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Flag present loventlior poalataes to ioprovements in
soptrolliqg the activlty of catoelyats weEed in cotedytle
processes omploying the fluld cabelyst technilouo.  Hore
particulariy, the luventlion 18 concerned with a proecss of
conhrolling the actlvity of catalysts used in the cataiwtic
syathcala of hydrocarbons and oxymenated organie coupounds
From carbon oxides and hydrogen, eiploying the flukd oot
Lyat technigue,

It iz known inm the art thet She ucélvity of' ocatulyate
ugad 1ln the synbhesis of hpdroosrbons from 09 ang My zradu-
ally daplines daring the couras of he resetlon, cagaing o
porreapattilng dirop Ln the rate of ecnvoerzlon and the yiclds
of deairad producstsy. Dopending an tho type of catalyst wmed,
bl purlty of the synthesis pgas apd the rezeiizsn ecemdlilans

of temperature, prezsire, EAs composltlon end [lew rats, the

“deantivatlon mey Ba tho Pasudl of ooz or more of guch vanges.

&i khe deposltich of hlgh-molecalan ijﬁoiatile regotion pfoducta,
auch an pﬂrﬂffin wax, on the catalyst, solsomlag by sulfue
Gollpoands ﬁont&inod in the syntheais gaﬁ, diggolutlon of
the soctive aatelyet compopnent in cxvoonated liguid rangtlon
nroducts, undﬁsirud ciemlcel reactiona between the eclive
catairat component sod the remstants or resotlea neoducts, cto.
Lo moat cased, if the eatalyet doastivatlon is uacheeked,
the rate of eonreralen may drep wilithin & rolublvoly ahapt
time of say two to ten days appragiebly telow ootimum sod
even beloy connomie lavals,

Tha dasrasse in ontalyst aectivity may be countob-

baluncad to o sertoin extest by & corvesponding gradanl zlac
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aFf tbe.raaution temperatura. Mowever, the roacilon Leapara.
tura may nct be rRlaed by werc then sboot S0 to TER, above
the oplimum tapperaturs for fresh cetalyst without detri-
mentally affoeting the hWighly temperature-zanziiive aynthesls
weactlicn peaqltlng 1n the Formetlon of axecesgslvyve snounis

of umdesirsd gasos and coke, Theze sonditlons nave led to
reretivaly Creodquent shat-downs of fixed wed synthesis plants
for the parnose of replecing the deactivated satalyst with
freah or regerarsted materisnl, The application of the
Flaid catalret technddue to the bydrocarbon synthesiz has
»pmovad this dlffZsalty. Phis techoigqas, smpleying the cata-
lye% 1in bz form of 4 denso Turbalent wmage of fisely-divided
ackida fiuddized by the geoecus resctanta and reactlon
productg, permlbs condluoun or peplodle addition and wlth-
dreawal of povdered cetalyet to snd from the fluldized cote-
Ivat phaze, The preceduras afPords sauisfantary controd of
petalyst aotlvity withoul variablon of .ths remetd o -témper-
slbiere and without }ﬁtgnfaren@e wlth fﬁé cond ity of Ene
pfoceaa. )

However, the last-montioned mothod of coerntlon has

another senlous drawbasle, L3 a reanlt of the hilgh turbulenca

ard uniformféaﬂ dnd gollida dietributicn walsh rpe cheractor-
istle for tha £luid cetalysd phoss, the catalyat agtlvity

lg likewise praciicelliy unlform throughous the catalyst phsse.
Thua, ﬁhen'it ig attempted to gontrol catalyst wetivity oy

the ccobliavons or Périndic intrsinetion of fresh_c&talyat

to the reactor ond tho almultaneoﬁs'féﬁovul of' deactivatsd
eatalyal from the reneior, scbually uﬁﬁdlyat ol arepaps
activity is yemoved rathsr than eataelyst of lowest seblvity -

as would be deplraple., Thile Lls trus ia prinelple no matter
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how fear the polauts of catalyst Introducticn and withdrawal
era spart. Altcroats withdrowal of deactivated satalyat

aol introdastlon of fresh petalyst reoults in consldersble
Tflectusatlons of sotalyst bed voleme and éarlously interi'srasa
with vwhe coatinediy of ths process,

The nrosont inventﬁan Creroomed Lhe aforam&ntiuned
difficulties sid aff'ords varicus additlonsl advantages.
Thess aivantages, the nature of the lpnventicn and the manner
1n ﬁhiah 1t 1a oereled oot will be fully underatocd from the
Tollowlng descrlption tharabf read with refarence io the
drawlng whicsh shows senl-diagrsmmotic viswe of sppsratas
adapted tao cavrry oat the inventicn.

A omals sbhicct af tha 1nﬂﬁnﬁiﬁn lg to provide an
dmproved methad fop condpelling the &ﬁt;vity of eatalysis )
uwsed i tho catoiybio eynthesls of hﬁdfﬁéﬁrbons rroi OO and
HE amploylng the fLluld catalyst technlqus.

Anothor objoct of the invensicn is to provide a
now method of madncslning a conziant eatalyst astivity in
a fluld entalyile pescsor for the gsynthesis of hydrceartons
yilthout affectlng the ccntionlfy of fhe synthesls peaption,
the reactlon Pemperclburas axd the voluke of the catmly:t ogd,

Other objecte snd advantages will sppaar hersine

_after,

Wea havg Found that thess oblects moy be sccompiished
gulte gaperally oy employlng miltistage sorles eperoilon in
fluid tschnlgue plants and charging eﬁﬁh.st&gn with catolwyat
withdrawn from & sebseduent siege 4o tﬁe eoder of flow of
syubhesis gda. For cxample, freab ayﬁtheaia gas may bo
gupplled to the firat of & merien of Pluld galalyst monas

end fyom thles Jiket 2one o one of roke sgabsequent £1uid

5
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catalyat #sooes, Fresh or regenorated catalial may be charged
to & Zaat Floid catalyat zooe while fluid caiolyat aof

average acklvity s withdrawn thoraefrom, preferably &t the
pams rave, and sbarged to the nexbt preoceding =Zcene waereln

it im Purdhker descbiveted in conteet wilth relativoly fresh
ayantheslis gas. 'Tae average esatalyst ecotivity Ln thls lacter
gone will bBe loawer tham that in anld first catslysi aone.
Thiz orocedure away be repsstsd untidl chialyet of lowset
prerega acbivity dp maintalped ln crd eay be withdrewn from
gelé Tiret fluall cotalyat zcne which peneives the frosh
ayﬁthaala gas, It will bo pesdily apprecicied that coeratlon
1n this mannar permits thoe mmintonance of coostant oontalyst
acolvity within atch of ihs verlsuas cotaliyat zonea and the
withdrawal exclusively of cabalyst of loveslh aobivity withoud
af Fueting the conlbilawity of Ltihe prosesga, Af 8 rﬂau;;, graller
.amuﬁntﬂ Df Prosh eatalyst are regudred Lo andindain such
gonditiona as ylll prcduce ar optlmem fguentity of the desiped
product,  In oadditlon, suay new procedwrs hns the highly desir-
able furthsr advamtage of éontoctlng the Presh sad most
rosctlve ayathesia gea wilh satalyet of lowasb aFtivity whlle
frean bighly aétive catzlrat Ls contﬂﬁtﬁd oniy with pawstlally
spsat and losz recactlve ayathesls gna. Thisz trrangsment
peroits loprovesd Pescbicn cocofrol and.élimiaﬁbea denpers of
suparhesnting, Feoebisn poceyars end sxoesdlve shazking,

S menbicnsd bafore, two ob more gtoEes way be ussd
which may be gperodod cliber in a completely conbinuons mervep
v lotepmittently &f ivtervals, deopending on ihe dsoctivatlon
rats of the ecatalyet. The variouz flelid cstzlyst sonco may
ba elther arranged fin separste repciobs of comblaed in a

single popctor which may be sabdlvided Ly perforatod grids

=



498315

inte varisus prefersply superliposed reactlon zonce. Re-
aotion ﬁrnduﬂts nay Be separated from the syntnezls gas
betwagn two succepeive catalyst zponss, Howover, these re-
actlon products have besn found not to Anterfers with the
Propar courge of the reastlon in any subseduasnt catalwst

gones and the peactants may bs passed from zone to zone with-
out intermediate product remeval. The choice between these
two medifisatlons of our proccss mey be made deperndent on

the rates of cetalyst desetlvetion For the followlng reasons,
IT. the reactonts are pasded from moms t5 wone withous inter-
madlate profuct rFenovral hﬁ cpoling apd liquid serohbing, &
substantial ancant of catalyst ertrained ir the pdaess npd
vapora la sarrled from sone o Eone even st the laveat
operstive Qas ralacitles tnd natylthetending tha.muat efficiont
dry gas-solide soperation betwesn zones, This phqnuméﬁbn
tonds to adﬁ&lizﬂ Gat&lyst ﬁotivity thfoughout whe wvapious
zones and thus to couabopreet the cltimate parposo of the
rradent invention.  The edqualizlns orfoet of sotalyat oonry-
over will he leds prunoﬁncmdtat hiipgh than at Eow cotalysot
clrculatlon rabes 1n the opposlts divectlconh and will wracstically
digappasar when bthe rate of this caialyat clrocrlatlion i suf-
ficiontly high, e.g., of a klghor orden of magnitode than

the reve oft catalyst n@rry-aver. In accnrﬁance with thae
inyenticn, the rate of catelyst oirealablon iz preferably meds
a functlon of the rate of cetalyst deactivation, that. is,

tho bigher the rete of cetalyat demctivation tha higher we
ghoode the rafs of freah catalyst Foed and zspsnt catalyst
withdrawal., &3 8 zoneral vale, therefdre, it oey be advizanle
Lo reacve the feaetion products hetwesn Eondgd by teans of

sooling a0 ligaid zorubbing wifh attenling zsparatlion of

-Fa
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ertrained catalyst 1f the dssetivabtlon rote 1z low, Fop
oxexple in the coase of the aigh pressgure synthesis amployling
iron cetalyst. Cabalyst thue seoparabed omy be returned to
fhe zons From whick it was carried avay. Howgver, when the
raie of cainiyai descilvaiion 1p high, Tor example in the
cads of involatile hydrosorbogagecus depsaliz pertleoniarly
an eobalt catalyzte, we may prefer to pass the rznetants
from zone $o zone Logsther with entradned catalyat without
irtermadiats product removal and to rely on the higher cata-
Lyai féeﬂ and withdreysl rate to ¢limipats the detrimental
eifact of catalyst sarry-over.

The raactist: gorditions of temperabore, pressurs,
Ea.e aumpmﬂitioﬁ pivi flow rete, an well és the patalyatz used,
gre Chose wnawn Lo the art of bhydrocarbou syothosls emoioy-
lnz the Fluid eatalyast sechoigusz. Recctlon comditions
aperatlrs Lo &EL cktalyat Zones of thé prozess coppriso temper;
stures of aboub 350°-808°F.,, prossurcs of aboul atmsspherlc
to about SO0 Lba.fsg, 4n. gougo and systhesiz gag compoaltions
¢f about 0,2 o 2 mels of GO per mel of Ha, the lower brackols
of theas napgss belng wreferred for cobalt, the bizgher
bracicats fop lron catﬁlyat in“u mannsy koown per 8o,  The
perticks slie of the eatnlyst may vary from sboud MO0 mesh
to 1/% lnch dimmeter, meinly deperding on bhe specific grawvity
gf the zatelwyat and the 3uﬁerficiﬂl valpcity of thz Znses
1n the ealelyst zconoe, wolch moy fali hébwesr the hroad
renges of 0,3 te 10 f't. oar sscond. The throoghput of
pﬁwdered gatalyat to and Crom the sysbom and from gone te zohe
may be ascomplished by any cooventlonel means, such as
meshant cal sfrow ar zhar feecers, overflow plpee, stondpipos,

rhsunatic @meaps, ooo.
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Hawing zet forth the general nebure and cbjects,
the iaventlon will be besy undorziood from the mors detallsd
deacription bereinefter, in which referecee will be mede Eo
fhe cccompanying draving whamaeln

 TFig. 1 is & somi-diagraomatic 11lustvation of & )
giegle-yoactor system suitable for sarrying oubt ong modlflca-
tlon of the pressat Inwention, and

Fig. 2 iz a partly schewmatlc, partly disgrasmatic
iliugtrasion of & maltl-resctor ayebom suitable for cerrylng
out another modifisstion of tho laventios.

Referring aow in detatl to Fig. 1, the ayaten
11lustreied therein will be deseribed beicow in conpeetion
with the predustion of aormelly liguid acd eclid hydroearhons
feom L0 and Hy, wslng & Fiﬁaly—diviﬂed cobualt caiolyst in &
santlauously operating fiald catalyat raactor, wnleh invelves
& rolativaly high.ruts of cehslyat ceasbivation dus to high-
moleoular bydrosarbonacsons estalyat deposita such as paraffin
wa.  IL should belundﬂrstood, heowever, that the apparatus s
readlly adaptable to other converoicns lovolving slmlilap
rotos of gotalyst desctilveslon. She system conalsts szoen-
tially of thres superinposed conversion zones 18, 20 end 30,
whiloh are consolldated into o sipplte verticel *eactor snd
Bapmratsl i hcrizantal.purfcrated plaﬁ;s 0P grids 12 and 22,
Overllow stendploss 14 apd 24, whiek wey bo provided with
sonbrol velves LY and 25, taxko care of the transpory of
Finely-divided ontalyst from zone 10 4o zono B0 anl from zone
20 to zens 30, 3iendploe 3% provided with econtrol valve 35
serves the withlrowel of catalyst from the systan,

. Io operadicn, fresh ov reganﬂfatﬂd finoly-divided
cobalt catelyst of finildizatle particle sise, wilch may To

suzpperted on & silicaoes corrler, such as kioselguhe, sllice

~-5.
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gel or the like, le fed from [eed bopper 1 through line 3
nroviiod vith contrel valwe 5 €0 2one 10 by eny conventieooal
meang such as omwchanical convayors, asratod étanﬂpipﬁs, ok,
Fresh syrthests gas comprising ¢0 aml Hy 1in the desired
froporbions 1s supplisd theough line 30 provided with conbrel
valve U5 to zong 30, preferably at 8 point below prid &=,
Ths powdered eatalyst forms in zono 10 & denss turiulent
omraa of sollds haviaog & well-dofined eppeer levsl I".LD’
finldised Uy the gassous reactantz and YROOTOUE B0t Ea880UES
roscbion producta sntarlng Ecns 10 Teom zones 20 and 30
thfﬂugh gfid Lz, Overfdlowlag oatalyst passas throagh stend-
plpas 14 Lo zone 20 tp Jore thereln ln A slailar napber a
denso flaldlzed calolyet pheas havicg an apper level LEG'
I'vowm =ene 20 overtlowlng patolyst posses thiyough stondplps
2% to yone 30 Lo form thovreln & denge Fluzdized mase with
a5 kpper avel LEU’ Fraom snloh catsalyst la witndrewn through
standplpe 34 For wox recovery and cotaljet reganspalion,

The uwwardly floving Fresh syniheals gas uslergoos
partial convévaicn ln.zone 30 1n censact with aatalyst of
Lowest activwity deaplved froa the aubsﬁquent ganveraion sones
10 and Eﬁ. Faporols conversion vrodunts and grzcovertsd
I‘E:-.O.ctants page frod Zoae 30 labo 4 coovertisonl cenorliugnd
ond/or elsctrlcel pes-sollds seporasor 37 in which the bulk
of entrainsd catelyst is romoved to bs returncd through plps
38 Lto the denee catalyet phasc it zZoas 30. Vepors ond gases
aof & sebstantlially vedooed vonlenh of reagtants and entruine&
aclids erter the dende é&talyst poaas off zone 70 fhrousgh
grid 2 to undarge farther boubt atill irzeotiplens conwosTelon
of 0O and Hy i contect with eoubteiyst of hipgher savernge

aativity. The goees and vapses taken overhead from fone 20

-
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ara pagsgoed through gos-sclide ssparaior 27 egulppod with

solida return pipo 28 and from thers throush grid 12 intbo

e the denss catolvac phoge of zone 10 wherelh the converslon
of the remeiring proporblons of OO0 andg Hy taxes plece in
aonteet with Coesk cotalyss of highsst aotlvity., Filnol
wEAPCT ors Al preaooua oelvoraicd prodiects bogobher with Ay
unconverted synthozsls gas are taken overhead froo zone 10
Dazgcd thﬂﬁuﬁh fas-solids seporator 17, provided with solids
rebturn pips 18, and repoved from the reactor through line
19 Eobs prosessed fof the pocprery of the daalred produckta.
Catoiwat carpled oot of sepopebor 27 and pepovered in tho
vrodust recavary aystem (not shown) mar be returned to feed
hopper 1. Uncenvertsd gynthesle gra aey be recyelsd to
Tood gas lins O aftor op pricr to complete product removal,
The dlameters of zcues 33, 20 and 10 are shown in
the drawing ve tapar off in the direction of the gas {low.
Thia feature ia doslirable ln order to cogponsate for the gas
contrection toking place Lu the scupsse of the sobvarslon,

whlel mar be Lllustratsd Sy the Mellowlae roaction mechsntzme

nU0 4 P, abE, + nlf
g ——p ACH, + Al 0

rOH, b 1Hp ey 10 Mo i
Grodual reducstion of the disaclers ag indleated pertlts the
malotensnee 3 approxiuwsiely constant épace aod aupertiainl
velonitles of gnees and wapora in all eonce, which foeilitates
cehbral of ecanveralon and fIetdizeilon. Besl of roscticn e
ba rencved fron the reschion Sones oy way of coaling means
16, 26 umd 36 arrasgsd respectivaly within tho denac satalyct
Flicgas of sonos 10, B0 and 30. Thﬂsn conling reans ooy e

of sny conventlonal Jdesisgn suech ag cooling zoils supplled with

S1G-
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6 flowlng soolmnt oF coils fiiled wilth coolant having &

renEtens bolling polnt at the deairod tomperaturs, or the

Tila|

Tt will Be roadily wnderstocd that the gystern
111lugtresed by Fig. 1 permits bhe mgiatcnanse of conatont
catakyst notivity in aach conversion Long end bhe withdrawal
gxcilnslvely of catalyst of lmwaét nobivity. This aey be
spoomplished either Ty cenbinaous cetalyst clrenlatlon 1in
the manmer indicated or by perlodie bus sinnltancous feed
of frosh cotaiyet ant witnoraval of sﬁuntxcabalyst. La
reault of the countereurrent Flow of subalyst snd syathesis
go3 ard the chonglng diamsser of ke peschblon spoes, the
aptimum asonditlons of LemEperaturs, praséure? and gae welockhtles
taf e . appreximmtoly tho aame in g1l zoned, wiiles the 2ecnse
phaza levels mng he spsily mmintained constard. If desired,
ﬁ anlv twe or more then three converslon sones oy be nged,

The esyshem is pariloulariy a&nﬁteﬁ to ocaryy ot
convorslong lovolving high ratwes of caLalyst dewoblivation
eod replagewsns, such ag the hgirucnrhmn'synthasis or cokalt

catalyat which spballa pelativoiy Tapid dspesitlion on the

aatelyst of irvolatile carbonsceous waterinl suen as parafflc

o wex, In these sases the high cotalyst »epiaccisnt rate will
sver-compangabc Eny soblvlty-ocuallzing gffect of catalyel

 erntranined in the gases and strvled over from 2oOE ta Zono.
Preferrad operating condltlens Tor the productlen of moro
then 183 g. of ligadd anc solic nigﬁ'y snturataﬂ qyurncarbons
per normsl cu.n, of synthosis gas Uy uhis sanodinment of the

trwantion =ey very within the spproximate ranges Elren BELoW:

=11~
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Cetalyst composltion . 20-35% of Op on willea gel
Cetelyat particles alze - 15-A0d fﬁruugh 325 wesh
Temperabare - 37545007,

Pyeasnre - F-10 atm, &b,

Moler Ratio CO:Ep . - G.2-G.8:1

Bpaco Veloelty (volums of
gas/volume of catelyst/
e, messured st GO0°F.
and 1 atm. aha,) - 200-500

Euparfihial gaa velogLty - £~l.5 . feac.,

Rate of complete catalyst
roplagement - L0-50 days

Eate of comrerelon
{pased on CO + Hy in
oripginsl feed 2da
*lst stanpe lzone 30 -
Pnd atege (=one 20 -
Ard stage (Zong 10

Sl b

u-\lzufa

g
sl
R

5
L

Apother anmbodimens of the invsnbion, whilca 1s
adantad to carer oub cormrersland lnvnlviﬁg aoy rate and
parbicnlarly stow rates of cetelyst dsectivetion ard replace-
mart is illuatrated i Fig, 2. fhe syeten sa shown thereln
pesentinlly comprizasg tweo separats fluld catalytic reactors
210 amd 220 whizh e¢ooperate throwbgh & catalyst circulazilon
vipa 214 and & geg line 252 criglreilng frod & prodict
}@covery system connocted with resctor 280, as will appear
hopelnafter, Wnils the operation of this system will ba
desseribed with gpeclfles reference B4 tho highatempératupe
high-pressars conversicn of OO amd Hy on'iron cetalygts
Lovelvicg raigtively slow caf&lyﬂt deastlvation and rapl&cé—
masl, it ile nﬁted that the game or & similar Bysbem may be

neged Tor converslons irvolvlng dAifferani: refes of cabalyst

dAeactivatlon,

18-
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RBeferring now in detail to Fig, 2, Fresk op

rplativaly fregh iren catalyst of Pluldfeable poarilcic gize

ls piasol to reactor 210 tharcugh line 201 by any conventlonol
maaﬂé surh &g preadpized [feed hoppers, sbtandpipos, oic.

Lo form in resctor 210 above grid 212 & deonse turbuwdent catn-
l¥at phass havircg o well-deflined upper level Ln., 2ol
fluidised t& wtll gns from »esclor 220, suoplied from below
grid 212, as will appesr more cloarly barcimafter.  Overtlow
cutalyal of an evorags sctivity which i3 somewhat lowar ihan
that of the fresh cetalyst is withorawn through overflow
gtaripipe 234 eol unnstod by oearns of stondplps pressgrs,
miltlpls stancpipes, serov feodors or tho iike, to reactor
220 Lo fork thoreln asbove Epid 228 o dcnde turbulent oaba-

Lyat phaso with an upper lowvel fluftdized by fresh op

"200
relatively Troeh syntheslins gas supplicd throuph lice 240 to
rooohor ZE0 ot 4 podnt below grid 225,  Joicdyail of ralatively
low overape acbivity is wlthdrawn throush overflovw stendaipe
285,

The pyathesis gae suppliad thicwgh 1lne 240 and grid
228 undargoes parbicl conversion in reiolor 290.1n gontoei
with zabolyst withdrawn from end parcielly decobtivated Lo
recaetor 210, whiﬁh la thorespy fuarther deagbivabed., Product
pases Ll vapors togstler altlh wovencted dynthesis paz Luss
ovarnesld f¥oa the ceialyst ohoee in renctor 280 to o gonwen-

: tional gra-zolids seporator 227 from wbhileh the bell of an-

. eatned caualyat is returaod to reastor J20 }hrnugh plp= 228,

Gases and wanors of subatantially redused solifs coptent flow

throegh Lins EE? &pd, 1f dezired, threoogh o cooler-250 to a

goruthar 235 by way of lins 238, Berubber 235 ia supplied

threagh line 237 with & llduld seruholog agent such 2z watcer,

-13-
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tgpdroearbsn oil ob one likes, o romove liquid and aplulle

porvorainn orodacty am well as all entrained coialyst frow

the pas. Rloh soreboing 1igucr lecves sarubbor 235 Lhrough
. iine 239 to entsr ssbtler she fros waich 1lguid converzlab
opgdnsts ame removed overhead througn line 2% for farthor
procesalng, Seltler hotiocid ponbedlning catalyst are passed
ghrouen Llne 245 to filter 248, leaving thorsen & oabelgst
Filter ooke, Fllbesed anl dreled cntalyat may be returncd
tarough Lins 230 bte the denas rotolyat ohise 1o reastor 220
wy amy conventlonal meang such as wedhanicel colweyarE,
preamedic means or the lile {not sncwn). I dasired; synihesls
gas fren lins 240 ooy b% paed For dhiz purpose Lo ANy DADDSD
Hnmgn per DG

il gas essenticlly conslating 5f unconvertal GO
ar:l HE and smerl propoptlons of ge86HGUS recation produsts,
wil Froe ol any ertbeined cotalyst, s withirown overheadl

From serubper 035 through lins 252 o gnbar reactor 210 below

ppit 212 and to be further potwerted therein lo gantact wivh
pelaglvely fresn lyon catalyst. Volubile resctlon prodocba
arl any wreciovertel reeotoata are wilthdeawn everhedd rom
roactor 210 through gag-gnlids sepuraben 217 nrovidel wilh
soiles pelarn pips 218, £nd withdrawn “hrough line £19 So he
fupbher tesatad iz cocler 260, sovubbsr 205, settler 272
ﬂnd.filter 278, ag ouitlimed abeve in connactien with the
yolatile producis leeviing roasbor 220 torcagn line 229, o
cotolyst from filter 278 may be returnel 1o penotor 210

with the 213 of tail pes feom llne 232 paszed through Line

23¢, ma indleated oo the drowing.

It wiil oe npprcciateﬂ from the Poregoing desordphilon
that the average ceinival ackivity in rasctor FL0 g entirely

uraffocted by the netivity of the catalyat tn ponetor 280

1k
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sinme cotalyat earpy-over froo reactor 220 to resobor Z10

is ponoletely sitimlnabed. Thorsfore, o subataotlel acllvity

gredlant will develop fronm reacbor 10 Lo reaclor 220 even
at the }cwaat ratas of uatalyatldaactiv&ticn el resulblig
c&t&lyaé roplacement axl the catalysi repoved fTom reactar
EEb will in all ca3es hove an average toiiviiy substantlally
lower than thot of tho catalyst'rEMDﬁed spomn reactor 210.

43 explained ln connectlion wlth zomes k0, 20 &rd 30 of Fig. 1,
reactor 220 any hovrs & Larger dlanpster thon reastor 210 in
opder o compensste for the raﬂﬁctinn of the pg&s volume
guped by the oomversion in raictor 220 nnl to wele possible
tne maintensace of constent similar reactleon conditions im
ba%h Terdbors. ralarrad r&ﬂgsé of aunh oconiitions Topr the
nydroearbon syrbhesiz on iren catalyats t2 rroduce Eore bhon
. LB g of liguid, relatively unssterated hydyecorbons ars
Elven hLalowi | )

Cotalydt fompogltlon - Heduced iron gesgul-oxides,
nnsInErrted

fatalyst partlele slew

15-A0 thzsugh 305 mesh

Y ompepaturs - BEA*.HROT,
Fraggura .o -  E«gR atnm, aba,
F
' Retio GO:H, - 0.5=1,%:1

spuce Veloolty {volume of

gos/volume of cnbelyut/ar.,

Henaured at 60°F, =nd 1

atm. 2%g.) . - E00-1800

Suparficial gas velocity - 1.0-%.0 ft,/second

Esbe of complete cabalyst
replacemsn: - LOg-4%00 dayd

Rate of conversion {Tased on
G0 o+ H..in original

fasi gha )
Lot ataps [Reactor 220 -  GD-Brg
2nd etdda (Reashor 210 B0O-20%
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It will e undsratood thet, if deslred, wmere than
twe Teactora of the type off rpeactors 210 abvd 220 sy be
mades to cooporaks wlth each other amd thelir aaxlilery Efulp-

ment in ths menner shown in Fig. 2, Thas, catolyst with-

©apawn Frof reactor 290 wvay be pessed to 3 further renckod

aupplied with freah syntheala zas and egquipped with a product
snl motalyst vecovery systam ns shown, tsil geo frem such
third rescior entering reavbor 220 through line 240, Or,
reactor 210 may Toeeelve Lta catalyst from cnother stapge o
which freak caialysi simd teil gog f'ren reactor 2L0ara supplisd.
The twauréautur system shown in FPlg, 2 iz inferdsd neresly
to 1lleslrate a typical arrergsmcnt ooriitting the gerformanes
of A malti-shoge grnuaduﬁe 1n aceordance with the invertion.
While we hove ahowq the use of coolers, serudbers, -
sottlers. ang Tilters Go remcve eskreined satalyst from the
reastlon gases, we 1o aot wish to limit curaelves ito these

agpeglfic mesns. Any other means affording subsboenblelly

‘pomplate separation of entrained scllis from gases, such

ap high «f0lviancy, aplti-gtoge coubined eloptrical and

sentrifugel gas-gclids separators or tho 2ike, nay ln pany

soees guccopeinlly be paed lu plogs of or 1n cooparatlion

with the separnbing mesno speclficéllg deacribod and
illestrated.

We hove alao shown sniy true snd gumplets counter-
currcnt floy of gos and ﬁutalys% 1n zhe foregosing descripltion,
but 4t will be understood thot we may adjust gas uompoéitluns-
aTal cﬂﬁ&iyst'materlal asroportlons by withdeowel éﬁ sxtroneous
additicn of stresnms betwesn stages, ord thet pgas reeyeles, &s
deglred, around o single siags or bebWean atapos oAy b

rracttaed without depaptine from the spirlt of the laventizn.

KT
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Yhile the forepsing depcorzptlon apd exenplary
nperatisns have served to lllusl@ate specliic applicatizng
Eof rssalbs of the invonblon, other aodlifications chvicas
o fthesge 2itilled in the art are within the scops of the
imvention. Ordy swch zimitatlons skould oo lmposed an the

levention o8 sre indicated 1n the sppeoded olalms.
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THE TUROTTHENTS OF TH: INVENTION IN WIICH A 2TECIAL PROFZRTY OR
PRIVILEGE I2 CLATMED AHE DEFINED L3 FOLLOWS:

1. The meibod of conirolling catalyst astivity im
the cakalytie syntnesls of nydrocarbons from 44 and Hz,
smploylng the £luld gatalyst technlgue, which compirless passing
a synthesis gae comprising 00 and My in aynthesis proportlons
through at least two separabe coweorslon Zores in gerles
decrsasing lu volume In the directlon ol fiow of sald synbhesis
pas, maintaining indlvldual dense fluldized beds of finely
dlvided eynthesis eatalyst In sach of sald zones at gynthealis
condltlons, sonversing a porsion of said synthesls gas to
hydreosarvons in cooh of sald gonversion =zoneze, Feading
relaclvely fresh flnely-divided synﬁhesia catalysit Lo thgﬁ;ast
of @=ld convarsion zomas passed throuzh by salld aynthesls
gad, osireulating flnely-dlvided aynbhesis catalyat of a
relatlvely nlgh average activity frdﬁ gald leat conversion sone
to the preceding gonvorslon zones in a dlrscilon oppaalbe to
the flow of synthesils gas so a2 Lo establish 1n gald converslon
mones Fluidized catalyst beds of deevesslng average activity 1n
zald direction, wilthdrawlng flnely-sivide? synthesls catalyst
uf relatively low average astivity from the conversion zone
firgt passsd-through by sald synthesis gss and preventlmy
catalyet of any indlvidual zZcone ffom building up 1n any zonea

subszguently passsd-throvgh by saiﬁ regotanta.

2. The metinod a3 elsimed in slatm I wherela flnely-
diviged easalyst entrainsd ln said reactanis 1s completely
vamoved From said resctants peiween 2ald soparabe sones.

“i]'
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2. Pne method as clalmed 4n elaim L wherein the
rake ot whilsh ceatelyst 1z pagsed through said zones ia inarsased

as the rote of eatplyst deactlivation in sald converslon lnevemses

4. Tre method 2z claimesd in olalm 1 whereln zald

catalyst elrenlatlon is so pontrolled 28 te maintaln the catalyat!

yolumes 1t 2214 acnverslon zobes subatantlally conswant.

B, The method oz claimed in elalm 1 1n which She
syrthesls gas passed through sald eonveralon zones contalns
antrained aynthesis satalyst, causing a cutalyst carry-over [rom
ponverglon zone B9 converzion zZone in the directlon ¢i the
syntleaia gas fiow and wheraln the rate of sald catalyst

slponlation 13 subnstantlally higher than the rate of sald

pabalyat carry-over, . ]

£, The method of conttoliing eetalyst activity in
the eatalytic gynthesls of nydroearbons From 00 snd Ha,
employing the Fluld satalyst tecknigue, whileh comprlses passlng
a synbhesis gas sontaining sbous 0,2-C.8 mol of CO psr mol of
Ho through at leas$ two separats sonversisn zones in ssrles,
maintaining fndividual dense fluldized beds of finely-dlvided
aobalt catalyst naving o particle size of apout 15-00%F throuzkb
B0 mesh in each sone, malnbadnlang in esch zone s temeerature of
about 38T-430°F%,, a pressure of about 5-10 atm, abs,., 2 svace )
valocity of about 200-500, and a suparfielial éas veloelty of not
greater thap about 1.5 £t. per scccond, converting = portlon of
sald syathesls gas in each =zone, pernitting flnely-divlded
catalyat entralned in =ald aymthesls gas to paas from one Lo

protney of sald zones, fesdling ecbalt cataiyss of 2ald nartlele

L4
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gize and of relatively high activity Lo the last Zone pazapt-
tarourh by aald synthesis gas, circulatlang finely-divided
gobals cabtalyst from said iaaﬁ gone through the precedlng zanes
i serdies 1ln & direetlon opposits to the flow ol the synthasis
cas end Bt a rate subatantially higher shan that of entrainsd
finely divided catzlyst passing in the oppoelta dlirectlon o

25 o eatabllsn in 2eld zones fluldlsed zatalyat beds of i
aupsiantially constant velume but dscreasing average astlvity in
sald dipsctlon, witshSrawing fdinely-divrlded cobalt catalyst of
relabively Low average astlvity from the zZone Plrat passed-through
by sald synthesis gas, and sontrolling sa'd catalyot fesd and
wlthdrawal ¢ as to replace copplately the eatalyet in all zonss

within o $lme of ahout 10-50 dags.

T, The method of controlling catzlyet astlvity do
Grne scatalyitic synthesis of hydrosarbons from 00 and Bp, employilng
the {f1uld catalyet technlque, which comprises passing a
synthesls gas contalning adbout 0.5-1.3 mols of GO per mol of
He through at least two geparabe converalon zonse in =erles,
mzlntainlng indlvidual dsnss [luldlsed bede of finely—dividad
ircn catelyst heving & particle size of about 15-60% througn 400

mesh ln sach Zone, maintaining in sach zone a tempsrature of

rbowtk 550-8R0%F., a pressure of avout 5-25 atm. abs., =2 space ;
veloolty of about 300-1500, and a superfleial pas veloclty of i
about 1.0-3.0 ft. per second, couverting a portlon of aadd
syninests gas in sach zone, completely remeving finely-dlvided
catelyas entrained in the aynthesla gas in one gone, prlor o

lts passages Lo ancther zone, Tseding iroa eatalyst of sald
partlels size ardd of relatlvely high ecblvity to the last =cne

passed-through by sald ayntheals gés, cdroulatling Finely-divided
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diron cakalyst from gsaild laet zone through the preceding #oae3

in zerles in a direckion spposite bo the flow of the gynthenia
gas aﬁ ae Lo esbavlisn 1n sald zones Tiuldlzsd catalyst beds of |
spbatanbially constant voluwme but derreasing averase acltlvicy
1n zaid glreciion, wilthdrawlng finsly-dlvlded lren scabalyst of !

relatlvely Iow average ackivity from $he Zone first passed- i

shrough wy sald synthesls gaa, and goantrelling satd catalyat
feed and wlibdrawal sc as o replace completely the catalyst in

all zones within & time of avbout 100-100 days.

8. The method as elaimed 1n elaim O wherein the volumed
of sald zZones decrsase ln the direetlon of the tlow of aynthesis
gas so aa Lo mainbain the reactlion conditlons substanvially

gonabant throughout 2ald zones.

9. The method ag elalmed in clalm ¥ wherein the volumeg
af sald zonas dearesse in the direction of the flow of aynthesis
gas §0 88 to maintein the reacilon conditions substantially

eonatant throughaut srid zenes.

10, The method of clalm 7. whersin sald ¢omplate
remaval of flinely divided catalyst betwesn Zones ie accomplished

oy liguid scrubbing of sald synthesla gas hatweern ZoMes.




498315

Ed
i

11. The methed of sonsrolling agtolyat apkivity 1o i

tne catalybic synthesiz of wyarocarbons from OO and 2. employing|

she Fluld catalyes cmghniique , which nomprises passlng 2 |

syntherlis gas pomoriaing G0 and He in zynthesls proporticns i

through at lesst two apparate coOhversion Zones in seyies,

waintalnlny individual dense fluldized beds of finely-divided |
gyntheals gatalyst in eapsh of seld zones at synghesls eonditiong,
econvarsing a poptlon of aaid syntheslz gas Lo Iydrosarbons in ‘
ezeh of satid eoaversion Zomes, fesding relatively frash flnely- i
dlvided avntheals catalyat to the last of sa=ld converaion zcres
pasaad-through by gaid aymihesis EAS, eireulating finely-
Aividod synthesls catalyat of B pelatirely hlgh average activity
From 3ald lazt converslon zons o ke preceding sonverslon

E zones in & directlon oppogite T the f1aw of é;nthesia @as 80

as to sstabllish in said uanversion zones fluidlzed Gau&lFSt bed§
of deercaslng average Activilby in said directiun, withdrawlng *. .
: finely-divided synthesls cakalyst af relatively low avaraga ;:

activity from the convarslon Zone flrst passsd- ~thtough °F zaid™"

synthedis gas and oraventing gatalyet of &ny individual sone l

Pror puildipg up in any Zons subzequently passed-through oy

a=1d resctants by 1lquld scrubblng of produst gazes and

vapors heiween inaivldual zZoned.
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