; e3e<4(6T<[aWD 02/076QG00 -1_ PCT/ US02/ 05230 SLURRY CATALYST REJUVENATI ON
IN-SI TU I N SLURRY REACTOR BACKGROUND OF THE DI SCLOSURE Fi el d of the

| nvent i o& ég o The invention relates to catalyst rejuvgaghiRnsii @
slurry. ? % cularly the invention tonprises rejuvenating catal yst
particles in a threephase slurry body, by sequentially passing slurry from
the top down to the bottomof the body through a first gas disengaging

zone, a rej uyeps gas, 7GR & ¢ ﬂﬁg ' ‘ij . mﬂ.ﬁgxigne and
t hen a downcorefr,—anmd—&—t
rejuvenating a Flscher Tropsch hydrocarbon synthe5| S|tu in a
~slurry hydrocarbon synthesis reactor. Background of n@ ﬂ@%ﬂw&n [ 0002]
- Slurry hydrocarbon synthesis processes are well kno nted. In a

slurry hydrocar bon synt hesis_proc t hesi s gas con‘pmqos*l ng a mxture
of H2 and OBAGK {JNP 'EH%f &ééﬁgﬂﬁﬁough a threephase,
gas-|iquid-solids slurry in a hydrocarbon synthesis reactor. The slurry

l'iquid conprises hydrocarbon products of the synthesis react , the solids
conprise a pyil Pk fivaaligs - Tropsch type hydrocarb mﬂmm ‘mmﬂm Mcat al yst and
t he gas bubg%mﬁﬁﬁ‘ﬁ—%e feed gas and gaseous p he synthesis
reaction. Synt hesi s gas made from hydrocarbon feedstockaswshi ch contain

nitrogen (i.e., natural gas) or nitrogen containing conpounds (i.e.,
resids, coa[ 00djal eTheciswentiomrelatas b catalyst yejpyenationsna dumyaiMereHcN and

NH3, h f h.d h | S ds f di h
elurry ;seLygxav“@aa @eﬁﬁsélhj’é%i%ﬁmiqsir gifing A BARREORA BT L'
tal yst
oncti vat | opty YHES Boty by MuenriallpLinip SRy Hedim P dopowh tode. 2, L°
restored (t bettomt@ﬂmstbodwdwaghra@)st s disengaping gond)a réfveniatiag gds cat al yst

wi th a hydrogen rejuvenati n@ag Thus, the activity of t he hydrocar bon
synt hesi s caomag‘sng zone, lacsee gas/élsgngaguygm@emme& wnemm;; a@d

contlnuousl ted by.c actin slur

hydr ogen co %‘é&"mgﬁu?' hs&sexégfﬁtl&e{reyg g}I‘ QE |s is

di scl osed, 0‘;:5?68;1! BahedHsin aﬁﬁgqﬁ% @argéﬁ’s 8 rédcfor’ 02 and
5, 811, 468. F’g&i e %n%%ls%ﬁgypat ggr%ts 5c1ej u ?on t akes pFacgéci n an
external vessel. In the 702 and 468 patents, slurry containing the
rejuvenated catal yst is passed up towards the top of the reactor, where the
f eed gas comackgioand i the giiliont woul d be advant ageous to be abI e to take

the slurry to be rejuvenated fromnear the top of the reaction vessel,
rejuvenate the catalyst inside, instead of in a vessel external of the

react or and agan;, ' @@ﬂ bottom of the
vessel , gé(m%] the pﬁ’%@n“%aﬁg&?ee 8%5 5%68%&6 8@4 Irﬁ%@v{l{%%ﬁm ON
documented. In a slurry hydrocarbon synthesis process, synthesis gas

comprising a mixture of H, and CO is bubbled up as feed gas through a three-
phase, gas-liquid-solids slurry in a hydrocarbon synthesis reactor. The slurry
liquid comprises hydrocarbon products of the synthesis reaction, the solids
comprise a suitable Fischer-Tropsch type hydrocarbon synthesis catalyst and the
gas bubbles comprise the feed gas and gaseous products of the synthesis
reaction. Synthesis gas 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 NHs, either of which
deactivates the catalyst. Some compounds formed in the slarry as by-products

of the synthesis reaction, such as oxygenates, also cause reversible deactivation.



[ 0003J The invention relates to a process and neans for slurry in-situ
catal yst rejuvenation, in which slurry is passed fromthe top to the bottom
of the sl yrr | in a reactor, through a rejuvenating z Jeans

| ocat ed ﬁﬁépﬁgggﬁﬁrry body. The process rejuvenates the c§¢§P$§ D?ﬁ t he
slurry in, and not external to the reactor, thereby elimnating the need
for an external rejuvenation vessel. Th2-invention nay be practiced with
any process enploying a three-phase slurry in which the catalyst reversibly
deactivates.and is rejuvenated with a suitable rejuvenating gas. An exanple
of a particCiaiydt\catlivARIEhPIREEHFecids i8 révdssibYe T eﬂ%trvﬁ.%rm&gibydr ocar bon
synthesis process, in which the slurry conprises a particulate catal yst and
" gas bubbl emstirsdétheashtalystacjuvenatedy by contacting the deddtivated catalystrwith a
hydrocarbon synthesjs process, the feed gas concentration is greatest at
the bot t ordtysirogpe rejuyengtinggas rThusothe activityref the hydeecarbomnesyartesss it i s

" WD 02/ 07660 CT/ Us02/ 05230 ,- 3advant ageous. t o.,r enove .t he deactivate
catalyst fPOANRLL} MEJeRRive SpiTg mAhhe SReRBOHPT HBREIOHLY BOHESISG  on of
t he feed ' %gn,p,_?ﬁﬁ ] %rr g{r v e bottom
portion of ﬁgﬁtralggigg?}?g y S urpg&‘g)ﬁg#\é aﬁgeltgﬁéﬁ%ﬁgégg?%ﬂﬁfgléghase
slurry in catalysorejudnatedslany. Kitis rdis¢losdd; for exanpleotyU.$ pat@apect i vel y
meant above and bel ow the mddle of the slurry bo Y, and preferably as near

to the topd.3R0,23% 620834465581 HTE2 andsR4]1,468. n the 282 apd 52U patentspr i ses

Turry modyutseEiatiakss bR el vésst] 1PBR he g 68 mattods e ot t om
cont act i ng SRR Drafy eSS el AAARRL Bt ol B EnRBL B, R

transfer zeaetotowherethe foéd ph edncentation 9 low. nittwieuld|berddvakRg¥oudter bdrer
except for the first gas disengaging zone and the bottomexit of the

downconer ablaietake thersdurry ke be rejuyenatesl frgmomenrdhe tep af therndactipn vessele

invention is isolated fromdirect coptact with the surrounding slurry body.
Havi ng t he" eyt ‘E?ﬁa]i'ﬁtrf\!}s@ﬁ’dn?‘i‘?é‘gi&%ﬂd’ egsel exfern ﬁﬁea&g‘lf comer
zones i sol i éaog‘uﬁl?f j ot 4K i

enabl es th@kgﬂ)ﬁég{%%@g&%&j U\}e apgmﬁ}#% proétg%fsﬁ%é;lﬂ? E’égﬁ%%%??l oﬁtV\hi | e
t he react otheiincemirniefeedfdasl i ne or on-line producing products. The
rejuvenation process may be conducted continuously or intermttently in the
reactor. At |east a portion, but not necessarily all, of the gas bubbles in

the slurry, ..t jsengagi ng zones. The first gas

di sengagi n%ﬁmnﬁgetﬁga@e\ﬁﬁﬁgﬂom the slurry as it passes through
the zone, to produces a gas reduced slurry that passes into the
rejuvenating zone, into which a rejuvenating gas is passed and contacts the
cat al yst p@00B¢! esThieninvbatigeselatesitcs fradess ad mans foreslumerialsas dabtyaat al yst
in the slurry and fornms a rejuvenated slurry containi ng bubbl es of

r ej uvenat iTeipveastionhincwhich shaey ippassed from thegtepaodbe battomenf the shumagi ng
, t bubbl f | UV. ti f d d d
£ ol tvenat P! B 3 JEacdt tiropkh b RS BRRatEik Ais AEmETRS et 1o es SBEY: v body.
B 1 . /- | . i | i
/e Uvengigs TG 2076000 GETLRARLORONLS i L 5, gy ol UV

which the ca al yst “partrclres have en -at [ east y reju ated. By
renovi ng kibbtator, therbdyteliniahtin thearet for BRekicnalakjuveRaiGt véyseb! ERe i S
renoved, as is explained below. Renoving gas bubbles” fromthe slurry

i ncr eases Inventgemygiayyhe puaeticedwithanymrocessemplopmg § thrée-phasehslghyingas

content suryo in lurry b and. slurry .being rejuvenated in the

rej uvenat i cﬁgﬂg_cgqaiy%traéqg degcfivates au lﬁﬁ?JBg%%ath'ﬂ&'lab? sWtable i on process
to be con ighel Y i is i re is no

 need for SLiPRDafAE RS’ WY ohY REEAIR DX el HESWEL S, ool
deact i vat quiséldraliopscR h§aicbaftibn Ynitegisproeess i ivhidietHe ey cempeisaginct i ng

the process of the invention may conpri'se a Sinple closed vessel at |east

* partial | y pamenlataicatalyshand pas bubbbesddispéraed imya hydtocarlyoreslurrgiqmidingin exi t

and neans f(ir injecting rejuyenating ga (Lg{p into its interior. The entrance
and exits &YEILY, peabon synthesis Presass.dhe decdgasconpentration isgigatsstdind gas

di sengagi ch .o ich rise an.dpward Qpeni ng cup or
condui t tﬁg‘f E‘égtrgﬁil ?gﬂ&asé“%ﬁm”% b[%?yp ?‘gg%dﬁas‘i?& (')[E’Fr%ﬁf’)rel’ﬁ Ssi urry passing

t hrough and which respectively feeds the gas-reduced slurry into the
interior of the vessel and into a downconer. The downconmer may be a sinple,
vertical pipe or conduit open at its top and bottom part of which is
imrersed in the slurry body and feeds the rejuvenated and gas-reduced
slurry down into the bottom of the surrounding slurry and with its top
extending up and out the top of the slurry body, to permt the di sengaged

. o o S T T T 1




-5 PCT/ US02/ OS230 transfer zone, wherein the gas bubble reducing and
contacting occur within the slurry body, wherein at |east a portion of the
transfer is in the body and wherein the slurry conprj ubbl es
and soliaagﬁﬁﬁkégt particles in a slurry liquid. The bubgﬁégﬁggﬁg%ﬁg zones,
the rejuvenating gas contacting zone and at |east a portion of the
downconer transfer zone are part of a s3ngle catal yst rejuvenati ng neans at
| east partially imersed in the slurry body. In the enbodi ment in which the
single rejuvenating means is imrersed in a slurry in a slurry reactor, then

the all of ;i %E?ﬁé&gﬁ%ﬁ%ﬁ@e{gcﬁ%ﬁd }é"aia'lxs‘i‘hsd]n%a} M%Scﬁ‘]goi‘&é he slurry

body in the reactor. . etal ne i nvention conprises a process

- for rej uvegahiyibdy whererthe Rbicdragion\ofithe fecll gdsyistlowdstaurnidpase thdhase slurry
body in a vessel, wherein the slurry conprises a slurry liquid in whichis
di spersed rggevanabdsl eatalystidgramtto thecbottem postion of Hyasreactone Byr duwy dodyripr i si ng

" (i) passing slucry fro he er. . portion of e slur body .t.hrqugh a
first gas PGABE eﬁ@é‘ﬂdﬁfb“? S€ S L S %ﬂto[p tigm jof flag aﬁgré(orti on

of the bu . f QL [ Pals) e gas

pubbl o r eateh IEPGPRHTHP ot MGV fod FRSCIRiYA pr e duRRTRS T add

rej uvenat i pferably & fedrts tl'i@idp%ﬁﬂﬁidtﬂﬂn%@?@ssiblé.mi ch it contacts the

catal yst particlés in the slurry and reacts with themto rejuvenate at

| east a portion and forma rejuvenated slurry containing gas bubbles, (iv)

passing the rejuvenated slurry through a second gas buphbl e reducing zone to
remove gaslQ9dbI e Buelly.ithe precesn sompaptserel wYrnaBnEApvers By dearttvateds| urry and

(iv) passi : I e j . .| downcormer
i urry o arRrREnBRIHR Y AP RE SR bRk b R R U o
slurry pasfigim ﬂﬁ%g%dvﬂ ﬁﬁe%ﬁoﬁ%%e%d‘y‘tﬁfbﬁhiﬁ?st%ab‘rd'is)éngé’gi)ig and
wherein the gas bubbl e reducing zones, thé rejuvenating zone and at |east a
portion of zéies adejuvenating ghsicontactingmine; asecendgas disengaging rondand| urry
body. In the specific case of a sluryy Fi i]Ch r-Tropsch hydrocar hon

ébg% 2

synt hesi s icacedawneoraer f warsier 7a3% dodan. il of whichencygewitsin the slurry
erbod: ment OUCh GHdes Freent HE T e Peporeii RS A IR DR BN &, G

the i nvent RN SPRRIh&aParlsié zﬁﬁl@Pﬁle%lurr,@@@ﬁig ﬁ@befs@ﬂ%%ﬂdﬁh@gﬁ) thént hesi s gas
conprising a mxture of H2 and COw th a particul ate hydrocarbon synthesis
cat al yst i mvehtonieselted fiont diredtycontatesdth thetsumpundiary sarryibody. sl urry body
conprising_.the catal yst and gas bupbles in_a hydrocarbon slurry liquid, in
whi ch the Hg VSR gAe £iSeeond &ef disengaging é@é downcemes, m

hyd bops, f.-0m. sa ' ; | [
Yo PSR oA Rt s hERRn PRI Dol ARG R o
the deacti ylakiy® teRRpiveRafedWy/ the Pricels dE thy diventibe wiletheTeactbPf08ther b)

passing slurry fromihe upper portion of the slurry body through a first

gas bubbl eoffdthecomon-tinegproducing productst Thestjuvenadioni process mayebgas bubbl es

fromthe sluryy apnd form a gas, bubble yreduced slurry; .[0010] (c) .passing
chedt the &

the gas bub eRIEHUONSY,OF InfraNtterdint 1 (s reaciPhiv B laasha POBHAL tub011] (d)
passing a et l ¥slariy ) SPAe' 9 63BBics HRAL ShbY METERBT0a iR gdte

disengaging zones. The first gas disengaging zone removes gas bubbles from

the slurry as it passes through the zone, to produces a gas reduced slurry that
passes into the rejuvenating zone, into which a rejuvenating gas is passed and
contacts the catalyst particles in the gas reduced slurry, This rejuvenates the
catalyst in the slurry and forms a rejuvenated shurry containing bubbles of
rejuvenating gas, which is then passed through a second gas disengaging zone, to
remove bubbles of rejuvenating gas and form a gas reduced and rejuvenated

slurry, which is passed down to the bottom of the slurry body. By rejuvenated



rejuvenation zone in which it contacts and reacts with the catal yst
particles in the slurry, to rejuvenate and at |east partially restore the
activitywoddRefeat al yst to form (i) a rejuvenating Offg%@%ﬁ)kiﬂ a
rejuvenated catalyst slurry containing bubbles conprising offgas and
unreacted rejuvenating gas; [0012] (e) passing the rejuvenated catal yst
slurry into a second gas bubbl e renovi+d- zone to renove at |east a portion
of the gas bubbles fromthe rejuvenated slurry to forma gas reduced and
rejuvenated catal yst slurry, and WO 02/ 076600 _ '7 _ PCT/US02/ 06230
[0013] (f) ' ,,ga I Lapeenat AT wncomer
slurry trzfr%gl?z;ﬁ g%ﬁghiﬂn %ﬁ?ﬁ%%ﬁgﬁﬁggﬁ }%grgi%egglgi’%%agfg%@?g portion
- of said slrejuvenbiedy Byncemdneingibubbles igascahtithak at leasts pogiotoofihe gabe
rejuvenating.zone and at |east a portion of the downconer slurry transfer

_ zone are | e&dis rempwed, s s explasegd below: Rempeing| gasrbpbblesdrem they be
operating quring. rejuvenatign or it be, t ak off Li,ne and batch

rej uvenat esgwﬁlgcrpgé]eg\@n(&nisﬁx, < eg@gﬂ%ﬂf’&?ﬁ%‘?&y Htg’eﬁ}élgg%@fct ed either
conti nuou | 4 i ‘M@n, | | : ' t he
hydr ocar b?r%é%tsﬁggiagﬁ% a%to bi%§§oa§l-dlsl n gﬁﬁlgg\réo u?:llh%g lﬁ%?% gy@c?lrt\ I qui ds,
a portion zmhet dedengity differencei drfablesaheréjovenation proceésstte b dondated

wi thdrawn fromthe reactor as synthesi zed hydrocarbon product In the

cont ext ofentwely; by etavity sdrivendiydsawticsc Jfhaisy thereisne need forglepe pimps. i s meant
to include species which reversibly deactivate the catal yst and wherein the
catalyst activity is restored (the catalyst rejuvenated) by contact with a
rej uvenati S WSl ' . v o L gquil d: dr ogen

Cont ai i ngCaagl; Mkl siehll ol Risveriafify o bbb WeRORRRLLatigt O TOFT o <
process, agchakinpeaetheqnovesstofahe dnventivheondustingitte. process! dfithe WiveneiollCN, NH3
and certain types of oxygenates will_ deactivate a hydrocarbon synthesis

cat al yst, mpecomprse psHnple ¢losed viesselasdeass pagiallyrimmarsed inghe slntry with a

hydr ocar bgn t hesi s.process or a,hydrogen rejuvenatj.ng gas, but is useful
Wt any. SodSy AVER Ay <BRAnf afd S SGBeal N RRchag v endineans: | vat o
t he cat al : =y (IVATE VR est ared.with an

appropri a@?ﬁﬁ%gﬁg{lﬁ? ngn&ﬁm%@éﬁ%@%( N m"_uff%] Figure 1
i's a schemwith thecfinss and sedombgaf diserigaiglipamains) Basle of whith bl domy@ieian in a

slurry hydrocarbon synthesis reactor. ~ WO 02/076600 - 8-
upward opening cup or conduit that permits gas bubbles to rise up and out of the

slurry passing through and which respectively feeds the gas-reduced slurry into
the interior of the vessel and into a downcomer. The downcomer may be a
simple, vertical pipe or conduit open at its top and bottom, part of which is
immersed in the slurry body and feeds the rejuvenated and gas-reduced slurry
down into the bottom of the surrounding slurry and with its top extending up and
out the top of the slurry body, to permit the disengaged rejuvenating gas bubbles

leave the slurry, before or as it passes down the conduit.

[0006] The invention briefly comprises a process for rejuvenating reversibly
deactivated catalyst particles in a three-phase slurry, wherein slurry from a slurry
body is sequentially passed from the top down to the bottom of the body through
a first gas bubble reducing zone, a rejuvenating gas contacting zone in which a
catalyst rejuvenating gas contacts the catalyst which is at least partially

rejuvenated, a second gas bubble reducing zone and then a downcomer or



PCT/ US02/ 05230 [0016] Figure 2 is an enlarged schematic cross-section of
the rejuvenati on neans of the invention shown in Figure 1. [0017] Figure 3
is apla i ew of the rejuvenation vessel shown in Fi apd 2.
[ 0018] Fﬁgéﬁgoﬁmﬁﬁlustrates a cross-sectional side vieM/OEHgﬁgzéggﬁ
enbodi mrent of part of the neans shown in Figure 2. [0019] Figure 5is a
brief plan top view of a detail of the-freans in Figures i and 2. DETAILED
DESCRI PTI ON [ 0020] The invention will be illustrated in nore detail, with
specific regard to an enbodinment in which it is enployed to rejuvenate the
catal yst p 1 i : i [ ( |
~reactor, t éﬁﬂ?tﬁgﬁ%gﬁg?ﬁé%hég?gkg? oﬁg ?@ggﬁgdgéﬁ%%ggégﬁggi eedﬁkis i's
known, in glughybody, Wirediaral 1€43s a poysh of thichiramsfarnioneds n thedsmBsand
synthesis gas feed conprising a mxture of H2 and CO.is bubbled up into a
~slurry in wherdinthe slaeryspoini@Ges ggas bubhles and solid eatady sipasticles imdshirgat al yst ,
i fective to form hydrocarbons, and preferably

under reacf,io ndj ti.qns ef
qui o hyligeih ERE bubyle Fedhoige roRcs M FeRPRIALEE B5pFORactnE A0EE PROAG var y

vhat g DTS | . diol
o fect e (a5t & pARigeME ol BRRERESHE B, BIEOYE sald kit SO0 11 oS
CS+- C200) np?éljﬂvéﬂa@ﬁlgrxﬂédné dtli@ast partillly ifkfmersed i ellinty hodyodarhen synt hesis

process e oying a catalyst conprising a supported cobalt conponent
i ncl ude, f ombodimentan wlno%ﬂmsmg?mejmem sxans s mooetsedgas dpaydn a

velocities jn the range of from.about 320-600F, 80-600.psi and 100 40, 000
VI hr/V, exPiBYSEacios e thealliob H}ﬁ%neﬁm%rmggrm witl ks %ﬂzmm%eg

02/ 076600 . P 0._m.xt.u ) . . . | une of
catal yst, ?géhﬁesmgﬁéﬁ’@ﬁ%aﬁegk é’%’t I'rhg ﬁ%?%sqe%ﬁg{%%lg g#?/@%@@%?%@conponent

is known t9rdUe@ﬁﬂﬁ&ejﬂ9§Mtﬁlé€X@é&&ﬁbt}?&éacﬁbﬁ%d%hﬁﬂyét%iaﬁh%@ Eieistudy ' oom
tenperature, but lidquid at The reaction conditions. Wiile the nole Tatio of

t he hydr ogbody in & vesseh rvidmeremothe sharey comiphisesya slumeyylidpidad! whichrige from about

0.5to 4, th t Qi chi tri t] I tio f | yr, )

Fi scher - Tr diReref gas bubblss And paralel of the satalyss s Brpprwaomprsng(2. 1 i n
| hvd : ' o i

cond 11 oms PAATE S St i SpBECEGERRRIAY FLS BENARE At |, o

mol e rati obiBdleabdkiRe zoRE do didenggk BRIFomEvetatIe st FUtioh offthe bubbleeyond
the scope of the present invention. Synthesis gas may be formed by various

means fromandkerm ag@as bubblewaducedslarmyc@i)passing the gahbubble deducedsiuay eous
materials., U S patent 5,993,138 gives a, good. revi ew of_ various processes

used to prSHQASCHIYERMING 2008 (I NASSIRG 2 TeUVCARtING EAL IR $he JeTR¥RIMtNE DY | si ng

met hane, ag_ln: [ 8P red.. . CANVENI , i and
because itEcc’fl(l)%slﬂn'@%}H&ggvcgﬁ?agrﬁg@eq%g%%ttﬁggél%# ma@‘rr% S?‘%&ggﬁ aarﬁgéftggﬂgingﬁgfspos ed
of . I rrespgridjiveenate dtlleadt udicition Aa0 F6AA ASTcfivenfied shady conRidfppast he
synthesis gas, they all typically contain nitrogen or nitrogen containing

conpounds bubbles, &)l passing the rgjneemted sy thrahghiGhséoondgashubblesi s gas.
ot i ¢ bR e Bl 2, "
Fur tner . Wi SyeReed AR BT E g R0 af Bl YOS RI Riumdfe D et

has been f gufe ihftRh deGaebmépsivery Rindfbesdhes REWhRth the dRHIbbIYIRIued t he
catal yst can be rejuvenated by contacting it with hydrogen. This

rest or at i oandfejuvenatad sthyryipassestdovn yndinta thelower porfiodeddhe shirgobedy, al yst
is referred to_as .catal yst rtgj uvenati on. However, while pr efgr red and
possi bl e, awhpiherein thesgds bibtle reducing zonasatheuemivenaiing gone gnd at leagta ¢ he

ot - vewy SBSloR ¥t AgWaRpiet SlptrP RASIALA Y B Abei i Bs HRAT RO BT ™
partially fif)dpeeitrt &le bFg sm&ﬁm%h%r-a?g?srcmx&darb&i Synthesis ppo&iss; thEhe

_rejuvenation process al so produces a uvenation
rejuvenation gas will be hydrogen or a hydrogen-containing gas.




WO 02/ 076600 - 10 PCT/ US02/ 6230 product gas, which is referred to herein
as a rejuvenation offgas, and this offgas contains sone of the sane

cat al yst j vating species present in the synthesis ga resulted in
t he cataﬂ@@?zggﬁg%ivation inthe first place (e.g., NH3 aﬁ%ﬁpS*wk her ef ore
it is also desirable to renove this offgas fromthe rejuvenated slurry,
before it passes back into the slurry bgdy in the hydrocarbon synthesis
reactor, to avoid recontamnating the slurry with the catal yst deactivating
speci es renoved by the rejuvenation. The rejuvenation will typically occur

at the syn hS ndi tipns when .t.he process the inyvention takes place
inthe synt N ﬁ@ﬂ;}pﬁ(ﬁiﬂp&i&lﬂ} SRF(%%@%Wgaﬁ‘gIoo%Bﬁg’é’dﬁ-‘(@mﬁa@é’gseI exterior
of the rea esi¥Bkd st theRWw 03%%2@5%9 b st gterior vessel, it is
preferred that ?g\bbe co’rﬂ}uct ee?ﬁl nt syntﬂhe%?gs rSe'act or itself [0021]

~ During rejuvenation, the presence of COin the rejuvenation zone hinders
catal yst rejuvenation until the CO s consuned. Thus, renoving at |least a

portion of [Q048]gadapoentnetingaisgnthesisteas somprising @ mixtnre 06 angS0 wish t he
slurry before it .is ssed, into the rejuvenati on zone, substantially
reduces th&P, gte aﬁ?ﬁ"g’?%@ﬂf&ﬁﬂf’ o8 Pﬁi}‘h&'@rﬂ??%‘?? Oﬁﬁ@}’%duces t he
anount of {HNA i : % r i degree
of rej uveng%il on. tif rS? ﬁbel?y’q{l%e y ?’?gg%oo sﬁg@geﬁfﬁgi@ﬂgﬁgﬁb&%\%nati on
gas passedahyteodabison sliimtydiptid,on which theibeadt@O recttumdePrédetionr ati o to
greater than the stoichionetric. This results in conversion of the COin

the rej uvependitiany effectpye toeiormyhyidsovarbbanomesaid aynthesiorgis, atdegstanot e
(such as rEoREdY R o Bt et B8 rdicicR"Candnarafed i et bl much ot
th b ' ke, - Lt % Lej ted.
The nvent Hanciier i PERFHEiMe sHETLL (s deab Bl int sethetodt et

illustrated in the Figures. [0022] Figure 1 shows a slurry hydrocarbon
synthesis reactor 10, briefly illustrated in schematic cross-section, as

conpri si ngl0908}| i (k) passing slvsyifram the wppepyrtivaafthe sturiChodysioqEIR S0

cont ai ni ngea,rejyv tign.reans of the inventjon |4 wiihin. A d gas line
16 feeds t t%@jﬁgﬂg&%ge udng zape, i9 rFﬁ‘co(Yetaﬁgeaﬁ{)?PBFﬁ% OH“@ gaé%‘ﬁ?gfesvi a a gas
di stributi i In€f e Wt Eﬁétdﬁg .dashed line 18. Gid 18 is
| ocat ed ovg?“gﬁigﬁ%‘?ﬁ&%%%g?%aﬁ?é%ﬁbq e g%‘f%m f the three-phase slurry
body 22 in the reactor. Except for gas distributors arrayed across its
surface and extending through it, grid 18 is inpervious to gas and |iquids.
Unr eact ed EHOhesi(e) passing e gas h:ibgl:m&duceﬂ‘ slutry ihtoda oatalyst nejuyendtion s
reaction rise up out of the slurry, collect in gas space 24 at the top of

t he vessel? are renoved by a gas product line 26. The slurry conprises a
hydrocarbon liquid in which catal yst particles and gas bubbles are

di spersed. The circles and dots respectively represent the gas bubbles and
sol i d cat afopdtl] par(d) passing d betaBlsy FejivénadingGaak Remprising Hydrigen iif@sthe
hydrocarbon products of the synthesis reaction that are liquid at the
reacti on ciiNenatian zome & yduclbitisiontastcanbraasts with thpeatalysypayicldsdaitbe gas,

along with.gas products, of jhe synthesis reaction,.a significant amount of
whi ch co stosteguyEngic %{i %trele@%/{mglk/ TEptare the AL 9]8&@ %F”g)}‘ﬂé?

w t hdr awal %m fd vy ol i, L k y body 22
for wt hdr%vm n@ ?ﬁguyl qui &a?jffy%?so%:ﬂé;r@gr? fgj@gﬁ%@@%@;&%t{&%@@%@gﬁﬁw a line
30. Cat al ytaibbley mﬁgﬂ&ih%rofmamdhﬂue@dt@d\fbjm:ﬁﬁﬁg asn Figure 2, conprises a
cylindrical vessel 32, having conical upper 34 and | ower 36 portions,

joined by a vertical cylindrical center wall portion 38. If desired or

necessary o] ace Jimtations in the reactor, part of the upper
' coni cal po@bﬁgi 34°)Has§ F@E‘Vﬁ"&%ﬁe‘éﬁ@f@ﬁ@t SiyTRintQ A SEeN g%ﬁrli“}bbq%

downconer | e j e [ I 42.and 44,

conpri ses ‘gﬁﬁ%%@ﬁ‘@é aégﬁ ?ltﬂ,’orég“g ﬁk ﬁg\%e%asgﬁgﬁlgﬁnﬁ"ﬂ tt!i'led

" communi catrefivenhidd sy ko Eim 8lgagrediiedr RN RNRhARH CHRISE! @
connecti ng 'P;I{Vui d conlglkgyt 52. Tﬁge Io(\l/\llieyré r?g?t ?‘@ﬁeﬁﬁt@of thzﬁc?(l)l&n%{:’oa\frrgr
conprises the slurry transfer neans, for passing rejuvenated slurry that
has been reduced in gas bubbles down to the bottom portion of the slurry
body. Portion 44 is wholly imersed in the slurry body, as shown. However,
if the rejuvenation neans 14 is in a vessel external of vessel 12, then at

| east a portion of the rejuvenated




WO 02/ 76600 PCT/ US02/ 6230 -12slurry transfer neans will be located in the
slurry body. A sinple conical shaped baffle 46, |ocated just bel ow the
rejuvenagggogkﬂ&hy exit at the bottom of the downconer, 9§§H§§ﬁﬁsiﬁe

upri sing synthesis gas bubbles fromentering up into the downconer. If
desired or necessary, an optional rejuvenation gas line 48 may be used to
inject small anounts of a hydrogen-cortAining rejuvenation gas up into the
downconer, to naintain catalytic activity of the rejuvenated catalyst in

t he downfl owi ng rejuvenated slurry. Al so associated with the rejuvenating

means 14 i as (ky : | ' fuﬁg, [ bott om
of the int@roialgjJ of(ﬂté;hgs@ésﬂééegé%%%gﬁggﬁgréjﬁ?%agﬁ@g g sEl I gtdrbi ucf(o ?ger{ nmeans
56, indi caglagyltvarisha Zdas e vHitlni is phssed dowh astine tieboorpdtioh ®Engagi ng
zones are respectively shown as 55 and 62. Zone 62 conprises the interior
_ of the consiidshigy bodynead wherdin thes gasbublde redncingzohesn thenmejuvidating si npl e
baffle plate 58, sqpmn extendiggﬁ%&ansversel acrosg the interior_of
rej uvenat i &Gk leass a porjon @ eWReOmeESInHY drangfer zone e % nto two
di fferent Q{q%@ fbgﬁ zones. This prevents the incom ng, gas-bubble reduced
slurry ent Eitng 3 2% om t he slurry body, fromflow ng transversely across
the interior of vessel 32 and then out and down through the downconer,
wi t hout having had sufficient contact with the hydrogen to rejuvenate the

c?t al ysL gﬁl(kzlg&! esTherslutny reagntg_rmaymm,erath@ %mgl;@{regmﬂﬁghmrgymydﬁ t he
slurry bo i.0..reactor i sengages gas bubbles in zone 55, to forma
slurry redé&@@l Ofﬂhﬁ%@‘ﬁ)gﬁtﬁﬁéﬁwv‘mﬂggi ﬁi&eef&wgn@w $teps pug: may

-red i Vi i into th
Pnter tor ope ppiiucled Ul ool 7 B? o WECEAPASLT WhHRTEANERAESN, 1) body

interior rejuvenatt

60. The sl ggdurs WHIN thehpd@Raition is edctod i€oh-Fin %dgsr;ea_ﬁ&ﬁg of the

12
flowdividing baffle 587 is sho by the arrows. The uprising rejuvenating
gas, in thipdroearbondirjulidss aglortignl ob gesse diquidssisicithet eortimromghnercont ai ni ng gas
i ndicated by the circles, contacts the deactivated catalyst particles in

the sl urryinbermuttenily, pathdsawn fem ghasregstor as synthesigad hidraderen prodyct.t he

|, e ' oy 40. .As, .t he s
{Fows. thr oifyitecutids o e HEGni G0 M ermf LS AR SR, SPoecioR b sty o2
and gaseoup imgiudéapatied wmapfaavefsibly &QcHPaRAHe cati)sP dh@ WiRkPEin the _
PCT/ US02/ 56230 out of the rejuvenafed slurry. This increases the density of
t he sl urr ycatalyst activaty is mestotteld(theodatalyst reguvemated) by colntaot witlody, enabl i ng

t he now gas-reduced and rejuvenated sJurry_to flow into, downconer 40, and
down t hr oUkSINYEBABAE 835 {N-sitl nnﬁwostlwil éfé/ds@gey 1§ hydregee coptaining

o ur ry 11 oy ek AR IASGER A5 Sl Al 8o o ek 1« her ey
rej uvenat i Heent defitaistehtddEint thE ipiidr att. | Biaakly,2whié HQU, NI derfait Alpesi C

activity. This forns a rejuveénating offgas conprising unreacted hydrogen
and gaseouef gxygtnates will delaetivatp adgrdxocarbon symthesin cathdy st riherinventiéngisr es 1
and 2, this aoffgas.rises up jnto the upper portiqon 42 of the downconer
condui t, m@n@@émieiﬁmgﬁm&setmﬁyw # bydrocachom HMtbesISBIORASS OF &i gur e
1. [0023] ing to vessel i E es. .1, 2 .and how ¢ firgt gas

di sengagi n@eér%gﬁg‘gug?aﬁ%@%?‘ﬁds;ﬁg@wg} %’%%}9“?')}%? Phéa &M¥s a
sector of i6R revedrsiblyHdch cERATA ' 4t I gﬂygi urry.
This is fo@r?gségwu gﬁrmdr?lselplﬁvalgalﬁ% ex? Sﬁfﬁg ayteirvﬁégglﬁil?}ed%m frag'%t e

coni cal t ogandde rdfstored sdth &Pappropriate pavenafing gagjui t 66. Wall 68 is curved,
with its perinmeter parallel to that of the vertical outer wall 3 8 of the
vessel. A downwardly sloping bottomwall 70 extends radially inward from
t he upper i and termnates at its bottomin a
curved vefﬁgggFi%%?éRiﬁf&mﬁngYﬁ%é@inﬁﬁsmjth wal | 68, forms slurry conduit
66. As shown in Figures 1, 2 and 4, wall 74 extends vertically downward
fromthe bottom edge of 70. The perinmeter of both 70 and 74 are al so
“parallel t[@01Bht @FHig@8.1 ¥él dchéMatit epess-sdotion of aagjuveghtiorgnraheof thwn the
angle of friction_ (angle of_ repose) of the catalyst particles in the
slurry, tonyertiemin aslurgyhydreearbpnsypthesistreadtes in the first gas

di sengagi ng zone 55. Figure 4 is a partial cross-sectional schematic view
illustrating anot her enbodi nent of the first gas di sengagi ng zone, section
A. In this enbodi nent, instead of form ng edge 72, a portion 39, of
vertical wall 38 of vessel 32 extends vertically up as high as the
intersection of 68 and 34. This wall extension provides a | arger and WO
02/ 0766U0 -14 PCT/ US02/ Cs230 deeper gas bubbl e di sengagi ng zone. Thus,
provi ding the extending vertical wall extension 39 provides a | arger

qui escent zone, in which the slurry within has nore tine to di sengage gas
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[0024] It is understood that various other enbodinents and nodifications in
the practice of the invention will be apparent to, and can be readily nade
by, thos i in the art without departing fromthe s pirit of
t he inve§¥¢§%b§§@cribed above. Accordingly, it is not int@ggggﬁ@ﬁ§§ t he
scope of the clains appended hereto be limted to the exact description set
forth above, but rather that the clai m8be construed as enconpassing all of
the features of patentable novelty which reside in the present invention,
including all the features and enbodi nents which woul d be treated as

equi val ent r eqd; i Wa P " i tion
pertains. R)Ot\’\?j?ozﬁﬁg'%éo%ﬁ%%ﬁ éfjgé‘]%?‘?h Lg(f)i%é“?grz%gkgﬁﬁ?%fgﬁ %ﬁgeggeé@g for
r ej uvenat i meaneyiheiiventitteshiowsincFliguad 4l yst particles in a three-phase
slurry body conprises sequentially passing slurry fromthe top down to the
_ bottom of said body through a first gas bubble reducing zone, a

rejuvenati S ntacjying ,zone in whigch a.catal.yst rejuvenati as

Contact o 00715, HREUR T is niaR Sonpiowd O e i vEnpti vesso) ShPaon PedtEs ong
gas bUbb|elé§ ywci ng zone and then a downconer or transfer zone, wherein
said gas bu € reduci ng and contacting occur within said body, wherein at
| east a portion of said transfer zone is in said body and wherein said
slurry conprises gas bubbles and solid catal yst particles in a slurry
liquid. 2.]081B8} ocdguractiliudiratys acrossasentibnahside ivievs af dnothdu cimbgdament
contacting zones_.are part of a, single_ catalyst rejuvenati ng nmeans at | east
partially @ anlqlﬁe%ﬁ shozyn in 88’9~ 3. A process for rejuvenating a
reversibly deactivated catalyst in a three phase slurry body in a vessel,
wherein said slurry conprises a slurry liquid in which is dispersed gas
bubbl es an@ong] t i Higsred iswrbricfGlamtoviews of 8 detallCelthe ateaRs il Pihres 1 Passi ng
slurry fromthe upper portion of said slurry body through a first gas
bubbl e redud 2g zone, to di sengage and renove at |east a portion of said
bubbl es and form a gas bubbl e reduced slurry, (ii) passing said gas bubble
reduced slurry into a rejuvenating zone, (iii) passing a rejuvenating gas
into said } i bR which it contacts said catal yst particles
in said sf%gﬁemgﬁgﬁgg%%¢gﬁ€$¥%ﬂthen1to rejuvenate at |east a portion and
forma rejuvenated slurry containing gas bubbles, (iv) passing said
rejuvenated slurry through a second gas bubbl e reducing zone to renove gas
bubbl es ar{®026} m Thgdaventid will bel ildwstratedi in moue detailowith specificaregard to)
passi ng said s ,bubbl.e reduced and rejuvenated slurry_ into a downcomer
slurry traHs¢ BOQB’%}“M" Hys §§1Pg°}§“éist°o'i%b‘feé‘afee catalystpgesielos uv8600 16

— PCT/USO 24119&?‘qi‘qscher-Tropscih hydrocarbon synthesis reactor, that is producing
hydrocarbons from a synthesis gas feed. As is known, in a slurry Fischer-

Tropsch hydrocarbon synthesis process, a synthesis gas feed comprising a
mixture of H, and CO is bubbled up into a slurry in which the H, and CO react
in the presence of a suitable catalyst, under reaction conditions effective to form
hydrocarbons, and preferably liquid hydrocarbons. Slurry hydrocarbon synthesis
process conditions vary somewhat depending on the catalyst and desired
products. Typical conditions effective to form hydrocarbons comprising mostly
Cs. paraffins, (e.g., Cs5+~Cyg0) and preferably C,o. paraffins, in a slorry
hydrocarbon synthesis process employing a catalyst comprising a supported
cobalt component include, for example, temperatures, pressures and hourly gas
space velocities in the range of from about 320-600°F, 80-600 psi and 100-
40,000 V/hr/V, expressed as standard volumes of the gaseous CO and H,



and rejuvenated slurry passes down and into the |ower portion of said
slurry body, and wherein said gas bubbl e reduci ng zones, said rejuvenating

zone and t a portion of said downconer slurry tra are
i‘ﬁ‘s g%ﬁag% ur Wﬁf@éfa%o

| ocat ed ry body. 4. A process according to claim3 whérein said
gas bubbles in said rejuvenated slurry formed in said rejuvenating zone
conprises at |least one of (i) unreacted-%ejuvenating gas and (ii) gaseous
products of said rejuvenation. 5. A process according to claim4 wherein
sai d reduci ng and contacting zones are part of a single catalyst

e uvenat | g fRANG, 1A RRRbLAMJIE TR Risealyily Y AOGblys - A

process accor gto éllaim n Ssail vessel " conpri ses a react

process acceormpriginga cdtalyticTobhk cempoaantdis knownytoqaroducsamstly hydr ocar bon
| i quid containing gas bubbles and catal yst particles. 8. A process

_according thydrogarhons shasrase hiquid and snlist afiroenrismpseatuze, byt liquid githesynt hesi s

IO N R e T

condi tions 3,3 d in%hE 53¢ may broadly range from about 0.5 to 4, the stoichiometric
consumption mole ratio for a slurry Fischer-Tropsch hydrocarbon synthesis
reaction is typically about 2.1 in a shurry hydrocarbon synthesis process
conducted under non-shifting conditions. A synthesis gas having other than a
stoichiometric H; to CO mole ratio may also be used, as is known, a discussion
of which is beyond the scope of the present invention. Synthesis gas may be
formed by various means from coke, coal, bitumen, hydrocarbons and other
hydrocarbonaceous materials. U.S. patent 5,993,138 gives a good review of
various processes used to produce synthesis gas and their relative merits. A feed
comprising methane, as in natural gas, is preferred for convenience, cleanliness
and because it doesn’t leave large quantities of ash to be handled and disposed
of. Irrespective of the hydrocarbonaceous source used to produce the synthesis
gas, they all typically contain nitrogen or nitrogen containing compounds that
result in the presence NH3 and HCN in the synthesis gas. These will deactivate
a Fischer-Tropsch hydrocarbon synthesis catalyst, particularly one comprising
Co as the catalytic metal. Oxygenates are formed during hydrocarbon synthesis
and can also deactivate the catalyst. Further, water can oxidize the surface of the
catalytic metal component. It has been found that deactivation by these species
is reversible and the catalyst can be rejuvenated by contacting it with hydrogen.
This restoration of the catalytic activity of a reversibly deactivated catalyst is
referred to as catalyst rejuvenation. However, while preferred and possible,
complete restoration of the catalytic activity for all of the catalyst particles in the
slurry passing through the rejuvenation means may not always be achieved. It’s
for this reason the expression “at least partially rejuvenates the catalyst” and the

like, are used herein. The rejuvenation process also produces a rejuvenation



10. A slurry hydrocarbon synthesis process conprises the steps of WO

02/ 076600 - 17 PCTJUS02/ 05230 (a) contacting a synthesis gas conprising a

m xture qLOBEO Qa,cx)mﬁth a particul ate hydrocarbon Synthﬁé@ﬁgﬁﬁ%ﬁ%yst in

t he presence or catal yst deactivating species, in a slurry body conprising
said catal yst and gas bubbles in a hydrocarbon slurry liquid, in which said
H2 and CO react under reaction conditi.qgs effective to form hydrocarbons
fromsaid synthesis gas, at |least a portion of which are liquid at the
reaction conditions and formsaid slurry liquid, and wherein said

deactivating ,speci es .r.ever si.bl ctivate said catalyust; .passi ng
Siurry T r oRFOUHEE By YHigh 1 Tegrrred foBTaIn P Y o R i i 8BRS
cai d of urr e ERR of S Al AR LB AR BN s "

. bubbl e redgpeiastasultyd imtie catalgbiedaastivatiynivethatfiishplaoaée.g( NHpasdi ng a
catal yst rejuvenating gas, conpri si nﬂ: hydrogen_intg said rejuvenati on zone

i n whi ch i HCN)at Bhereforadt isedeq desifable togemaygithisyafigassdremdthe sejurenated

I , 1 ' t d at | t ti | . est th tivjty. of id
Catal yst  +8URYy REORS TLpasers Raskani e Surgabody i fae hydropariop sxuthediscar al yst
| rel L1 ; . y:
Gas. ey pleblrr b alid Ecort ATRIARE e S WIhIAE califil RERTRAEHg SLCiUENa! | N0

removed by the rejuvenation. The rejuvenation will typically occur at the

synthesis conditions when the process of the invention takes place in the
synthesis reactor or reactor vessel, as opposed to a vessel exterior of the reactor.
While it may be conducted in an exterior vessel, it is preferred that it be

conducted in the synthesis reactor itself.

[0021] During rejuvenation, the presence of CO in the rejuvenation zone
hinders catalyst rejuvenation until the CO is consumed. Thus, removing at least
a portion of the gas bubbles which contain unreacted synthesis gas from the
slurry before it is passed into the rejuvenation zone, substantially reduces the
amount of CO present during rejuvenation. This reduces the amount of
rejuvenation hydrogen needed and also results in a greater degree of
rejuvenation. Further, the hydrogen or hydrogen containing rejuvenation gas
passed into the rejuvenation zone raises the H; to CO mole ratio to greater than
the stoichiometric. This results in conversion of the CO in the rejuvenation zone
primarily to methane, and also tends to promote hydrogenolysis and cracking of
the hydrocarbon liquid to lighter products (such as methane). For these reasons,
it is beneficial to remove as much of the gas bubbles as is possible from the
slurry before it is rejuvenated. The invention will be further understood with

respect to the embodiments illustrated in the Figures.

[0022] Figure 1 shows a slurry hydrocarbon synthesis reactor 10, briefly

illustrated in schematic cross-section, as comprising a cylindrical vessel 12



bubbl e renpbving zone to renove at | east a portion of said gas bubbles from
said rejuvenated slurry to forma gas reduced and rejuvenated catal yst

slurry, a0§oshshtrssi Ng said gas reduced and rejuvenat ed ﬁéﬂg@i/oisfbtoo a
downconer slurry transfer zone in which it is passed down and Into the

bottom portion of said slurry body and wherein said gas bubbl e reducing
zones, said WO 02/ 076600 -18 PCT/ US02/ 05230 rejuvenati ng zone and at

| east a portion of said downcomer slurry transfer zone are |ocated in said
slurry body. 11. A process according teldlaim 10 wherein said catal yst
conprises a Fischer-Tropsch hydrocarbon synthesis catal yst. 12. A process
according to claim 1l wherein said catal yst conprises a conposite of at

| east one Galmnlg A réfi‘%@ﬁéﬁdn%@%sa&f hO TRRAELH P URPRES ga®hesnt -
feeds the synthesis gas feed up into the bottom of the reactor via a gas
distribution grid or tray briefly illustrated as dashed line 18. Grid 18 is located
over plenum space 20 and at the bottom of the three-phase slurry body 22 in the
reactor. Except for gas distributors arrayed across its surface and extending
through it, grid 18 is impervious to gas and liquids. Unreacted synthesis gas and
gas products of the hydrocarbon synthesis reaction rise up out of the slurry,
collect in gas space 24 at the top of the vessel and are removed by a gas product
line 26. The slurry comprises a hydrocarbon liquid in which catalyst particles
and gas bubbles are dispersed. The circles and dots respectively represent the
gas bubbles and solid catalyst particles. The slurry hydrocarbon liquid
comprises hydrocarbon products of the synthesis reaction that are liquid at the
reaction conditions. The gas bubbles comprise the uprising synthesis gas, along
with gas products of the synthesis reaction, a significant amount of which
comprises steam or water vapor. A hydrocarbon liquid product withdrawal
means 28, such as a filter, is located within the slurry body 22 for withdrawing
the liquid hydrocarbon products from the reactor, via line 30. Catalyst
rejuvenation means 14, shown enlarged in Figure 2, comprises a cylindrical
vessel 32, having conical upper 34 and lower 36 portions, joined by a vertical
cylindrical center wall portion 38. If desired or necessary due to space
limitations in the reactor, part of the upper conidal portion 34 of vessel 32 may
extend up out of the slurry. A downcomer 40, having respective upper and
lower portions 42 and 44, comprises a hollow, vertical conduit, such as a pipe, in
fluid communication with the interior of the rejuvenation vessel 32, via
connecting fluid conduit 52. The lower portion 44 of the downcomer comprises
the slurry transfer means, for passing rejuvenated slurry that has been reduced in
gas bubbles down to the bottom portion of the slurry body. Portion 44 is wholly
immersed in the slurry body, as shown. However, if the rejuvenation means 14

is in a vessel external of vessel 12, then at least a portion of the rejuvenated



13. A process according to claim 12 wherein said reducing and contacting
zones and at |l east a portion of said transfer zone are part of a single
cat al yst ' nating neans at |east partially inmersed i }% slurry
body. 14}&§bg¥§@@és according to claim13 wherein said s|ﬁ?ﬁ§§ GBgﬁis

| ocated in a slurry hydrocarbon synthesis reactor. 15. A process accordi ng
to claim14 wherein all of said transfed2zone is located is said slurry
body. 16. A neans for rejuvenating a reversibly deactivated catalyst in a
t hree phase slurry body conprising deactivated catal yst particles and gas

bubbl es i n by A ' . | e) | essel at

~ least parti ai ii%&seg ?n"ﬁgg%rdlbg?%gﬁél%%s&eﬂgng Paﬁ%‘?‘%%ﬁ%nm I on zone
withinits s‘ha?ai bafiflext6] lowed juse below ﬂﬁtlie_g\g/ehﬁt'e!d iexit gake bottomtef sai d
zone, (b) a slurry entrance conprising a first gas slurry gas bubble

~ reduci ng zdhe dopmromes| preventethe updsipgisynthgsia gas buhbles| foomyenteringumb| e
reduci ng zane, ,an d) a slurr wnconer transfer zone, wherein said
entrance aﬂﬂt%q‘Ft‘gvéTJQm%sggé?¥qﬁéov ‘?‘?ﬁ’e?qaﬁ”cﬁl’c@ﬁ'ﬁﬂﬁ{éﬁlﬂvﬁﬂa%qusslHPed slurry
body and dog r,. . PCT/ = .

hydr ocar bo n%%%gﬁsgdgggg éﬁ@%ﬁ%&oﬁﬁiﬁg a ]{lﬁrﬁégg% ﬁégtea%ﬂ'lﬁ re-ﬁj‘)\#\nﬁé%?nn whi ch
conpr i ses gaisaipyifito RRIAIWARINENE SRntaRIEStt Actvivy oFthe javimted! sO
contains within neans for rejuvenating said catalyst particles, wherein

sai d rej uveratalystgnthadewnBowing egjuvengied slasry( aAlsa assodiatedrwithithnat i on
vessel at |east parti al Ig/ irmersejl [ S sg(ia_d slurry body and hayi n%a

rej uvenat i JRIUVSAAING MEARS ilf dS pgag lingP4a fF RASEINE & KSJuVSHAtNg; gy tethG enat i ng
gas up int ' t b SJaR % &b slurry
Gas bubbl o YA of tpucett it Velst1 35, &RGS UEQURG B Wl U Rublligh niiRs” VLY
bubbl e redwsy, mediéged byaie dashiedlifd. UFTryt AAVeeonE zas BIBDRI disGdagingomsce and
exits are respectively in fluid communi cation wth said slurry body and
downconer . aedespeetiedly shaivd asejSuarahé2. Zone 68aonyrises the mteriocef thed exit and

sai d downconer, are all inmmersed in said slurry body in said, reactor.
A5 A As. A‘c(qnﬂgl%_sg connecting the vessel 32 to the dowr%omerxlo. A s?mple baai:”ﬁe plate

58, shown extending transversely across the interior of rejuvenation vessel 32,
divides most of the interior of the vessel into two different fluid flow zones.
This prevents the incoming, gas-bubble reduced slurry entering 32 from the
slurry body, from flowing transversely across the interior of vessel 32 and then
out and down through the downcomer, without having had sufficient contact
with the hydrogen to rejuvenate the catalyst particles in the slurry. Thus, the
three-phase slurry from the slurry body 22 in reactor 10 disengages gas bubbles
in zone 55, to form a shurry reduced in gas bubbles. This increases the density of
the gas-reduced slurry, which then flows down, via slurry conduit 66, into the
interior of the rejuvenating vessel 32 and forms a rejuvenating slarry body 60.
The slurry flow through the vessel 32, due to the presence of the flow-dividing
baffle 58, is shown by the arrows. The uprising rejuvenating gas, in this case
bubbles of hydrogen or a suitable hydrogen-containing gas indicated by the
circles, contacts the deactivated catalyst particles in the slurry as it flows down,
across and up through the interior of the vessel, and then out through conduit 52
into downcomer 40. As the shurry flows through the conduit 52, gas bubbles

comprising the rejuvenating gas and gaseous rejuvenation products rise up and
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[0023] Returning to vessel 32, Figures 1, 2 and 3 show the first gas
disengaging zone 55 as comprising an arcuate cavity in the shape of a sector of
an annulus, in fluid communication with the surrounding slurry. This is formed
by an inner wall 68 extending vertically down from the conical top 34 of vessel
32 to form part of conduit 66. Wall 68 is curved, with its perimeter parallel to
that of the vertical outer wall 38 of the vessel. A downwardly sloping bottom
wall 70 extends radially inward from the upper edge 72 of vertical wall 38, and
terminates at its bottom in a curved vertical wall 74 which, together with wall
68, forms shurry conduit 66. As shown in Figures 1, 2 and 4, wall 74 extends
vertically downward from the bottom edge of 70. The perimeter of both 70 and
74 are also parallel to that of 38. Wall 70 slopes down at an angle greater than
the angle of friction (angle of repose) of the catalyst particles in the slurry, to
prevent build-up of shurry particles in the first gas disengaging zone 55. Figure 4
is a partial cross-sectional schematic view illustrating another embodiment of the
first gas disengaging zone, section A. In this embodiment, instead of forming
edge 72, a portion 39, of vertical wall 38 of vessel 32 extends vertically up as
high as the intersection of 68 and 34. This wall extension provides a larger and
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deeper gas bubble disengaging zone. Thus, providing the extending vertical wall
extension 39 provides a larger quiescent zone, in which the slurry within has
more time to disengage gas bubbles, and with substantially less disturbance from
the surrounding slurry 22. This is a preferred embodiment over that shown in
Figures 1 and 2. Figure 5 is a top plan view of a partial cross-section of slurry
conduit 52, illustrating a detail of one embodiment of the shape of the conduit,
which also functions in this embodiment as the second gas bubble disengaging
zone 62. Referring to both Figures 2 and 5, in this embodiment the upper and
lower walls 76 and 78 of the conduit 52, are respectively sloped upward and
downward, as they extend radially outward from the vessel wall 38. The
downward slope of 78 enables the intersection 80, of the upper portion of 78
with the vertical, outer wall of vessel 32, to act as a weir. It also increases the
size of gas disengaging zone 62, as well as the gas and slurry entrance area into
downcomer 40. The side walls 82 and 84 provide a fluid opening to downcomer
40 substantially larger than if they were parallel and.laterally spaced apart the
same distance as the inside diameter of 40. This all maximizés gas
disengagement in 62 and minimizes slurry flow reduction into 40 by the

outflowing rejuvenation offgas.

[0024] 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.
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1. A process for rejuvenating reversibly deactivated catalyst
particles in a three-phase slurry body comprises sequentially passing shurry from
the top down to the bottom of said body through a first gas bubble reducing
zone, a rejuvenating gas contacting zone in which a catalyst rejuvenating gas
contacts said catalyst which is at least partially rejuvenated, a second gas bubble
reducing zone and then a downcomer or transfer zone, wherein said gas bubble
reducing and contacting occur within said body, wherein at least a portion of
said transfer zoné is in said body and wherein said slurry comprises gas bubbles

and solid catalyst particles in a slurry liquid.

2. A process according to claim 1 wherein said reducing and
contacting zones are part of a single catalyst rejuvenating means at least partially

immersed in said slurry body.

3. A process for rejuvenating a reversibly deactivated catalyst in a
three phase shurry body in a vessel, wherein said slurry comprises a slmry liquid
in which is dispersed gas bubbles and particles of said catalyst, said process
comprising (i) passing slurry from the upper portion of said slurry body through
a first gas bubble reducing zone, to disengage and remove at least a portion of
said bubbles and form a gas bubble reduced slurry, (ii) passing said gas bubble
reduced shurry into a rejuvenating zone, (iii) passing a rejuvenating gas into said
rejuvenating zone, in which it contacts said catalyst particles in said slurry and
reacts with them to rejuvenate at least a portion and form a rejuvenated slurry
containing gas bubbles, (iv) passing said rejuvenated slurry through a second gas
bubble reducing zone to remove gas bubbles and form a gas bubble reduced and
rejuvenated slurry and (iv) passing said gas bubble reduced and rejuvenated

slurry into a downcomer slurry transfer zone, in which said gas bubble reduced
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and rejuvenated slurry passes down and into the lower portion of said slurry
body, and wherein said gas bubble reducing zones, said rejuvenating zone and at

least a portion of said downcomer slurry transfer zone are located in said shurry
body.

4. A process according to claim 3 wherein said gas bubbles in said
rejuvenated shurry formed in said rejuvenating zone comprises at least one of (i)

unreacted rejuvenating gas and (ii) gaseous products of said rejuvenation.

5. A process according to claim 4 wherein said reducing and
contacting zones are part of a single catalyst rejuvenating means at least partially

immersed in said slurry body.

6. A process according to claim 5 wherein said vessel comprises a

reactor.

7. A process according to claim S wherein said slurry comprises a

hydrocarbon liquid containing gas bubbles and catalyst particles.

8. A process according to claim 7 wherein said reactor comprises

a hydrocarbon synthesis reactor.
9. A process according to claim 8 wherein said hydrocarbon liquid
comprises synthesized hydrocarbons that at liquid at the reaction conditions in

said reactor.

10. A slurry hydrocarbon synthesis process comprises the steps of:
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(a) contacting a synthesis gas comprising a mixture of H; and CO
with a particulate hydrocarbon synthesis catalyst in the presence of catalyst
deactivating species, in a slurry body comprising said catalyst and gas bubbles in
a hydrocarbon slurry liquid, in which said H, and CO react under reaction
conditions effective to form hydrocarbons from said synthesis gas, at least a
portion of which are liquid at the reaction conditions and form said slurry liquid,

and wherein said deactivating species reversibly deactivate said catalyst;

(b) passing slurry from the upper portion of said slurry body
through a first gas bubble reducing zone, to remove at least a portion of said gas

bubbles from said slurry and form a gas bubble reduced shurry;

(c) passing said gas bubble reduced slurry into a catalyst

rejuvenation zone;

(d) passing a catalyst rejuvenating gas comprising hydrogen into
said rejuvenation zone in which it contacts and reacts with said catalyst particles
in said slurry, to rejuvenate and at least partially restore the activity of said
catalyst to form (i) a rejuvenating offgas and (ii) a rejuvenated catalyst slurry

containing bubbles comprising said offgas and unreacted rejuvenating gas;

(e) passing said rejuvenated catalyst slurry into a second gas
bubble removing zone to remove at least a portion of said gas bubbles from said

rejuvenated slurry to form a gas reduced and rejuvenated catalyst slurry, and

(f) passing said gas reduced and rejuvenated slurry into a
downcomer slurry transfer zone in which it is passed down and into the bottom

portion of said slurry body and wherein said gas bubble reducing zones, said
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rejuvenating zone and at least a portion of said downcomer slarry transfer zone

are located in said slurry body.

11. A process according to claim 10 wherein said catalyst

comprises a Fischer-Tropsch hydrocarbon synthesis catalyst.

12. A process according to claim 11 wherein said catalyst
comprises a composite of at least one Group VIII catalytic metal component and

a support component.

13. A process according to claim 12 wherein said reducing and
contacting zones and at least a portion of said transfer zone are part of a single

catalyst rejuvenating means at least partially immersed in said slurry body.

14. A process according to claim 13 wherein said slurry body is

located in a slurry hydrocarbon synthesis reactor.

15. A process according to claim 14 wherein all of said transfer

zone is located is said slurry body.

16. A means for rejuvenating a reversibly deactivated catalyst in a
three phase slurry body comprising deactivated catalyst particles and gas bubbles
in a shurry liquid comprises (a) a hollow rejuvenation vessel at least partially
immersed in said slurry body and having a rejuvenation zone within its interior
and means for injecting rejuvenating gas up into said zone, (b) a slurry entrance
comprising a first gas sluiry gas bubble reducing zone, (c) a slurry exit
comprising a second slurry gas bubble reducing zone, and (d) a slurry
downcomer transfer zone, wherein said entrance and exits are respectively in

fluid communication with said slurry body and downcomer.
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17. A slurry hydrocarbon synthesis reactor containing a three
phase sharry within which comprises catalyst particles and gas bubbles in a
shurry liquid, also contains within means for rejuvenating said catalyst particles,
wherein said rejuvenating means comprises comprises (a) a hollow rejuvenation
vessel at least partially immersed in said shurry body and having a rejuvenation
zone within its interior and means for injecting rejuvenating gas up into said
zone, (b) a slurry entrance comprising a first gas slurry gas bubble reducing
zone, (c) a shurry exit comprising a second slurry gas bubble reducing zone, and
(d) a slurry downcomer, wherein said entrance and exits are respectively in fluid
communication with said slurry body and downcomer. and wherein said
rejuvenation zone, slurry entrance and exit and said downcomer are all immersed

in said slurry body in said reactor.



