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PCT/ US98/ 08686 HYDROCARBON SYNTHESI S CATALYST SLURRY REJUVENATI ON W TH GAS
DI SENGACEMzh/ds/ERgkCGROUND OF THE DI SCLOSURE Fiel d of the Invegdd0soshiiées .
invention relates to a process and apparatus for in-situ rejuvenating solid
catal yst particles suspended in-a slurry. Mdrre particularly, the invention
relates to a process and neans for rejuvenating solid catalyst particles

di spersed in a three phase, Fischer-Tropsch type hydrocarbon slurry

conprising said parti hydr QNI bubbl es
in-situ in the sl urry%ﬁmmmﬁéﬂgﬁsgﬁmﬁq he slurry
entering the rejuvenati A%W‘l" %fS]t) AR Mﬁ%ns' urry

hydr ocar bon synt hesi s (%ﬁm‘g&mvw% HCS process a
synthesi s gas (syngas) conprising a mxture of H2 and COis bubbled up as a
third phase through a slurry in a reactor in which the slurry liquid

conpri ses hydrocarbon products of the synthesis reaction and the di spersed,
suspended ' ' j | Lhscher-Tropsch type hydrocarbon

synt hesi s ﬁbﬁﬁgﬁﬁ&%cﬁo@miﬁﬁ‘@% n such a three phase slurry are
sonmetinmes referred to as "bubble colums"”, as is disclosed in U S. . Patent
5,348,982. lrrespective of whether the slurry reactor is operated as a

di sper sed (i&ldl.@.fg;&lm&aml_lthe m xing conditions in the slurry wll
typically be sonewhere between the two theoretical conditions of plug flow
and back m xed. Syngas nade from hydrocarbon feedstocks which contain
nitrogen (i.e., iventidiflat& oy el 0, i e .
resids, coal, shgﬁée, cotke, taé%tggr# S?&g?g_ﬂgﬂpﬁ?girs{}g ﬁ‘y@%ﬁ%ﬁ%@%‘lgnd NH3
whi ch cont acatalyst pattiviesrsaspendedinsd slarry. Morerpapiicliiatly, the inventnselates to a

deactivate the catal yst. Certain oxygenates and carbonaceous conpounds
-9 process and means for rejuvenating solid catalyst particles dispersed in a three phase,

Fischer-Tropsch type hydrocarbon slurry comprising said particles, a hydrocarbon liquid
phase and gas bubbles in-situ in the slurry, in which gas bubbles are removed from the

slurry entering the rejuvenation zone.

Background of the Invention

Slurry hydrocarbon synthesis (HCS) processes are known. In a sturry HCS
process a synthesis gas (syngas) comprising a mixture of H, 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 and NH;3 which contaminate the reactive slurry and rapidly, but

reversibly, deactivate the catalyst. Certain oxygenates and carbonaceous compounds



formed in the slurry as by-products of the HCS reaction can al so cause

rapi d deactivation. Deactivation of such catal ysts by these species is .
reversi bl catalytic activity is restored (the catal yst _rejuvenated) by
contacti ng"(?ﬁszsodgéact i vated catal yst with hydrogen. The acti PFTASI0868f. HCS
catalyst in the reactive slurry-may be intermttently or continuously
rejuvenated by contacting the slurry with hydrogen or a hydrogen containi ng
gas to forma rejuvenated catalyst slurry as is disclosed, for exanple, in
U S. Patents 5, 260,239 and 5, 268,344. In these patents the slurry,

cont ai ni ng fgusedintthe slurryias by-produstsaofe thedJCSireantiontcamglso icauserrapigh ei t her a
rejuvenati Od?:ﬁt ube I n an external, venat j on
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liquid, in Pent$5260,2000hd S268[344! e phets thb stufryUédntaifing Pas bEbbI&Lis
rejuvenation. Briefly, the process conprises passing a portron of slurry
from a sl urreipvensted byheisauating iyhsoughsithgna rejyvenatien tuberimmersed gm thetslirky e and
then through cat t rej.uvenating ,zone i,n | ch, £t he.gas reduc slurry
contacts aq? g‘ﬁ Wgﬁgb ?[%lﬁveélggoq f)eaetgf'u &%&P&%WF&W&M {l@ttthg RIEFECEP S Yy, The
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acconplished using a hollow rejuvenation tube, open at the top an

and i mer s esf thewejihvenstiorn processhad bastes OO and v, C it wpeldbeiahtiMpdverienefothy open
gas di sengagi ng cup surrounding the bottomof the tube, to provide an

annul ar gadartiif these gas bupblesrcouldireremaved from thejshwrerizforeit ¢ontattsitheei t her
continuously. or intermttently, as desired, with the slurry reactor either
operating v B(ﬁaﬁg hydr ocar bon products, or with it off-line. The

SUMMARY OF THE INVENTION

The present invention relates to a process and means for rejuvenating solid
catalyst particles in a three phase hydrocarbon synthesis (HCS) slurry which comprises
gas bubbles and catalyst particles dispersed in a slurry liquid, in which gas bubbles are
removed from the slurry prior to the rejuvenation. Briefly, the process comprises
passing a portion of slurry from a slurry body through a gas disengaging zone to
remove gas bubbles and then through a catalyst rejuvenating zone in which the gas
reduced slurry contacts a rejuvenation gas to rejuvenate the catalyst in the slurry. The
rejuvenated slurry is then returned to the slurry body. This may be accomplished using a
hollow rejuvenation tube, open at the top and bottom and immersed in the slurry, the
bottom of which opens into an upwardly open gas disengaging cup surrounding the
bottom of the tube, to provide an annular gas disengaging zone. The catalyst
rejuvenation is done either continuously or intermittently, as desired, with the slurry

reactor either operating and producing hydrocarbon products, or with it off-line. The



-3 - gas bubbl es conprise unreacted synthesis gas (syngas) and gas products
of the HCS reaction. The slurry liquid conprises hydrocarbon products of -
the HCS r apgbegusyhi ch are liquid at the reaction conditi onsperhibsnsésdse
process of the invention conprises rejuvenating a particulate, reversibly
deactivated HCS catalyst in a sturry conprising gas bubbles, the catal yst
and a slurry liquid in which at |east a psrtion of the catal yst particles
are at least partially, reversibly deactivated, by withdrawing a portion of

slurry fro 1S SJ [ t i r
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forma gas teadtieRdThe slufry ligRidsconiliisedBydiacarbenl prssiicts! ofithy HOY Retbniwhich
rejuvenation zone in which it contacts a catal yst rejuvenating gas to

rej uvenat e arediquid afl the reagtion toaditiens: fhmsethatpracessofithednvention compfisesl owed by
returning the rejuvenated urr ck, into t | ur body. In the,
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t he rejuvenating zone an s continues as Tong as the rejuvenation
gas, which paicleaatesatdeastpartinlly, gewersibly deaetivated, by withdrawingaj pordiomof slurgone,

continues tqQ be i,njected ipto the rejuvenation zone. In a slurry HCS.
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rej uvenation zone is substantially greater than the stoichionmetriic 2.1/1
and may be FRIGfeaatinggas tegejuvengte thernatalyst andforma rejuenatedtsatalyst slorryer t ed to

nore desira LGl d. hy: r ct ] I,n_the refuyenation zone
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added hydr ogmbodikieat Maghibh kY rRfuvehAonCARE ¥ Mheifsw comdlif &'iled_?écﬁﬂ!iiﬁ&ﬁl of the
HCS reaction, of which 50 % or nore may be water vapor, which iInt e?'f eres

wi th the cabventigally, the rgjuvenatingrgasys injsctadgntostha boitbmeofithé cejuvenating zonecandt i on
gas. The cab}al St re'étivenati nis ccon‘pl i shed within the sl ur@‘ ei ghegqi n
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slurry HCS reactor, synthesis gas comprising a mixture of H; and CO is bubbled up into

the bottom the reactor and forms gas bubbles which are dispersed in the slurry liquid.
The presence of CO in the rejuvenation zone hinders catalyst rejuvenation until the CO
is consumed. Further, the Hj to CO ratio in the rejuvenation zone is substantially
greater than the stoichiometric 2.1/1 and may be higher than 10/1. This means that
instead of being converted to more desirable liquid hydrocarbon products, the CO in the
rejuvenation zone is converted primarily to methane, thereby wasting valuable syngas
and added hydrogen. The gas bubbles also contain gas reaction products of the HCS
reaction, of which 50 % or more may be water vapor, which interferes with the catalyst
rejuvenation by acting as a diluent for the rejuvenation gas. The catalyst rejuvenation is
accomplished within the slurry either in the HCS reactor or reaction zone, or in an
outboard or separate catalyst rejuvenation zone or reactor, as is disclosed in U.S. Patent
5,260,239. However, it is convenient to rejuvenate the catalyst within the slurry in the
HCS reaction zone. When performed in the slurry in the HCS reactor, the HCS reaction

is not disturbed as the gas disengaging and catalyst rejuvenation zones, while immersed



5,260, 239. However, it is convenient to rejuvenate the catal yst Wi thin the
slurry in the HCS reaction zone. When perforned in the slurry in the HCS

react or, e?%? eaction is not disturbed as the gas di sengagi and
cat al yst % %éi on zones, while imersed -4- in the s\gﬁgp 8/03686 .
separate fromit and the rejuvenation occurs within a rejuvenati on conduit
or tube in the slurry. Wile the practicg_of the invention finds particular
use with rejuvenating an HCS catalyst in-situ in a hydrocarbon slurry

liquid, it is not intended to be limted to this particular enbodi ment. By
rever si bl y inithecslurvy taseiseparate from it and therejuvenation pecurs wathinsa rejuvepationast -
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at least the gasS disengaging zone and the bottom portion of
rej uvenat i dntendedetozheclimited tasthis particular embodimento By, reersiblysjeactivagédecatalyst

rejuvenatiQn zone, may be out. of, the slurry baody.. The sl.urr .be a
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restored (the catal yst rejuvenated) by contact with a rejuvenating gas

i n-situ in temma “sumy bedy” is used herein to refer to the slurry body from which a portion is
withdrawn and passed into the rejuvenation zone or the shurry body into which the
rejuvenated slurry is passed into (they may both be the same body), to distinguish it from
the slurry in the rejuvenation zone and the regenerated slurry exiting the rejuvenation
zone. While the catalyst rejuvenation zone is separate from the slurry body, in some
embodiments all or at least a portion of it may be located within the shurry body. In the
context of the invention, the term “catalyst deactivating species” is meant to include
species which reversibly deactivate the catalyst and wherein the catalyst activity is

restored (the catalyst rejuvenated) by contact with a rejuvenating gas in-situ in the slurry
liquid. Hydrogen or a hydrogen containing gas is useful for such rejuvenation, as has
been demonstrated in the prior art. Finally, while HCN, NHj and certain types of
oxygenates and carbonaceous materials will deactivate the catalyst , the invention is not
intended to be limited to use only with these species, but is useful with any species
which reversibly deactivate the catalyst and wherein the catalyst activity can be restored

with an appropriate rejuvenating gas.



i quid. Hydrogen or a hydrogen containing gas is useful for such
rejuvenation, as has been denonstrated in the prior art. Finally, while
HCN, NH3 amgbogsdseé N t ypes of oxygenates and carbonaceous mapernsosossss |
deactivate the catalyst, the invention is not intended to be limted to use
only with these species, but is useful'with any species which reversibly
deactivate the catalyst and wherein the e&tal yst activity can be restored
wi th an appropriate rejuvenating gas. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figures 1 ( é?h, PEE 'vﬁg@ lified schematic in parti al
Cross- sect méﬁ op'?{)cﬁggm\rn ewq'lsﬂ\us raﬂ)ng a slurry gas di sengagi ng
and catal yst rejuvenating neans useful in the practice of the invention.

Figure 2 is a sinple schematic of a prior art rejuvenation tube. Figure 3
schematical | y i|ﬁmmﬂé@mdd®bmammeml ed isphematic|ip pastial erosgri ch i s

mvent fon SeHAR AR ieB IR & BBy iR e AR AR e g
catal yst rejneianakdfiitn IROpRAcH@ BT théRvemictbSt anti al Iy vertical, hol | ow
conduit open at the top and bottom and having neans for injecting a

catal yst rejuvenating gas into its interior, the bottom of which opens into
a general ly cup-sha egeibaffl I ch ,surrounds .the bottom.of the conduit and
opens upward to ﬁs&e s 3 smple sehematic of aprior, 40 JRIYYEnANR tuB&, nd t he bott om
of the conduit. Slurry containing deactivated catal yst fl ows down through

t he gas di sengagi ng zone to di sengage the gas and forma gas reduced slurry
whi ch passes up iFigeret3schematidallg illustratey @ shirfyw@acton eontainisg) aslusry in which is
contacted and mixed with the upflow ng catal yst rejuvenating gas which
contact s t hdménessed;a shurey) sesdisangaging and patalyst fejuyenating raeans of ﬁ}@éagqmpart ially
rejuvenating the catalyst in the slurry to forma rejuvenated catal yst
slurry. The rejuvenated catal yst slurry passes up and out the top of the
rejuvenation zone and back into the slurry body. The ternms "rejuvenating"

and "rejuvenation" are used
DETAILED DESCRIPTION

In one embodiment the slurry degassing and catalyst rejuvenating means
comprises a substantially vertical, holiow conduit open at the top and bottom and having
means for injecting a catalyst rejuvenating gas into its interior, the bottom of which
opens into a generally cup-shaped baffle which surrounds the bottom of the conduit and
opens upward to provide an annular gas disengaging zone around the bottom of the
conduit. Slurry containing deactivated catalyst flows down through the gas disengaging
zone to disengage the gas and form a gas reduced slurry which passes up into the
catalyst rejuvenating zone in which it is contacted and mixed with the upflowing catalyst
rejuvenating gas which contacts the deactivated catalyst in the slurry, thereby at least
partially rejuvenating the catalyst in the slurry to form a rejuvenated catalyst slurry. The
rejuvenated catalyst slurry passes up and out the top of the rejuvenation zone and back
into the slurry body. The terms “rejuvenating” and “rejuvenation” are used-
synonymously herein. The uprising rejuvenating gas is fed into the bottom of the
rejuvenation conduit and acts as a lift gas to provide a net upward flow of the slurry
through the conduit. This sets up a continuous flow of slurry through the gas

disengaging and catalyst rejuvenating zones. This process continues as long as



synonynously herein. The uprising rejuvenating gas is fed into the bottom
of the rejuvenation conduit and acts as a lift gas to provide a ne}lupma;d
flow of t t hrough the conduit. This sets up a contjinuous oW 0
slurry th?@ﬂ%k&?ﬁg gas di sengagi ng and cat al yst rejuvenatiﬂﬂzggﬁﬁgmﬂﬁhis
process continues as long as --6 - rejuvenating gas is fed into the
rejuvenating conduit. Thus, the practicegQf the invention rejuvenates the
catalyst in the slurry in the slurry reactor itself, w thout the need for
an out board rejuvenating, reactor as in U S Patent 5,6 260,239 and w t hout

i nterferi ndSHVERIPES ed e theggiuvenating.copduit: nhhusy the Rractice of the inventioni s i s
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preferably wthdrawn near the bottom of the reactor where the catal yst
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the sl urryaheeusodidsimisphrsidgethsa&askﬁﬁ@m&arHﬁ&fbaubiﬁ%g% Jlgit)' e cup-shaped

device, the wall of which surround$ the bottom of the and is
| ateral | y Jpaldistributian,tbecauseithésumy ispreferablivwithdrawhaeer the doftomrofahe annul ar
flow path for the

lyrry to flowthrough and di genga s, befaore entering
the rej uveﬁﬁ?qt?fgwhérﬁgé? WV%WW‘@F‘%P%B%@"% g %rgrr%ﬁ@gawoa iof the; STBY whi ch
tal vst : o Y .
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still furt hasane fidrova siagle unithvehitivtenminates nefiethe dottoinfgegurty bodya s which!  have
.0 the main reactor, slurry below, to prevent the buil d-up
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catal yst pdotm ah esnutattfléw pathdoi the)shirryt tasflow through and disengage gas, before

entering the rejuvenating means, which may simply be a metal tube or pipe into which a

catalyst rejuvenating gas is injected at a point or points, and preferably into the bottom
portiox_l in order to be most eﬁicient.. In a still further embodiment, the bottom of the
gas disengaging means will have an orifice open to_tﬁe main reactor slurry below, to
prevent the build-up of catalyst particles and plugging of the unit. Still further, a simple
baffle below the bottom orifice prevents feed gas from entering into the rejuvenation

zone, while presenting no impediment to the downward flow of catalyst particles out the

bottom of the cup.

Referring to Figures 1 (a) and 1 (b) there is schematically illustrated a simplified,
partial cross section of a slurry gas disengéging and catalyst rejuvenating means 10
useful in the practice of the invention which comprises a hollow, vertical conduit or pipe
12 open at its top 14 and bottom 16 with means 18 for injecting catalyst rejuvenating
gas into the bottom of the conduit, which means is a simple gas line with a nozzle (not
shown) at the end inside the catalyst rejuvenating zone 20 which is the interior of the
conduit. Conduit 12 is simply a metal pipe in the embodiment shown. A hollow metal

cap 22 of cylindrical cross section surrounds the bottom of the conduit to form an



Referring to Figures 1 (a) and 1 (b) there is schematically illustrated a
sinplified, partial cross section of a slurry gas di sengagi ng and cat al yst

rej uvenat wg9ogrsmee 10 useful in the practice of the inventi egryos/bssss
conprises a hollow, vertical conduit or pipe 12 open at its top 14 and
bottom 16 with neans 18 for injecting catalyst rejuvenating gas into the
bottom of the conduit, which neans is a-%knple gas line with a nozzle (not
shown) at the end inside the catal yst rejuvenating zone 20 which is the
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bet ween the inner, surface 26 of the cup and, the outer surface 28 of the
condui t, wisPace Iaiust helawy theppendottornofihe conduit. tHhe eatalys rejuvenasion sresns 40+t o
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which in this enbodinent is illustrated as a nozzle 34, to permt catalyst

particl es permit catalystparticlgs whichaunaychave diseogaged iftom thef shavy flgwihgwdowrhr ough

t he annul ar, spa 24 and up i.nto.the catal ysi rejuvenating zone 20 to exit
the botto mthﬁ"%&ﬁ ghecwu{;ﬁ FWE’& ﬁqr‘?&gi’lpém@lf?‘e \ﬁ%é#yét Fi%“?té"(metz? torgxitshe ry.
This preve ' | ' t e cup
and possi bwfﬁgﬁﬁgﬁﬁgﬁ? ?ﬁg{;\%{:}b@ﬁ;ﬁ} ?}rt%péoirhsigégﬁg} fr?gq hé P@rn&; W%bv'%&%ﬁtgnt o the
catal yst r aatalyshpartioles fromecollectinghin therbotormofthestuprand pdssiblplugding it and
vertical, cylindrical side {\ﬁ?é(lrﬂ 23 which successively termnates at its

bottom i n PTEYHENE AL fRdycings o, up intp the, eptalyst sejuyepatipn zene.: Imthel y nozzl e

34. Curved 56k | r than a .
continuation oP‘#ﬁ‘égg%ﬁ’gﬁ g@%(z:?lﬁéﬁa %ﬁ?g’ éﬁ@dg{:&sfg{d%r‘%%}f%&egﬁgﬂﬁgqggswﬂy any
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t hrough the nozzle back into the slurry. A sinple netal baffle 36 placed

bel ow t he dWreledd. Suryrd section27 pravidesmeore spacedor siuryiflowithas proontisuatiog af

bubbling ugyd BEAUI Nediidfi woild hiod aiks Bpav%gs%rsipgge f.'orr] ta?xy Eilhsgngcauggd %thlyst particles
to fall to the bottom of the cup and down through the nozzle back into the slurry. A
simple metal baffle 36 placed below the exit 35 of nozzle 34 prevents the CO containing
synthesis gas bubbling up through the reactor from entering into the cup and
rejuvenation zone, without impeding the downflow and exit through nozzle 34 of
disengaged catalyst particles. In contrast to the invention, Figure 2 is a simple
schematic of a rejuvenation tube 40 of the prior art which simply comprises a vertically
disposed metal tube 42, open at its top 44 and bottom 46. A gas line 48 injects catalyst
rejuvenating gas into the tube to rejuvenate the reversibly deactivated catalyst in the
slurry flowing up through the tube by virtue of the lifting action of the rejuvenating gas.
As long as the rejuvenating gas is flowing up through the tube, a constant flow of gas
reduced slurry containing reversibly deactivated catalyst particles flows up through the
tube in which the gas contacts the catalyst particles and rejuvenates them, while the
catalyst rejuvenated slurry exits out the top back into the slurry body in (not shown) in
which the tube is totally immersed. A simple cone shaped baffle 50, prevents syngas
bubbles from entering up into the rejuvenating tube and impairing or preventing catalyst

rejuvenation.
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rejuvenation zone, w thout inpeding the downflow and exit through nozzl e 34
of di sengaged catal yst particles. In contrast to the invention, Figure 2 is

a sinple W&Sﬂﬁ%hg of a rejuvenation tube 40 of the prior ap¢r/késidsesd Pl Y
conprises a vertically disposed netal tube 42, open at its top 44 and

bottom 46. A gas line 48 injects catalyst rejuvenating gas into the tube to
rejuvenate the reversibly deactivated cagalyst in the slurry flow ng up
through the tube by virtue of the Iifting action of the rejuvenating gas.
As |long as the rejuvenating gas is
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out the topwhiahls gad UiRehgaging! andrcutalyetivejivensting medis\iB)ofithe invention isshawias i s
totally imersed.” A sinple cone shaped baffle 50, prev,ent?l ;yng&sigb bbl es
from ent er i beingitotallytimmensed;in the,slursy.i 'he sypgasasintrogiesd,intothe bot $ng

catal yst rejuvenation,. -8:. Fi . Wano) | & HCS
slurry reackedFtosyagas lipe 66 and }ssbé’ggisgélgéiét?’ tgf/?llurﬁrh 5’2 Vé;g%ée{xstg%u@%i}]t ai ni ng
a L ee phaggany @BEiHoWR) Hbiaditally drahfed hérobsthe sarfide offpas aghliqulds erigagi ng
and catal yst rejuvenati hg neans 10 of the invention is shown as_bei n%g f
om o

tﬁt al 'y i mimpeenieable plate ‘H]ég\viﬁghdis Ime@mgamtmon qftth@w&ieﬂ;mlt@ efesssl o
e et e, 8 St A S P BB o .,
of gas and L ik IPRLAT b aPliRkiadils atlcslledhe 38 73 ahdaidtembuid ronr _Of

the vertica ess es 72 of "unreacted synﬂaq and gas
product s of thereadtéiSvia dine 74 0Not siwewnijs filtratiorpineansgdsuchtas one phmose bquid filterso gas

di sengagi ng_and col | ecting zone 73 and are renoved fromthg .reactor yi
line 74. Noin theaeastive slprmy Ofriin Angaemere é‘fféHO%CSS ée’&e"}?iﬁgt*\eif of- f$/‘f"‘$er s
in the reactij\Vve: sl | Il ' : nal of
the. r eact or EIapoR ey pehireif iehyBRSeaion Wity hiuid ot 48 HGRSEpRUBLSE 10 0
fromthe cagitastanBPass the Eitradéto further processing and upgrading. Magnetic means may

also be used to separate the catalyst particles from the hydrocarbon liquid product if the

catalyst particles are magnetic or paramagnetic, as is disclosed in the prior art. As
shown in Figure 1, the gas disengaging and catalyst rejuvenating means of the invention
10 comprises a vertical, hollow tube or pipe 12, open at its top and bottom, with the gas
disengaging cup 22 surrounding the bottom of the tube. The interior of the tube 12 is
the catalyst rejuvenating zone and is provided with rejuvenating gas injecting means 18
for injecting catalyst rejuvenating gas into the interior of the tube near the bottom
thereof. A simple cone shaped baffle plate 36 is disposed below the opening or orifice
35 at the bottom of the cup 22 to prevent the uprising reactive gas from entering into
either the annular gas disengaging space 24 or the rejuvenating zone 20. Arrows 76
indicate the downward flow of the slurry containing the reversibly deactivated catalyst
particles into the gas disengaging zone 24 and arrows 78 indicate the outward flow and
return of the catalyst rejuvenated slurry back into the slurry in the reaction zone (the
slurry body) out the top of the rejuvenation conduit 12.

The uprising syngas serves to maintain the catalyst particles in suspension in the

hydrocarbon slurry liquid. As soon as slurry enters a relatively quiescent zone in which



filtrate, and pass the filtrate to further processing and upgradi ng.
Magnetic nmeans may al so be used to separate the catalyst particles fromthe
hydr ocar beyo $grspused product if the catal yst particles are napORAISSs/63686
paramagnetic, as is disclosed in the prior art. As shown in Figure 1, the
gas di sengagi ng and catal yst rejuvenating nmeans of the invention 10
conprises a vertical, hollow tube or pip®-12, open at its top and bottom
wi th the gas disengagi ng cup 22 surrounding the bottom of the tube. The
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time, the heavier catalyst particles begin to settle out due to gravity and

the | ack ofsaastoefectivelynipmavednast of thergas bubbles beforrthe sl enters wp dago thee

annul ar zo t | . Qut er
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the zone. T %t Ml%lcfénv%wralr ve Io%i?y 8} thte rgﬁxrry (total flow divided by the disengaging means

cross sectional area) is less than the rise velocity of the smallest bubbles it is desired to
remove. Studies have shown that as much or more than 90 % of the gas bubbles may be
removed from the slurry in this manner, before it goes into the rejuvenation tube. The
catalyst settling rate must also be taken into account to prevent the catalyst particles
from plugging or slowing the flow of slurry into the rejuvenating zone. Thus, while an
orifice or nozzle at the bottom of the cup or disengaging zone may not always be
necessary, it serves as insurance in the event of an imbalance in the slurry reactor, such
as a slumped bed catalyst condition in which the catalyst concentration toward the
bottom of the slurry is temporarily greater than what the disengaging and rejuvenating
means was designed for, which could cause catalyst accumulation at the bottom of the
cup. The gas disengaging means and the catalyst rejuvenating means have been
illustrated as having a cylindrical cross section, but other shapes such as rectilinear and
polygonal could be used if desired. While the rejuvenation tube is shown as vertical and
wholly immersed in the slurry, some departures from vertical may be used and the tube
or conduit may be bent to accommodate other mechanical devices in the reactor.

However, vertical orientation is preferred. In one embodiment, which is a preferred



zone, its length, slurry flow rate and gas disengaging rate are factored to
size the zone so as to effectively renove nost of the gas bubbl es before
the sl urryoiaisgiss Uup i nto the bottom 16 of the rejuvenation _
slurry flowrate through the tube is determned in | arge nmeasure by the
tube di aneter and rejuvenation-gas flow rate. Bubble rise velocity is a
strong function of the bubble size and tfae gas di sengaging cup is sized so
that the downward velocity of the slurry (total flow divided by the
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preferred - 10 - enbodinent, the top of the rejuvenation zone or conduit
may extend rejuvendte eHe dabatystop of the slurry and/or feed the catalyst
rejuvenated slurry to gas separating neans (not shown) for separating and
renovi ng offgas fornmed by the catal yst rejuvenation fromthe

As disclosed in U.S. Patent 5,288,673, the degree of catalyst rejuvenation can be

controlled by independently controlling the slurry temperature in the rejuvenating zone
irrespective of the temperature of the main body of slurry in the surrounding HCS
reaction zone. This patent discloses that temperature control in the rejuvenation zone or
tubes is achieved by one or more of either increasing or decreasing the slurry residence
time in the zone, so as to utilize the exothermic nature of the rejuvenation reactions, by
insulating the rejuvenation tubes, by introducing heat or a cooling medium into the zone,
by preheating the rejuvenation gas, etc. The ‘673 patent teaches that the temperature in
the rejuvenation zone should be high enough to remove CO and at least partially

rejuvenate the catalyst and low enough to minimize methane formation and wax (~Cag+

alkanes) hydrogenolysis. These teachings apply to the present invention also.

In an HCS process, liquid and gaseous hydrocarbon products are formed by
contacting a syngas comprising a mixture of H, and CO with a suitable Fischer-Tropsch
type of HCS catalyst, under shifting or non-shifting conditions and preferably non-
shifting conditions in which little or no water gas shift reaction occurs, particularly when

the catalytic metal comprises Co, Ru or mixture thereof. Suitable Fischer-Tropsch



rej uvenated catal yst slurry. The slurry fromwhich the offgas has been
renoved is then passed back into the slurry body or el sewhere. Another
aspect of WO8p48ent i nvention is that of concentrating thecrusdswessssi n
the slurry in the gas disengagi ng zone, which occurs by virtue of releasing
the gas bubbles to forma denser slurry in which the catalyst is nore
concentrated. The hydrogen or hydrogen coit-ai ni ng catal yst rejuvenati on gas
injected into the rejuvenation zone conpri ses hydrogen which nmay contain
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grrc])carboﬁs t%) f%ac-tionation and/or conversion. By conversion is meant one or more
operations in which the molecular structure of at least a portion of the hydrocarbon is
changed and includes both noncatalytic processing (e.g., steam cracking), and catalytic
processing (e.g., catalytic cracking) 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 hydroconversion and include, for example, hydroisomerization, hydrocracking,
hydrodewaxing, hydrorefining and the more severe hydrorefining referred to as
hydrotreating, all conducted at conditions well known in the literature for
hydroconversion of hydrocarbon feeds, including hydrocarbon feeds rich in paraffins.
Ilustrative, but nonlimiting examples of more valuable products formed by conversion
include one or more of a synthetic crude oil, liquid fuel, olefins, solvents, lubricating,
industrial or medicinal oil, waxy hydrocarbons, nitrogen and oxygen containing
compounds, and the like. Liquid fuel includes one or more of motor gasoline, diesel
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.



reaction types of catalysts conprise, for exanple, one or nore Goup VI

catalytic netals such as Fe, Ni, Co, Ru and Re. In one enbodi nent the

catalyst S catalytlcally effective amounts of Co anG6® re of
eﬁ&@ﬁ%&ﬁ?h Zr, , U M), La on a suitable inorganic suggg??p '

naterral preferably one mhich-conprises one or nore refractory netal

oxi des. Preferred supports for Co contaipi-ng catal ysts conprise titania,

particul arly when enpl oying a slurry HCS process i n which higher nol ecul ar
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one or nore of a synthetic crude oil, liquid fuel, olefins, solvents,

| ubricating, industrial or nedicinal oil, waxy hydrocarbons, nitrogen and

oxygen contai ni ng conpounds, and the like. Liquid fuel includes one or nore
of notor gasoline, diesel fuel, jet fuel, and kerosene, while lubricating
oil includes, for exanple, autonotive, jet, turbine and netal working oils.
I ndustrial oil includes well drilling fluids, agricultural oils, heat
transfer fluids and the |iKke.



-.12- It is understood that various other enbodi ments and nodifications in =
the practice of the invention will be apparent to, and can be readily nade
by, thosevedibshmgsi n the art without departing fromthe scoperaiddsaidssi t .oOf
the invention described above. Accordingly, it is not intended that the
scope of the clains appended hereto be limted to the exact description set
forth above, but rather that the clains-b®-constned as enconpassi-ng-al | -.of-.

the features of patentable novelty which reside in the pr ' |
including apf .features and enbodi nents which would bemﬂmﬂwgmﬁwmm
equi val ents thereof by those skilled in the art to which il
pertains. - 13 - 1. Aslurry reactor containing neans for rejuvenating a
particul ate catalyst dispersed in_a three phase slurry conprising said

catal yst, sl urryliidsEyZpctereontaining means far qejiuenating arparticilatg catalyst | ow

ther et hr ouchiPetEt 8% BEberERbsAR R, BloyBling S coeRlyst ABBM SR Gpspubbiegy ¢
and gas di seidaghmcoRng licNoRciia Quhdwt Ra 'shexﬁmbfan&aﬁreﬁm&;ﬁd%ﬁn' n
fluid communication with said interior of sﬁconduit, for removing aF

| east a por saidslugy thesethrapgb, meassifosinjecting azgas intd the intéris of saidicoadnie and sai d
conduit. 2. A reactar accor'ldi Qg to clai mpigl anr.ei n sai d gas_dj sengagi ng
means surr Sengang means Igeated proximata said conduit entrance and im fKidk | ow pat h f or

said gas di &ﬁﬂﬂﬁﬁhﬁgnm Sald ixﬂeri&r%fsﬁiﬂ%roﬁfﬂﬁ%%g PemcVing af l‘é@.&tagorﬁ&f of &rg to
claim1 wherein said rejuvenation neans alsd conpris gas separati n ans
f or renovi ngasdubibles framedaidijuryp beforomenterssaid condaitexi ti ng said conduit. 4. A

process for rejuvenating a particulate, reversibly deactivated hydrocarbon
2. A reactor according to claim 1 wherein said gas disengaging means surrounds
the bottom of said conduit to form an annular flow path for said gas disengaging sturry
to flow theréthrough.

3. A reactor according to claim 1 wherein said rejuvenation means also

comprises gas separating means for removing and separating gas from said shurry exiting

said conduit.

4. A process for rejuvenating a particulate, reversibly deactivated hydrocarbon
synthesis catalyst in a slurry comprising said catalyst and gas bubbles in a hydrocarbon
slurry liquid which comprises hydrocarbon synthesis products which are liquid at said
synthesis conditions, said process comprising (i) withdrawing a portion of said slurry
from a slurry body and passing it through a gas disengaging zone to disengage and
remove said gas bubbles from said slurry to form a gas reduced slurry, (ii) passing said
gas reduced slurry through a rejuvenation zone in which it contacts a catalyst
rejuvenating gas comprising hydrogen to rejuvenate said catalyst and form a rejuvenated
catalyst slurry, followed by (iii) returning said rejuvenated slurry back into said slurry
body.



synthesis catalyst in a slurry conprising said catal yst and gas bubbles in
a hydrocarbon slurry liquid which conprises hydrocarbon synthesis products
whi ch ar e yé galk t said synthesis conditions, said process LSl (1)
wi t hdr awi r‘n%bg*}%@??i on of said slurry froma slurry body and%&@?@@g '

t hrough a gas di sengagi ng zone to di sengage and renove said gas bubbl es
fromsaid slurry to forma gas reduced shyrry, (ii) passing said gas
reduced slurry through a rejuvenation zone in which it contacts a catal yst
rejuvenating gas c&rrpri sing hydrogen to rejuvenate said catalyst and forma
rej uvenat ed cat ady & Processiascording, to\edaimdywhergin)sajd-gatalyst cgmpsises a sippostedt ed
slurry backGHb&)ovﬁf{ | urry body. - 14 - 5. A process according to
claim4 wherein said catal yst conprises a supported Goup VIII netal. 6. A
process according to claim3 wherein said netal conprises cobalt. 7. A
process according to claim6 wherein said catalyst includes titania. 8. A
process accordi ng AoPrecessiacaording teiclaim 3 whereinusaishmetabeomprises cebalt. | east
partly imersed in said slurry. 9. A process according to claim8 wherein
said rejuvenation produces an offgas and wherein said rejuvenated slurry is
passed t hrough a799% pfstesy aicoftiin i ﬁlagsg . rsai d
slurry before it is Feturned togsg{%mm?@sﬁgggﬁgélo. Ahglgggsetistéﬁg]ccordi ng
to claim4 wherein at |east portion of said hydrocarbon synthesis products

are upgraded b ne or nore cqnversion processes, tp at | east one nore
val u aE?e pr odugtg EAprocess according to claim 4pw erein said rejuvenation zone is at least

partly immersed in said slurry.

9. A process according to claim 8 wherein said rejuvenation produces an offgas
and wherein said rejuvenated slurry is passed through a gas separating zone to separate

said offgas from said slurry before it is returned to said slurry body.

10. A process according to claim 4 wherein at least portion of said hydrocarbon

synthesis products are upgraded by one or more conversion processes to at least one
more valuable product.
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