilon of
sald synthesls gas 1n each zong, permltting flnely-divided
catalyst entrained in sald synthesis gas to pass from one to

another of sald zones, feeding cobalt catalyst of sald particle

14
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size and of relatively hilgh activity to the last zone passed-
through by sald synthesls gas, circulating finely-divlded

cobalt catalyst from sald iast zone through the precedlng zones
in serles 1n a directlon opposite to the flow of the synthesis
gas and at a rate substantlally higher than that of entralned
finely divided catalyst passing in the opposite direetion so

as to establish In said zones fluldized catalyst beds of
substantially constant volume but decreasing average actlvity in
sald direction, wlthdrawing finely-dlvided cobalt catalyst of
relatively low average activity from the zone {irst passed-through
by said synthesls gas, and controlling sald catalyst feed and
withdrawal so as to replace completely the catalyst in all zones

within a time of about 10-50 days.

7. The method of controlling catalyst actlvity in
the catalytlc synthesls of hydrocarbons from CO and Haz, employing
the fluld catalyst technique, which comprises passing a
synthesls gas containing about 0.5-1.3 mols of CO per mol of
H2 through at least two separate converslon zones in seriles,
maintaining individual dense fluldized beds of flnely-divilded
iron catalyst having a particle size of about 15-60% through 400 ;
mesh in each zone, maintaining 1n each zone a temperature of
about 550-650°F,, a pressure of about 5-25 atm. abs., a space
veloclty of about 500-1500, and a superficial gas veloclty of
about 1.0-3.0 ft., per second, converting a portion of sald
syntheals gas Iin each zone, completely removing finely-dlvided
catalyst entrained in the synthesls gas in cne zone, prlor to
its passage to another zone, feeding lron catalyst of said
particle size and of relatlvely high actlvity to the last zone

passed-through by said synthesls gas, clrculating finely-dlvided
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iron catalyst from sald last zone through the precedlng zones
in serles in a direction opposite to the flow of the synthesis
gas so as to establlsh in sald zones fluldized catalyst beds of
substantially constant volume put decreasing average actlvity
in said directlon, withdrawlng finely-divided iron catalyst of
relatively low average activity from the zone first passed-
through by sald synthesis gas, and controlling =zald catalyst
feed and withdrawal so as to replace completely the catalyst in

all zones within a time of about 100-400 days.

8. The method as claimed in elaim 6 whereln the volume%
of sald zones decrease in the direction of the flow of synthesis

gas so as to maintaln the reactlon conditions substantially

constant throughout sald zones.

9. The method as clalmed in elaim 7 wherein the volume%
of sald zones decrease in the dilrection of the flow of synthesls
zas 80 as to malntaln the reactlon conditions substantially

constant throughout sald zones,

10. The method of elailm 7 wherein sald complete
removal of finely divided catalyst between zones 1s accomplished

by liquid scrubbing of sald synthesls gas between zZones.

N
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11. The method of controlling catalyst activity in
the catalytic synthesis of hydrocarbons from CO and H2, employing
the fluid catalyst technique, which comprlgses passing a
synthesls gas comprising CO and Ho in synthesis propertions
through at least Two separate converslon zones in serles,
malntaining individual dense fluldlzed beds of finely-divided
gynthesis catalyst in each of said zones at synthesis condltilons,
converting a portlon of sald synthesls gas to hydrocarbons In
each of sald converslon zZones, feeding relatively fresh finely-
divided synthesis catalyst to the last of sald converslon zones
passed-through by sald synthesls gas, cireulating finely-
dlvided synthesils catalyst of a relatively hlgh average activity
from sald last converslon zone to the precedilng conversion
zones in a dilrection opposite to the flow of synthesls gas 50
ag to establish in sald conversion zones fluidized catalyst beds
of decressing average activlity 1in sald direction, withdrawing E
finely-divided synthesls catalyst of relatively low average _
activity from the converslon zone first passed-through by sald .
synthesis gas and preventing catalyst of any indlvidual zone
from bullding up 1ln any zone subsequently passed-through by
sald reactants by ligquld scrubding of product gases and

vapors between indlvidual zones.
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