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BACKGROUND OF THE DI SCLOSURE Field of the Invention The
invention relates to a process for rejuvenating solid catalyst particles in
a slurry with reduced slurry contam nation. Mdire particularly, the
invention relates to a process and neans for rejuvenating solid catalyst
particles di sper GATADLYST REFEVENATION INHYDROCARBOMSYNFHESISr ocar bon
slurry conmprising said particles, a hydrocarbon |iquid and gas bubbl es,
in-situin the sl uSEYRRY (WIFHRERY §#§M¥&E@8WAWA@Q ry body by

catal yst deactivating species. Background of the Invention

Sl urry hydrocarbon synthesis (HCS) processes are known. In a slurry HCS
process a synthesis gas (syngas) conprising a mxture of H2 and COis
bubbl ed up as a third phase through a slurry in a reactor in which the
slurry |i gBACKGROUNPSOF THiy DISCROSUREr oducts of the synthesis reaction
and the dispersed, suspended solids conprise a suitable Fischer-Tropsch
type hydrocarbon synthesis catal yst. Reactors whi ch contain such a three
phase sl ur tines referred to as "bubbl e col ums”, as is

di scl osed ?%igéggégc'g%¥£5,348,982. I rrespective of whether the slurry
reactor is operated as a dispersed or slunped bed, the m xing conditions
in the slurry will typically be somewhere between the two theoretica
condi tions of plThginvestionsefatesdn apracess for repyenating salid catalyst particletivaon

feedst ocks si{YQJnyDitﬁ Pe%'&‘é&‘ slm'rSr roggfeapxﬁlgtltio%: ‘MOFe bﬁrﬂhﬂ%ﬁ)th«? invention relates to a

process and means for rejuvenating solid catalyst particles dispersed in a three phase,

Fischer-Tropsch type hydrocarbon slurry comprising said particles, a hydrocarbon liquid
and gas bubbles, in-situ in the slurry, with reduced recontamination of the slurry body by

catalyst deactivating species.

Background of the Invention

Slurry hydrocarbon synthesis (HCS) processes are known. In a slurry HCS
process a synthesis gas (syngas) comprising a mixture of Hy and CO is bubbled up as a
third phase through a slurry in a reactor in which the slurry liquid comprises
hydrocarbon products of the synthesis reaction and the dispersed, suspended solids
comprise a suitable Fischer-Tropsch type hydrocarbon synthesis catalyst. Reactors
which contain such a three phase slurry are sometimes referred to as “bubble columns”,
as is disclosed in U.S. Patent 5,348,982. Irrespective of whether the slurry reactor is
operated as a dispersed or slumped bed, the mixing conditions in the slurry will typically
be somewhere between the two theoretical conditions of plug flow and back mixed.
Syngas made from hydrocarbon feedstocks which contain nitrogen (i.e., natural gas) or
nitrogen containing compounds (i.e., resids, coal, shale, coke, tar sands, etc.) invariably

contains HCN, NH; which contaminate the reactive slurry and rapidly, but reversibly,



ni trogen containing conpounds (i.e., resids, coal, shale, coke, tar sands,

etc.) invariably contains HCN, NH3 which contam nate the reactive slurry
and rapi dl wo bsrsossgver si bly, PCT/US98/08689
-2 - deactivate the catalyst. Certain oxygenates and carbonaceous

conpounds which are forned in the slurry as by-products of the HCS reaction
are al so believed to cause rapid deactivatd2on. Deactivation of such

catal ysts by these species is reversible and catalytic activity is restored
(the catal ystydagfipnte il Gafhlysty CeRBinRY p&tatdsid a8 CompbahdsSihich afe
hydr ogen. The act‘%?ty o?a¥he HCS ?g(?gl yst h@n t he reactivg@sl urry may be

i nt erm ttentlfprmed imothe islunxy as|by-predunte of thelHOS reactioncire alyo thebevedto cguse rapid
hydrogen or a, hydrogen _contai hing gas tqQ forma rejuyenated tal yst slurry
as is discl os@@,ctlmwneml%a,nopm%@@ catalysts by thes speciesds revarsibloand etalytic

It has now be : hlvenad, i

rejuvenation %ﬁ%gt%ﬁ@%&é@%%ﬁ%@ﬁd)?&n Cal nsﬁ‘%g%%ggﬁ‘fﬁ%f%gg& with
cat al yst deachydrégen IThel detitvity oPthe HICS titalysioinehe feactive durre maydedhtetmittently v
containing the offgas is returned to the reactive slurry. Permtting the

of fgas to con@reantiguensiy sejuvenated by contaeting the slurryavith hydrogen esa bydragem
cat al yst deactivat.i ng spegies, thereby Limting the overall.effici,enc f
Che-catal var FVOER #of B s har patfindity ae'f REfsBe fof e aRdr .
the art if thpaemt3l260i2300M0S 68 349 uvenated in the slurry wthout

recontanminating it Wth catal yst deactivating species present in the
rej uvenati on offgas. SUMWWARY OF THE | NVENTI ON The i nvention

| at t d f ' t] l'id t al yst ticl
n-situ in a threoliiaBewiheen GundisBs th hetals reiyBrationgaresy PROdHeSt Bduced
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of f gas produced by t J uvenat’'lt on process. e process of the
i nventi on congeactivatingads ithegpridreart prioussses; tikdrejisvendtyd slusrywontaiting thel dffgas is
rejuvenating zone intg a gas separati n%; zone in which the qoffgas .is

separ at ed f r of¢turRed fatheeactive slugny, Pepmitting therofkgas toscontat aad maik yrith the sy

returned to Uiy YekddtimiAbY it wiek cathlybt deabMing ik thebitiyirfiiting Wk Sl YS!

particles

efficiency of the catalyst rejuvenation process. Therefore, it would be an improvement
in the art if the catalyst could be rejuvenated in the slurry without recontaminating it

with catalyst deactivating species present in the rejuvenation offgas.

SUMMARY OF THE INVENTION

The invention relates to a process and a means for rejuvenating solid catalyst
particles in-situ in a three phase hydrocarbon synthesis (HCS) slurry with reduced
recontamination of the slurry with catalyst deactivating species in the offgas produced
by the rejuvenation process. Briefly, the process of the invention comprises passing the
rejuvenated catalyst slurry from the rejuvenating zone into a gas separating zone in
which the offigas is separated from the rejuvenated slurry, with the gas reduced slurry
then returned to the slurry body. The slurry comprises gas bubbles and catalyst particles
dispersed in a sturry liquid. The gas bubbles comprise unreacted synthesis gas (syngas)
and gas products of the HCS reaction. The slurry liquid comprises hydrocarbon



di spersed in a slurry liquid. The gas bubbl es conprise unreacted synthesis
gas (syngas) and gas products of the HCS reaction. The slurry liquid
conpri ses WOIBBE488bon PCT/US98/08689

-3- products of the HCS reaction which are liquid at the reaction
conditions. Contacting the slurry body in-§Q HCS reactor or in a separate
HCS slurry catal yst rejuvenation vessel, with a rejuvenati on offgas which
contai ns catal yst deactivating species, limts the overall efficiency of

t he cat al yst prasjustseafabe BiC Soreactiarswhigh regiliquid atithetreadtion cohditions Goutactipgitheor
rejuvenation or the reactor, has to be run ho to offsef the reduced
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i nvent i on cosfficieney ofitlei oardlyst rejavénatioh progess/ipnrequivingtithbaseoof monehydrogérefor
type disclosed in the prior art, but wherein the_slurry exit is in fluid

comuni cat | ofelvyenatian getheseamprhastg beaun botter toroffset thegwdused astivibbandii ng t he
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process for rejuvenating a particulate HCS catal yst suspended in an HCS
hydr ocar bon Ybefukin the preicessi of theinyantion ¢araprises a stmple,overtigal r¢jevenation tube ars

i bly deactivated, th I, Si L.rcul at | a. i f th
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at least a portion of the caltalyst and forma rejuvenated catalyst slurry,
and a r ej uvenseparatipgzthé gffgas\fromithe catalysthrejuvehatey shurnyexitingthe rejgvenption eene and

separating the,offgas, fr the rejyvenated slyrry to form.,an offgas | ean
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returned to titalyst suspsndeddy an HGS hydroesibowtluirpdiquitManitictnatriessuh ipdrtich of the
i ncreased production and greater selectivity to |jquid products, with |ess
cat al yst i nvenalystis sexersibly deactivatesh theproress gomprising cirmelating 2 pesioniefithe er |

whil e the pr ' f ' | on finds rilcular |.th_rejyvenating
an HCS cat al ;g@ ?\fﬁq'{s? Iatsy)ﬁnﬁé;a/yﬁ@%éug@aar%fl&ﬂysgl?%}l%paﬁpg &P'gg,l |%1|E€aﬁ§{aﬁ'isﬁt ended
to be |imtegejivenatinggRoddnitscid thie cardd inmeliquid to rejuvenal® 8t IBhsi arportieIvf fHY
be a reactive slurry In a slurry reaction zone, such as a three phase

sl urry conpr Fatalyst andfpemaogiuverated eatalyst suriniaod aj rejuengsingnétgas ahidhycontains
particles ang

atalyst deactivating species, and separating the offgas from the rejuvenated sturry to
form an offgas lean rejuvenated slurry. The offgas is separated from the slurry in a gas
separating zone, which may also be referred to as a gas disengaging zone. In a further
embodiment, the offgas lean rejuvenated slurry is then returned to the slurry body. The
process of the invention results in increased production and greater selectivity to liquid
products, with less catalyst inventory and rejuvenation required during the process.
However, while the practice of the invention finds particular use with rejuvenating an
HCS catalyst in-situ in a hydrocarbon slurry liquid, it is not intended to be limited to

this particular embodiment.

The slurry body may be a reactive slurry in a slurry reaction zone, such as a three

phase slurry comprising a hydrocarbon liquid in which is dispersed catalyst particles and



-4 - reactive gas bubbles, as in a slurry type HCS reacti on zone di scl osed
in the prior art, or it nay be separate froma reaction zone as discl osed
in the ' 23%ped/svass referred to above. The term "slurry body" pcsnsssiobsher ei n
to refer to the slurry body fromwhich a portion is wthdrawn and passed
into the rejuvenation zone or the slurry body into which the rejuvenated
slurry is passed into (they may both be thé-sane body), to distinguish it
fromthe slurry in the rejuvenation zone and the rejuvenated slurry exiting

the rej Uve”at&%gg%?bum&, 8s H‘@slgﬁ? WCsﬁaeﬁ%ﬂ%hf Bisd08& inthé PREY @, or

fromthe slurry In sone enb nts all or at |least a portion of it
may be | ocat dtimay bhiseparite fisimia rgactionlgond a5 dibalosedrin ¢het ‘239 patent referzed fombove.he

t "catalyst, d i vat i i es" ] t to | | ud ' which
f‘g ?t é@a@%ﬁ%‘é@méﬁgﬁ 15 b toiTeles o therslarpeRad Gom wehich pbﬁ»soe s
in-situin tﬁg@%?(?h? ?g‘ts%m%%b@%"%ﬁaﬁ%&%%%ﬂ%%yﬁ?ﬁy}%kglstﬂ?s

useful for suejuvesited sloayiivpassabint@hdemny etiiesthe simelbody); feedistingnishdt from
Finally, while HCN, NH3 and certain types of oxygenates and carbhonaceous

materi al s wi |the glusrytin the tsjuveeationizene end thewgjuvenased slyrryiexitingithe rejevedalion o be
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rej uvenat ed Sdnddimédtoall bP 8t lefit d\poraénd Ofit Riay®bedbcdtéd Githin the sirfy bdd¢. In the

communi cation with the rejuvenating zone, bit not necessarily with the
slurry body, contextrafthednvsntiphytheteroxfaatalyst deasttivating species’dis meant teingludaat i on
zone out of the slurry body,, In another enbodi npnt it y C rise sinple
condui t moan<SPedRt gk rEvestbly Baliaia (e sERDBRH whRETE ARG AR | o

i mrersed int & t ‘?%g, SRsinPmithebt
proxi mate to lltgﬁg tdé% %?@gﬁyggéiﬁd)%?’s%f (‘gﬁgtahrgj?uvé og%?ént §%dr)1e tof ?3%
may be passediguidnHydreger pra dpdrogeycamaiaingi gas és wsefid fibr suichtréjevemmtion,cas has an
offgas conduit, as is explained in detail below._In another epbodinent the
of f gas from dwendemansteatecbinthe peior am. Finally, whileddEh NHx and eantain ypesefhat i on

zones directl into a ni.fold and out ,of @he reactor. I.n an epbod] ment

wi th specifi OX8ERAES and carbqnacqaps matenalywilk deactivate the,catalisty the iyentiaRds peton
conpri ses t hgah8RPtdWe limited to use only with these species, but is useful with any deactivating

species.

The gas separating zone for separating the catalyst rejuvenated slurry from the
rejuvenation product offgas is in fluid communication with the rejuvenating zone, but
not necessarily with the slurry body, and may be simply an extension of the exit of the
rejuvenation zone out of the slurry body. In another embodiment it may comprise
simple conduit means, such as a pipe open at both ends, the bottom of which is
immersed in the slurry and the top located near the reactor gas outlet proximate to the
top of the reactor. In yet another embodiment the offgas may be passed from the
rejuvenating zone directly out of the reactor in an offgas conduit, as is explained in detail
below. In another embodiment the offgas from one or more rejuvenation zones is
passed from the rejuvenation zones directly into a manifold and out of the reactor. Inan
embodiment with specific regard to a slurry HCS process, the process of the invention

comprises the steps of:



-5 - (a) contacting a syngas conprising a mxture of H2 and COin
the presence of catalyst deactivating species, with a solid particul ate
hydr ocar b¥¥P 28/448%si s catal yst dispersed in a slurry body cé’ﬁ%ﬂi’%’?’ﬂ@“gai d
catal yst, hydrocarbon slurry liquid and gas bubbl es, under reaction
conditions effective to form hydrocar bons_{_‘rom sai d syngas, wherein said
species at l|least partially reversibly deactivate said catalyst in said
slurry and wherein said hydrocarbon |iquid conprises HCS reaction products
which are liquid ¢4) sentdctingessyngas comprisinga siixture of Hz and C6) inghe presence of
portion of said slurry fromsaid sl urrgdbody into a catal yst rejuvenation
zone; catalyst dpactivating specigsswith asplid pyrticulatebydrocarbemsimthesis catalyst wi t h a
gas which at | east, partial rej uvenat es, sai,d catal yst therei.n t.0 {0 (1)
a rej uvenat cHiSRessed; ‘5&55%4’4/‘9' rsing said ¢ WEMP%E%Q QB’&X I@H\dcaﬁ‘dc%'g]t ai ns
speci es whi Ct;hbm%slyu@??édcﬁaﬁ @oxz;ﬂ{iﬁscﬁ'e@{hyéfo fo‘i‘x‘ﬂqlg'drocarbons fronfl3aid Sigallg Sai d
rejuvenated catalyst slUrry and offgas Into a gas separati ng zone and
separat i ng swhereinf saithspeties at leait partinlly vevensibly deactiviaessaids tatalyst in saifl shurryeand

of fgas | ean rejuvenated catal yst slurry. . In fur%ig r e[rbq%ii ment ,
the gas | eanwheseinsaichydgoearber liquid compises HGS geactien 9 W gaffrhq 8t a
body conprising the rejuvenated slurry, at |east a portion of which is
returned to §ahcgre§m?x}§$lbd\é g’ The separated offgas.is sent to further
processing or consuned as fuel. In a still further enbodi ment in which the
slurry body fromwhich the slurry containing the deactivated catal yst is

wi t hdrawn al so coh)apsssingaspastion pEsaidsluoy fim said islwreyrbadydntaya eatalyet cat al yst
rejuvenation, .the gas bubbles are first separated fromthe slurry prior to
passing it iAW venati on zone. This may be acconplished by any

sui tabl e means, including a gas di sengagi ng nmeans or cup inmmersed in the
slurry, as will be described in detail below Still further, the

deacti vat ed cat al et cqntactingtsaidshirneinsdaid rejuvenatidnezonerwitina gas whiichiat {east

S i A e Gl B

a rejuvenating offgas which contains species which will deactivate said catalyst, and

(d) passing said rejuvenated catalyst slurry and offgas into a gas separating zone
and separating said offgas from said rejuvenated catalyst slurry to form an offgas lean

rejuvenated catalyst slurry.

In a further embodiment, the gas lean rejuvenated slurry is passed into the slurry
body or into a body comprising the rejuvenated slurry, at least a portion of which is
returned to the slurry body. The separated offgas is sent to further processing or
consumed as fuel. In a still further embodiment in which the slurry body from which the
slurry containing the deactivated catalyst is withdrawn also contains gas bubbles which
would interfere with the catalyst rejuvenation, the gas bubbles are first separated from
the slurry prior to passing it into the rejuvenation zone. This may be accomplished by
any suitable means, including a gas disengaging means or cup immersed in the slurry, as
will be described in detail below. Still further, the deactivated catalyst present in the
slurry may be concentrated in the slurry liquid before being passed into the rejuvenating

zone, by means which can include gas disengagement and which will be described in



-6 - detail below The slurry reactor may be operating during rejuvenation
or it may be taken off-line and batch rejuvenated. When rejuvenation occurs
whil e the MES98/20488 or i s on-1ine and produci ng hydrocarbon | ipguu$es/ossso
portion of the liquids are continuously withdrawn fromthe reactor. These

| iquids are further processed into useful products. In a still further
enmbodi nent the invention includes generatitfy the syngas by partially
combusting a suitable hydrocarbon which contains nitrogen or nitrogen

cont ai ni ng codeesilbelew! Q"hEQIdﬁyareSMBﬂﬂﬁy*beimétafﬁlh @uﬁngr\-ejuwmnoﬁ ot it ndybeCO and
whi ch al so contains nitrogen species &“ and NH[err%w and/ or ot her
speci es whi cHakeneffdingryd batsh rejueanated. @h@iuvm&mmmyqowh the\HECS ceactam

th t.al bl t
i Schor - Tr opoB RETiGam P RS gy & BortiaR o i afe continuopsly
cat al yst actiithdraih fons i reaktBy ?ﬁ’é&&?ﬁﬁhfd@%é ﬁ‘ﬁth@%ﬁicﬁs&d xdtB u%&ﬁ odiéty.
liquid, wth hydrogen or a hydrogen containing gas. | PTI ON

OF THE DRAW N8 still further enitiogliment the {nwpnticn inbludesigenerating thesgpgas by paryially
schematically illustrate slurry yeactor cqntaini means fqr,
ighle, fihich s

separating of $Qjahustng,a-sui peagban CQBE?H}Sd}‘?iﬁgQ“@ft OZENRAMABAE and a

detail of h 2 i Bl

HCS 1t eact or | CSTRRURAR P oA SOBREIRTAAECR AT F‘é ok g &R,y "
di th Ll tl ,

 part 1l T oreeiby hiosH drecies (o8, EICN st NERw bR oBfer SRR SR etk ane

according to SRELNRL 2 BRAGL TRPScHYypL BEh)dPSERDOA Synthesis catalyst. By reversibly

deactivate in the sense of a Fischer-Tropsch type of hydrocarbon synthesis catalyst is

meant that the catalyst activity is restored by contacting the catalyst, in the slurry liquid,

with hydrogen or a hydrogen containing gas.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 (a), 1 (b) and 1 (c) respectively schematically illustrate an HCS slurry
reactor containing means for separating offgas from rejuvenated slurry according to the

invention, and a detail of two such means.

Figure 2 is a schematic illustrating an HCS reactor containing a rejuvenation tube

fully immersed in the slurry according to the prior art.

Figure 3 is a schematic cross section, in partial form, of a slurry reactor
containing an offgas separating means according to another embodiment of the

invention.

Figure 4 illustrates a partial cross-sectional schematic of an embodiment of the

invention wherein the offgas is passed from the rejuvenation zone directly outside the

reactor.



Figure 4 illustrates a partial cross-sectional schematic of an enbodi nment
of the invention wherein the offgas is passed fromthe rejuvenati on zone

di rect| y WoP%5488 t he reactor. PCT/US98/08689

-7- Figure 5 schematically illustrates an offgas separating neans
of the invention in conbination with a rejuvenation tube having gas

di sengagi ng neans. DETAI LED DESCRI PTI'JEJ\I In a Fischer-Tropsch

slurry HCS process, a syngas conprising a nmixture of H2 and CO is bubbled
up into a reacti Fxgusé ﬁlscl;emamcully illnstrates an ofigasl sppanating mesnmofithe inventiowin
hydr ocar bons re bl ui d hydrocarbops. The nole ratio of the
hgdrogen toc‘?'a&"@g‘?‘bm ﬁ%‘)(?'&?g‘ Rdyb m?sr‘ﬁ?@gwlp%m%%ut 0.5 to 4, but
which is nore typically within the range of fromabout 0.7 to 2.75 and
preferably fromabout 0.7 to 2.5. The stoichiometric nole ratio for a

Fi scher-Tropsch HCS reaction is 2.0, but there are many reasons for using
other than a st0|ch| orretrlc ratio as those skilled in the art know and a
di scussi on MLk ¥ d™Mhe scope of the present invention. In a

slurry HCS process them)leratlo of the H2 to COis typically about
2.1/1. The syngas may be fornmed by various neans, including contacting a

hot car bonaceous |. 2 f eed
conpri sing met harll'gm:gcpgjeg gﬁhprgﬁg? ng{qnané |S¥¥% rbf)ﬁ‘{p Orx@fgﬁ\%gll ence,
cl eanl i nessagAOMS babkied upr us{easea&nvle%ﬁu@ inayldeh ftti@eétalsrhemy%naér&dtnatdoe

handl ed and di sposed of. The nethane containin feed s obtained from

nat ural gashydrotarbbay mdngefeahly liquid hydnoqmbonymy%h@ owloratio ofnthe hydrogen to and
fed t t t th

i ther par ¢ HECHBERROHSS %ﬁiérmﬂ& R gt Do 0 hnr ichi ooy Bpall |

known as i s yfhiitth ?ﬁ%e Jf?fon? 07 td Q7F’a§dgﬁ’l 5 Z ﬂoxﬁ%o&@é? t6 B. 910 Ye Cases

it is preferred to c alytlcaly partiall and steamreformt?‘ue
met hane in stoidhmmbthedx(ﬂqruymsfogeﬁmhen-'ﬂg)psch HQOSA8acEorais 2105 bdt theteoarednanfyor

exanple, in U S Patents 888, 13 160, 456, Irr ctive of the
sou?ge of tﬁ.*ésons rugng other than'a stcjﬁc 1ometnc ratio as those skﬁlseﬁ?n the art know and a

__A‘

discussion of which is beyond the scope of the present invention. In a slurry HCS
process the mole ratio of the H, to CO is typically about 2.1/1. The syngas may be
formed by various means, including contacting a hot carbonaceous material such as coke
or coal, with steam, or from a feed comprising methane. A feed comprising methane is
preferred for convenience, cleanliness and because it doesn’t leave large quantities of ash
to be handled and disposed of. The methane containing gas feed is obtained from
natural gas or by burning coal, tar, liquid hydrocarbons and the like and is fed into a
syngas generator. The production of syngas from methane by either partial oxidation,
steam reforming or a combination thereof is well known as is disclosed, for example, in
U.S. Patent 4,888,131. In many cases it is preferred to catalytically partially oxidize and
steam reform the methane in a fluid bed syngas generating unit (FBSG) as is disclosed,
for example, in U.S. Patents 4,888,131 and 5,160,456. Irrespective of the source of the

methane, nitrogen or nitrogen containing compounds are present in the methane
containing gas fed into the syngas generator, some of which are converted into NH3
and HCN during the syngas formation. These will deactivate a Fischer-Tropsch HCS
catalyst, particularly those comprising Co as the catalytic metal. As the prior art

teaches, deactivation by these species is reversible and the catalyst can be rejuvenated by



met hane, nitrogen or nitrogen containing conpounds are present in the

nmet hane containing gas fed into the syngas generator, sone of which are
converted wuoss/ddserr] and HCN during the syngas fornation. pEirasesnsssd
deactivate a Fischer-Tropsch HCS catal yst, particularly those conprising Co
as the catalytic netal. As the prior art teaches, deactivation by these
species is reversible and the catal yst can8be rejuvenated by

-8 - contacting it with hydrogen. This restoration of the catalytic
activity of Lohtavingsit Wiith lfi‘ﬂ?&édnya{tlﬂi'e%h%iohsdf thé cdtalytit abivityoPerevaisibly st
rejuvenation. The prior art rejuvenation processes disclosed, for exanple,
in the 5, 260 d2agivated catahB8iséferreditoas satalybtanejuygnationa bEhvespriefrast egjuvenstion when
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and car bonaceous ' conpou wever, as no n found when t he
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vppb) of a conbined total of eacti?/ati%gI2 speci es s\t?gh as HCN and NH3, the

rej uvenat i on prbdegsisndreiivenstiorsduetoafeattivation prmasitysby sxygeaates andicirhgnaceeus es
present in the syngas which resulted in {he catalyst deactivation in tglég
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di m nution i ' ' by | '

consequent |y PeIG e HOP AT Rty thel B ERLOK HiEak SOp @G S5TE oM same

rej uvenat ed Satalysy dédetivatiipypREicy\PieStht t theighgdsORhibh résilted i Mgicaalyspn or
recontam nation of the slurry body with thé catal yst deactivating speci es.
The present idexétiviationin thedirstqladei(e)g.,INH4 badsHON)Hndrthe prior art rejuiRafationi ng now
to Figures 1 (a) and 1 (b), there is schematically shown a slurry type HCS
reactor 10 cqmpesssasig whichythe offigasialpassed back/intathe reactive shury aremot adequate

the top for FURBEN IRRREnBRRIRERAT celeEnaRit; The Bplliel i tiiaicadnthe
unreact ed syngasst eH'Tﬁ‘ytﬁé‘Fe}H&%ﬁtiérﬁtﬂ&é‘d&%B,”&br@éci&ﬁﬂy, Ay Wl €be Rindites 2
t hree phase slurry 14 within’ The slurry conpriseS hydrocarbon liquid in

whi ch is di spemeeeltheraffgas fpemthedejavemtad stuirpinea manner which did not result in

contamination or recontamination of the slurry body with the catalyst deactivating

species. The present invention is a solution to this problem.

Referring now to Figures 1 (a) and 1 (b), there is schematically shown a slurry
type HCS reactor 10 comprising a cylindrical steel vessel 12, a gas line 16 for feeding
the syngas into the bottom of the reactor, a gas product line 18 at the top for removing
gas products of the Fischer-Tropsch type HCS reaction, unreacted syngas and the
catalyst rejuvenating offgas, and which contains a three phase slurry 14 within. The
slurry comprises hydrocarbon liquid in which is dispersed and suspended a particulate
HCS catalyst and gas bubbles. The slurry liquid comprises HCS reaction hydrocarbon
products which are liquid at the slurry reaction conditions and the gas bubbles comprise
the uprising syngas, along with gas products of the HCS reaction, a significant amount
of which comprises steam or water vapor. The syngas is bubbled up into the bottom of
slurry 14 through suitable gas distribution means located across the surface of an

otherwise gas and liquid impermeable tray 20, located near the bottom of the reactor.



HCS cat al yst and gas bubbles. The slurry liquid conprises HCS reaction

hydr ocar bon products which are liquid at the slurry reaction conditions and
t he gas bwDI9®S0488npri se t he uprising syngas, along w th gasPEFE8BA868%f
the HCS reaction, a significant anmpbunt of which conprises steam or water
vapor. The syngas is bubbled up into the bgttom of slurry 14 through
suitabl e gas distribution neans |ocated across the surface of an otherw se
gas and liquid inpernmeable tray 20, |ocated near the bottom of the reactor.
-9-  Not showWet slfovin istil@atiammess) suchsaisaineas nuore liquidHiters in theireactive slurry lidn
the reactive slurry 14 or_in_one or nore LI@} ration \éﬁf?i?s external of the
react or. Suchr inonerqrimess filsatinn esprls externa \i‘ﬁd?%%"r JEEAtQR MEANSi 4 fr om

the catal yst _partiglas [ 1t . [ t r

pr ocees ny. aRpoAsh PledbeBS-apiort 4FirE igBE oA e pylepaiidishe dhoath ilFpass the
catal yst par gitfdt@o further proResitiy friaipgeading. AMagnetiosidars miy ilbebe ase tpst
particles are magnetic or paramagnetic, as is disclosed in the prior art.

Filtration meepasate thencatalyst@articles from the hydrecasber liquid preduct ifshe eHalystake of
i d sinplicity. The interj.or 22.0f tal i ]
means whi oh SBisies SEmABTRe oS RaraEASIste, a5t FiRcloRd iR In AL R ks
zone. Tube 24 ﬁ%‘g@@?ﬁﬁ'@'tﬁ@ ofRFT R ESToR tREESakk idf@orfentened bed siiphitity. "Ehe

bottom of the cting hy gen or a hydrogen contai ni ng catal yst
rej uvenat i ngimgeriori 22 of 4 ¢atalpstirejuyenatingjmeans sthichyconprise® 2 hollow tulees2d, alefines a

Shown for ¢ hemBlRare oG REAARen Jube 24t kans e Sombidtss f &28 e 26 fosated, ' °
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entering int e catalyst rejuvenatl nt'e rrng w

catal yst rej pyjavdatifg gashibto thetathlysbiejivemating wome22.i The teabmwr Zénmitisemd orup
and out of the top 34 of the reactive slurry 14 and is_ surrounded by_a
hol | ow, cyl i mre catalystuepiygnasingooeans; of whichenjyrene @ANisshownifopthesake,phe.

whi ch id . | | h.32.b ' * h
e and t he SPRCBIPEE. aile SMeF, Ruclpr SR T opRe QUL ARe BUtbiAchale (PP
of* the shrougeigwdnafios nfheWB préVent fifzas frohi entering ined!tHe datalysd wejdvenating bene

proxinmate to the top of the slurry also. The upper interior portion of
conduit or t ahéigerfetizig with thercatdlys aejuvénatingadihagop 38 of the rejuvengtionube24

e sbngniREndsup Eo purek the o S35 6 sER e hirnt |4 b is Mfto BRI, 4 Rotldh.o
removed fromclReidSREIAId ¥ Eoriddit 30 ip%elﬁmfm fife Q%F}Jle)’%ichfﬁrb'ﬁéésadd Sfhular

whi ch may operfate elther continuously or intermttently, catalyst
rej uvenat i ng fipaspath 32 ibetederndhe otsidetsarface of thettubeeindthe antenor e pPthien

which it contacts the catalyst in the slurry, .thereb estorjing.at .l east a
portion of i tsgm_é‘ﬁt an {his Emgﬁ imgnt, the Otﬁ‘P’Bdﬁége %I“'P‘é‘ji E’Gté?éft‘i‘ﬁ‘"bﬁ'ﬁ‘gp?ssllurg’urry
and a rej uver&ﬁh&@‘ i%&ﬂ&%lsomeproximate to the top of the slurry also. The upper interior

portion of conduit or tube 30 defines an offgas disengaging zone 31, in which the offgas

-

is released from the rejuvenated catalyst slurry and passed up into gas disengaging and
collecting zone 42 of the reactor, from where it is removed from the reactor via gas line
18. During catalyst rejuvenation, which may operate either continuously or
intermittently, catalyst rejuvenating gas is injected into the catalyst rejuvenating zone 22
in which it contacts the catalyst in the slurry, thereby restoring at least a portion of its
catalytic activity to produce a rejuvenated catalyst slurry and a rejuvenating offgas. The
rejuvenating gas also acts as a lift gas and imparts a net upward velocity to the catalyst
containing slurry in the tube, so that, as long as the rejuvenating gas is being injected

into the rejuvenation zone, there is a continuous circulation of slurry from the slurry



rejuvenating gas also acts as a lift gas and inparts a net upward velocity

to the catalyst containing slurry in the tube, so that, as long as the _

rej uvenat i wip 99#80488s bei ng i njected into the rejuvenati on zon®CT{HEH/B868Y 7 -

continuous circulation of slurry fromthe slurry

- 10- body 14 into the bottomof the tube, as indicated by arrows 15. The

slurry body 14, in which at |east a portio?lo‘of the catal yst present therein
has been at |east partially reversibly deactivated, surrounds the

rej uvenat i on godpd 4an the Bettorlufihe fube 43 indieadsd by rerotws t5heTheslunrybady d4, inone
is located in, but separate from the slurry body 14 b‘i/ the outer, wall of
the rej uvenatwhich atlsast aportiprof the atalyst preseriitherpinchas been gt ISAS AN n zone

22 passes up through,the tupe and re it and

foams as it r@?’ﬂé@ sdeﬁﬁgv%?‘gélé’go‘fmﬁ#h? %ﬁ%ﬁe%?ﬁ%ggxgg%lﬁggﬁgagpﬁghé gﬁsé 31, to
forman of f gatfrnﬁcﬁﬂtﬂent,r fHlel¥averatidn @Bhéls)6dated i) bivt sephratefrbprshd stary bodypllyst
rejuvenated slurry passes down into the annular flow path 32 as indicated

by arrows 33,byathe outdravallesf thorejuvgastionstube 26| Fhe rejpwenatedicasalyrt slymry pradaced
slurry body 14. Th resence of the s |lea lurryoin the anaul
pat h )altl so }s/er‘?éém%gz gaﬁ&? pp iropgh g\eﬁ@%?ﬂ&é‘fqﬁg E‘H’ %ﬁ’f ?eftrb&%gtéé%%g%”
the slurry bc’i@')‘d@%b@% o?kgs ﬁgklﬁﬂﬁ %ﬁféaggfs,eﬂ zoHe 31Nk6 Fdkh &P Bifgaslicar

y arrow 40, Tand in

conduit 30, as i1 ndicate as coll'ecting zone 42 in

the top of thejuvenmedcatalysyshurry. The offgasvesh éatalpstirhjavemaied slurryipasses downdnto

The uprising gas conti nuousljérel eased fromthe to&f‘g rves to
a

| e, f the slurra/.sg
sweep t he of figanoylanflow path 33 asipdicated by grropesr33s and releasqs Fone 82t 4 HEOWSp of .
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Figure 1 (c), adnafariflofv gath @fso sbives & albgiat iopreveriaelddsed dffynd Srdmicottectingrthand
away fromthe top 34 of the slurry body, so that the offgas,rel eaS%gblaagl t he
H EPnaHE r

slurry as it shrybodybelowe Thegelsasedintfzas passanup thiprgh gera3} y

CSOURLE Ry R e
the slurry bogyeR8{& fom!th€ Adclor VMaAfie 18)eTRORprising $&g§ contiiioushoftieasdd from the

therefore, also prevents, or at |east mnimzes offgas contact with the
slurry body. tprofithe slpayaeivesitcosweepahes bffgasup and-outrof the esastardefore drgannuous
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type reactor @, thendmRs of tie rejaaenation ¢ulen2 4 extsndssfuctheryup epdigway fiomythedop 344,

Reactor 50 angf %hg(aslurry body, so that the offgas released by the slurry as it exits out the top of the
tube and falls back into the sturry body, is released far enough over the top of the slurry
to enable so as to be swept up and out of the reactor by the gas rising up out of the top
of the slurry body before it can contact the top of the slurry body. This, thereforé, also
prevents, or at least minimizes offgas contact with the slurry body. During operation of
the slurry reactor, there is a continuous upflow of gas from the surface of the slurry and
out the reactor, due to the rising gas bubbles therein. This flow is sufficient to sweep

the offgas up and out of the reactor before it is able to contact the slurry below.

Figure 2 schematically illustrates the prior art in which an HCS shurry type
reactor 50 contains at least one catalyst slurry rejuvenating tube 24. Reactor 50 and the

slurry 14 are the same as reactor 10 and slurry 14 described above and need not be



slurry 14 are the same as reactor 10 and slurry 14 descri bed above and need
not be descri bed further. Reactor 50 contains the sane catal yst
slurry reR28EM4g tube, rejuvenating gas injecting means FRFVIROB68aff| e
27 as i s described above. However, the top 28 of the rejuvenating tube 24
is wholly imrersed within the slurry body.,As a consequence, both the

of fgas and the catal yst rejuvenated slurry are passed directly into the
slurry body 14, whereby the catal yst deactivating species present in the

of f gas deact desaribedfupther. i Reactar 3heongainsithesame rcata?ne,st slugnyrrgjuiyergtingitils, eby

duci the effecti f th | yst ' tion. Fi 3
g e B 53R e 3P Bl L 2150 B A8ahed ahoye: FOHE e
practice of ihB‘i%ﬂX %Pmé}‘%jruvzﬁﬁtﬁxg thbé Dit POwhEly indHérSeBwithidethe B H&ZP | Of
an HCS slurry type reactor 60 conprises a cylindrical outer shéll 62

cont ai ni ng acdnsequenpéd) doth theaxtfgas andHelfs caltalyst yejGvtenatedslurry iare passedhdivgutlydntog
bubbl es of syngas cont act partjcul ate catal yst suspended in the_slurry to
f orm hydr oca éﬁmﬂ’rmc]t‘% ,"V%&fe%D'éh%ﬁat y FEYALDE SpeciesPresent in the QifEas ( he

slurry react} . it y r i

Sane b w ¢ rOASEREY PpASiEof (e Ralslsr Sne Hiny bid ufer i A RaRE e tebydrdfy
whi | e bei ng &f ik katalystireplvenstidier respects to that of tube 24 descri bed
above, is different in the upper portion 69 of the tube, in that it extends

up and out of the slurry, bends and extends laterally over to forma
transverse portiog. 70, ,wWhi ch ens. into a vertically.oriented, hol,low
condui t 72, vi a oFigrek ik Sirefih Faftel o3 Sl sEfemiti QoGNS embarioly of
di sengagi ng ﬁx@?r&fu’%@ af teinvRritidn. L3 trding B FIERRAS Qfle Bppér portibh Bf IaRERCS OF

76 of which defines both an upward rising offgas di sengaging zone in fluid

comruni cat i oslusy typetrhactonf@ comprises aaiylindricah guteo skell782 cortaidingt dthreecphaser and
nons i Somsh SR BE R e SR A Bt it
Catal yat ro) CBUR sGibeRiitd IMthg SR G Brh RO K pROdlke, BP MRt BN Roh B

rej uvenat i ngwhichare liqudd atithe shuty rehction donditiond. Redction60 and BRirmo64 are whi ch
Jone 75 ot t SIS G S TR BRGior 10 AbRHer BOMEVES (herRSuE TP HRUBEIEN

19, The 925 Sl A liaf ol RS T eHs 1Y RSSO REO HuRORTUT ¢ 72

and back into’the s I's partiral cross secti onat
schemati c of differentiithe uppért portion 69 af theltuby, ih el ivext&tisapand Gt the slurry,

eyl T ndri _cal bends and extends laterally over to form a transverse portion 70, which opens into a
vertically oriented, hollow conduit 72, via orifice 74. Conduit 72 is the gas disengaging
means for disengaging the offgas from the catalyst rejuvenated slurry, the interior 76 of
which defines both an upward rising offgas disengaging zone in fluid communication
with the upper, gas collecting zone 78 inside the reactor and a downwardly extending
lower portion in fluid communication with the slurry body which serves as a slurry flow
path for returning the offgas lean and catalyst rejuvenated slurry back into the shurry
body. Thus, both the catalyst rejuvenated slurry and the offgas are passed up through
the rejuvenating tube, over and out of orifice 74 and into zone 76, in which the gas
escapes from the slurry and rises up and into the gas collecting zone 78 at the top of the
reactor, from where it is removed via gas line 79. The gas lean, catalyst activated shurry

passes down through conduit 72 and back into the slurry body. Figure 4 is partial cross

sectional schematic of the upper portion of a slurry reactor 80 comprising cylindrical



-12- outer shell 82 and containing a reactive, three phase HCS slurry 84
within, with synthesis gas bubbled up through the slurry, simlar in alnost
al | respeavo 9g/so48gact or 10 descri bed above. |In this enbodi nePET/USRAB689
catal yst rejuvenating tube 85 and shroud 87 are simlar to that illustrated
and described in Figure 1 above, except that the shroud or holl ow gas

di sengagi ng conduit 87 is vented by neans }f an extension 88 out of the
reactor and into the gas withdrawal line 89, external to the reactor. The
gas di sengagbitgr HellB2%hdajomtaiiing b aéactivel thyeel phase HOS ity deovithihewith se t he
same as that of the enbodinment of Figure 1. In this enmbodi nent, instegﬂ)t of
bei ng r el eassynthesisgas hubbjed up through thersluran simiaria almest allrespegts to Feactarl of

out of he 1 aercrned doMRodt s ERhER, oY, MERE BiluRhiiielobf SR AR Rhhoflienct Y
body. are sg'ﬂilérlls R PR AR and! desEitealif OFigrer] SbUW, Bxcephehat diesheaid oMy

tube, slurry and reactor are i1dentical to that illustrated in Figures 1 (a)

and 1 (b), eholigw gasdiserighgingabadyit87 toantéd byt meand offanyexiensiody 8/ putfofdhe t he
slurry body and passed inhto the yejuvenatjon tube is degassed befare .
entering the“‘@é}%%ﬁiﬁ’c"?é‘ﬁ &%ﬁ@ﬂ%{!.aé"’f‘ 1@%@, ﬁ?‘@&'ﬁ?é‘éﬂlﬁ“"?ﬁgr'i ﬁg’é &es @ﬁ?ngagmgs
preferred th ﬁg,qmw' t I ; ' sely
interfere w ?ﬁn{#eg@:lﬁlg@%{%r ] uvehgpid(}ﬁm%rdglﬁ:éeré?ewgg%r}g&ngske%tgg?%:e t he
slurry is pasmbedimenpof Figureal. alnythis enstjodiraent| inspad of beingrelehseddntodtie gast

shown and described in Figure 5 this is accqonplished in gas, di sengagi ng
zone 92 def i aellection zpnes8Gpeas thetop ofthe feastarnthei offzas s egegg'{%gppq YSut er

Il of th ' ti tub . i |l 0ol | s
e ot oot EGAMASAA P e B b BBt T e e s,
for degassi ngp i fehiny Bfyore it enters the rejuvenation tube. Thus,

turning to Figure 5, the vertical upper wall 96 of cup 94 surrounds the
bottom of catal yst rejuvenation tube 24 to define an annul ar space 92

Mol ovenati on s ubo e sebqdime iy tiabG0R KR 5o fie i RaRREeg el b oo°
The angl e of rdagyr @ﬂ%{iﬁcedl’gcf hﬁmﬂu&;&eﬁgﬁ Bloukdia (4) hd AN®) Cexbpt tARARE cathlysihe

catal yst particles in urry lLiqui en catalyst rejuvenating gas is

i nj ected i nt deddtivated jslurraithdrawndrom 8 slunry bogy and passedinta thearejiivenation tube t o

e oy boy " iodeaRssad Detors eaiods fegeliyprasipagions 23 In'the Bradlic® bt e YnVehBER, i
is preferred that syngas gas present in the slurry, which would adversely interfere with

the catalyst rejuvenation process, be removed before the slurry is passed into the catalyst
rejuvenating zone. In the embodiment shown and described in Figure 5, this is
accomplished in a gas disengaging zone 92 defined in this embodiment as the annular
space between the outer wall of the rejuvenating tube 24 and the inner wall of a hollow,
cylindrical cup or baffle 94. The cup 94 serves as a gas disengaging means for degassing
the slurry before it enters the rejuvenation tube. Thus, turning to Figure 5, the vertical
upper wall 96 of cup 94 surrounds the bottom of catalyst rejuvenation tube 24 to define
an annular space 92 within. The bottom 97 of the cup slopes down below the open
bottom of the rejuvenation tube, where it terminates in a centrally located orifice 98.

The angle of the sloping bottom is greater than the angle of repose of the catalyst
particles in the slurry liquid. When catalyst rejuvenating gas is injected into the
rejuvenating zone 22, it imparts a net upward velocity to the slurry within and thereby

sets up a continuous flow of slurry from the slurry body 14 into the top of the cup 94 as



- 13 - indicated by arrows 99. The outer wall of the cup acts as a baffle
to prevent the uprising syngas bubbles fromcontacting the degassing slurry
fl owi ng WOd8/30M8ugh t he annul ar path 92 between the outer P&ﬁ?%?é@s%ls t he
tube and the inner surface of the cup. Thus, the annular flow path is a

qui escent zone, in which gas bubbles are_l(;i_sengaged fromthe slurry flow ng
t heret hrough and are not replaced by the Uprising syngas bubbles, due to

t he presence of the surrounding cup which acts as a baffle to prevent, § he
syngas f r onindicated byiampws 9. sThe oyter wall of theTeupsacts:as;a baffleto prepest ¢ e

slurry entering t bottom of the,rej uvenation Lube as | ndi ows
101. Orifi cHneds b‘g%lﬁs fcentaehing 'theéis%ﬁs%‘l“ﬂélf {IP%’P%&%L"S gﬁm’ég@gg"’%ﬁ{# he
slurry flow r WH fite®fithecie] Thesat i ng
tube from %‘lﬂﬁag(&\gwﬁ%éﬁatﬁggpte%gr I ng ot?é B{Hﬁggldﬁgémpgfﬂﬁy ftl ow}?nto t he
tube. Depenghiengnelar flow path isa quieseentwionb, ineehicls gas bubibles ase diseggaged fromithe
through the annul ar zone, the tine it takes to enter, fhe rejyvenation tube,
the hei ght darryfowingtherathrongh and ate not replagedby W@P‘&Eiw4sﬂ°“?’ﬁ@5n$%t er

of the rejuyxenation tube, disen i p. 94 af, ol

catal yst i n“{ewgefvﬁ\ﬁ% ?‘;:&Er??g??ﬁ{ gg g‘é&g’é‘f cil}\nf’tcgs Tﬁy@%ﬁggﬁ%@ﬁ%zﬁ ) dI:kﬁnyet
anot her enbgglithRitg the Slur§1ANde. Thid PXORS P4 gitd feduced slasrg entering theibottom of
di sengagi ng zone, "as disClosed in U S. Patent 5,382,748, may be used.to

di sengagi ngthasjuvertioasube asindicated byrarmows: Q. Orifics 88 iSesizqdrﬁ%dJm catalyst
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entering the rejuvenati ol zone I's greater than that in e slurry body. The
downconer ddpasbesDapehdingon howlit is sized vdthutespect $o thessheray Spystate through the
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t he rejuvenatlon zone, S een that the presence of "COin

the slurry pip9sniay alstt congeitratejthe/canalystan thendlarry eiterintiessp inte theconsumed.
In the worst case of high CO concentratjon and short residence tine in the
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fromthe disengaging gas bubbles from the slurry before it is fed into the rejuvenation zone. It has

also recently been discovered, that if properly sized, such a gas disengaging cup will also
concentrate the catalyst entering the downcomer, so that the catalyst concentration in
the slurry entering the rejuvenation zone is greater than that in the slurry body. The
downcomer degasses and, optionally, concentrates the catalyst in the slurry, which is

then passed into the catalyst rejuvenating zone.

In the practice of the invention it is beneficial and preferable to at least partially
degas the slurry before it contacts the rejuvenation gas in the rejuvenation zone, because
it has been found that the presence of CO in the slurry prevents catalyst rejuvenation
until the CO has been consumed. In the worst case of high CO concentration and short
residence time in the rejuvenation zone, no rejuvenation takes place. Another
consideration is the wasteful consumption of valuable CO into primarily methane ifit is

present in the rejuvenation zone. The best case is where all CO is removed from the



-14- slurry before it enters the rejuvenation zone, so that no COis
present. The hydrogen rejuvenating gas injected into the rejuvenation zone
makes the WD 985048® nol e rati o substantially greater that thePIT/USP8/08589
stoichionetric nole ratio. This tends to convert the COin the rejuvenation
zone into |l ower nol ecul ar weight gasses (primarily methane), instead of the
desired, nore valuable liquid products. Fattther, one of the npst expensive
unit operations in an HCS process whi ch generates syngas from net hane, is
the producti gRrRfbefdie iCent&8Rheé Rfiwention Forle) 8o $hat 5ia<CQ & presénit O The higdrogen
result of methane production fromsyngas in the rejuvenation zone is to
have convert ggupetiating guy/infuttedidtonhe hejneeriatioh Zone makes therld; en@OHAGle ratio
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rejuvenating gas, thereby Urther reducrng its effectiveness in .

rej uvenat i ng expensivetuniitysiieratioms it e HES pracess, whible gederates synigas fropemethave,ds t o
renove as nmuch syngas as_possible fro xqr:@ slurry befqre H_’ enterﬁ tgpe

rej uvenat i on.thﬁﬂdﬁy’i‘?fgoﬁ'g§ oYSUSABIreR I B F¥ngas seperafien £ pe Betesylt, :

i nvention ca v + & idn & PRl &ted Girdi N9
CO and ot herr}%‘gg@sﬁ?@%%@%o@%%%Ylg{el#égr%“élélbﬁiténterngqfhe rejc‘é\é‘énatl%ur{gzone.
In the domccaﬁgeﬁﬂ?ﬂfl&mﬁ% bAESRfd REMaAOMEH, DN an 4a8itIdh 16 DaAGCRA sSYRGISHR! SO
concentrates t catalyst 1n the slurry flowng into the rejuvenation zone,

whi ch furt hergas bablasiathé fractiveislny Bodp alsp cohlpeise gyseons protuets dffthe r at e at
which the slurry flows into the rejuvenation zone for a given rejuvenation

gas flow r at dydearties synthesis reastions which dnclede hydsecarbens; lgwiinolegulaswegnt | n

the rejuvenation zone qr be.is h t ' [ £l

| ess than' ¢ napoBrrasanfhai) Suptiits of Hater \alr (16 Yol Vepky ginHiffrbe'sd
insure sl urr Ymgdl 45074 6Fthé! BadeBlOHABi G Produlcts) whidheact @k Uileenas forhe ydrogeme
hydrogen or hydrogen cont ai ni ng.n;:at al yst rejuvenation gas injected into the

rej uvenat i on repivenatinggas,shereby furthey seduginigoits effeetivenessinreiitvenatingthe satalygk h

[ , ' , . - hyd
50 O Uae. (KGEse reasahy pieRors, 05 tameiriat oo 25 mugh Y el B p i SE
remove the CohgQr§ibefdre itGnters B Rjudtendtfts L ERpRATrg S48 dWengdlfing Aledns/ifiithe

practice of the invention can remove as much as 90 volume % of the gas bubbles

containing CO and other gasses from the slurry before it enters the rejuvenation zone.

In the downcomer embodiment described above, the gas disengaging means also
concentrates the catalyst in the slurry flowing into the rejuvenation zone, which further
increases the slurry density, thereby increases the rate at which the slurry flows into the
rejuvenation zone for a given rejuvenation gas flow rate. On the other hand, the velocity
of the rejuvenation gas in the rejuvenation zone or tube is such that the slurry density
therein is less than that of the main body of slurry in the reactor, in order to insure slurry
circulation up through and out of the rejuvenation zone. The hydrogen or hydrogen

containing catalyst rejuvenation gas injected into the rejuvenation zone comprises
hydrogen which may contain other gasses such as nitrogen, CO2, H>0, CHy, C2-Cs+
hydrocarbons, and also CO, as long as the mole ratio of the H; to CO is sufficient to

remove the CO and still rejuvenate at least a portion of the'catalyst.



- 15 - As disclosed in U S. Patent 5,288,673, the degree of

catal yst rejuvenation can be controlled by independently controlling the
slurry ten¥@O850M38 in the rejuvenating zone irrespective of P&EUYSE At ure
of the main body of slurry in the surrounding HCS reaction zone. This
patent discloses that tenperature control |[n the rejuvenation zone or tubes
i s achieved by one or nore of either incredasing or decreasing the slurry
residence tine in the zone, so as to utilize the exotherm c nature of the
rej uvenati on reactAisalisclosest in TS Patent$,288:673;jthe degree oficatalystsrejuvgnation can be

I nt roduci ng heat or, a _cooling medium,j ntgﬁt he zone, pl)r heat i ng 1 he

o b
r ej uvenat i ngcepitolledby independently contrajling the slvey temperatyre 1n e ey eIAtDg Zne o

rej uvenati on; ' ﬁn&v geytially
rejuvenate t#@gﬁtgjﬁ&gk&a%*ga&vﬁgﬁ&ﬁg%n{%%ré imsg‘é&i}e"?ﬁgr?e ?gl?&rrg I'on and
wax (~( err] reactibrk 261 ) THiY gategediedlysesthat tbmperahare Conttobinahe rejuvenatittezone or
present invention also. n an HCS process, |iquid and gaseous

|
hydr ocar bon pibesiiscachiexed by oneror moye of either incrgasing;ondecseasingthe slurry residenceur e
f H2 d CO.w t.h itable Fischer-T h t at al yst-
ohi f ¢ ng or  HE TG it 2, S 1 19 4o e, Rt e P OF B ket ASFRRY s
in whi ch |t ios6lafiig B r4tehatibAuBA, by iftARRickYMAS BHh ooRHY fabilAhtohsehe,

the catalytic netal conprises Co, Ru m xture thereof Suitable

Fi scher - Tr opby preheatirig the rejupematiof gastetit.y The tGit3opatent, tedahes that thel temperaturerin
nore Goup VIII catalytic mejfal g.sych as Fe, Ni, Co, Ru anqg Re. I.n one
orbodi et ¢ s evsRafion Z0aR shoud be ghrpueh o romere GO MR JeASt PRl Co and
one or nore of. Re Fe i . Th, Zr . Hf .U .| a o Uit abl e

hor gan ¢ sulitpatste erllvsl b Bl erithgi h mitimif ettt Fodhatih B8 e - oo
refractory nggal | SRR | Dl al ysts
conprise titani aes?gg&f*?égﬁﬁgsﬁ ;e/-f é\ﬁgﬁ enp'%é)%ﬁﬂlgqg ‘&B&?g’ﬁtﬁ@"g?‘é%@és in which
hi gher nol ecul ar weight, primarily paraffinic |iquid hydrocarbon products
are desired. Useful catalysts and their preparation are known and

il lustrative, but ImanHGH pracgsseliavigiand gasspusdydracatbonsprpdusts ags fermediby) s,
Patents 4, 56 : - 4.542 1292 2
The- hydr ocar Rtacng’s Shas doimodiing Eriere St Aind 6 Bl o butible Fischer Tropsch

typically upgped®Os catalyerf, andex shiffihg op noflshifling bonditibasfid prefetdbly fon-shiftin
portion of the Clerr] hydrocarbons to fractionation and/or .conversion.
conver si on i gonditions ipwhiely litdlg 08 no water gas shift reaction occurs, particularly when the

catalytic metal comprises Co, Ru or mixture thereof. Suitable Fischer-Tropsch reaction
types of catalyst comprise, for example, one or more Group VIII catalytic metals such as
Fe, Ni, Co, Ru and Re. In one embodiment the catalyst comprises catalytically effective
amounts of Co and one or more of Re, Ru, Fe, Ni, Th, Zr, Hf, U, Mg, La on a suitable
inorganic support material, preferably one which comprises one or more refractory metal
oxides. Preferred supports for Co containing catalysts comprise titania, particularly
when employing a slurry HCS process in which higher molecular weight, primarily
paraffinic liquid hydrocarbon products are desired. Useful catalysts and their
preparation are known and illustrative, but nonlimiting examples may be found, for
example, in U.S. Patents 4,568,663; 4,663,305; 4,542,122; 4,621,072 and 5,545,674.

The hydrocarbons produced by an HCS process according to the invention are
typically upgraded to more valuable products, by subjecting all or a portion of the Cs+

hydrocarbons to fractionation and/or conversion. By conversion is meant one or more



- 16 - operations in which the nolecular structure of at |east a portion
of the hydrocarbon is changed and i ncl udes both noncatal ytic processing
(e.g., stewo9smedsgi ng), and catal ytic processing (e.g., cataPgTiUSI80888%Xi ng)
in which a fraction is contacted with a suitable catalyst. If hydrogen is
present as a reactant, such process steps are typically referred to as

hydr oconversi on and i nclude, for exanple, -h§droi soneri zati on,
hydr ocr acki ng, hydrodewaxi ng, hydrorefining and the nore severe

hydror ef i ni NGyyieRBE Bwhindfe MUHclaE SRLTE ofi lestPRBURIGHL e BOAIGLAnOASS
wel | known in“the Titerature for hydroconversion of " hydrocarbon feeds, |
i ncl udi ng hy dshangedmd iheladss bioth honcataiptiaprocessing] (elg.istteam cragking)tand catalytic
nonlimting exanples of nore yval uabl e prod ct&#‘éprmed by cgnv. rsiqn iencl ude

one or nore OSSP (®8: icatabiticrsacking) in whig jon 1§, ceatacted vatl} 4 sfabl

| ubricating, industedal, o LGl QJ :

oxygen cont ai AP R hee ™ Rissbitils atiporalty Rle HOLAS RGBS BRe oplckllpBRtra o
of notor gasdisiyBrocdn®&Sionlanlinchidd, forexampk) Hydrdisofrfigation) ihydrdcrdekdngat i ng
oi |l includes, for exanple, autonotive, jet, turbine and nmetal worki.ng oils.
I ndustrial oiliydrodewacting, hedrorefining andthe mare sevesg hydrorefining refgrred torasat
transfer fluids and. the . like, .. 1t 1,5 understo various ot her
brroodi ment 5 HidrdEnBcal Fasicted of fandifions welbkagwy S
apparent to, % TR i I i feel§HciRfnl parhfigUt
departing fromt @gg]gg)g(gﬁﬁu}s%iaf%q‘g%f ﬁ{gﬁ?ﬁ%e}%{ﬂi dé)énas!%lbesc?i begl ab%ve. .
Accor di ngl y, Hiustrativepbuti nuntimiting éxaatpleshof nsare yaluabletpredudtsi formed hyaoguersion

hereto be limited to the exagt description set,.forth ove, but . ralher that
the clains benelydeppgeymate eﬁ%%‘%*&%@%@ijﬁflquﬁsﬁP solvents, pbricatiog, | o

novelty whic B I & e | ' sl ' feat ures
and enbodi meﬁf’ Esl&s\%/\#%&{ n\l?/\ebd&#gal%g’ ta;raggp %‘g}{’g@’gg@a P{/tlécfhgehtég Hizﬁﬁg?%&o?grgén@%ose
skilled in thsnigdunts andithélikéeLigaidfuel inoludes 6réd srsmore of motor gasoline, diesel
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fuel, jet fuel, and kerosene, while lubricating oil includes, for example, automotive, jet,

turbine and metal working oils. Industrial oil includes well drilling fluids, agricultural

oils, heat transfer fluids and the like.

It is understood that various other embodiments and modifications in the practice
of the invention will be apparent to, and can be readily made by, those skilled in the art
without departing from the scope and spirit of the invention described above.
Accordingly, it is not intended that the scope of the claims appended hereto be limited to
the exact description set forth above, but rather that the claims be construed as
encompassing all of the features of patentable novelty which reside in the present
invention, including all the features and embodiments which would be treated as

equivalents thereof by those skilled in the art to which the invention pertains.



1. Aslurry reactor containing neans for rejuvenating a particul ate

catal yst dispersed in a three phase slurry conprising said Cahﬁ@ﬁ@h §Iurry
liquid, aWe® WPLH48ubbl es, sai d neans conprising a hollow fl uitd pes
havi ng an entrance and an exit for passing said slurry therethrough, the
exit being out of the slurry, neans for injecting a gas into the interior
of said conduit and gas separating neans 1dcated proxi nate said conduit
exit and in fluid communication with said interior of said conduit, for
separating sgLAINKSS fromsaid slurry liquid exiting said conduit.

2. Areactor according to claiml wherein said catal yst rejuvenati on neans
has gas di sengagi ng neans for disengaging gas fromsaid slurry before it

enters said slurry cpnduit. ;o ; gﬁkgﬁl&y&m i's
process for form XQ ‘ﬁﬁ Crg?%gnﬁg?ntg;[nxqggrgg@s;ttgf){)lﬁégﬁﬂﬁ)f [ CE aar e Ilﬁs?]ui d,
whi ch conpr i gigSerkdiFinaitaRs pHase slurry comprisingahidceardlyst} shngy liquidagd gasbuhbléssi ng
a mxture of and CO in the presence of catalyst deactivating, species,
with a sol i dsaidmeansedmprisingalholew fluid egndultchavingan entsanee and an it foF passig,
conprising said catal yst, hydrocarbon slurry,liguid . |.es,. ;mader
reaction con%ﬂ‘éj Sy ‘Q/’Fé’é?‘i‘gjb the,exit,beipg oy 8%%‘? B’g“ﬁg’ fn% g’rqﬁ g’??ﬁ%@%&a@f"’ iht3
wherein said b HdEPs septhtingtirleins 1o8ated prdxivandaaidi dondhie esiei d
catalyst in g‘}ﬁg‘%‘?ﬁ?ﬁﬁ%ﬁ%{d ear ef‘%%gg?% kllyg’(;r ocar bon | ?qui d conprises HCS
reaction progadinfluM cofmmnizationwith said meeribrrof asiticonduity fdr separating said gas

(b) passing a portion of said slurry fromsaid slurry body into a catal yst
rej uvenat i onfregnsid slurry liquid exjting 5@6%?%‘?5&“1'19 said slurry in said
rejuvenation zone with a catal yst rejuvenating gas which at | east
partially rejuvenates the catalyst therein to form (i) a rejuvenated

- 18- 2. A reactor according to claim 1 wherein said catalyst rejuvenation means has

gas disengaging means for disengaging gas from said slurry before it enters said slurry

conduit.

3. A slurry hydrocarbon synthesis process for forming hydrocarbons, at least a

portion of which are liquid, which comprises the steps of:

(a) contacting a syngas comprising a mixture of Ha and CO in the presence of
catalyst deactivating species, with a solid, particulate hydrocarbon synthesis catalyst ina
slurry body comprising said catalyst, hydrocarbon slurry liquid and gas bubbles, under
reaction conditions effective to form hydrocarbons from said syngas, wherein said
species present at least partially, reversibly deactivate said catalyst in said slurry and
wherein said hydrocarbon liquid comprises HCS reaction products which are liquid at

said reaction conditions;

(b) passing a portion of said slurry from said slurry body into a catalyst

rejuvenation zone;

(c) contacting said slurry in said rejuvenation zone with a catalyst rejuvenating

gas which at least partially rejuvenates the catalyst therein to form (i) a rejuvenated

ITLLIL



catalyst slurry and (ii) a rejuvenating offgas which contains species which
w || deactivate said catal yst; and (d) separating the rejuvenating
of f gas fr oMO9BE0488) uvenat ed catal yst slurry in a gas separ atPCE/URBM08689ut of
the slurry. 4. A process according to claim3 wherein an of fgas

| ean rejuvenated slurry is formed in step §d) and is passed back into said
slurry body. 5. A process accord to claim4 wherein said
slurry withdrawn fromsaid slurry body is passed through a gas di sengagi ng

zone to renD\gaiyst LI8AY and (DX fejuvenstingsettghs Setfictbedivains specivaveliciiiwill deactivate
before it is passed into said rejuvenation zone. 6. A process

accor di ng t o saidaatalystyandr ei n sai d slurry body conprises the reactive slurry
i n a hydrocarbon synthesis reactor. 7. A process according to
claim5 wherein said rejuvenation and of fgas separation occur within said

reactor. O%if‘ geéadgg@g@%em&%ﬂg Wg@ﬁﬁhﬂhﬁéu%ﬁﬂ catAldt dheAitlay St

conpri ses cobalt process according to ¢claim8

wher ei n sai d gas p¢eparitingnzoine das of the alurry. 10. A process according to
claim6 wherein said hydrocarbon products conprise Cerr] hydrocarbons, at

| east a portion of which are subjected to conversion. 11. A

br ocess accor ding 4 0xGlaldn &?coﬁ@‘ﬁé g;sg Blalrf!3 WARAAA'aR'0HEab feafi iRVeMIaE shurry is

conversion in the presence o0
formed in step (d) and is passed back into said slurry body.

5. A process according to claim 4 wherein said slurry withdrawn from said
slurry body is passed through a gas disengaging zone to remove at least a portion of said

gas bubbles from said slurry before it is passed into said rejuvenation zone.

6. A process according to claim 5 wherein said slurry body comprises the

reactive slurry in a hydrocarbon synthesis reactor.

7. A process according to claim 5 wherein said rejuvenation and offgas

separation occur within said reactor.

8. A process according to claim 5 wherein said catalyst comprises cobalt on a

support.
9. A process according to claim 8 wherein said support includes titania.

10. A process according to claim 6 wherein said hydrocarbon products comprise

Cs+ hydrocarbons, at least a portion of which are subjected to conversion.

11. A process according to claim 10 wherein the conversion is catalytic

conversion in the presence of hydrogen.
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