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SLURRY HYDROCARBON SYNTHESI S PROCESS W TH MULTI STAGE CATALYST REJUVENATI ON
BACKGROUNW@P8/sp#E® DI SCLOSURE Fi el d of the Invention The i nPER{USHH0868E at es
to a hydrocarbon synthesis process with nultistage catal yst rejuvenation.
More particularly, the invention relates to a process for rejuvenating
solid catalyst particles in-situ in a three phase, Fischer-Tropsch type

hydr ocarbon synthesis slurry i |ift Di conpinatign_qas
separating and rejuvenati ongxdbﬁ@m%‘shwls% “Hgggécﬁ'%&t or,
wherein the slurry conpris ﬁ}ﬁﬁ i Hﬁkﬂ@ﬁma”d a
hydr ocarbon slurry 1iquid. nglic grou@%@bﬁgAﬁﬁgent 1'on SIurry hydrocar bon

synt hesis (HCS) processes are known. In a slurry HCS process a synthesis
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 conprises
hydr ocar bon Qr ISy Leaction and the di spersed, suspended
sol i ds conprgég:%o&épﬁ%bge@iqg&i@&ﬁh t ype hydrocarbon synt hesis
catal yst. Reactors which contain such a three phase slurry are sonetines
referred to as "bubble colums”, as is disclosed in U S Patent 5,348, 982.
| rrespect i veFisld offihé nwentidne sl urry reactor is operated as a di spersed or
sl unped bed, the m xing conditions in the slurry will typically be
somewhere between the two theoretical conditions of plug flow and back

i xed. Syngas madgnd fomaHIeRER100 Ry SRR SN RO lithi Bl
(i.e., natural gasS) or trogen contalning conpourtds (I.e., resids, coal,
shal e, coke, re?]Wenaamd MortparticularlypthediVerition rélatestd dfidcess dorNefuvesidtingRokd)

contam nate the reactive slurry and rapidly, but reversibly, deactivate the
catal yst. Cefatalyst pasticlpsinrsiss inanthreecphigss: FisebersTropsabanpeiBydrocarbon synthesis

slurry in a lift pipe and a combination gas separating and rejuvenation vessel external of

=)

the synthesis reactor, wherein the slurry comprises the catalyst particles, gas bubbles and
a hydrocarbon slurry liquid.

Background of the Invention

Slurry hydrocarbon synthesis (HCS) processes are known. In a slurry HCS
process a synthesis gas (syngas) comprising a mixture of Hy and CO is bubbled up as a
third phase through a slurry in a reactor in which the slurry liquid comprises
hydrocarbon products of the synthesis reaction and the dispersed, suspended solids

_comprise a suitable Fischer<Tropsch type hydrocarbon synthesis catalyst. Reactors
which contain such a three phase slurry are sometimes referred to as “bubble columns”,
as is disclosed in U.S. Patent 5,348,982, Irrespective of whether the slurry reactor is
operated as 2 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 hydré)carbon 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; which contaminate the reactive slurry and rapidly, but

reversibly, deactivate the catalyst. Certain oxygenates and carbonaceous compounds



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

t hese speci ' eversible and catalytic activity is resto

cat al yst rgﬁigéé%ééged) by contacting the deactivated catal ysgsgnn%%)@@o
hydrogen rejuvenating gas. The activity of the HCS catalyst in the reactive
slurry may be intermittently or continuousRy rejuvenated by contacting the

slurry with hydrogen or a hydrogen containing gas to forma catal yst
rejuvenated slurry as is disclosed, for exanple, in U S. Patents 5,260, 239

and 5, 268, 344 which arg,formed ingbe slyrryas by-paodusts of nthe KIS, veagtien ane alsoibslievedtoe in
a vessel external _t e.slurry react.or n i e tejuvenatin IS
bbbl od up t nPOGF AEETRRD" DenbRRioh ok R Tafil sl el peefiie

rej uvenation i Sedtored IsPFEi nR HFasa ke { ch
Contai ne. spoc A CARTOIAIG RreflofeQi(HeRM DR ehSd) B coheatting U deatrivatld
processes, t heatalystuwitnahydrogenfrejuyemting ges The dctivity of therHES icatalybinthect or  or
in the external vessel. Peymtting the offgas to contact,_and mx with the

sl urry recont SFACHYR STy may,pe Jiray for g 8y FeAgverpied;bycontagpgthp sturry

it n e : $ _
Ther ef ore. 1t "L BatagEh bt € iRGHerfConkitfing BeioBim & SpHKRERIILEA oSS jp | .
rej uvenat ed i distloseds fasrexympietin QLS. Patents 5260230 iand 5]268)844h In theprpcdss of the

deacti vati ng §£)eci es present in the rejuvenation offgas and in a_manner
whi ch provi des23fdpetent sriavenation takesiplacede g vessel extgrnalan dhe slurmy seactosin which

slurry. SUMVARY : I I.n ' elates to a nultistage
process for r Jeu‘%h’a‘ﬁﬁ'ﬁ%%@\%{?@%qgﬁk&‘@%ﬁ%&rysm id catal yst particles
in-situ in a three phase hydrocarbon synthesis (HCS) slurry external of the

synthesis reaction zone, with reduced contam nation or recontan nation of
the slurry with caitdasbeenfound thatithervgtalystrsjusenationt precess pradices oujuvedation t he

Ry LD TN TR R —

Phrough ot | oo ey e A o RS M0 Tt o AR Rattorof R Of
external vessel. Permitting the offgas to contact and mix with the slurry recontaminates
it with catalyst deactivating species, thereby limiting the overall efficiency of the catalyst
rejuvenation process. Therefore, it would be an improvement in the art if the catalyst
could be rejuvenated in the slurry without recontaminating it with catalyst deactivating
species present in the rejuvenation offgas and in a manner which provides more contact

time between the rejuvenating gas and the slurry.

- SUMMARY OF THE INVENTION

The invention relates to 2 multistage process for rejuvenating reversibly
deactivated solid catalyst particles in-situ in a three phase hydrocarbon synthesis (HCS)
slurry external of the synthesis reaction zone, with reduced contamination or
recontamination of the slurry with catalyst deactivating species in the offgas produced
by the catalyst rejuvenation. By multistage is meant that the catalyst is rejuvenated in-
situ in the slurry in at least two separate stages. The process of theinvention comprises

passing slurry from the HCS reactor through at least two rejuvenation zones external of



-3 - the reactor, in each of which it contacts a rejuvenation gas which at
| east partially rejuvenates the catalyst in the slurry to forma m xture of
a rej.uvenawedssedsal yst slurry and a gas product (offgas) of PCIES98/08690
rejuvenation. The offgas contains species which reversibly deactivate the
catalyst and is renoved fromthe slurry after each rejuvenation stage.

After the last stage, the rejuvenated slurry is returned to the reactor. By

stage is nmeant that the catal yst containing slurry is contacted with

rej uvenating 1Ll hedh ' . of f gas
fromthe rej u@%ﬁgﬁ{%ﬁ g%ﬂ;’é?@g% r el ?& ?ssa ée@#\w{eﬂ%@lt% ﬁ%‘%ﬂ@“@@ﬁback
into the reacteiventes thearyepiali the slurry #6 forfr 4 Mixni®) of\dTejavimtedzcatdyst Sluay
external, hollow lift pipe or conduit in internal fluid conmunication with

the slurry i nanchegasgprodunt (offgashofthe rejuyenationt Theyofigas costainsjspeaiesiwhich o t he
lift pipe in which,it mi. i tht ] | east tiall. .
2 L e fenlAgE i ol s Aoy o ok A5k B s fmation
lift gas to | ke t RReiRS IANEaSY, Wd téjuvndtbd QUAY iFreflrRed tolhe kaetori BY s&!g@% and

into the gas diSengaging and Separating zone. The gas disengagi ng-an
separ ati ng zomeantshat thepatalysteontaining slumy isccopsactedrwith refuvenating@@s ieact or . The

di sengaged and,sepatated o as,js renmoved framthe per portjion o he
Vessel and ooreBaltg FaRe, Ol 6L bE serarne she pias mom His g Rted e ot
catal yst sl “rithr%Jn?EH’ﬁx Mtggf&%ﬁcfﬁ% fie read?S 5 Onk RfBoliiffent Qx@ﬁrépo” hon
of the vessel. e vessel cofprises a conbi nation rejuvenati dn and gas

removal zone. réfgyenutiosipioneds goexternal] holiook B pipelar cohduibiniemabfluidhe vessel
and bubbl es up .t hrough the of fgas-reduced slurry resulting fromthe first
stage rej uvenéﬁmmcm%wﬁhﬂlecsgﬁtb@ttbe 1e36LoE. o Catalyst rejavenatingLasisinjesteddntar r v

S1 urry: one. oy BRI e R b Bl ek b teest pheB G o Rl SlBl,
renove rej uvepadicRs, Thé ﬁ?@eﬁﬂ%ﬁdﬁmm%ﬁe@ﬂbbﬁﬁ%ﬁ tht tHeegas latd Erry@pf orm a

gas reduced slurry, which is then passed back into the reactor throuq‘h t he

downconer . | ntiyeugharidout iof thedifbpipe andiinto thecgas disengaging and separating zonag Thee

| t d int N lift [ i nt i ch ' j
'S Th ected agsdbemngnn BpdvRARIAG routine Safets vEreL e aeat o BREHGRY °°°
produced by t Bigedrhithd dfs@hgk‘régﬁl ghd Spaliss s ReloVed HRAFE uppé portidh fithe

appropriate gas separating ans, sSo that the thrice rejuvenated slurry is
passed i nto t Ivessel and sent to further processing or disposal, while the rejuvenated catalyst slurry,

reduced in offgas content, passes into the lower portion of the vessel. The vessel
comprises a combination rejuvenation and gas removal zone. Rejuvenating gas is
injected into the bottom of the vessel and bubbles up through the offgas-reduced slurry
resulting from the first stage rejuvenation. This gas contacts the catalyst particles in the
slurry for a second rejuvenation and produces a more fully rejuvenated catalyst shurry.

. One or more gas disengaging downcomers in the slurry in the vessel remove
rejuvenating offgas and other gas bubbles from the slurry to form a gas reduced slurry,
which is then passed back into the reactor through the downcomer. In yet a further
embodiment, the slurry downcomer exiting the vessel may turn up and into another lift
pipe into which rejuvenating gas is injected as a third rejuvenation zone, with the siurry
and offgas produced by this third rejuvenation passed into the reactor through an
appropriate gas separating means, so that the thrice rejuvenated shurry is passed into the
reactor slurry after removal of the third stage offgas. Reactive slurry from the HCS

reactor is passed into the lift pipe or first external rejuvenating zone by means of a gas



reactor slurry after renoval of the third stage offgas. Reactive slurry
fromthe HCS reactor is passed into the lift pipe or first external

rej uvenat | by neans of a gas -4- di sengagi ng do S

di scl osedwr}ggéﬂ)ggprl or art, to renove at |east a portion \3?8?}%%5868%&
cont ai ni ng gas bubbl es fromthe slurry before it enters the first
rejuvenation zone. Unlike the prior art external rejuvenation process, the
use of an external lift pipe enables the downconer slurry entrance to be

| ocated further down in the reactive slurry where the catal yst

concentrati odise'ngagwg)dmahdomeg,rasas disclosednin ehespu'nmpt, to remdvatat leasttalpostigrnof he

lift pipe occurs as a result the |if cti,on of gas and, not
sol ely by gri¢ c°"?ﬁ@ﬂﬁﬂé%@§’g e5 firomnthe;shirey % Qff it fter F SOCRVERANOACt ti e

bet ween t he a |

benefi ci al t%’% W%e ngbtrﬂi' g‘gtreg&é‘(&:l eéﬂve@%@oﬂoﬁb gess r}% hé% n?ﬁ'z%’désrhaglél? ptge
possi bl e fr oghables tHeqRMincEmesshtiy nthatotcbe focsted firtlies doWwe inf thelresxiat slagygas,
as it has been found that the presence of COin the slurry hinders catalyst

r ej uvenat i onwhereithe catalystconegntrationis typinallyrgeeater,sinaeshunteieuliation thraugh the

t t at ed .sl | yst
ey O o' BE oS BRRER R A ul B AR 1 st B PO BB R4 v
catal yst parﬁﬂoeés%fh?e\aﬂvaﬁ%pﬁimdesme Barithétdinie/bet e/ BB kst dantdidhg!venat ed
is meant the restoration of | east a portion of the catal'ytic activity

for forming ﬁgmly mtchrej)maatfnggas aIts;ybedeﬁslaBogamo(Isgmgu@bum’aiwedsﬁemonm!mg a

m xture of H2 In a I ment, W C 0 a slurry HCS
D ocese, _t henpiGeE &8 o PashBle HpbeTEAYE Sy STt HontaE dho el s,

cont acti Ng a3,y Rikdee | {ailj@t fiifod Of
catal yst deactrvati ng%gcﬁg&mﬁeﬁg&égf Ogﬁég%l. cu g%ﬁ%y cia%r‘ﬁ%n

synt hesi s catutil ylsd COrhas bednivonyuniteall yinaheporiteit of thedneentiah athy sxpressichs ocar bon
slurry liquid and as bubbl es, .under rea tlgn Qondlth(,)\iﬁs 1E}}‘fecuve to form
hydr ocar bons" rejuyeRaied gy rgds Tejayenpled sat WY oafe yped Jptesehangeably; and;rpean;

said reactiog, ﬁ@&%&ﬁfﬂmmé%a&yﬁa&&aemme&{ §3643t phriafiPteflvendted SBy

rejuvenated is meant the restoration of at least a portion of the catalytic activity for

forming hydrocarbons from a synthesis gas (syngas) feed comprising a mixture of Hy
and CO. '

In an embodiment with specific regard to a slurry HCS process, the process of

the invention comprises the steps of:

(a) contacting a syngas comprising a mixture of Hy and CO in the presence of
Eatalyst deactivating species with a solid particulate hydrocarbon synthesis catalyst in a
slurry body comprising said catalyst, hydrocarbon slurry liquid and gas bubbles, under
reaction conditions effective to form hydrocarbons from said syngas, at least a portion of
which are liquid at said reaction conditions, wherein said species present in said syngas

reversibly deactivate said catalyst in said slurry;



reversi bly deactivate said catalyst in said slurry; (b) passing a
portion of said slurry fromsaid slurry body through a gas di sengagi ng zone
to remove & swsoasdi ni ng gas bubbles fromsaid slurry and fororassasseruced
slurry; (c) passing said gas reduced slurry into a first catal yst
rejuvenati on zone external of said sl urry_;a_ody; (d) passing a gas
conprising a catalyst rejuvenation gas into said first catalyst
rejuvenation zone in which said gas contacts said slurry to at | east

partially rejuven j rei Q..4:0k M1 j uvenat ed

catal yst slurry aﬁ@??%%ggcpﬁﬁ%'{‘i’tﬁﬁﬁ‘ﬁb&?@é?% C t%dm‘?%%ci es which
wi |1 deacti vadigengadifly £ctledb Yerthowd \COWoRfafting S AbBIES fromSidéhinty 88d forml 4 €092as
in said zone; (e) passing said rejuvenated catalyst slurry and offgas into
a first gas sregueedtslumy; and renoval zone to di sengage and separate said
offgas fromsaid slurry to forma first offgas | ean rejuvenated catal yst
slurry, and (f) repeating steps (c), (d) and (e) at |east once by
successi vel y passi Vggﬁ [ LSk, : s %Qt

| east one nore con@? atl@ngaz)farserﬁﬁcgggltul ?lﬁgr? r'Létf gasﬁg?‘,gtér%%?%%ﬁezones to
forma final offshigasturtydsodyr ej uvenated catal yst slurry. The final offgas |ean
rejuvenated catalyst slurry is then passed back into the slurry in the
reactor or to any other desired location. In the practice of the invention,

at |least two rejuy, Lo r.afi 2 . I ugh

nore may be used .@T2’%%?‘?%%%2“@3@@%@%&%@@%@ Egﬁgt}s&es%%’fﬁrﬁt %&%&SI urry
may be conceniefuveRflion2ohdlin vhich $aid pasionthcRRId sturbPto ' 186 padallyieuvehstef | 1 st
rejuvenation zone. The slurry reactor may be operating during rejuvenation
or it may be saifkeatalyst thergipto (Da vejuverdgted, eatalys slurrphand:(d) a vesuvanating efigasbe

cacurs whi 1 e PG ERsE MR Ynie ) Bt s ol A WORRAL SR o

as a lift gas in said zone;

(e) passing said rejuvenated catalyst slurry and offgas into a first gas separating
and removal zone to disengage and separate said offgas from said slurry to form a first

offgas lean rejuvenated catalyst slurry, and

(f) repeating steps (c), (d) and () at least once by successively passing said first
offgas lean rejuvenated shurry through at least one more combination of rejuvenation and

offgas disengaging zones to form a final offgas lean rejuvenated catalyst slurry.

The final offgas lean rejuvenated catalyst slurry is then passed back into the
slurry in the reactor or to any other desired location. In the practice of the invention, at
least two rejuvenation-offgas separating stages are employed, although more may be
used if desired. The deactivated catalyst present in the slurry may be concentrated in the
slurry liquid before being passed into the first rejuvenation zone. The slurry reactor may
be operating during rejuvenation or it may be taken off-line and batch rejuvenated. The
rejuvenation may be conducted either conﬁnuously or on a cyclical basis. When

rejuvenation occurs while the HCS reactor is on-line and producing hydrocarbon liquids,



-6- a portion of these liquids are either continuously or intermttently

w thdrawn fromthe reactor. These liquids are further processed into useful
products. 1;% ess of the invention avoids contam natin

recont am natl r?é%‘&e)"?t her or both the rejuvenated catal yst sl 8?‘?{/"301%@8?9%
slurry in the reactor wwth the deactivating offgas species fornmed by the
catal yst rejuvenation, provides nore conptéte catal yst rejuvenation in two
or nore stages, and nore efficient offgas di sengagenent and renoval than

the prior art processes. |t also enables better control of the rejuvenating
t enper at ur e, bpeHon of these liquidsare githes continneusly on intenmitientlyovithdnawmfromithery or

I n the HCS reactor..n t.he,.cont of the d.nvention, .the term "catalyst
deacti vati ng ?B‘étef‘e’ghesfi‘qwg%ﬁrte ’ﬁ%{“‘r' r?é?‘ffﬁ%"dé’btf?as@i)wgas'r eversibly
deactivate the catal yst and wherein the catalyst activity is restored (the
catal yst rejuvenated) by contact with a rejuvenating gas in-situ in the
slurry liquid. HydFfhegpmocess ofitlejinvention avaids eontamiatipmsor recartahinhtifgosithetioh

rej uvenation, as has. been dempnstrated.in the prior art. Finally, while
HON, N and’ Both e eiuvsated caralys shicmy.and shesturryin B FRACtRs Ydth ke dedctivating | |
deactivate th ' ' ' [ o) LNl to use
only with t he{gﬁleiag1 %@%ﬁ?’%&fbﬂ%@ﬁn{ t§¥§£s%tpr8ﬁ’}e%§f%%gnyﬂ g g@g:‘:&%}%@é‘? g%}é@gﬁ bly
deactivate t hmjuvehftiondi twaeOr oy Qages! 44l heledficiént affghy dikengagemdneaddst or ed
with an appropriate rejuvenating gas. Yet another advantage of the

i nvent i on resfeawyalithan the paipr ant pocesses.c i alspeensbles bsttes control of tharejywwenatiog t he
tor, lift, pi f | ' d. rati ng. | d [ nt

the reactor setpbing bl MERTNBRAR 20F ot Bpbrre? B8 Slmr P RS 1

the lift piperegétoRi RAke dbiteR)of Meivvéntion! thetéinb RIMAE HERAVatING sPlédi'%s;’Yst ﬁgﬁms

are used or required. As set forth above, in one €nbodi nent "a
stages are | otvaneudespecienwhichirevensibly deactiyatedhe catalystiand svhoteiretheeatalysf nent |

one or nore stages.may b ocated in the reactor, w.th at |east two stages
e ar b ot or HAEis Teferen (1B cataD St rehayefoied B Gt BiTh S BRYEIAARE 854 MRt | o
the practice | | i | . | | : HCS
el yar | o shify g Ty dBbnl i 0 deh bl as 1 d3a for 4EH Rhlvofadilh,
limted to thashagdeén demonktra8® iheDeior art. Finally, while HCN, NH; 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. Yet another advantage of the invention resides in
the ability to achieve slurfy circulation between the reactor, lift pipe, offgas disengaging
land separating vessel and back into the reactor as a result of the lifting action of the
rejuvenating gas in the lift pipe or pipes and by gravity. In this embodiment no slurry

" pumps are used or required. As set forth above, in one embodiment all of the stages are
located external of the slurry reactor. In another embodiment, one or more stages may
be located in the reactor, with at least two stages located external of the reactor.
Finally, it will be appreciated that while the practice of the invention finds particular use
with rejuvenating an HCS catalyst in-situ in a hydrocarbon slurry liquid, it is not

intended to be limited to this particular embodiment.



-7- BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a schematic cross section
of an HCS slurry reactor according to the process of the invention, with
first and wo®sMeisst age catal yst rejuvenation external of tIRCHUSIBI0§6950
reactor. Figure 2 schematically represents a HCS slurry catal yst
rejuvenation process of the prior art in_gbich the catalyst is rejuvenated
In a single stage external of the slurry reactor. DETAILED DESCRIPTION In a
Fi scher-Tropsch slurry HCS process, a syngas conprising a mxture of H2 and
CO i s bubbl e srapF I DESCRIPTIONION THH DRAWINGShi ch it is catalytically
converted into hydrocarbons and preferably |iquid hydrocarbons. The nole
rati o of the hydrogen to the carbon nonoxi de nay broadly range from about

0.5 to 4, but whigh is, pore typically wthi range of from gbout 0.7 to
> 55 and prof er abFYEIS biRAashibats qotssegion of prIlcs SEER TSR CONMESOEE ] |

for a Fischera. Eregbo&fq ' ' or
usi ng ot her E) FaR 2 sFeoich |ﬁ(r‘))ﬁ’eaﬁrﬂl1 g&rt gﬁcll %echsld Pﬂg@%&?@&ﬁ@%@%ﬁg&gﬁﬂﬁ%w
and a di scussiugpreéctMi ch is beyond the scope of the present invention. In

a slurry HCS * process the nole ratio of the H2 to COis typically about
2.1/1. The syngas may be formed by various neans, including contacting a

hot - car bonaceous terial, s as_coke or W tea r fromafeed
conpri sing met hang'?guﬁe 8%“‘%@%5 i’%‘f’ﬁﬁ“ﬁeﬁgﬁg‘iw %%f?]g‘gg"f!ﬁ?ng{%%‘,ﬂ ence,
cl eanliness ﬂih%d&%ﬁliﬁevlﬁdh tHO SRyt it ﬁj’\}%nité&i}ﬁaﬁ Blstalge @ftefal Bﬁihetsﬁrﬁe
handl ed and di sposed of. The net Kane cont ai ni ng g%s ftged Is fed into"a
syngas gener a¢agtorand i s obtained fromnatural gas or by burning coal, tar,
| i qui d hydrocarbons and the |ike. The production of syngas from net hane by

either partial oxidation, steamreform ng or a conbination thereof is well
known as is disclosed, for exanple, in US.

DETAILED DESCRIPTION

In a Fischer-Tropsch slurry HCS process, a syngas comprising a mixtum of Hy
and CO is bubbled up into a reactive slurry in which it is catalytically converted into
hydrocarbons and preferably liquid hydrocarbons. The mole ratio of the hydrogen to
the carbon monoxide may broadly range from about 0.5 to 4, but which is fnore typically
within the range of from about 0.7 to 2.75 and preferably from about 0.7 to 2.5. The
stoichiometric mole ratio for a Fischer-Tropsch HCS reaction is 2.0, but there are many
reasons for using other than a stoichiometric ratio as those skilled in the art know and a
discussion of which is beyond the scope of the present invention. In a slurry HCS

* process the mole ratio of the H to CO is typically about 2.1/1. The syngas may be
formed by various means, including contacting a hot carbonaceous material such as coke
or coal, with steam, or from a feed comprising methane. A feed comprising methane is
preferred for convenience, cleanliness and because it doesn’t leave large quantities of ash
to be handled and disposed of. The methane containing gas feed is fed into a syngas
generator and is obtained from natural gas or by burning coal, tar, liquid hydrocarbons
and the like. The production of syngas from methane by either partial oxidation, steam

reforming or a combination thereof is well known as is disclosed, for example, in U.S.



-8- Patent 4,888,131. In many cases it is preferred to catalytically
partially oxidize and steamreformthe nethane in a fluid bed syngas
generating unit (FBSG as is disclosed, for exanple, in U S. Patents

4, 888, 131 %Rd4%8%3%0, 456. Irrespective of the source of the RGIVURIFES690
nitrogen or nitrogen containing conpounds are typically present in the

nmet hane containing gas fed into the syngag-generator, sone of which are
converted into NH3 and HCN during the syngas formation. These w ||
deactivate a Fischer-Tropsch HCS catal yst, particularly those conprising Co
as the cat al atest 408883131, dnthany cases itii§ prefarted tdatabipsllisparBallyoxidisad t hem to
the extent that they are not present In anmpbunts that wll not result in

cat al yst dea¥eanyeaforgntheeethanedn a Auid hed syngas generating wnit (FRSGeas ibdissiosed;ind

rof uvenat ed By CRaMadb % DGR A8y 31 BRLRIMASE Foeptfe chpiasbitonst the

catal ytic ackbthhte/ nRtfogén bemé@bamﬂﬁﬁgfcbﬁ.gb&shg%é cally | T}rérﬁfix?ﬂfeed to as
I ferred an e,

catal yst rejuvenation. However, while pre pos’s conpl ete
rest or at i on méthanecaontaining gascfed into thet syngasrgeabtatarf sanmeof sthichyese cqrvetted ints i n
the slurry passi Qugh the rejuvenation tube may not always be achi eved

t h
in the proc 263&'@‘5 fduring the syngas formatien. Thess will deastivatea RisghenTrapseh " at
| t ti ' 1 t t al t" d the like, d,, in. It
has beon. f oGRSt RacuREY Sipst Pompiine C22S e chatess el and Brs it
product gas, adﬂx?@hsm% RERGve thER'tH a&kf&?ﬁﬁ Bk theydTe g?@?ggeﬁ%&mp%hgas !

and that this offgas contalins sone o e sane "cat eactivati ng

speci es pr eswilitnot restiltén eatalgstleadiivation evaslréasdnable périvds of dmes Tt kirdeén fowhid on
in the firStqhgl ce,(e.g,, NHerr] and HCN). Therefore it _is inportant to
renove the o ‘g‘f@m‘faaﬁ?b}i@%mﬁ?@m@ue@b ang the-easalystioan be rejuvenated b¥ck i nto

the main sl |: gﬁs | ont:am | e
reactive sl %c{nyac\%ﬂgﬁﬁ{lﬂleﬁ@? ymgﬁ‘.“@gtﬁ% %b@?ceéélg%gé#éet%@ibryect can
be that ver yddactivated dacalyst istrefedred ab aecatilystirbjavération e FidweOer, While Pﬁe&rﬁuad
consequently, a way had to be found to renove the offgas fromthe

r ej uvenat ed dossible,completn restoraionef the qatalytic aetivitytfor all ofthe satalystparticles of

et on | gy pAstinlhebb o' BhyDenbn 63 Thiy' e W3R8 Gefidied i Tad" ©C""

process of the invention. It’s for this reason the expression “at least partially rejuvenates

the catalyst” and the like, are used herein. It has been found that the rejuvenation
process produces a rejuvenation product gas, which has been referred to herein as a
rejuvenation offgas, and that this offgas contains some of the same catalyst deactivating
species present in the syngas which resulted in the catalyst deactivation in the first place
(e.g., NH; and HCN). Therefore it is important to remove the offgas from the
rejuvenated slurry before it is passed back into the main slurry body in the HCS reactor -
to avoid recontaminatiné the reactive slurry with the catalyst deactivating species. The
net effect can be that very little benefit is gaihed by the rejuvenation process and,
consequently, a way had to be found to remove the offgas from the rejuvenated slurry in
a manner which did not result in recontamination of the reactive HCS slurry with the

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

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



The presence of COin the rejuvenation zone hinders catal yst rejuvenation
until the COis consunmed. Thus, renoving at |east a portion of the gas
bubbl es wwols/sesse 9- contai n unreacted syngas fromthe sl urporisoboge@oit is
passed info the rejuvenation zone, substantially reduces the anount of CO
present in the rejuvenation zone. This redyces the anpunt of hydrogen
needed for the rejuvenation and results in a greater degree of
rejuvenation. Further, due to the injection of the hydrogen or hydrogen
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One enbodinent of the inventjon is illustrated in schematic cross section
in Figure 1 iWaypf watepvanor, whick interfarpsowvith the: catalys rejevsaationsbyarting ay g idiuent c al
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product line ? in‘%e E'e?ueveglgtg)oxf z%rne;r instea | ofat 1ast partially removing the gas bubbles from
the slurry before it passes into the rejuvenation and contacts the hydrogen or hydrogen
containing rejuvenation gas, increases the slurry temperature. This also favors methane
production from the CO and 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.

One embodiment of the invention is illustrated in schematic cross section in

" Figure 1 in which a shurry type HCS reactor 10, comprising a cylindrical steel vessel 12
containing a three phase slurry 18 within, a gas line 14 for feeding the syngas feed into
the bottom of the reactor, and a gas product line 16 at the top for removing gas
products of the Fischer-Tropsch type HCS reaction and unreacted syngas which rise up
out of the slurry and collect in gas space 15, The slurry comprises hydrocarbon liquid in
which is dispersed and suspended z particulate HCS catalyst and gas bubbles. The
slurry liquid comprises HCS reaction products which are liquid at the shurry reaction

conditions and the gas bubbles comprise the uprising syngas, along with gas products of



products of the Fischer-Tropsch type HCS reaction and unreacted syngas
which rise up out of the slurry and collect in gas space 15. The slurry
conpri ses hxdrocarbon liquid in which is dispersed and suspended a )
parti cul at¥OPYE48%t al yst and gas bubbles. The slurry |iqui §EOMSPP¥8Y Hes
reaction products which are liquid at the slurry reaction conditions and

t he gas bubbl es conprise the uprising synfes, along with gas products of

- 10 - the HCS reaction, a significant anmount of which conprises steam or
wat er vapor. The syngas is bubbled up into the bottomof slurry 18 through
sui t abl e gas the BCSircartion,s significant amennt of achichscomprisesssieam o water yapas: fidewi se
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products fromthe reactor, via line 21. di sengagi ng downconer 2
i ncl udes a suigat tha bottbmof therreaotarl. ,A hydriocarbomhqiiid pritiRctuvithdrawpbmeanztl9 t s t op

into a vertically extending gnd . u rd . openin di sengagj nq, neans 26,
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and extends liadledeslal subsartiallypeertical divdloccdntain 38 evhich gpens avits t0P.intoha ch turns

upward at its bottom32 into lift pipe 34 and is_in fluid comyuni cation
with the int evertinally extending andypiwaecepening gasiisengpaing means|26; for disepgagmegasgas

di sengagi ng gn akal yst .conc ' i . .
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i ndi cated as 27. The angle of the sloping bottom 31 and al so that of the
transver se pot& éxits tigOreadton 4nd estends latasallysver as an anglesk tranisuerse portign g0cwhich
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cylindrical, out whi'th ext ends upwardly and w
concentrating means 26 comprises a hollow cup having a cylindrical, vertical outer wall

23 and a sloping bottom 31 which define an interior gas disengaging and catalyst
concentrating zone, indicated as 27. The angle of the sloping bottom 31 and also that of
the transverse portion 30 of the downcomer 28 is greater than the angle of internal
friction of the catalyst particles, so that catalyst particles disengaged from the slurry
don’t build up on the bottom. In this embodiment, means 26 is an upwardly opening
cup, having a hollow cylindrical, outer wall 23, which extends upwardly and which,
together with bottom 31, defines the space 27 within. However, it could have a

" rectilinear, curvilinear or polygonal outer wall. In the embodiment illustrated in Figure
1, the gas disengaging cup 26 resembles a funnel having a vertically upward extending
outer wall, or a bucket with a sloping bottom. Other geometries may be used at the
convenience and discretion of the practitioner. The essential features of means or cup
26 include the upwardly opening gas disengaging and (optionally) catalyst concentrating
zone 27, surrounded by peripheral wall 23, sloping bottom 31 and bottom orifice or
slurry exit 33. The cup must be open at the top to permit slurry to enter and, at the
same time, permit disengaged gas to exit. Wall 23 and bottom 31 prevent the upwardly
rising gas bubbles, indicated by small circles, from entering up into the slurry in the cup



together with bottom 31, defines the space 27 within. However, it could
have a rectilinear, curvilinear or polygonal outer wall. In the enbodi nent
i1 lustrateWwoos/sdgpure 1, the gas di sengagi ng cup 26 resenbl BGT/uSHO8G9e|
having a vertically upward extending outer wall, or a bucket with a sl oping
bottom O her geonetries may .be. used at thge conveni ence and discretion of
the practitioner. The essential features of neans or cup 26 include the
upwar dl y openi ng gas di sengagi ng and (optionally) catal yst concentrating

zone 27, surr Qgndgrbmii gﬁ@ﬁh@?@é&ﬁﬁeﬂ%ﬁd, if2desiréd, @oncaskrite theditadyst. 2Ntds 4160 $iged
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di sengaged gas _exit. I s, the horizontal cross section of the gas

di sengagi ng cignificantlylarger thanthay of thecpsifice imthe batiem of thermipoto achiee 2 greates
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results in a denser slufry having a net greater catalyst content than in
the mai n sl ur mgsults drya densefFslurhbavingvhnétgredterroatalyst comtent thanaithe nam slutrgnce i n
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I mredi atel'y algyge i 208G ntf iffle 265, Wl aBokfr &P cdtdlfst, due to a decreased amount of
uprising gas bubbles present immediately above the zone which serve to keep the
catalyst particles in suspension. As shown in the Figure, the bottom of downcomer 28
exits the slurry and the reactor and bends laterally over as transverse portion 30 which
turns upward at its bottom 32 into hollow lift pipe 34, the interior 38 of which is the
catalyst rejuvenating zone. Thus, reactive slurry from the slurry body 18 in the reactor
10 flows down into the gas disengaging and.catalyst concentrating zone 27, of the
downcomer 24 in which the slurry disengages gas bubbles to form a gas reduced slurry
. and, at the same time concentrates the catalyst so that the slurry flowing down and out
of the cup or zone 27, via orifice 31 and into downcomer conduits 28 and 30, is both
gas reduced and catalyst concentrated, compared to the slurry in th; main slurry body 18
from which the slurry is withdrawn. Although concentrating the catalyst in the gas
reduced slurry fed into the lift pipe may be optional in some embodiments, it is a
preferred embodiment in the practice of the invention when used with a three phase
HCS slurry. The gas reduced and catalyst concentrated slurry then passes down the
downcomer conduit, out of the reactor, over and up iﬁto the interior, first stage catalyst

rejuvenating zone 38, of lift pipe 34. Rejuvenating gas comiprising hydrogen is passed,



catal yst particles in suspension. As shown in the Figure, the bottom of
downconer 28 exits the slurry and the reactor and bends l|laterally over as

transverse Qardk 30 which turns upward at its bottom 32 i lift
pi pe 34, th‘ggigﬁ)tsg‘r%lgor 38 of which is the catal yst rejuvenat %\%’g@ﬁ@gﬂ*hus,

reactive slurry fromthe slurry body 18 in the reactor 10 flows down into

t he gas di sengagi ng and catal yst concentrat¥mg zone 27, of the downconer 24
in which the slurry di sengages gas bubbles to forma gas reduced slurry
and, at the sape tine concentrates the catalyst so that the slurry flow ng
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44. Vessel 44 conprises an outer cylindrical wall 46, an upper_ gas
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one gas di sengagi ng downconer 52, identical In
reactor 10. In the embodiment shown, only one downcomer 52 is illustrated for the
sake of convenience. However, a plurality of such downcomers may be employed,
-which feed into one or-more manifolds or larger conduits and the like, for returning the
second and (in this embodiment) final stage rejuvenated slurry back into the main slurry
body in the reactor as shown, or to further processing. Catalyst rejuvenating gas is
injected up into the bottom of slurry 50 via gas lines 35 and 37 and through suitable gas
distribution means arrayed across an otherwise gas and liquid impermeable tray 59, as in
reactor 10. The mixture of offgas and first stage rejuvenated slurry exits first stage
rejuvenation zone 38 and into gas separating and removal zone 42 via orifice or opening
40 in which the offgas separates from the rejuvenated slurry and is removed via
overhead gas line 48. The offgas reduced, first stage rejuvenated slurry passes down
into slurry 50 in vessel 44 and is again contacted with the uprising rejuvenating gas
bubbling up through it which further and more fully rejuvenates the catalyst in the slurry
to form a second stage rejuvenated slurry and offgas. The offgas rises up through the
slurry into gas separating zone 42 and is removed from the vessel. Bubbles of offgas
remaining in the second stage rejuvenated slurry are disengaged from the slurry as it

passes into the gas disengaging zone 62 in cup 64. The disengaged gas passes up and is



nost respects to downconer 26 in having an upper gas disengagi ng cup from
whi ch a vertical downconer conduit depends, extending over as transverse
portion 5%vo bssedse of f gas di sengaged and reduced second st ageEmEssosseat ed
slurry back into the slurry reactor 10. In the enbodi nent shown, only one
downconer 52 is illustrated for the sake_gf. conveni ence. However, a
plurality of such downconers may be enpl oyed, which feed into one or nore
mani fol ds or larger conduits and the like, for returning the second and (in
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gas separati zone 42 and i's renoved fromthe vessel. Bubbles of offgas
remai ni ng i n catalystrejuvenhtion apans vsed\to Wasaribe sheprogesa of thti invenyingesishomamastahe
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back into the slurry body 18 in HCS reactor 10. The offgas renoved fromthe
vessel is ri mntamwﬁﬂ@gémﬂb qJegctivated ontalysh yiara mpnifold inte mdigh apumbesiof

sent to fuit hc%rwn%x%gr%sp%s% in a sturry body feed a gas depleted and, optionally, catalyst
concentrated slurry. In such an embodiment the rejuvenating gas will be injected up into

each rejuvenation zone.

In another embodiment of the practice of the invention which is not shown, but
which will be understood and appreciated by those skilled in the art, the downcomer (or
more than one such downcomers) 54 may extend down and then turn up into a second
lift pipe or vertical rejuvenating conduit into which rejuvenating gas is injected to forma

_ third rejuvenation zone. This top of this second lift pipe will exit into a second outboard
vessel similar to 44, in which the offgas is removed and separated from the more fully
rejuvenated sturry. This three times rejuvenated slurry is fed into a gas disengaging
downcomer in the vessel and fed back into the reactor, as is disclosed in the embodiment
above. Alternatively, the second lift pipe rejuvenation zone may feed the three times
rejuvenated slurry back into the reactor into a gas separating and disengaging zone to
separate and remove the offgas before the three times rejuvenated slurry is passed back

into the reactive slurry in reactor 10.



to clean up the gas by renoving the catal yst deactivating species and form
a clean gas of which all, or a portion, nmay be used in other processing or
recycled back into the lift pipe and vessel as catal yst rejuvenatinhggas.
Wiile th&"Bd¥ Y82 d or external slurry catalyst rejuvenati SiFTHEPBEey fo
descri be the process of the invention is shown as a |lift pipe in the form
of a cylindrical, hollow conduit or pipe}there are other enbodiments in
which the Iift pipe my be vertically baffled into a plurality of
vertically rising_ catalyst rejuvenati on zones, have a rectilinear or
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bef ore the tthe eaactor mhichrigdistiibatedap intothe plurry vima plumliinef@as distributiag means i ve

el uvanat i ottt an orberkiie cap i fadld WPEERRNE faf o TR RRL gt Habdbr
5,260, 239, iddmiisédl 3 colftin Ybhe/ 80 BdRL Rhick 828 TBthbved/Tebrit the reactor via line

74. Another dewncomer, 82, is shown also comprising a gas disengaging and catalyst

concentrating cup 83 at the top of a hollow conduit which depends generally vertically
downward from the cup, bends down and over out of the reactor and into catalyst
rejuvenation vessel 84, into which it feeds a gas depleted-and catalyst concentrated
sturry from the slurry body 61 in the reactor. Catalyst rejuvenation vessel 84 comprises
a cylindrical outer shell 86, one or more catalyst distributing downcomers, of only one is
shown (88) for the sake of convenience, for maintaining a more even, vertical catalyst
concentration in the vessel. It also contains a one or more downcomers, of which only
“ one (90) is shown for the sake of convenience, which returns rejuvenated slurry back
into reactor 60. Vessel 84-has an interior gas collecting zone 94 proximate the top of
the vessel and gas is removed therefrom via gas line 96. One or more gas disengaging
and catalyst concentrating downcomers 82 in HCS reactor 60 feed gas reduced and
catalyst concentrated slurry, in which the catalyst is at least partially reversibly
deactivated, from the reactor into catalyst rejuvenation vessel 84 via one or more
orifices 98. In vessel 84 the gas reduced and catalyst concentrated slurry is contacted
with a catalyst rejuvenating gas comprising hydrogen introduced into the bottom of the
vessel via line 92, and bubbles up through the slurry 100 in the vessel, through suitable



cylindrical shell 62 contains a three phase slurry 61 within which

conpri ses catal yst particles and gas bubbl es di spersed and suspended in a
slurry | i qv@@8/5@8e or nore gas di sengagi ng downcomners for rrcRasssgsesat al yst
mal di stri bution, of which only one (64) is shown for the sake of

conveni ence, conprise an upper gas di sengagi ng and catal yst concentrating
cup fromwhi ch depends a vertical downconer pipe 68. This gas di sengagi ng
downconer is ofthe type disclosed and clainmed in U S. Patent 5, 382, 748.
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of the HCS reaction fromthe reactor via line 71:. Feed gas line 72 feeds a
syngas i nt o Teguvenasing@ss af least pastigliy restoreshe activtynfshe catalysicpaticlesinghe he

ot her i s gauBmyparitn 8 wHER fuiibusly paliés BES VIR g8 hRGiReia nee Sipe one
conprises a g@mofeddviichingf S0WECISRtdn R ggﬁy?}gagﬁhud ﬁ.errlema@ Okn%ﬁ

reactor via line 74. Another downconer, , own al so conprising a gas
di sengagi ng effigascremavedsfrom tireccatalyst réjungnated sRigryatontdcets the shuory ia theol | ow
conduit which, depepnds geperally vertically dowward fromthe cup, bends
down and oveFeiBehatn esteL . Daehrozsnor yitoRen FORtpRInE cafali FRNYCORCOR GRS 54,
into which ij. t ' : SR ThE : m
the slurry body ?ﬁﬁ@ﬂ@‘%ﬁ%&:@o@gﬁ %%Mﬁa@enat | or?a é(gtgglg:o%)éagsw

conpri ses a gychiadHittdgah, CO4, H,C CH, c?ﬁz4+%9&oeam39§,qnamsaloekaﬁbﬁg£§meti ng

downcorers, of only one 1s shown (88) for the sake of convenience, for

mai ntai ni Ng moltaio 8F iR H8'COFi8 suffitfedt t6Temo0e BRCOAMY Ghll rduverbte@ asia |t
al so contains a one or more downconers, of which only one (90) is shown for
the sake of porisaf trRcatalyshi Ioneeinbodinene refereedtccabovk il o Dperiion of ther eact or
60. Vessel 84 has an interior gas collecting zone 94 proximate the top of
the vessel ahvirggen qontainingteuyeratingaffeasmay be gecycled baclomto thesrevenatioa gas

di sengagi ng cad g tyr.at i d ' 60 feed
gas reduced an s,C%’{egw%% b‘geg'ﬁgeg%drt £ é@g‘é‘? Wﬁﬁﬁgﬂgﬁﬁ*’%:@? %é’?%% Is at

| east parti ahittogec¥shpoudlly reféredd to\abbes! Thik 04 bé\doresptielly Miohe OR nitir Sélid
rejuvenation vessel 84 via one or nore. qrifices .98...In.vessel 84 the gas

reduced and adsozheptbedsobyenoling andidissalving in wateneteaicted with a catal yst
rejuvenating gas conprising hydrogen introduced into the bottom of the
vessel via line 92, and bubbles up through the slurry 100 in the vessel,

through suitabl e Agsdisclosed in U.S. 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, s0 as to utilize the exothermic nature of the rejuvenation reactions, by
insulating the rejuvenation tubes, by introducing heator a cooling medium into the zone,
by preheating the rejuvenating gas, etc. The ‘673 patent teaches that the temperature in
the rejuvénation zone should be high enough to remove CO and at ledst partially
rejuvenate the catalyst and low enough to minimize methane formation and wax (~Cap.

alkanes) hydrolysis. 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 Fischer-Tropsch type of



-15- gas distribution nmeans in an otherw se gas and liquid inpernmeable tray
87. The rejuvenating gas at |least partially restores the activity of the

catal yst p i ée in the slurry, a portion of which contin é} es
into the 932‘58?’ 0é'ﬁgg:jagi ng zones of the one or nore dovvncorrer!’%% sé?{&%ﬁos "
return the slurry back into the reactor. Rejuvenating offgas renoved from
the catal yst rejuvenated slurry contacts i{¥e slurry in the rejuvenation
vessel . The hydrogen or hydrogen contai ning catal yst rejuvenati on gas
injected into the rejuvenati on zone conpri ses hydrogen which nmay contain

ot her gasses HGScatalyst)undergbiftingd0f mon-shifting econflitions aad prefegibly uideChenr |

hyd b , d al . CO, . th | tio,of the H to, CO
2G0T 1 of ontshitlng Eotionsit Maishite 65 ng WateE Batatih ettcn psis DathUY Hhew
h | . ' ' f th

the catalyst. bRy cm@bﬁ'i?ﬂ&esr&%?ﬁ{ &qnﬁcﬂng%)‘&f. @Hé%tﬂ%g%ﬁﬂé?fﬁgﬁﬁaho the

hydr ogen containing rejuvenati ng offgas nmay be recyc I nt e

rej uvenati on geactim typéstoficatalystaomprise)for exanple dne orewore Grovp VI satalytic Sons
such as oxygenates and nitrogen congounds referred to above. This can be

done physi cal mgtalssuginas ¥a Nioke RwandReqlnensembasiment the catalysticamprses

di ssolving in . [.SGl i . wal e

cat al yst ?ej u%‘%‘{ag%g%%ﬁwggmggn 2 o@ga&db%lyiogg’é%%éﬁﬁtﬁ F@bﬁ?r’lg'r ?Fﬁ?’ ﬁ’]e

slurry tenper Haron d\itable Givdraiic Btppoat Raterisl fe@iﬁlyan@wmheomgﬁmbﬁéur e
IS

of the main body of slurry in the surrounding HCS reaction zone.
pat ent di scl oexmoreirefractoryyeetak aridesc oPrefesred; supparts-foe Cocontainingcatalysts or t ubes

o5 dence. ti nEPTTSE tang partoulatiy hep enpbiovinics MRy HCOK HOFRRIS RUERFIEET | he
rejuvenation ﬁ%ﬁe&nwéigge?sgihﬂﬁw prrAfficigBid 1L AR pPEUCtRS deddéd. Useful

i ntroduci ng heat or a cooling nediuminto the zone, "by preheating the
rej uvenati ng catalysteand theinprépardiopareknowresstillastratize, tub aonlimiting exampdesimayt he

e R N R TN S R i B
wax (~( err] 5"53?,9?&) hydrol ysis. These teachings apply to the present

i nvention al sO. an HCS process, |iquid and gaseous hydrocarbon products
are formed by

The hydrocarbons produced by an HCS process according to the invention are.
typically upgraded to more valuable products, by subjecting all or a portion of the Cs
hydrocarbons to fractionation and/or conversion. By conversion is meant one or more
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.
Tllustrative, 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, xﬁt;'ogen and oxygen containing
compounds, and the like. Liquid fuel includes one or more of motor gasoline, diesel

fuel, jet firel, and kerosene, while lubricating oil includes, for example, automotive, jet,



contacting a syngas conprising a mxture of HerrlJand COwith a

Fi scher-Tropsch t pe of -16 - HCS catal yst, under shifting or

non-shi.ft,i 9%’5!1‘1 tions and preferably under non- shifting REGVRRIBOA | n
which [ittle or no water gas shift reaction occurs, particularly when the
catalytic netal conprises Co, Ru or m xturme thereof. Suitable

Fi scher-Tropsch reaction types of catal yst-conprise, for exanple, one or
nore G oup VMcatalytic netals such as Fe, Ni, Co, Ru and Re. In one

ermbodi ment  t igbiaehsd ietal working cilss mmmtoildﬁdmdesafdlehmmgeﬂm@ugﬁ@mhlw and
one or nore of Re, RE, Fe, Ni, Th, Zr, HE, U M and La on a suitable

i nor gani ¢ supﬁlﬁoh@ﬂtrﬁmgﬂﬁﬂdsﬁ"eﬁ‘éhkﬁl y one whi ch conprises one or nore
refractory netal oxides.. Preferred supports f.or Co containing catal ysts
conprise titania, parti cuI arly when enploying a slurry HCS process in which

hi gher ol ecul ar !ﬁkﬁﬁﬂast@édﬂﬁf%ﬂbu%ﬁﬁfeinﬂb&inidxﬁ%dM&ﬁéﬁ?ﬂﬂg@bﬁ@ﬂ&é5

are desired. Useful catalysts and their preparation are known
i |l ustrativeof thetinveotior: wilk berappereatitn, end canbereadilyumatie tiyp those skifiedbin theartt. S.

Pat ents 4, 568, 63 4,663,305 542, 122;.4.621, 072 d 5. 545, 674 The
hydr ocar bons gf@mﬁesceﬂwé& &emwa esrobed, abave on are
typically up&og%?g qpérg E&Q

portion of the F&O rocar ons t cﬁ%ﬁ?@ﬁ%orgg%%erm on.

conversion i ﬁxermatdemiptm sétforth abeve; butratherthavtlieadiaimb de cohstrietiag st ruct ur e
of at |east a portion of the hydrocar bon i s changed and i ncl udes both

noncat al yt i c eptompassingajl ¢fth %J escof patentable payelty avhichrsside in the presentessi ng

cai g yst 11 i e e Kbt b thrihd sucﬁmg%ggg%%@& e

typically r eeqmwem thereof by tHose ST #itRe art A6l whithlthélRwertitn
hydr oi soneri zati on, hydrocracki ng, hydrodewaxi ng, hydroreflnlng and t he

nore 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.

£



[llustrative, but nonlimting exanples of nore val uabl e products forned by
conversion include one or nore of a synthetic crude oil, liquid fuel,

ol ef i ns, , lubricating, industrial or nedicinal oi ,
hydrocarﬂ%ﬁé%gﬁ% rogen and oxygen cont ai ni ng conpounds, andTYﬁ%%%Pﬁ%."
Liquid fuel includes one or nore of notor gasoline, diesel—fuet;—jet—fuel,
and kerosene, while lubricating oil i ncrddies, for exanpl e, autonotive, jet,
-17- turbine and nmetal working oils. Industrial oil ThifSheetdasBaaekdplachai | | i ng
f1 ui ds, agrimal oils, heat transfer fluids and gmm“,ml”’twm .
under st ood ¢ ri ous other enbodi nents and nodifi i fpractice
of the invention wll be apparent to, and can be readily nma ,t hose
skilled in the art wi thout departing fromthe scope and spirit of the

i nvention descri bedAphseess forrehuvetativgl d/revedsiblysdeactivated partiaulate hgdrocirbos cope
of the clains appended hereto be limted to the exact description set forth
above, but rsmihesis eatalystma shury camprising said catalyst pasticl glg)emm of the

B
equi val ent s grB@ise hichrd Rifticatlie hydtdcdrbort Syntiftists réd2tioh cORUifioNY, saiy Pﬂc'bﬁ“

pertains. 1. A process for rejuvenating a reversibly deactivated
parti cul at e dopprisipgsbenesaivelyt passing saidi slatry dhrough at least two catalyst sejivenationi d

catal yst particles an as, bubbl es ip a, hydrocgrbon slurty |Iiquid i ch
conpri ses pr EF?eﬁPF"afggﬁ’f’WrWoﬁ’g AR é?ggsmgﬁpgﬁe%@

o SRR syl S Gl SRS s

conprising w aw ng a portion al urry-rr y reactor” and

successi vel yinmich sajyl particlesane 4t least partially rejdenhted so form crefinienated catalystenat i on
stages external of a slurry reactor, wherein each said stage,sequentially
conpri ses (iSurey and aseiyaration ofigacand (ii\an efgasdisengaging zone in which said offgas

is removed from said rejuvenated slurry.

2. A process according to claim 1 wherein at least one of said external

rejuvenation zones comprises a lift pipe.

3. A process according to claim 2 wherein said rejuvenating gas acts as a lifi gas

in said lift pipe.

4. A process according to claim 3 wherein said catalyst comprises one or more

supported Group VIII metals which includes cobait.

5. A slurry hydrocarbon synthesis process for forming hydrocarbons which

comprises:

(a) contacting a synthesis gas comprising a mixture of H, and CO in the
presence of catalyst deactivating species with a solid particulate hydrocarbon synthesis
catalyst in a slurry body comprising said catalyst and gas bubbles in a hydrocarbon slurry

liquid, under reaction conditions effective to form hydrocarbons from said synthesis gas,

A et s b
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slurry contacts a catalyst rejuvenating gas to forma slurry in which said
particl esa&gg %ésat partially rejuvenated to forma rejuvenated catal yst
slurryr.an ¥ juvenation offgas and (ii) an of fgas separ atiGR§/SI8Pas9¢ n

whi ch said offgas is separated and renoved from said rejuvenated slurry at
a point above said rejuvenated slurry, antP4n the first rquvenati on zone
reuvenating gas is injectd to at |least partially rejuvenate said portion
and passing said portion to an offgas separating and renoval zone. 2. A
process accotdeasta pertionofiwhichwre liquid at said esestiomcendidiorsawhereiatsaidrspecies

rej uvenati on nes conprises a \ijf Lpe. 3, A _prqcess according to claim?2
wher ei n sai dpégﬁngﬁmawaﬂy ivate said %%lgs‘ilﬂs@ SMOVi £t pipe. 4. A
process according to claim3 wherein said catal yst conprises one or nore
supported Goup VIII netals which includes cobalt. 5. A slurry hydrocarbon
synt hesi s pr ocess(b)gpaséing siuny fiondsaid slulry bodits b fiedt EafalyseRjuvemtion @Bhéct | Ng
a synthesis gas corPor,i ing a mxture of Herr] and CO in t'he presence of
cat al yst dea dhodki es with a solid parti cul at e hydrocarbon
synthesis catalyst in a slurry body conprising said catal yst and gas
bubbl es in a hydrocarbon slurry liquid, under reaction conditions effective
to form hydrocar algi ad Conprividpastatalgal Tej 3 ﬁfdsﬁrstaca i on of
which are |iqui db(ab'zspsai rgact i on clf)gﬁfji ti ongfjumea?él?%afgtld specl es %resent

in said 3y ngdﬁ!“}'mp% z_g:jg/inaéédt saidagas Q_oa:adtwa?dadqrtsy ta ? lfmt' ,t:trﬁmyrmme;?jpa
passi ng slurry..fr id.s]ucr ody.into i,rst_catalyst rejuvepation
zone exter naISX' fcagﬁsg%%%o {°9¥‘ @és%l“ﬁfam&ﬂg%a‘% Fyryaand §ii)a rejvanating

rej uvenati on ofipss wWhich coffaths st eaEﬁ" | [P W:6h said
gas contacts ds’%i d slur ri/u tgsgf evglgtE@%g’rs{ll a ﬁgﬁ?ﬁéﬁgﬁﬁgﬁﬁb%& yst
therein to faejpvénajiomgasiiso/antmasallit ghsinysaid ey ry and (ii) a rejuvenating

(d) passing said rejuvenated catalyst slurry and offgas into a first gas separating
and removal zone to disengage and separate said offgas from said slurry to form a first

offgas reduced rejuvenated catalyst slurry, and

() repeating steps (b), (c) and (d) at least once by successively passing said first
offgas reduced, rejuvenated slurry through at least one more combination of
rejuvenation and offgas disengaging zones to form a final offgas reduced, more fully

rejuvenated catalyst shurry.

6. A process according to claim 5 wherein said slurry in said slurry body
contains gas bubbles, wherein a portion of said gas in said bubbles is CO and wherein at

least a portion of said bubbles are removed from said slurry before it is passed into said

first rejuvenation zone.

7. A process according to claim 6 wherein said catalyst comprises at least one
supported Group VIII metal,

e ——
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of fgas whi ch contains species which will deactivate said catal yst and
wherein said rejuvenation gas also acts as a |ift gas in said zone; (d)
passi ng sy Labvenat ed catal yst slurry and offgas into apfs .
separatinghg%%§$%hnval zone to di sengage and separate Saidpg?§§%§3@®0§lsaid
slurry to forma first offgas reduced rejuvenated catal yst slurry, and (e)
repeating steps (b), (c) and (d) at |eas®®once by successively passing said
first offigas reduced, rejuvenated slurry through at | east one nore

combi nati on of rﬁ%uvenation and offg@s disengaging zones to forma fina

of fgas reduced, rforf pracessaceesdingdn Touhereipdhe last offgas reduced, sejvenated
according to_claim5b wherei . sai.d sl i aid slurry body contains gas
bubbl es, mep@ﬁlﬁstgi%@pgﬁetgpa@%pd@s&isﬁhgﬁyd bubbl es is CO and wherein at

| east a portion of said bubbles are renobved fromsaid slurry before it is

passed into said first rejuvenation zone. 7. A process according to claim®6
wherei n sai d cat &. yApracesgaccemdingto claimS whereinsat leastra pattion ofigaid/| | | netal . |

11112121 2122332 il 1pilil—=_11 1]* -20 - 8. A progess according to claim
7 wher ein tﬁwdfoggﬁbosq %@gﬂ ﬁemﬁ?ww@flasmms@ﬁﬁiﬁxe@ Qf 1RPF6,CONYersions o
back into sagpqm%?gg%}tg&%% rgé\b&r ocess according to claim38 wherein at

| east a portron o roc ons fornmed fromsaid synthesis gas are
upgraded by one or nore conversion operations to at |east one product. 10.

A process according to claim9 wherein said netal conprises cobalt.
10. A process according to claim 9 wherein said metal comprises cobalt.
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