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An Improved Process for the Catalytic Synthesis of Hydrocarbons

(A comwunication from Nreaxeawn U
DEVELupmERT {JOMPANY, 3 rorporation
duly organised and existing under the
luws of the State of Delaware, United
Btutes of America, having an office at
Limden, New Jerscy. United States of
America).

I, Joux Coxpan Arzorn, u British
of 29, Southuwmpion Buildings,
Chancery  Lane, London, W.(L2, do
hereby declare the nature of this inven-
tiun amd in what manner the sawme is to
be prerfermed, to be purtivulardy deseribeld
and ascertained in and hy the following
stotement ;-

Tha p-l'esun"r. invention relates tu
improvements in controlling the activity
of catalysts used in catalyiic processes
employing the fuid rafalyst technique.
More purtivularly, the invenlivn is von-
cerneil with a process of controlling the
activity of catalysts used in the mhlytu,
synthesis of hydrocurboms and oxygennted
organic compounds from carbon monoexide
and hydrogen, employing the Auid
catalysl technigue,

1t is known in the art that the sotivily
of catalysts used in the synthesis of hydro-
cathons from CO apd H, gradually
deelines during the course of the renetion,
cansing o corresponding drop in the rale
of conversion and the vields of desired
products. Depending on the type of
vatalyst used, the purity of the synthesix
gas and the reaction econditions of tem-
perature, pressure, gus composition and
flow rute. the deactivation may he the
result of one or more of such cuuses an
the deposition of high-moleenlar inwvola-
tile reaction products, sach as purafin
wax, on the eatalyst, poisnning by sulfur
compounds conlained in the synthesis
mas, dissolution of the active eatulyst
rnmponent in oxygenated liguid reaction
producis, undesired chemical reactions
between the active cutalyst component
:mfl the reactants or reaction produets,

th
the

catuby=
rate of

vie, T most euses, if
denctivation is puchecked,
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conversion may drop within relutively 80

short time of say twa o ten days apprec-
ably Delow optimum and even below
econoulc levels,

The devrewse ﬂIit.LT.th“T activity jpny lue
counter-halanes! to o certuin extent by w
correspunding gruhai} rise of the reaction
lemperuture. However, the  repetion
temperature ny not he paised by nane
than about 307 te 73° F. alewe the
opfimum temperature fur fres) vati] sl
without detrimentally  ffecting the
highly temper :'"r11'1'9--.9n:11nve svuhesis
1e.1ct1(}11 resulting in the forntion of
expessive dmmmts of undesired geses and
eoke,  These comlilions huve led ta
relotively f{requent shut-downs nf fixed
bed <vnthesis plants fur the Hrpose of
replacing the “Jeactivated catuivst with
frewlt  or regeneinted tmarerial, Tle
application of the fluid eorulyst techuique
io (he kydrocarbon syntliesis lias remuved
thix difficulty. This teekniyue, employ-
ing (he catalyst in the form of o dense
tfmhnlent mass of finely-divided =olids
fluidized Ly the puseous reactani~ and
reagtion products, permits vontingous or
periodiv  addition and  withdrwwal  of
vowdered  catalvit to and  from the
finidized cotalysi pbase. The procedure
wffords satisfactory continl of ealalyst
aetivity withaut variaiion of the reacton
temperature aid  without interference
with the continnity of the process.

However, the Ll-»f-ln(-‘nflrnwd method of
vperation T another serieqs drawback,
As a resolt of the high inrbulence aml
uniform gas and-aolids disiribution which
are clharavteristio

practieally  wniferm  throughont  the
catalvst  phuse. Thus. when ir i<
atiempted to eantrol catalyst articliy hy
the continuous or periodic intradustion
of frezlh eatnlyst to the resctor and #Hhe
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tor the fluid catalyet.
pluse, the ratabvst actividy is lkewise
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removal of deactivated
catalyst from the reacior, aclually
catalyst of average activity 1s removed

rather than cafalyst of lowest activity as

would Dbe desiralie. This iz true in
prineiple 1o matter how far the points of
catalyst intreduetivn and withdrawal are
apart.  Alternate withdrawal of dedctiv-
ated cafalvst and infroduction of fresh
rafalyst vesulis in considerable fluctua-
fions of cutalyst bed volume and seriously
interferes with the continuity of the
process. )

The present invention overcomes the
aforementioned diffculties and affords
various additional advantages. These
advantages, the nature of the invention
#nd the munner in which 1t iz enrried
ant will be fully umderstcod from
the following deseription thereof read
with refersnce to the drawing which
shows semi-disgrammatic views aof
apparatus adapted {u cuzzy vat ke
invention,

A main object of the invenlivn is lo
provide an improved method for control-

- Jing the activily of eatalysis used in the
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catalytic synthesis of hydrocarbons from

CO and H,; employing the flald eatalyst
technigue. '

Another nbject of the inveniien is to
provide o new method of maintaining
a2 congtant catalyet activity in 2 ﬂni?l
eatalytic rveaetor for the synthesis of
bydrocarbons without affecting fhe con-
tinuity of the synthesis reaction, the
regction tuvmperature and the volume of
the cataly=t bed.

Other objects and- advaniages will
appear hereinatler. .

I+ has heen found that these objects
may he afr:um%]liahed quite generally by
employing muliistage series operation in
fluid technique plants and charging each
stage with ratalyst withdrawn from a soh-
sequent stage in-the arder of flow of
synthesis gus, For esample, fresh
synthesis gus may be supplied fo the first
of a series of fluid eatolyst gones and from
this fizst gone {o one or more subsequent
fuid catalyst zomes; Fresh or regener-
ated catalyst may De charged to a last
fluid catulyst zone while fluid catalyat of
average activity iz withdrawn therefrom,
preferably at the same rate, and charged

to the next preteding wone whereln if iy

frrther deuvtivaled in contact with rela-
tively fresh synthesis pas, ‘The aversge
catalyst, aetivity in {3is latter zone will
be lower than that tn said first eatalyst
zone. This procedure may be repeated
until catalwst of lowest average activity
i1s maintained in and may be withdrawn
trom said first fuld catalyst zome which
receives the fresh synthesis pas. Th will

be readily appreciated thut opevation in

_thiz maumer permils the maintepaiice of

ponstant catalyst activity within each of
the various catalyst zones and the with-

drawal exclusively of eatalyst of lowest 7

arfivity without affecting the eomtinuity
of the process. As o resulk, smaller
amonnts of fresh eatalyst qae required to
maintein such eorditions ns will produce
an optimum  uuauiity of the desirved
product. In uddition, the new procedure
bas the lhighly desirable forther advan-

ia

tage of contucting the fresh and mest

reactIve synthesis gas with caialyst of
lowest activiyy while fresh highly active
catalyst 15 vontacted only with partially
spent and less reaciive syntheds ma-.
This srraugeruent perpdis  improved
reachion. contzol and elminaies dungers
of . superheating, reaction runaways and
excessive cracking.

. As mentioned befure, twe or mme
sluges may he used which nmay be operuted.
either in a completely conrintous mammer
or. infermiitenily ul lntervals, depending
ag-the deacilvation rate of the ratalvst.
The various fluid eatalysé zones muy be
gither arranged I sepurule reactors or
eombined in n single rencior which may
be subdivided by perforated grids inio
vurlous preferably superimposed reurtion
zones,  Reaction prodnets may be separ-
ated from the synthesis gas belween two
successive eatalyst mones.  Tlowever,
these reaciion producis have been fuund
not to interfere with the proper conrse
of the reaction in any subsequent catalyst
zones and the reactants may be passed
from zone to zone without intermeliate
produel remuval.  The choies hetween
these two modifications of the process may
be made dependent on the rafe of catalyst
deactivation for the following reasons.
If dhe reactents are pussed from zone to
zone without intermediate
removal by cooling and Hguid sepubling,
a_zubstantisl amount of eatalyst entrained
in the gasss and vapors iz eprried from
wong to mone even ob the lowest operative
guy: velocities and worwithstanding the
magh efficient dry gus-olids separatinn
between zones.  This phenvmenun (ends

te- equalize catalyst activity threughout

the. various zones and thus to eounferack

“the uliimdte purposs of tha present

invention,  The egualiziug ~slfect of
vitalystearry-uver will he less Prutotuesl
at_lllg‘_h than ut low witalyst virewlniion
rates In the oppusite diveciion and wiil
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practieally disappear when the vafe of this 125

catelysh elreylation is saffiviently high,
e.g., of 2 higher order of muznitude than
the -yate- of ecafalyst cirryover. I
accordance with {he inveniion, ke rute of
eatalyst cirealation is prefeeably mande a

184



funciion of the rate of catulyst deuctiva-
tion, that is, the higher the rate of
catalyst deactivation the highar the
" chosen rate of fresh ecatalyst feed and
§ spenl vatalyst withdruwal,  As a general
rule, therefore, it may bhe advisable fo
remove the reaction prodocts letwesn
sones by means of wouling und Iiquid
scrubbing with at{ending separation of
L0 entrained ecatalyst if the Jdenciivation
rate is luw, for exsmple in the case of the
high pressure syuthesis employinmg iron
catalyst.  Cutalyst thus sepurated may
be relurned to the zuna from which it was
16 rarried away, MHowever, when the ruie
of colalyst deactivation iz high, fov
exumple in the ease of involatile lydru-
carbonaceous deposits  purticularly on
cebalt catalysts, it may be preferred fo
20 pass the reactants from zone fo zome
together with entrained catalvst without
intermediate product removal and to rely
on the higher catalyst feed and with-
druwal rate to eliminate the detrimental

25 effect of catalyst enrry-uver.

The reuction conditions of {eimperature,
pressure, gns composition and flow rate,
as well as the catalystzs used, are those
known in the art of hvdvocarbon

30 svnthesia emploving the flnid catalyst
technigue.  Reaetion cennditions onera-
tive in all ratalvet zones of the proress
onmnrise tempernfures of about J50°—
800 F., presaures of ahoat atmospheric

35 to ahout 500 lbs.fsg. in gauge and
synthesis gas compositions of about 0.2
fo 2 mols of CO per mol of H,, the lower
brackets of these ranges being preferred
for cobalt, the hipher brackets for irem

40 catalyst in a manner known w#er se. The
particle size of the catalvst may vary
from about 400 mesh to { inch diameter,
mainly depending on the specific gravity
of the vatalyst and the superficiul veloeity

4h of the gases in the catalyst zones, which
may fall between the broad ranges of 6.3
to 10 #f. per sccond.  The throughpus
of powdered catalyst to and from the
system and from mone fo zone muy be

50 acermyplished by any conventional neans,
such as mechanical serew or stur feeders.
overflow pipes. stondpipes. pueumatic
means, ete.

Having set forth the general nuture anid

55 objeets, the inveition will be hest uuder-
stood from the mnre detailed deseription
hereinafter, in which refevence will he
made to the secompanying drawing
wherein

Fig. 1 s a semi-liagrammatie illustra-
tion of o single-reactor systemi suitable
for carrying ovmt one modification of the
present invention, and

Fig. 2 is u partly schemalic, purily
65 dingrammatic illustration of a muiti-
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Peaetur systew suitabie for varrying out
unother modification of the invention.
Teferrmg now in detail to g, I, the
system  illustrated  therein  will e
described below iu councvetion with the 70
procdluction of normally Tguid and selid
bhydrocarbous from €O ynd H,, using a
fhiely-idivided cobadt eatalvst jn o rone
tnuwously eprrativg fudd colulyst ree
actor, which juvolves a relatively high 75
rate o caialyst deacibvation due to high-
molecolir hydracurhonaceous  cudalvst
deposits such a=paraffin wax, [ should
be umlerstood . however.  that  the
apparalux Is readily odaptable we other
vonversions  Involving <filar mces of
vatalyst  deactivalion. The  system
conaists exsentially of Hoew SRprerimpysed
conversivi gzones 10 ) and 30, whiel are
comsolidated  into n  single veprlieal
reactor  and separated by bLerizontal
perforated plates or grids 12 and 29,
Overflow standpipes 14 and 24, which may
be provided with condrel valves 15 wnd
2, Anke vare of the transpor of finel v
dividerd catalysi irom zone 1D 10 zune 20
aidl Jrom zone 20 to zone 3. Stundpipe
34 provided with control vulve 35 serves
the withdrawa! of cutalyst from the
system, 98
In operation, fresh o regeneruted
finely-divided- cobalt eatolyst of fluidiz
able particle size, which muy be snpporied
on a siliveous éarrier, such as kieselguhr,
silien wel or flie Jike, is fod from feed 10D
hopper 1 thivugh line 8 provided with
rontrol vulve 4 tezone 10 by any conven-
tionul ameans such as meehanical con-
veyors, aerated -standpipes, ele.  Presh
syuthesia gus. comprizing GO and H, in 105
the  desired . proportions ~ is  upplied
througls line 6, provided with vontrol
valve 48 tu sone- 30, preferably at a point
helow grid 32, The pawdered eafalyst
fornes In soue 1) 4 dense turbulent mass 110
of solids baving: o well-defined wpper
level T.,,. Hitiilised by the gaseous
reaetants aad cveporous  and  guseons
reaclion profdfels sntering zone 10 from
zomes At wnl 3 through erid 12, Ovep-
fluowing eatalyst passes through siandpipe
[4 to zone 20 to furm thereln fia similar
mauner o dewse fluidized catalyst phose
huving an upper Tevel T.... Trom zone
M overflowing catalyst pussex through
stutclpipe 24 10 zone 30 to forw therein
i dense flnidized muss with an upper Jevel
Lpeo from which. catalyst 1
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Is withdrawn
through seandpife 31 for wax recuvery
and eatulvst regeneration.

The upwardly. flowing fresh syuchesis
pasd utdergoes nartindl couversion in zone
30 in ennjact with catalvst of lowest
aelivily  derived,. from  fhe stthseguent
ronversion Zotes Hoand 20, Vaporous 130

125
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canversion . products  sad  unconverted
reuctants pass from zone 30 into y con-
ventional veutrifugel andjor electrieal
gas-salids separator 87 in which the bulk
of entrained catalyst 1s vemoved to be
returped through pipe 338 to the dense
eatalyst phase in zome A0, Vapors and
pases of » substaniially reduced content
uf reartuns and sntrained solids enter the
dense catuly<l phase of zone 20 theough
arid 22 a0 uudmg@ further but ahl]
in\'tuupleie conversion of T and H, in
cantaet with eatalyst of Lhigher avernge
ueivity, The gases and vapors taken
overhend from zowe 20 are passed through
wus-solids ~eparator 27 equipped  w 1th
solids retury pipe 38 and from there
through grid 12 into the dense catalyst
iJ].l(Ht:' of zone 14 wherein the eonversion
oi the remaining 11101101"(1011» of CO and
H, takes pl}t»e in contact with fresh
culalyst of  highest ackivity. TFinal
vaporoix and gaseous conversion progucls
tugether with any unconverted synthesis
prat ure token overhead from xone 10
pmsed thramgh gas-solids separator 17,
pruvided with solids retuzn pipe 18, aud
removed from the reactor through line 19
iv be provessed for the veenvery of the
desired prodwets.  Catalyst carried out
of separator [7 and recovered in the
product rerovery sysbem {nol shown} may
b veturned 1o feed hopper 1.  Tnvon-
varted synthesis gas may be recyeled to
foud frus line 40 after or prior o complele
procluet removal,

The dinauelers of zones 30, 20 and 10
vre shows in the drawing to taper of in
the direcfion of the gas flow. This
feature 1z desivable iz order o compen-
~aie for the gos contruetion taking place
in the course of the conversion, which
way he itlustrated by the 'F{\I]mnng'
reaction mechanizm :

ol = 2 H.—>nCH. + nH A}
nCH, + 1H—1C.Has

Gradnal reduction of the dizmeters
w~ indicated permila the muintenunce of
approximately colstant space and super-
fiednl velovitios of gases and vapors in oll
zoues, which facilitates contrel of con-

615,381

v 1\1011 and  fuidization. Hear of
resletion may  be  remaved  from  she
resiction zoues by way of couling means
143, 26 qud 36 arranged 193})9{'111'31}“ wifltin
the dense catalyst phases of zones 10, 20
and 30, These cooling means nuy be of
any copventions] design suel ax cooling
coils supplicd with o [lwing roclont or

55

voils filled with coolant having . canstant 60

hoiling point at the desived femperuture,
or the like, _
Tt will be readily understoad rhat the

systew illustrated by Fig. 1 permyits the

miziiitenayee of eoustant eatalvet aetivity
in” eneh conversion zone and fhe with-
dratwal exelusively of eatalvst of lowest
aetivity.  Thix may be accomplished
either by continuons catalyst eirenlation
ity the manner indiewted or by periodie
but siwaltaueous feed of fresh catalyst
and withdrawal of spent” catalyst. Az a
vesult of the rvountercurrent flow of
culudyst wnd synthesix gas amd the chang-

Ing dinmeter of the reaction zones, fhe
up‘tnuum conditions  of (empemture.
pressure, awwd gus velocities Tny he

appraximately  the same in gll’ zones
while the denss pliase levels may be eas lv
maintaingd constant, F# desired, only
fwo or more then three conversion zones
may be used,’

The system is purticularly adapied to
carry  out ronversions iuvolving high
rates of eatalyst deactivation and replace-
ment, such ns the hydrecarben synthesis
on cobalt catalyst which entails relatively
rapid deposition on  the cutulysl of
involatile carbonaceous material sueh as
maraffin wax.  Tn these eases the high
catalyst  replacement raie will  over-
conipetsnte auy activity-equalizing effect
uf catalyst entrained in lhe guses und
eairied over from zone o wome., Pre-
férred vperating couditions for the pru-
duction of more than 150 g. of liguid
and solild highly saturated hydicarbuns
per normal Cu.m. of synthesis gas hy
this entbodiment of the invention oy
?'mtv_\’ri‘rhin the approximate ranges piven
helow ;
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Catalest eompesition - - - -
Catalyst particle size - - - -
Temperature S
Pressure - - - - -
Molar ratin ("0 H - - -
Hpace velocity (vnhuue of lr:taf
volume of endalyst{hr., measured
at 607 Foadd 1 atm. absY o« -
Superficiad gas veloesty - - -
Rate of complete entalyst replace-
ment -« - 4 . - - -
Rute of conversion (hused om
00+ H, in original feed gus)
Ist stage {zome 3 - - - -
2ud stage (zone 2N - - - -
Ird stage (zone 106 - -

Annthier embodimnent of the inventian,
which is udapted to rarey out conversions
invalving eny rate und partienlarly slow
rates of raialyst dv:u-ti\'utinn and replace-
went iz illustrated in Fig, 2. The Syatem
as shown therein pwpn’rmlly eomprises
two sepurate fluid eatalytic reactors 210
and 220 whiel eonperate throngh a
eatalyst cireululion pipe 214 wad o gos
line 232 originating from a product
recovery system econnected with reactor
220, as will appear hersinafier. While
the operation of this system will be
described with specific reference to the
high-temperatitre high-pressure conver-
sion of (M) and H, on iron caielysis
involving relatively slew catalyst de-
activation and replacement, it 1s noted
thot {he spwe or o similor system sy be
uged for canversinhs invelving different
tates of vatalyst deactivation.

Referring now in detail to Fig. 2, fresh
ar relatively fresh iron catalyst of Huidiz-
able particle size iz pussed to reactor 210
throngh line 20) hy any conventional
mesns suel as pzmsurued feed huppers,
standpipes. ete., to form in yenctor 2N
above grid 212 o dense turbulent cutalvasl
phase having a weil-defiued upper lovel
Ly o Husdizend by tail gas from reactor
220, supplied from below grid 212, as will
appear nore clearly hereinafter,  Over-
flow eatulyst of an average aetivity whicl
is somewhat lower than that of the fresh
eatalyst s witluleawn through overflow
standpipe 214 and pussed by means of
stundpips pressure, muitiple standpipes,
serew feaders ar the like,
to form therein ahove grid 222 o denze
turbulent. eatalyst phase with an upper
level Ly, fluidized by fresh or relatively
fresk synthesis gas supplied through line
240 to resctor 220 ai w point below. grid
222, Catalyst of relntively low average
achivily is withdrawn through overflow
atamilpipe 2265,

1o reactor 220

- =300 af Coooay sifiva el
- 1A—64% thraugh 323 tmesh
- 34T

- O—ilatn, abe.

- B2_NA:q

- A0
- T’::l O F Faere

- 1D—afl day= '

Rt S
- 33351,
- 3815

The synthesis g.n supplied throngh line
240 anf]. erid 222 andergoes ]_mlhq] foR-

version in reactor 220 in eontact with 66

catolyst withdrawn from and s wrtially
deuactivatad in reaetor 210, which is
thereby {urther deactivated. TProduct
gazes and vapors together with unreacted
synthesin gas paxs overhead from the
catalyst phase in reactar 22U to 2 conven-
tional gus-snlids separator 227 from wlich
the bulk of eutriained catalyst is refurned
ter reactor 220 through pipe 228,  (ases
and vapors of anhstantially redueed solids

content flow through line 229 and, if
desired, thiough a cocler 230 fn a
serubber 283 Dby way of line 232,

Sorubber 233 iz supplied through line 2 &
with a liguid serubbing agent sueh as
water, hydrocarhbon oil or the ke, 1n
remieve lignid and  soluble  comversion
prodnets as. well us all eutrained eatulyst
from the gas. Rich scxubbing liguor
leaves serubber 235 throngh line 239 e
enter seltler 242 from which liguid cun-
varaton products ave remmvel uverhowl
throngh line 244 for further processing.
Settler bottoms: containing satalyar are
passed through line 203 10 jilier 248,
lenving thereon w0 catalyar filter rake,
Filtered and dried ecatslvst may  he
returned through Jine 250 to the dense
vatalyst phase In reactor 20 hy anv con-
ventional mevns such mechanival
rONTeYOry, Pheisalic means or the like
tnot shown).  Tf desived, synthesis wus
from lina 240 may be wsed for this
NUrpose I auy nAer kKnown pes ae,

Tail, gaz  espentially  consisling  of
unconverted GO gnd B, and small Pro-
portivi: of gaseons Ttenction produri-
Trut free of any .entrained catalest, i=
withdrawn overhead from sernhber 235
throngh line 252 tn enjer reactar 210
below gebl 212 and 10 he fwther con-
verted therein in confars with relatively
fresh  iran minl\d Valafile reaction

H S
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producfs and any unconverbed renctunts
ere withdrawn overhead from reactor
J140 throwgh gas-salids separator 217
provided with solids return pipe 218, and
withdrawn throngh Une 219 to be further

ireated in  eroler 2060, serubber 263,
~ottler 272 wd filter 278, ns outlined

vhave in conneetion with the volatile
products leaving reactor 3220 through
fine 229, Dy ratalyst from filter 278
may he rerrned to reactur 210 with the
aid of tail gas from Tine Y32 passed
trough Fne 280, a9 fwlicated on the
Jdrawing.

Tt will he appreciated [rom the
frvegoing deseviption that the average
cutalyet activiiy in reactor 210 is entirely
mnaffeeted by the aclivity of the eotalyat
in reactor 220 sinee catalyst carry-over
from reactnr 220 fo reactor 210 is com-
mletely  eliminatad. Therefore., a sub-

Catolgst eomposition - -~ -

Gatalyst particle sige - - -

Temperature - - - - .
Pressnre - - - - - -
Ratin CO:H, - - - - -

Space velocity (volume of gasf
volume ofeatalyst/hr., measurel
at 60° I, and 1 atm. abs.} -

Superfieial gasveloeity - - -

Rate of complele ratalyst repluce-
raent - . e .

Rate of conversion (hased an «
O+ H, in originnl feed
gas)

Lst: 's{fa:ge (Reactor 220) -  ~ -

d tage Renstor 200 - - -

It will T understood thut, if desived.
more than twe reactors of the type of
reietors 210 and 220 may he made io
enoperate with eack aother and their
anviltary equipment in the manner shown
in Fig, 2. Thu<. eatalyst withdeawn
fromn reactnr 2201 way be pazesd to o
further  reastor  supplied  with  fresh

" synthesiz pis and equipped with a produet

70

K[

an

atid eptalvsk vecovery system as shown.
inil gax from =ueh third reactor entering
reartor 224 fhraugh  line 240, O,
repctor 210 may reveive its catalyst from
snnther stage to which fresh eatalyat and

1wil gas from veaetor 200 are supplied.

The fwop-reactor aystem shown in Fig. 2
i~ intended merely to illustrate o typieal
arrangement permithing the performuance
uf o menlti-stage procedure in acrordance
with the invention,

While there is shown the use nf ennlers,
-rpubhers, seftlers and filters in remove
enfrained  eptalyst from” the reaetion

stanfial activity geadient will develop
from reactor 210 to reactor 220 cven al
the lnwest rales of culalyst deactivation
and resulfing catalyst replagement and 25
the eatalyat removed from reycine: 220
will in all enses have an average activits
substandully lower than that of the
eataly=t removed from reactor 210, A=
explained in comnection with zones 1M 30
3 and 30 of Fig. 1. reactor 220 may have
n larger diameter than renetor 210 in
order tn compensate for the reduetion of
the gas volume raused by the conversion
in zeactor 220 and to make possible the
mainfenance of constant similar resetion
eomelitions in hoth reartors.  Preferred
ranges of such eonditions for the hydro-
curbon  synthesis on dron eatalysts to
produce mora than 150 g, of Hguid, rela-
tively unsatwreafed hydroearbone  are
given below;
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L0 Tedueed iron sesqui-oxide.
nnsnpported
- 16—B0% through 325 mesh
- BLO°—850° F.
- 323 atm. nhs,
- NA—1.8:1

- Al0—I1500 -
- 130 ft, fsecond

S ID0—400 davs

ages, it 1s not wished to limit to these
spiecific means.  Any other means affnrd-
ing subsiautially complete separation of 8
enfraified solids from gases, sneh as high
effieiency, multi-shage combined electrien]
dnd centrifugal gas-snlids separators op
the like, moy in many cares successfully
be used in pluce of or in eooperation with
the saparaling means speeifieally  do-
seribed and illusiratad.

There iz alse shown only lrue and
vomplete eountercurrent flow of mas and
eatalys in the foregoing deseription, bat 85
it will he understood 1hai gus composi-
Hons and cafalyst matarial proportions
may Do adjusted by withdrawal or
extrancous addifion of sireams between
slages, and that gan reevele, av desived,
aromnd a single atage or hetween siages
mey be practiced withmut departing Trom
the spirit of the inventing.

‘Having new parficulazly deseribed ond
agrertained s mature of the aaid inven- 105
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100
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tion, and i what manner the same s 1o
e performed. as communicated ta wme by
my foreign verrespondentis. T ileclarve that
what T elaim is:—

1. The methal of controlling eatalysi
activity in the eatalytic conversion of
rarbon  monoxide  with  hytdrogen  to
hydrocarbons smloving the fluid catabyst
teehnique, wiich comprises earrying oul
suid conversion in at least fwo separate
eouversion otes, maintaining hulividual
denye fAuidized beds of finely=diviiled
Fiseher Synthesis entolyst in euch of said
separafe zones at eonversion ecomditions,
passing the gasepur reactants through
said zones in series, converfing o portion
of anid reactaniz In each of said zoues,
passing fuely-divided catalys! from zome
to gone in a direction opposite to the How
of said reactants, supplying eaialyst of
relatively high activity to the last zome
passed-through by said reactanis apd
withdrewing eatalyst  of  relatively
low activity from the zone Hest passed-
throngh by said reaciauts.

2, The method as claimed in claim 1
wherein finely-divided eatalvst enteuined
in said veactonis is removed from said
reactants between said separate zones.

3. The method as elaimed in elafin [
wherein the rate nt which catalyet is
passeil throagh said zones is the higher,
the higher the rate of entalyst deactiva.
tion in snid conversion.

4. The methnd of controlling catalyst
activiby in the cotalytic synthesis of
hydrocarbons fram C0 and H,. employ-
ing the flnid eptulyst technique. which
volnprises pussing a swnthesis gus com-
prising CIV and M, in synthesis propor-
tions  through av least two separnte
conversion zones in series. maintaining
individusl denwve fluidized herls of finely

slivided zvnthesis catalyst in eneh of said

46

zomes at avnthesis conditions, converting
a partion of sadd swnthesis gas to hydvos
eurbons in eneh of said comveraion zounes,
feeding relatively fresh fineiv-divided
svatbheats eatalest 4o the Just of sqld
rorversion sones |rissed-through by said
syuthesis gns, eivenlating finely-Tivided
syathesis eufalyst of o relatively high
average activity from said losl conver-
ston zone to e preceding converaion
sones i a dirertion opposite to the flew of
avnthesis pas s ns to eslublish in said
eonveraion zones fuidized catabest hods
of derrensing average achivity in said
direction and withdeawing Bnely-divided
synthesis  eatalyst of  relatively Jow
average aetivity from Lhe ronversion zone
firsl passed-throngh Ly «afd  svnthesfs

TR,
R, The methed as cluimed in elaim 4

8h wherein suid ratalyst civeulation is s enn-

-eatalyst entrained therein in ons of said

(rofldl as éo maintain the eatnlysr volomes
in said conversion gones  suhstantially
comstant. ' - ’

i, The method ax claimed in claim 4
wherein the valimres of i eatalyst beds
in snidl sepavale sones decrense in the
direction of the fow of synthesis gus.

7. The wethed o< aimed in elaim 1
wheratny the vate of said eatalvst cireala-
tion 15 the Jrigher, the higher the vite nf
cabalyst deastivation,

Bo The method as elaimed in claim 4
i whiel the synthexis gng passed througlh
sanl eanversion zones contains entrainerl
synthesiz  catalysr, cansing o eptalyst
caArry-neer from, eonversion zowe to ool
version xane in the dirertion of the syn-
thesiz pas flow and whereiu the rate of
salld cately<d eireulsiion iz substantially
higher thou the rate of snid eptalyst rarry-
OTer, -

Y. Tha mathnd as claimed in cloim 4
wherein said synthesis gus is substantially
rompletely  freed from finelve-divided
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conversion zones, prior to entering another
of suid eonverzion zomes.

Lt The method of contmliing eatalyst
artivity In the catulytic synthesis of
hydrocarhons from €0 and II,. employing
the flnid eatnlvst {echoiyue, which enm-
prises passing a synthesis gas containing
about h.2—0.8 mals af OO per molecule
af I, theough ot lease two separate con-
version Bonesin series, muminlulning indi-
vilual dense Hublized beds of finely-
divided robalt vatalyst having o particle
size of abent 15809, through 325 mesh
in enchk zove, miaintaining in epch zone o
temperatuve .of .sboat 373°—-250° ., &
pressure of about A—10 atm, ghs,, u space
velocity of ahamt 200-—3M, and 1 super-
fielal gas welonity of not greater {han
aboud [5 HL per second, ronverting o
portion af suil svathesis gas in each zone,
permitting  Jinply=divided catalyst .
trajved Tu said sgnthesis grs 1o pass from
one Ao another o saild zZones, Feeding
volraldt vty of sadbl particle size and
of relatively high nelivity tn the last zome
pssed-through by said  synihesic gas,
civewlating finelyalivided eobalt eatalvst
from said last zone through the preceding
zones 1 series in o0 direction oposite fa
the flow of (ke syuthesis gas < az to 190
extablish In =add zones flaidjesd eatalys
beds of substantially eonstant volnme but
deorensing average aetivity inosaid divec-
tion, withdrawing finely-divided eohalt
catalyst of relajively Jow average activity
Frimn e zone first poassed-tirongh by saiil
syuthesis gas, and contrelling said eala-
bost feed und withdrawal so v fo replace
enmpletely this eatalwst in all zones within

a fime of nhawt {050 dgvs,
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ti. The methad of confrolling eantalyst
activity in the catalytie syntlesis of
hydroearhons from {'0 and H.. employing
the fluid cataslyst technigue, which com-
prises pussing a :sjm.t-hesis g coutuining
about [,5--1.3 mals of 0 per mol of H
throngh wt loust fwo separate conversion
zonkes in series,
lense fluidizel beds of finelv-divided iran
vatelyst hoving a particle size of aboud
15—607%, thiemgh 325 wesh in each zone.
nminfaining in each zone o temperature
of about M —0601° ., a pressure of
ahout 523 atm, abs,. u spice velority of
aboul 3001300, and a superficial gas
velaeity of shout 1.0—3.0 £, per secend,
eronverting v portion of said synthesis gas
1 each zowne. rvemoving finelvdivided
ratulyst eniraisied in the synthesis gas in
¥ xone, prior tn its passage fo another
zine, feeding irmn catalyst of said particle
sizee and of relatively bigh aetivily tv the
last zane passed-through hy said symthesis
gns, circulating finely-divided iron cata-
']:v-’r from said zone threngh the preceding
zones in series in o direction opposite fo
the flow of ithe synihesis gas =0 as to
eatablish in <nid gones fluidized catalyst
lieds af substantially constant volume hut

maintaining individnal-

eerensing average wetivity fu said divec- 80
tinp,  withdrewing finely-divided iron
catalyst of relatively low average artivity
froae the zone first passed-threugh by said
synthesiz gas, and controlling said mta-
fwst feed and eithdrawal so us fo replace 85
eoupletely the catalyst in all zones within

a time of ahonr 1GH—I00 days.

1207 The method os elalmed in elaim
L. wherein the dismeters of said zemex
decrense in the direction of the flow of 40
synthesi= gns w0 a< o maintain  the
reartion ronditions snlstantiolly sngstunt
throughout saiil zoues,

13, The method a claimed in claim
1 wherein the diameters of sald zones 45
decrense o the diveetion of the flow of
syntliesis gas sn asto maintain the reaction
eonditions substantially ronstont threugh-
mut =aid zones, _

id. The tmproved process for the rata- 50
bvlie synthesiz of hydreszbons substan-
tially as hereinhefore described with
reference to the accompanying drawing,

Tiated this 6th day of Aungnst, 1946,
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