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The invention relates to a process and neans for rejuvenating catal yst
particles in-situin a slurry. Mre particularly, the invention relates to -
a process and neans for rejuvenating solid catalyst particles in-situin a
three phase, EG)@]?QN‘ Ff'gnﬁ OWNCOMER-REIUVENATION ng
said particles and gas bﬁes@%ﬁy%%?%ch?gon slurry liquid, using a

combi nation gas dI'FEIMFORJINcSIMDSEUERU @AjTLA{IeYSﬂ‘RlEJ&IMﬂ\IAB‘iGMround of
the Invention Slurry hydrocarbon synthesis (HCS) processes are known. In a
slurry HCS process a synthesis gas (syngas) conprising a mxture of H[err]
and CO is bubbled up as a third phase through a slurry i'n a reactor in
which the slurry liquid conprises hydrocarbon products of the synthesis

Fischer  Tr opB A KGBINT O THI BISCEAMIRE (T * raiior s whi ch contai n

such a three phase slurry are sonetines referred to as "bubble colums"”, as
Is disclosed in U S. Patent 5,348,982. Irrespective of whether the slurry
reactor_ is \(/)\#I! dibf%eaﬁwénﬁbﬁpersed or slunped bed, the m xing conditions in_
the slurry: calTy De somewhere between the two theoreti cal :
conditions of plug flow and back m xed. One or nore gas di sengagi ng '
downconers nay be used in nmintaining catal yst W 98/50495 : .
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Syngas made fro)

~ partic es in-situ in a shury. More particularly, the invention relates to a process

and means for rejuvenating solid catalyst particles in-situ in a three phase,
Fischer-Tropsch type hydrocarbon synthesis slurry comprising said particles and
gas bubbles in a hydrocarbon slurry liquid, using a combination gas disengaging

. downcomer and rejuvenation tube.

Background of the Invention

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

. dispersed, suspended solids comprise a suitable Fischer-Tropsch type
| hydrocarbon synthesis catalyst. Reactors which contain such a three phase

slurry are sometimes referred to as “bubble columns”, as is disclosed in U.S.
Patent 5,348,982. Trrespective of whether the slurry reactor is operated as a
dispersed or slumped bed, the mixing conditions in the slurry will typically be
somewhere between the two theoretical conditions of plug flow and back mixed.

One or more gas disengaging downcomers may be used in maintaining catalyst



hydr ocar bon feedstocks which contain nitrogen (i.e., natural gas) or -

nm trogen containing conpounds (i.e., restds, -coal, ~shate, cgke.-1gr. sands;, =
etc.) invawD®BisMISont ai ns HCN and NH3 whi ch cont am nate thegég%@%%ﬁél urry

and rapidly, but reversibly, deactivate the catalyst. Certain oxygenates
and car bonaceous conpounds forned in the Blurry as by-products of the HCS
reaction can al so cause rapid deactivation. Deactivation of such catal ysts
. by these species is reversible and catalytic activity is. restored (the

cat al yst reJdiH@ihﬁh@ﬂ)asbydﬁclﬁsedﬁniﬁb S.fhtdﬁﬁﬂmad&dSwagasy@de\ﬂ’qm hydr ogen. )
The activity of the HCS catalyst in the reactive slurry T

i nt er mi t t enthydrocarbom feedstaeks Which contein atiTagendas., fatual g%ﬁ?ﬁéﬁ’&?‘ Wit h
catal yat 2{&é‘éﬁé‘éﬁ%&&iﬂ%&%ﬁ%&amﬁé.cﬁﬁ‘%.t%?s‘f° cFits) SVBHEBDS0 e
5, 268, 344. | - ' . .C i Nl na: .S
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in the slur rﬁggj@t %égcﬁwﬁl%‘[i?a{é}‘fﬁfy ; %ﬁg@éq]a@ﬁxd earbvapedousn gas al so .

acts as a li crrc rough~the tube. It has now been

found that t GnpiniRR Tefined iPhdYineerss babridets 6fHy/HOS toantionca alsee OO i s

consuned. This Timts the overall &fficiency of. the:rejuvenation ProCcess. ........
and wastes Giaussdapid dehttivationd Deactivationrofisack icatalysts by these spectesdse gas '-
bubbl es coul d be renoved fromthe slurry before it contacts t?ﬁl
rej uvenat i orreyersible andwatalytie activity is restored (theicatalystaapivenated) B s urry -
circulation through the tuhe coul d_be aghjeyed w th | ess.rejlyenatson gas.
SUMVARY OF Tequtactingnthedeagiieate %HY&SW&&*‘X‘X@&CPO&?\_ HvLs sd . Bﬁg ns for-
rejuvenating |id catalyst rticlessi ' Dok ALh0 :
synthesi s ( ,_&%?lyg ‘&‘r‘?‘? rea/cﬁ:v@psg\gfrg &%bé .ﬁht@nﬁﬂfeﬂﬂy%}.ac%ﬁnﬂwﬁﬁﬁ%ﬁﬁ@nated
PCT/ US98/ Oglﬁf}cgntacﬁng the sturry with hydrogen or a hydrogen containing rejuvenation
gas to form a rejuvenated catalyst slurry as is disclosed, for example, in U.S.
Patents 5,260,239 and 5,268,344. In these patents the slurry, containing gas

bubbles, is rejuvenated by circulating it through either a ;ejuvenation'tube

immersed in the slurry or an external rejuvenation vessel. The rejuvenation gas
also acts as a lift gas to circulate shurry through the tube. It has now been found
that the presence of CO hinders catalyst rejuvenation until the CO is consumed. |
This limits the overall efficiency of the rejuvenation process and wastes CO and
H,. It would be an improvement to the art if these gas bubbles could be remqved
from the slurry before it contacts the rejuvenation gas. It would be a still further
improvement if the slurry circulation through the tube could be achieved with

less rejuvenation gas.

SUMMARY OF THE INVENTION

~ The invention relates to a process and means for rejuvenating solid

catalyst particles in a three phase hydrocarbon synthesis (HCS) 'sll.irry



conprising gas bubbles and catal yst particles dispersed in a hydrocarbon
sturry liquid, in which gas bubbles-are renoved fromthe sl lﬂ,bhius%,’hﬁhto
rej uvenat i 0 %4589 downconer provides a hydrostatic head to"t

rejuvenation zone to achieve the desired slurry circulation with less lift
gas. Briefly, the process conprises passihg a portion of slurry, froma
slurry body in which at |east a portion of the catalyst is reversibly -
deactivated, through a gas disengaging zone to renmove gas bubbles and into
a downcomer cbﬂilﬁ-&iﬁggabbﬁmﬂeg and cenllyst pasticles dispersed dn adydrgearbeajstareyiat i on
zone in which i't confacts %ﬁ) whi ch rejuvenates the catal yst., ThHi s.may be
acconpl i shediquyd,ancwhichrgas bubblesare remoyed fiom thewlusypnarie repvepatior | on

tube inmmersed in_the slurry body.. The open tgp of the rejuvenation my
be outsi de tand adeWRGOMEHPLO W&O&n@ﬂg o the FeRVEGRl A B pehtVe
copt i nuousl
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gas_pr oduct suityiuie refeRsibhp Btadtivatc frigh'a/gds diseribagipadrrets deyibvecgashon

products of reacti‘on whi ch are:liZquid_at.the reaction.conditl.ons......
The gas i nj dsibbles dtidintd'a dosynconrstwhichAfeeds thejgasaeduced shry datona gatalyst t he
slurry and, at the sane time, serves as a lift gas to insure circulgtion of
the slurry trejuvegatiomeonejniwhich iteontaptegasrwhicharejuvenates the catalyst; dJMenser

tHan that conprising the slufry body and the slurry nmixed with rejuvenating
lift gas in mﬂ&b#@f’ﬁ‘)@ﬂﬁﬁh@‘&!ér@ﬂ#ﬂ?@?’éBa%ﬂﬁﬁngqé“ﬂmmﬁaﬂﬁappI- y a-
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in the d _ j j :
0 tvenar or ABE ey 8 gRlHAI ety Kol o Gl hcphwiion s e ciher
downconer anchritiodsly drinfghiiRentipiadldesiedWithdhe kit readtor@ither dperatingans

that less lift gas 15 required to maintain a given slurry circulation rate

t hrough t he @] prodoeingiydrocarboitiprodwstsyemwithahoffdine. vEhe gasibubblesr ves as a -

lift gas, will conprise hydrogen_in the .. : ) . '

' comprise valuable unreacted synthesis gas (syngas) which interferes with the

catalyst rejuvenation and would otherwise be wasted, along with gas products of
the HCS reaction. The slurry liquid comprises hydrocarbon products of the HCS
reaction which are liquid at the reactioh conditions. The gas injected into the
rejuvenaﬁon'zone rejuvenates the catalyst in the slurry and, at the same time,
serves as a lift gas to insure circulation of the slurry through the rejuvenation
zone. The gas reduced shurry is denser tﬁan that comprising the slurry body and
the slurry mixed with rejuvenating lift gas in the rejuvenating zone. This enables
the downcomer to apply a hydrostatic pressure to the bottom of the rejuvenation
zone which is determined in part by the difference in densities of the gas reduced
slurry in the downcomer, the shurry body, the gas filled slurry in the rejuvenation
zone, and the vertical distance between the top of the downcomer and the gas
injection point in the rejuvenation zone. This means that less lift gas is r:quiljed
to maintain a given slurry circulation rate through the rejuvenation zone. The:

rejuvenation gas, which also serves as a lift gas, will comprise hydrogen in the
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case—of--rejuvenating--a slurry HCS catalyst. It may be all ogen or

hydr ogen nWO28/5#95h one or nore ot her gasses as expl ai ned |* MO ow,
The conbi nati on gas di sengagi ng downconmer and rejuvenati on zone may sinply
be a generally "J" shaped, elongated holl aw conduit open at both ends, with
the lower l'eg form ng the downconer portion which termnates at its -upper
end in an open gas di sengagi ng cup i nmersed, and upwardly opening, in the
slurry body. cJacf iefifiRhatiftg) a’lurty BICS egalyst Sk sndy be hithydeoytin erhydrogemnd
hass nmeans for injecting gas into its interior near the bottom wth the--
open end or irigedwith o ormore bther gpsses astexpldined in detdil belowhi ch it is

i mersed, or_at a location out of the slurry. Catalyst rejuvenation is
accorrpllshed Within the slurry either in the HCS reactor or reaction zone,
or ,in an outboard_or se arate cat Igm venation zgne. or reactor, as is

disclosed in U.S. Thgt owngomer apd IeJUNERANOR ZRACIAY | ¢
bt L on zon SR thf{eﬁéna% ?" @‘@F&ﬁ‘éﬁ@ﬂf?ﬁ%w&‘“ ot bot baidd”

slurry in an“h@h e98wep e rﬁﬁﬁ’% Ehﬁﬁl (ifs
di-st-ur bed, _as: e gas di g\gagl {Heo(!j%vmcorrer and cat ;tst reajt%svdgnatlc?

zones, whi | €ehdifehfi Open'gak Uﬁseﬁgagmgc uplifmaened,aind xipwmdily opéningia thet he
rejuvenation process produces -an offgas which nmay contain cata yst

deact i vat i ngshrcbedy.Wihe bonger leg eﬁﬂmhmmpnses the rejuvenstiarodone and has gas
| S passed back into the'slurry body, In this case it is preferred. ass

ATty ety ity A
E g§ stur ;g,j Sbrans tp. e gD oh the YRty hedcm BRiGh i HIETedy oweagq%a
con%/"i' "__h'u()usl y%bef hl%@mt gﬁ%’g’gﬁﬁ%ﬁi‘fﬁ“gﬁf’ﬁggaé%ﬁﬁ%ﬁaom@%ﬁf‘w&h % the

catalyst is g tHePAE'S reactor or reaction zone, or in an outboard or separate catalyst

-

.n-)

rejuvenation zone or reactor, as is disclosed in U.S. Patent 5,260,239. However,
in at least one embodiment it is preferred that the catalyst be rejuvenated within

~ the Slurry in the reaction zone. When the practice of the invention is performed.
in the slurry in an HCS reactor or reaction zone, the HCS reactio_n is not
disturbed, as the gas disengaging, downcomer and catalyst rejuvenation zones,
while immersed in the slurry, are separate from it. Further, the rejuvenation
process produces an offgas which may contain catalyst deactivating species-
which will recontaminate the shurry body if this gas is passed back into the shury
body. In this case it is preferred to pass the rejuvenated slurry containing the
offgas from the rejuvenating zone to a gas disengaging and separating zone to
separate and remove the gas from the slurry, before passing the rejuvenated

slurry back into the sturry body.

More speclﬁcally, the process of the invention comprises continuously or
mtenmttently circulating a poruon of slurry in which the catalyst is at least
partially deacnvated, from a slurry body successively through (i) a gas
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parti al I-.y deacti vat ed, froma slurry body successively through (i) a gas
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di sengagi ndVR 8H#WH renove gas bubbles fromthe slurry to f(c)g#@gggéﬁgk

reduced slury, (ii) a downcomer which passes the gas reduced slurry into a
catalyst rejuvenation zone, (iii) a cataly$§t rejuvenation zone in which a
~catal yst rejuvenating gas contacts the slurry and at east partially -

- rejuvenates the catal yst particles therein to forma reJuvenated cat al
slurry, and (distngaging zoneta remosie gasybubbliss frametheishimryiéo form pgas seducs rry
- in the dowaconer 1s denser than the slurr I n both t& rejuyenatiqn zone-

~and the slur rgluuyu@x)emdowppomsgwfku@bnassps %%ﬁr’@éﬁ‘ﬁ? ndo A Latalyst, o
2s urry HCS TS Uvggg%gg&ggégﬁs%gﬁ@xgﬁ S Pe B B 7000t
o catal yst. S%M%Qﬁé‘%gﬁ%@@ﬁ? e sfeey b4 °§§‘?§ﬁﬁﬁﬁf§@’é@t§‘§‘car agsee

synt hesis cat 5 esltﬁ fcfr}h Q?I quagﬂe gﬁ[ﬁt% Gd(iv)hack iate tie

bubbles in a rocar urry er’ reacti’on conditions effective

to form hydr Oﬂﬁﬁ?%'lﬁlyf WHBréml tte $9 eeducedishiren i tie dowhcamenis densehthmnecthe

liquid at-said réaction conditions, and wherein said species present in:
sai d syngas rsiumysinthoth dhmrejiveration zionecad:the slurry bpdy andiapplies ppositive of

said slurry fromsaid slurry body into a gas .di sengagi ng ne to s at
gas bubbl es f hydrostatie pressuré tothe bastam of gﬂgr@mmnsmerﬁn Hg"dé fisity

greater than that ,of bot ai,d slurr said s bod ndth

rej uvenat.ed. c& Pmeﬁfaﬁ"ygé?.aﬁlmyﬁégrﬂ%‘?ﬁén%mé ﬁﬁo& ng said
gas reduced- sI urr sg{#l.@éhsaofdomcorrer and into said catal yst rejuvenation
zone, wher ei n"°¥8P N $ai d downconer applies a

(a) contacting a syngas comprising a mixture of H; and CO in the
presenbe 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 syngas, at least a portion of which are liquid at said -
reaction conditions, and wherein said species present in said syngas reversibly

deactivate said catalyst;

(b) passing a portion of said slurry from said slurry body into a gas
disengaging zone to separate gas bubbles from said slurry and form a gas
reduced shrrry having a density greater than that of both said slurry in said
shurry body and the rejuvenated catalyst slurry exiting the rejuvenating zone;

(c) passing said gas reduced slurry through a downcomer and into said
catalyst rejuvenation zone, wherein said slurry in said downcomer applies a

positive hydrostatic pressure to said slurry in said rejuvenation zone;



p05|t|ve hydrostatic pressure to sai d slurry in sald rej uvenati on zone;
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(d) passi nwoeesgsassswhi ch conprises a catal yst rejuvenating gRETURYIYAS d
rejuvenation zone; (e) contacting said gas reduced slurry in said "
rejuvenation zone with said rejuvenating gas which at |least partially
rejuvenates said catalyst particles therein to forma rejuvenated catal yst
slurry contai ni ng. gas bubbl es which has a density |less that of said gas )
reduced slurry, S@gdp&aﬁn g7 §45 Which éém ﬁs@sicithlmsejuvemmgtgsnnmsmdl ation
of said slurry through said zone, and renmoving said rejuvenated slurry
from sai d refejvenationzonene. The rej uvenat ed slurry is then passed

directly, or indirectly back into a slurry body, which nmay or may not be .
the slurry body fromwhich it was withdrawn, before entering the gas

di sengagi ng zone., | n a further,  enbod t the rej.yvenat ed. cat al r
cor§1t algnlgngggas bu@bl‘é‘g‘ w@s&m@eaﬂ%mﬁéaﬂa&%ﬂ?%ﬁ?% thdatd "

{rom the. si desgvaatinh 3af piiEh RERILEbTRANG RRyelal s Al pecicles Phbfein
W ih the of rGACAEat oAl Eatsliry Gt B b néei%"?‘é‘?‘ﬁ%“ i ORI

deact i vat i ngjespeiit 0F spidshsaeduded diifry! siid\zas alsoservisigidsla Kiftigab¢o mdihmin

deactivated catalyst present in the sTurry may be concentrated in the

slurry i qui cirqulitior of saidglyray sledughtsaid enejandconer, by means which-can
i ncl ude gas di sengagenent and which wil| be described in detail below The

slurry reactor may be operating during. rej uvenation or it rray-_be—--t--ak-e—-h--_----------------------- -

of f-1ine and batc}), rejuvenat ea When 1 ven%{ curs V\€
reactor-is on-Iind) AFRYIRE U ﬁﬁJ‘W?H?"@ g, cJuyeng

| iquids are either continuously or |ntermttently

e the HCS . ..
PREANET the

* The rejuvenated slurry is then p‘aséed directly, or indirectly back into a

. slurry body, which may or may not: be the slurry body from which it was’ |
withdrawn, before entering the gas disengaging zone. In a further embodiment
the rejuvenated catalyst slurry containing gas bubbles, which comprise offgas, is
passed from the rejuvénating zone into a gas separating zone in which offgasis
removed from the slurry before it is passed back into a sturry body. This is
important to prevent contamination or recontamination of the shurry body with
the offgas for the case where the offgas contains catalyst déactivating species
produced by the rejuvenation. Still further, the deactivated catalyst present in
the slurry may be concentrated in the slurry liquid before being passed into the
downcomer, by means which can include gas disengagement and which will be
described in detail below. The slurry reactor may be operating during |
rejuvenation or it may be taken off-line and batch rejuvenated. When
rejuvénaﬁon occurs while the HCS reactor is on-line and producing hydrocarbon
liquids, a portion of the liquids are either continuously or intermittently
withdrawn from the reactor. These liquids are further processed into useful

products. In a still further embodiment the invention includes generating the



w thdrawn fromthe reactor. These liquids are further processed into use

products. In a still further enbodi nment-the invention-i-net-udes-generatin
t he - WO 98 750895 PCT/US98/09144

PCT/ US98/ 09144 7 syngas by parti al ly combusting a suitable hydrocarbon

f ul
g..

whi€h contains nitrogen or nitrogen contaiqni ng conpounds to form a syngas.

conprising a mxture of Herr] and CO and which al so contains nitrogen
species (e.g., HCN and NH3) and/or other species which reversibly '

deact | val & 2evghs %/ paHtiglly EbmbiRng & SHHADRIRdi6CmbIR With Cohtdias Mittogdly

reversibly d _ e sense of a Fis her-T_ropsch.'gype qf hydrocar
synthesi s cabphitiggenofifidfing!dddipduirdsaotfoin synghs cotnprising & stinture ofiH,

contacting the catalyst, inthe slurry liquid, with hydrogen or a_hydrog
cont ai ni ng gand CBRaRd WHECICEIsE Toftains nitragenspecieste . gdCN and NH; I fi
cross sectional schematic drawing illustrating a-slurry. react ont gi ni
a Catal yst rotheyspesiesiwhighoeevarsibly desctivatera Fischer-Lropsch type Pg&’ qmh

Fi "2 | Ml hemat i f. Y ntai Qi g t st
ol uvenat | oneYribeSt FaahBt Bycrevarsioly deactivats O S heee ch 4 pisp e TFPREhL ",

ani oh the culmeoChBANoNSTARE AR B IRTES Ry BatA R, T
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metal stripshydrogen containing gas. |

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified cross sectional schematic drawing illustrating a -
slurry reactor containing a catalyst rcjuVehaﬁng apparatus useful in the practice

of the invention.

Figure 2 is a simple schematic of a slurry reactor containing a catalyst

rejuvenation tube of the prior art.

Figure 3 schematically illustrates a cross section of a slurry degassing
cup and downcomer of the invention, in which the cup is provided with a means
for reducing turbulence within.

Figures 4 (a) and 4 (b) respectively schematically illustrate a slurry
turbulence reducing means shown in Figure 3, which is fabricated of flat metal
strips.
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DETAI-LEDDESCRI'PTI'ON | n- a- Fi scher-Tropsch slurry HCS process, a syngas *
conpri si ngwe 98i58498re of Herr] and CO is bubbled up into a PEERUSIRNIN44 urry
inwhich it is catalytically converted into hydrocarbons and preferably

| i quid hydrocarbons. The nole ratio of thg hydrogen to the carbon nonoxide °
may broadly range fromabout 0.5 to 4, but which is nore typically within -
the range of fromabout 0.7 to 2.75 and preferably fromabout 0.7 to 2.5.

The stoi chi OYETATEEDPDESCRIRTION a Fischer Tropsch HCS reaction is 2.0,
but there are many reasons for using other than a stoichionmetric-ratio as.

those skilled in the art know and a di scussion of which is beyond the scope
of the present invention. In a slurry HCS process the nole ratio qf the
Hefrr] to COis tipm whw-Imhzlm Gslprwﬁgaassmysselnpasmawxml ous

coal vi th Bl CF by ?@Sﬁtxe@?%?é’asﬁﬁé% Finonich it EetaBisARy g
eave | ar ge dHER e Uy G BPh B protifilly kﬁﬁffd“i&g°3§3ﬁ‘# %Etmnﬁ@;%ﬁg
atoral gas o S RaroRen 85 tick bt BGANORRGIT0R X?E“%ffgﬁﬁht B 0 e

producti on utsyhighds hict Wmﬂﬁn@xéM%?Mﬁ¢m|aMthﬁm®75mdam -
reform ng or a combination thereof is well known as is disclosed, for

exanpl e, i n pieferablytfram ahodgd,7I®12.5| rThesstyichiometric: mole yatioffor | adtischer=
catal ytical artlally oxj di,ze and steamreformthe nethagne in a_fluid bed
syngas- gener'élqpﬁ HS reaction)is 20, but ghere ase manyrsasans foppemgiothey thanpy; ent s

4, 888,131 5,160, 456. ..l f,th f.th th .
nitrogen o? %?FMBWJ&PQH%%&%G ﬁhg‘eaﬂ?'ﬁ 3&2@&9 ﬂﬂ%ﬂ?%?i&ﬂfﬁ 5

t L ted
Thro N anchéa ik Sk 8pd EAREG RS I £ QllEry HCH Brfeieie SIECT  ©
Fi scher - Tr oryaf o de 449 00 tybally Hbaiid 2.1/110TRe SATGHS nkdyBe EormAdd bije

~ various means, mcludmg contacting a hot carbonaceous material such as coke or

m!-

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. Patent 4,888,131. In |
many cases it is preferred to catalytically partially oxidize and steam refbfm the
~methane in a fluid bed syngas generating unit (FBSG) as is disclosed, for
‘example, in U.S. Patents 4,888, 131 and 5,160,456. Irrespective of the source of
the methane, nitrogen or nitrogen containing compounds are present in the
methane coﬁtaining gas fed into the syngas generator, some of which are

- converted into NH; and HCN during the syngas formation. These will deactivate
a Fischer-Tropsch HCS catalyst, particularly those comprising Co as the
Eafalytic metal. It has been foungl that deactivation by these species is reversible_ .



catalytic netal. It has been found that deactivation by these species is
reversi-ble— WD 98/ 50495

PCT/ US98/ 0MMQ 38/8M%hd t he catal yst can be rejuvenated (the cal[’%T’W?séogl‘M'
activity restored) by contacting it with hydrogen. This restoration of the
catalytic activity of a reversibly deactiWated catalyst is referred to as
catal yst rejuvenati on. However, while preferred and possible, conplete
restoration of the catalytic activity for all of the catalyst particles in
the slurry pasbiteecatiystein b rejuesnated (the catalytic activity rastoredhby coatactingeved
in the process of the invention. It's for this reason the expression "at -
l'east parti aitiwith bydsogent ddhis restorationyofithe ga 'm‘ééct!\ﬁaf@ﬁe %fe‘?ﬁw Ye |ike,
are used herein., The presence of in the rejuvenat.i onygone hin S

catal yst rej dmtedrpa&ﬁm 15#5&'&%’5”6@@&! _;uvm&épnr WY, ?ﬂ‘&ﬂeeast a
pogti-on of the . gas,bubbl i | e iy y
erore it i sPieTeyand sosinlE partulaR Pl G e e Bty or L of e ¥
amount of CO il s ' s ' : ARt of
hydr ogen nee gﬂsﬂnﬁ% Sﬁ‘&%@/?ﬂ%ﬁ@%ﬁ%%@%‘ﬂﬁ ugﬁgiggg?lel?@glegr ee of
rej uvenat i onglyrystBechchicted inGhé pRodets of the imehtiohelthyfbrabisreasorhther ogen
contai:ning rejuvenation-lift._gaS intao the rejuvenation zone, the H2 to CO
ratio in theexpiessionnt leastzpartially rejuvenstes theacatalyst pantictesi thexein andthe 1 and -
may ‘be higher than 10/1. This nmeans that instead of being converted to nore
desirabl e |.i likecaremsedbardsmn products, the CO.in the rejuvenation zone is
cohverted primarily to nethane, thereby wasting val uabl e syngas and sone of
t he-added--hydr-ogen -rejuvenating gas. These gas bubbl es al so contain gas
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which contain unreacted syngas from the slurry before it is passed into the

_ rejuvenation zone, substanﬁally reduces the amount of CO present in the
rejuvenation zone. This reduces the amount of hydrogen needed for the
rejuvenation and results in a greater degree of rejuvenation. Further, due to the
injection of the hydrogen or hydrogen containing rejuvenation-lift gas into the
rejuvenation zone, the Hy to CO ratio in the rejuvenation zone is greater than the
stoichiometric 2.1/1 and may be higher than 10/1. This means that instead of
being converted to more desirable liquid hydrocarbon products, the CO in the
rejuvenation zone is converted primarily to methane, thereby wasting valuable
syngas and some of the added hydrogen rejuvenating gas. These gas bubbles
also contain gas reaction products of the HCS reaction, of which 50 % or more
may be water vapor, which interferes with the catalyst rejuvenation by acting as
a diluent for the rejuvenation gas. For these reasons it is beneficial to remove as
much of the gas bubbles as is possible from the slurry before it is rejuvenated.
Further, in the rejuvenation zone the 'rejuvenation gas also acts as a lift gas to
maintain slurry circulation through the zone. Mai_ntenance of shurry circulation

: fequires more gas than is needed strictly for rejuvenation. That is, the total



much of the gas bubbles as is possible fromthe slurry before it is

rejuvenated. Further, in the rejuvenation zone the rejuvenation gas al'so~ "

acts as a WOfB/5e#8 to nmintain slurry circul ation through tREeTASIRON44

Mai nt enance of slurry circulation requires nore gas than is needed strictly,
for rejuvenation. That is, the total Y§ 98/ 50495-

PCT/ US98/ 09144 10 amount of |lift gas required to maintain slurry
circulation through the rejuvenation tube is nore than the anount of

nyar ogen 1 SRt of iff flsegiinta 16 iifalnituel dralitdrtiongh e case of a

rej uvenati on gas conpr primarily hydr this can nmean wasting =~
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rej uvenat i orcatalgstiparticles.| Inthercgise of aaejuvenatior gas comprising pramarilyr
inefficient due to the dilution effect fr'_omthe@gre ence ,gg as \A@écﬁh does
not rej uvendiydrogen, ¢his sap seanswastng expensive; hydragenHit an, t B Spparated, 5

E?‘Téini;e?tn'f%&%itﬁé?éﬁiwag@asss dipa RGeS 1 s Bygioer 1o B eti@ﬁx%?%ﬁﬂéz%#é%?ﬁﬁghéh 2
"o uvenat | o BBl e AR kR bR RifveddoRie et Y 10 TS

in a subst ag%li:@lhpfe?g Wrlihefficiéht!due tﬁrﬂi&'giluﬁﬁn%ﬁcﬂﬁ%ﬁ?ﬂl_ctp}eb&defﬁﬁgﬂsed into

the rejuvenation-zorne to naintain the desired slurry circulation.” Referring

to Figure 1 vwhithaldes nothsjiénatathe/cdtalyss althbagh theliftffect ahychbemmore g on
of a slurry type HCS reactor 10 which conprises a cylindrical reactor

vessel 12 comfficienhgThe phocess phd seeans of the inveationas Asplusiondtorthisdideramagas -
di sengagi ng downconer and catal yst rejuvenating tube .16 of, the invention, ...
di sposed entinfeedingthe ﬁég%sﬁﬁé gwlll.nt%ﬂ&aﬁl‘é‘(ﬁﬂ on ggne fhrongh adowmeemer.s

unreact ed SYALBES. 3 poaitive hydiSREas prestart’ HE shurky irl R rEftveh¥bn zone

rejuvenati orf0 |
| which is independent of the lift gas effect. This results in a substantial reducﬁon .

in the amount of gas needed to be injected into the rejuvenation zone to maintain

the desired slurry circulation.

Referring to Figure 1 there is schematically illustrated a simplified cross
section of a shurry type HCS reactor 10 which comprises a cylindrical reactor.
vessel 12 containing a three phase slurry 14 and a hollow combination gas

' di'sengaging downcomer and catalyst rejuvenating tube 16 of the invention,
disposed entirely in the shurry 14. A gas outlet 18 removes product gas,
unreacted synthesis gas and gaseoué by-products of the catalyst rejuvenation
process from the reactor. A syngas feed inlet 20 provides syngas to be admitted
into the reactor and injected into the bottom of the slurry by suitable means |
horizontally disposed across the surface of an otherwise gas and liquid
impervious tray 24, as is well known to those skilled in the art. Means for
withdrawing the liquid hydrocarbon products from the hydrocarbon synthesis
reaction are not shown. The three phase shurry comprises hydrocarbon liquids in

which is dispersed bubbles of gas comprising syngas and gas products of the



process fromthe reactor. A syngas feed inleft 20 provides syngas to be

admtted into the reactor and injected into the bottom of t%ﬁu%@f@y T

sui tabl e mPNBA8Y zont ally di sposed across the surface of an 0o rw se gas
and liquid inpervious tray 24, "as is well known to those skilled in the
art. Means for withdrawi ng the I'i quid hydrldcarbon products fromthe

~ hydrocarbon synthesis reaction are not shown. The three phase slurry

conprises hydrocarbon liquids in which is dispersed bubbles. of gtaai
conprisi ng s¥HQS seavtivngas indicatediby smalljcircles, oud 8/solidpparticulate catalyst (not
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convenience and simplicity. Inside the reactor, the gas disengaging downcomer
and catalyst rejuvenating means 16 6f this embodiment includes a substantially
vertical, hollow conduit 26 open at its top 27, extending laterally and turning
upward at its bottom 28 to form a substantially upward extending, vertical, and
hollow downcomer conduit 29, laterally spaced apart from conduit 26 and

_ opening at its top 36 into a vertically extending and upward opening means or
cup 30, for disengaging gas bubbles from the slurry and, optionally, also for
concentrating catalyst particles in the slurry liquid flowing down therefrom into
conduit opening 36. Means 30 comprises a vertical outer wall 32 and a
downwardly sloping bottom 34 which define an interior gas disengaging and
catalyst conéentrating zone 35. The angle of the sloping bottom 34 is greater
than the angle of internal friction of the catalyst particles, so that disengaged
catalyst particles don’t build up on the bottom of means 30. In this
embodiment, means 30 has a square horizontal cross-section, although it could
also be cylindrical, rectilinear, curvilinear or polygonal. Bottom 34 élopes
radially down from outer wall 32 to aperture or opening 36 at its bottom; from |
- which downwardly extending downcomer 29 depends. In the embodiment



cup 30 for di sengagi ng gas bubbles fromthe slurry and, optionally, also
for conhcentrating tatalyst- particles in-the slurry liquid flow ng down *

t her ef r 8@ 98/05condui t opening 36. Means 30 conprises a WEAUSAHPINA4t er wal |
32 and a downwardly sl oping bottom 34 which define an interior gas

di sengagi ng and catal yst concentratingizone 35. The angle of the sl opi ng
bottom 34 is greater than the angle of internal friction of the catalyst
particles, so that disengaged catal yst particles don't build up on the

bot t om of j[RAARAIA. Fifrhires 1l dnde310xaeliohs @isengging cifp fesembles alfbnaelbaviagnt al
cross-section, althotgh it could al so be cyllndrlcal rectilinear,

curvili nemﬁremcallylupgvardlextdhdingmnmmlbma boekistawitly acﬂnpmgrbomonut er wal | 32
to aperture or. .opening.36 at its bottom fromwhich dovvnvvardly extendl ng
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rejuvenating zone 26. It may also be sized to permit suspended cémlyst particles

-

“to drop out of the slurry in and above the cup and concentrate in the slurry liquid
: enterhig the rejuvenator through opening 36, which is significantly smaller than

the slurry entrance 39 of the disengagement means. That is, the horizontal cross
‘section of the gas disengaging éup is significantly larger than that of the
downcomer orifice at the bottom of disengaging zone 35, to provide a shury
residence time sufficient to release gas bubbles and, in a further embodiment, to
also achieve a greater net concentration of catalyst in the downcomer than in
slurry body 14. The increased catalyst concentration in the gas lean slurry |
formed in 30 is due in part to the release of the gas bubbles, which results in the
slurry passing down through orifice 36 being significantly denser than the élurry
in slurry body 14 which contains more gas bubbles. Further, while ﬁere is
considerable turbulence in the sturry bed 14, slurry just above zone 35, but not in
the cup, will also drop catalyst due to a decreased amount of uprising gas |
bubbles, which serve to keep the 6atalyst particles in suspension, present
immediately above the zone. The turbulence also serves to continuously replace

the slurry above the cup. Therefore, if properly sized, the net influx of catalyst




entering the rejuvenator through opening 36, which is significantly snmaller
than the-si urry egptrance 39 of the di sengagenent neans. That, i :
horrzontaﬁagk%égsgection of the gas disengaging cup is sign%FFégﬁ@ﬁ§4farger
than that of the downconmer orifice at the bottom of disengagi ng zone 35, to
provide a slurry residence tine sufficient3 to rel ease gas bubbles and, .in a
further enbodinent, to al so achieve a greater net concentration of catalyst
in the downconer than in slurry body 14. The increased catal yst

concentr at i dntd thetdup epzones3hissgreatey onc proportions hiasisthan the petrinflux afhe
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hydr ogen i s gtgcblﬁan;k into the-reagtive shirry,body, dd; wheretheejuvepated cataliist - 26
contacts ndnie i ing B b 5 BRSOt R cably L FeR oY talfiofer ¢ e
contal ning hes SR BcaRsATndes ShE B pibitults of theFRES nictlohi bl ¥,

back int o -t hihd GROfItHE réuvehatol 2R gﬁg{% tﬁ{)ﬁdﬁ&eﬂ&ﬁbﬁ%ﬁs 39 f1d areiremoved

m.xes with the slurry. The gas pro catal yst rejuvenation
reactions, from the reactor via line 18, ' - '

The amount of gas in shurry body 14 can range 'anywhefe from about 25-
80 volume %. This is present as gas bubbles, with a small amount, i.e., <2 %
dissolved in the shurry liquid. In one illustration in which the slimy contains
60 % gas, a three inch diameter downcomer having a two foot diameter gas
disehgaging cup at its top, produces a slurry with 30 % gas going down the
downcomer. This represents 50 % gas removal. However, by proper sizing, up
to 90 % or more can be removed. In another example, a three inch downcomer
with a substantially larger gas disengaging cup at its entrance p’rdduced a slurry
going down through the downcomer having about 10 % gas from a 60 % gas
shurry. This repreSents a gas removal of almost 85 %. The positive hydrostatic
pressure applied by the downcomer to the bottom of the rejuvenation zone
depends, among other things, on the vertical distance between the top of the
downcomer which is above the gas injecting point, and the gas injecting point in

. the rejuvenation tube. Using a prior art rejuvenation tube (as illustrated in Figure

2) which was a three inch diameter straight pipe immersed in a slurry having



along with unreacted syngas and gas products of the HCS reactions, pass

upward and out of the rejuvenator and slurry to gas collection zone 40" and- >

are tenmoveWBEM®Bhe react or via line 18. The anount of gasPF'ﬁ"’@?WW‘ body
14 can range anywhere from about 25- 80 volune % This is present as gas
bubbles, with a small amount, i.e., < 2 9dissolved in the slurry liquid.
In one illustration in which the slurry contains 60 % gas, a three inch

di amet er downconer having a two foot dianeter gas disengaging cup at its

top, producesd % gdsy gay flowt fateiof2, Band 8i ideetqer sebendimjectedinto the itwbe
represents 50 % gas renoval . However, by proper sizing, up to 90 % or nore
can be renovymdduced upwandslurry £lgw cates of 0y 62 amt 0.3dfeatipemsecond: in gontrast,
substantially | arger gas, di sengagi ng cup, at _.its entrance, produced a slurry
goi ng down temploying aeombination:gas disengggingdawneomerand rejuyenation tybeas

I
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di ameter st rthe géjuvendtion tube] produced shatyflow fates ol 12, 292 4hid 3 Gkt per

PCT/ US98/ 09144 14 60 % gas, gas flowrates of 2, 3 and 3[err] feet per
second i nj ecsecond at thetsamet gasdnjectionoelocitiesir Thisl demgnsttates thetoperatiortand. 2

and 0.3 feet per secand., In contrast, enploying a conbination gas.
di sengagi ng Qéﬁ)@éﬁﬂf mveafiloRenat i on tube according to the practice of

the invention, as illustrated in Figure 1 having a fifteen inch dianmeter ..
and three foot |ong gas disengaging cup in which the dowconer entrance was

about” ten feet hignahyh0AR thi fndditidn ) Figire P sdithiitichlly Alustrates a sturry type

o hydrocarbon synthesis reactor c_ontaining a catalyst rejuvenating tube of the prior
art. Thus, reactor 100 comprises a cylindrical shell 102 containing a three phase
hydrocarbon synthésis slurry 104 and a hollow, vertical catalyst rejuvehaﬁng
tube 106 within. Gas line 108 injects catalyst rejuvenating gas into the interior
110 of the rejuvenating tube. Slurry flows into the bottom and up the
rejuvenating tube where it contacts the rejuvenating gas which rejuvenates the
catalyst and sends the rejuvenated catalyst slurry out the top and back into the
shury body 104. The rejuvenating gas also acts as a lift gas to maintain a
constant flow of slurry circulating through the rejuvenating tube. Baffle 112
ptevents the uprising syntheses gas from entering into the rejuvenating zone 110.
The syngas is injected into the bottom of the reactor via line 122 and suitable gas
injecting means arrayed across the surface of otherwise gas and liquid
impermeable plate 120. The gas rising out of the shurry passes up into gas
collecting zone 118 and is removed from the reactor via line 124, In this prior
art process, there is no gas disengaging downcomer to disengage gas bubbles and
densify the slurry before in enters into and up the catalyst rejuvenating tube.
The prior art also does not teach providing a positive hydrostatic pressure to the



t he rejuvenation tube, produced sl-urr'y flowrates of ‘1 [err], 2 [err] and 3
feet per second at the same gas injection velocities. This dgapggég@ies the ™

operation A¥AI¥MPLi ency of the invention. In contrast to the iI'nvention,
Figure 2 schematically illustrates a slurry type hydrocarbon synthesis
reactor containing a catalyst rejuvenatindg5tube of the prior art. Thus,
reactor 100 conprises a cylindrical shell 102 containing a three phase
hydrocarbon synthesis slurry 104 and a hol|ow, vertical catalyst ]

rej uvenat i ng Gottoen b0 Gherfubei Theeefore,iindhe pgior arteprocessapart of the kuNenstingng
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into the bottomof the reactor via line 122 and suitable gas injecting
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of two sets of flat, parallel and intersecting metal strips, 52 and 54, oriented at

right angles to each other and positioned in the top of cup 32 to define a plurality -

of downwardly oriented conduits 56 of which only two are labeled for *
convenience, for permitting slurry to flow down into the cup, but which also act
as baffles to minimize shurry turbulence outside zone 35 from entering into it
and reducing the effectiveness of zone 35 for disengaging both gas bubbles and
catalyst particles therein. The strips in each series 54 and 55 are laterally spaced
apart from each other and may be fabricated and arranged to intersect in a
manner similar to partitions in a box of wine, to create the plurality of vertically
orientated, open cells 56. Figure 4 (b) schematically illustrates one embodimqnt
of one each of flat strips 52 and 54 having respective laterally spaced apart and
parallel grooves 57 and 58 extending halfway up and halfway down the
respective strips for fitting into each other in mating engagement to form the
turbulence reducing means 50. Two or more sets of means 50 may be positioned
in zone 35, vertically spaced apart from each other therein, and the strips may be

disposed at an angle other than vertical. Other means may be _eniployed to



process and neans of the invention. Figure 3 schemati cal | y illustrates a
sinple cross section of -a-gas- -di-sengagi-ng-cup -and part of ‘the downcosre
downwar dl ywoepsess ng t herefrom of the invention, in which tggr@ggsmm

di sengagi ng neans 30 contains freans 50 for pr eventi ng the turbulence in the,_
mai n body of slurry in the reactor from dieturbing the quiescent slurry in

the qui escent flow and di sengagi ng zone 35. One such neans, illustrated in
Figures 3 and 4, corrprlses a grid or grating nmade of two sets of flat, .
paral | el andgdiie ﬁ?bﬁé Al iepfs sintilartd anshmm)em:aytbermgploy@dgl es
to each other and positioned in the top of cup 32 to define a plurality of

downwar dl y osf dewrcbmenentrarce36 tof prevent vasteax/formatione | abel ed for
conveni ence, for permtting slurry to flow down into the cup, but which
al so act as baffles to mn| m ze slurry turbul ence outS|de zone 35 from
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grooves 57 and 58 extendi ng hal fway up and hal fway down the respective
strips for fitleaspa pottioreaftheatatalysti n* mat i ng engagenent to formthe *

t ur bul ence reduci ng neans 50. Two or nore sets of neans 50 may be
posi.tioned.in zone 35, vertically spaced-apart fromeach other therein, and
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reJuvenatmg zone u'respectwe of the temperature of the main body of sluny in

* the surrounding HCS reaction zone. This patent discloses that temperature
‘control in the rejuvenation zone or tubes is achieved by one or more of either
increasing or decreasing the slurry residence time in the zone, so as to utilize the
exothermic nature of the rejuvenation reactions, by insulating the rejuvenation
tubes, by inﬁoduchg heat or a cooling medium into the zone, by preheating the
rejuvenating gas, etc. The ‘673 patent teaches that the temperature in the
rejuvenation zone should be high enough to remove CO and at least partially
rejuvenate the catalyst and low enough to minimize methane formation and wax
(~Cy+ alkanes) hydrogenolysis. These teachings apply to the present invention
also.

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

occurs, particularly when the catalytic metal comprises Co, Ru or mixture



at downcomer entrance 36 to prevent vortex formation. The hydrogen or
hydr ogen -cont-ai ni-ng--catal-yst rejuvenation gas injected into _
rej uvenat | WO-BEBSconpri ses hydrogen which may contain ot helj;‘%zgss’g@gls"ﬁch as
nitrogen, C0[err], Herr]0, CHerr], (err]-err]+-hydrocarbons, and al so
COr as long as the nole ratio of the Herrtp to COis sufficient to renove
the CO and still rejuvenate at |east a portion of the catal yst. As -
disclosed in U S. Patent 5,288,673, the degree of catal yst rejuvenation can
be controlle ngaiapledFischerTropset tdastoh éd@ﬁttatala'emtﬂn seeforn t he ]
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more of eit hdke.i hconeembgdimentdhe catalys comprises ucagalywlld' fectiveamounts
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pat ent. 1 cachdBoreagt: sepperDBFAL MRRBLY Ghe YRR balfpfes orf Smbif o Sf’m-gh
cnough Lo AERESEY Al dlEs e P%n“éé‘ﬁ*" oF Ot PO Pl Gl coffise ™

hydr ogenol ysittanihhgaRicubahhwhef eaiilbyingta § hﬁymem?xbcemrwmmﬁ e |n an
HCS process, liquid and gaseous hydrocarbon products are’forned

contacting a my]egﬂlarm&rghﬁ, pringarily parafifinéc Liguid kydrpcarbon@Podietis ane dasmz(bl e
Fi scher-Tropsch type of catalyst under, shifting or. non-shifting conditions
safoﬁ

and -pr ef er ablly catalylstsi ﬂlctrmmpmgomarwlmewm and illystrative; b menlimiting
S O e mioySdund, or ki, 5. Badt uSscHEbh, £EER50SE° ©

PCT/ US98/ 091465 17 122: 4,621,072 and 5,545,674.

‘The hydrocarbons produced by an HCS process aécording to the
invention are typically upgraded to more valuable products, by subjecting all ora
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, hydi'ocracking,
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. Illustrative, but nonlimiting examples of more valuable products
formed by conversion include one or more of a synthetic crude oil, li.quid fuel,
olefins, solvents, lubricating, industrial or medicinal oil, waxy hydrocarbons,

nitrogen and oxygen containing compounds, and the like. Liquid fuel includes |



thereof. Suitable Fischer-Tropsch reaction types of catalyst conprise, for

exanpl e, one or nore Goup VIII catalytic netals such as Fe, Ni, Co, Ru and~ - -

Re. I n onevwndBsAMM¥ent the catal yst conprises catal ytically SACGTS9BPRI44
anmounts of Co and one or nore of Re, Ru, Fe, Ni, Th, Zr, H, U M and La
on a suitable inorganic support material, ;preferably one which conprises
one or nore refractory netal oxides. Preferred supports for Co containing
catal ysts conprise titania, particularly when enploying a slurry HCS

process in which_hi a ' ri i L Nigenal qui d

hydr ocar bon Spggﬁg#@]égorfﬁ@gg%?%%{n{@g%ﬁ ﬁ%:eg’tjgfr%étl’s%é&rjlgért%ﬁéeéé; vglp?aépar ation--
are known angl.4 rif Ufor @ higie td SufBid nsetaPwi

exanple, in %‘@&a@?éﬁ% isn\églffdgngogGS; g]%,&dig%@ﬁ%g}fggz 122‘;3 %?621,_07_(2)}12%5 _

5, 545, 674. Togishiaduseasbsibincbudewelt deifling flufs, pprcsiasraboils)libab grahsfet he
inyention are typically upgraded to nore val uabl e products, by subjecting
al'l or a por fluds arid thedik&.er r ] + hydrocarbons to fractionati on and/ or
conversion. By conversion is meant one or nore operations in which the

nol ecul ar structure of at |east a portion.of the hydrocarbon is changed and

o oceses na’ (e o Pk ioSd AR Raraf bbb GRS ROl SRR )
2, Surt abl e Cqualalor bl VRSP Se BAARERt e nd shE TR R o

exanpl e, hydiRiiRATRthé 2 Witho hbﬂgméaeggaeﬁﬁa@pmftﬂit%%xﬁi i*ng and

the nore severe hydrorefmng reférred to as hydrotreating, all conducted at

condi ti ons - Welekcriedabove. tAxcordinglyntitisendtdntended denthe scopeoftheleisiamc arbon

f.eeds,.. i ncl udi ng hydrocarbon feeds rich in paraffins. Illustrative, but

nonl i mting appepdessheretonbe imited tatthe epactalescription setforth abovecbut ratherncl ude -

one or nore of a, sypthetic crude ,oil, liquid fuel, olefins, golvents,
| ubricating, thatfheclams heconstmed ﬁ&pn@ﬁmpmﬁiyﬂﬂ&éawﬁspﬁm @ and

oxygen cont ai ol iy GHIBR Fexide ilfhe present mvention  cludifg all e fE45%es and
~ embodiments which would be treated as equivalents thereof by those skilled in
- the art to which the invention pertains. o ’



WD 98/ 50495 ) PCT/ US98/ 09144
18 vne or nore of notor gasoline, diesel fuel, jet fuel, -and_kerosene

whil e | ubr WP¥PR9%i | i ncl udes, for exanple, autonotive, | etl,’?T’HF?ﬂ’%é“and

metal working oils. Industrial oil includes well drilli
agricultural oils, heat .transfer fluids am®l the like. It is understood that

vari ous ot her enbodi nents and nodifications in the pra t SQI eplaced
invention will be apparent to, and can be readily nmade ﬂ Ii I ed in
| .

the art wt hgluAIM$arting fromthe scope and spirit of
descri bed above. Accordingly, it is not intended that the scope of the
‘claims appended hereto be limted to the exact description set forth above,
but rather that the cl ains, be construed as enconpgssing all ,of, the features
of patentabl e noval A Smthydresashon i§PEOcess far pradusing hydresarbonyy al |
t he features _and _.enbodi ments which woul d be treated as equival ents thereof
by those ski PPBETME he art to which the invention pertains. 30. JUN.
1999 15:40 EPA ‘MUENCHEN 07 089/ 2399- 4465 NR. 4923 S
10/10 19 CLAIMS: 1. A slurry hydrocarbon synthesis process for producing

hydr ocar bons co NS ' | I35¢
y ”D(?Edéﬂ%agdit?% %gﬂ%é’éi& Qgcéxg?ﬂah@eihﬁxﬂﬂé of PRindSCOlincthe

m xture of Herr]. resence
with a sol i dpresehdecof edtalysy desvtivatin sPaﬁbﬂe\vith acsolid paticulatehydrocasbonody
conprising said catalyst and gas bubbles in a hydrocarbon slurry |iquid,
under react i synthesisicatalyst inf v body comprising said catalystanid-gas bathiblies in a

synt hesi s gas, .at |least, a rtion of which are_liquid at '
_ Y . J ﬁ drocarbon slurry%quti under reactfon condmm?s e :Lecuve, to form

hydrocarbons from said synthesis gas, at least a portion of which are liquid at *
 said reaction conditions, and wherein said species present in said synthesis gas

reversibly deactivate said catalyst;

(b) passing a portion of said slurry from said shurry body into a gas
disengaging zone to separate gas bubbles from said shurry and form a gas
reduced siuxry having a density greater than that of both said slurry body and the
rejuvenated catalyst shurry exiting the rejuvenating zone; |

(c) passing said gas reduced shurry through a downcomer and into said
catalyst rejuvenation zone, wherein said slurry in said downcomer applies a

positive hydrostatic pressure to said slurry in said rejuvenation zone;

(d) passing a gas which comprises a catalyst rejuvenating gas into said

rejuvenation zone;

(e) contacting said gas reduced slurry in said rejuvenation zone with said
rejuvenation gas which at least partially rejuvenates said catalyst particles therein
to form a rejuvenated catalyst slurry containing gas bubbles which has a density

catal yst deactivating speci-es, - - -

W s
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said reaction conditions, and wherein said species present in said .
synt hesi-s gas- reversi bl y deacti vat-e--sai-d-catalyst; (b)) 'pa'ssig% a portion of ~
sai d sl urreofgs@oassai d slurry body into a gas di sengagi ng zo f‘i§9§% ate
gas bubbles fromsaid slurry and forma gas reduced slurry having a density .
greater than that of both said slurry body and the rejuvenated catal yst
slurry exiting the juvenating zone; (c) passing said gas reduced slurry

t hrough a downcomer and into said catal yst rejuvenation zone, wherein said

'slurry in saj y ' 3S ki g&{,ﬁ{ﬁ 18 theinfdh d -
slurry in sa‘egs&gﬂ%\%gg$%ﬁg§g§§ a?ﬁ?%%‘??ﬁ?? gas Eifscaﬁrlgtgg?rlr‘gri'ses a
catal yst rej uyenatibR@f9ad sy tivugh/said¥eRgtandn zone; (e) contacting said
gas reduced slurry In said refuvenation zone with said rejuvenation gas .
whi ch at least partially rejuvenates said catalyst particleés therein to
forma rejuvenated catal yst slurry containing gas %ubbl es which 30/06 ' 99
MER 14:36 [N er (f) mexoving3aid @Juvenmdgﬁm%wn sald rejuvenation zone.

PCT/ US98/ 09144 20 |l ess that of said gas reduced slurry, said gas al so
serving as a |lift gas to maintain circulation of said slurry through said

57"A process. accordigroast paror ey 1hareid AN IBeh Bt Iy 1" 200

back into sah@'}‘?&%‘éé u:dééidg'lun@ﬁ’(? J ess according to claim2 wherein said

gas bubbl es from sard ‘uvenated slurry before it is passed
back into said slurry body. 4. A process:according to claim3 whereih said
catal yst. contains cobalt. 5. A process according to any preceding claim
wherein at. |.east @.parproeess according to claim 2 wherein said gas bubbles are removed

from said rejuvenated slurry before it is passed back into said slurry body.
4. A process according to claim 3 wherein said catalyst contains cobalt.

5. A process according to any préceding claim wherein at least a portion
of said synthesized hydrocarbons are upgraded by conversion by a non-catalytic

- Process.

6. A process according to claim 5 wherein the non-catalytic process is

steam cracking.

7. A process accbrding to claims 1-4 wherein at least a portion of said

synthesized hydrocarbons are upgraded by conversion by a catalytic process.

8. A process according to claim 7 wherein the process is fluid catalytic

cracking. |

9. A process in accordance with claim 7 wherein the process includes
~ hydroisomerization. |
| I

oL



of sald synt hesi zed hydrocarbons are upgraded by conversion by a
non#cat al yti € -process:--6. -A-process-according-to claim5 wh

non- cat al yms”z?%%sess is steamcracking. 7. A process accorgﬁ[cﬁlég?éngvgl ns
1-4 wherein at |east a portion ‘of said synthesized hydrocarbons are
-upgtaded by conversion by a catalytic proeess.. 8. A process according to

claim?7 wherein the process i's fluid catalytic cracking. 9. A process in
. accordance with claim?7 wherein the process incl udes hydr oi someri zati on.

- WO 98/ 50495

. PCT/ US98/ 09144 21 10. A process in accordance wt h claim9 wherein a fuel-
 sel ected from t he 1§t ofyprocessiin taceerdance st claim Srwhereiss alfucl seledted ﬁ'om
recover ed.

the group consisting of jet fuel and diesel fuel is recovered. |
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