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Field of the Invention The invention relates to a
mul ti zone downconer for a three phase - 14 quid slurry. Mre particularly
the invention relates to a downconer for produc- ing at | east two

different solids and gas r edMELTIZONE BOWNGCOMEBRIF&Hr bon synt hesi s
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hydr ocarbon |i qui d. ackgroun the Invention

Slurry hydrocarbon synt hesis (HCS) processes are known. In a slurry
HCS process a synthesis _gas prising a mxture of H2 and CO

i s bubbl ed uUBALKGROUND §hAde N urry in a reactor in which the

slurry I|qU|d conpri ses hydrocarbon products of the synthesis reaction

and the Fitig BEis€thventisaended sol i ds conprise a suitable
Fi scher-TropSch type hydro- carbon synthesis catal yst. Reactors which
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Background of the Invention

Shury hydrocarbon synthesis (HCS) processes are known. Ina
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 hydro-
carbon synthesis catalyst. Reactors which contain such a three phase slurry are
sometimes referred to as “bubble columns”, as is disclosed in U.S. Patent
5,348,982. Irrespective of whether the slurry reactor is operated as a dispersed
or slumped bed, the mixing conditions in the slurry will typically be somewhere
between the two theoretical conditions of plug flow and back mixed. The
catalyst particles are typically kept dispersed and suspended in the liquid by the
lifting action of the syngas bubbling up through the slurry and by hydraulic
means. Mechanical means such as impellers and propellers and the like are not
used, because they will quickly erode and also cause attrition of the catalyst

particles. One or more vertical, gas disengaging downcomers may be used as



used, because they will quickly erode and al so cause attrition of the

cat al yst particles. One or nore vertical, gas di sengagi ng dowconers
may be UNE@8458493 PCI/USHS/08tagdr aul ic
means to assist in maintaining nore uniformcatal yst dispersion, by
providing a vertical catalyst circulatiQpin the slurry, as is disclosed in
U S. Patent 5,382,748. The |arger catalyst particles tend be nore
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t hrough, but not the catal yst particles. The hydrocarbon liquid filtrate is
then sent twniform yertiqal a egneentratingy toeireplaterecatalystilean durry te dhey yst
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SUMVARY OF d4iElystNymMbI&IN This is typically accontpishedee iechBiial fiftfatictl il es to a
means and a process for sinulta- neously producing slurries of two or nore
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were removed from the slurry before it is filtered. Hence, there is a need for a
means of reducing the catalyst concentration in slurry being fed to the bottom of

the reactor and to filtration.

SUMMARY OF THE INVENTION

The present invention relates to a means and a process for simulta-
neously producing slurries of two or more different compositions from a three
phase slurry and is useful in a hydrocarbon synthesis (HCS) process. The slurry
comprises gas bubbles and particulate solids in a slurry liquid. The means
comprises two or more successive gas and solids disengaging zones; and at least

one slurry transfer conduit. The process comprises passing the shurry successive

-ly through at least two gas and solids disengaging zones to form a solids and gas
reduced slurry, which is then passed to a desired location by means of a fluid
conduit, such as a downcomer. This invention is useful for removing gas
bubbles and solid catalyst particles from an HCS slurry being fed to the bottom
of the slurry body to improve vertical catalyst distribution, to slurry filtration for



reduced slurry, which is then passed to a desired | ocation by neans of a
fluid copyegiseggguch as a downconer. This invention is usef T;l%stﬁsﬁ@\’i ng
gas bubbles and solid catalyst particles froman HCS slurry being tTed to 3
the bottom of the slurry body to inprove vertical catalyst distribution, tc
slurry filtration for -3- 3-
recovering the slurry liquid produced by the HCS reaction and al so for
f eedi ng a geecovering¢hie shuirychquidyproduned byshd HCSmegction amd alserfet feedingy
successi ve zones i s _neant that, slurr asses fromthe outer zone to an,
adj acent dogasteduged apd catalystinereased slwrpetarsjuygnatign Byisugesssivezones is

Furt hest - omsent gt Stugy BRSHS Traslofe lfer 438 o 4diabert ¥oSimsditin roneand,

ther. b . . . ; ¢
gucgcressi ze%&n{;toh%\ﬁngg%?‘;eea{%ga&%}lyE%’c"ggé%&rl{eggﬁggﬁbe P obaz{t}égsdﬁ] \?\ﬁlﬂgbﬁxhave
a sol i ds copufittordhit@oneOovhicH R¥uethesh dowRsEeda M djadént ZbrleS aré infilig body

whi ch feeds the neans. As slurry successively passés fromone zone to the -
next, adj aceommimioatiorewithzeach, other, lyawhechnisemeant thatslunyt fresses fromyeach
reduced. Each zogne tgl so has downconer neans for feeding slurry fromthat
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open cups having a respective one or nore downconers depending fromthe
bottom in wedudedgdEachmbredlse basdewticomer meansdor feeding shaty from flextsi ng
t hrough. I n one enbodjnent, the process of the invention is achieved by

means whi ch Z8Bee aglesired desatiosnaich; asthe dep orbogtom of the duery, tofiltration to op
ot . s KIER
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that in the slurry fed into the adjacent downstream zone. The gas and solids
disengaging zones may simply be upward open cups having a respective one or
more downcomers depending from the bottom, in which gas and solids are dis-
engaged from the slurry passing through. In one embodiment, the process of the |
invention is achieved by means which comprises a downcomer immersed in a
slurry body, with the top of the downcomer opening into a multizone gas and
solids disengaging means comprising an inner zone peripherally surrounded by
an outer zone and separated from the outer zone by weir means. Slurry from the
slurry body surrounding the downcomer passes into the outer zone in which a
| portion of the gas bubbles and solids are disengaged to form two slurries which
are; (1) a solids and gas reduced slurry which passes over the weir means into the
inner zone, and (ii) a gas reduced and solids increased slurry which is passed out

the bottom of the outer zone to a desired location. In the inner zone, additional

gas is disengaged from the solids and gas reduced slurry which enters it from the



are; (i) a solids and gas reduced slurry which passes over the weir neans
into the inner zone, and (ii) a gas reduced and solids increased slurry
whi ch is Pax¥948ut the bottom of the outer zone to a desi recr/ussidien. | n
the inner zone, additional gas is disengaged fromthe solids and gas
reduced slurry which enters it fromthe _,_

-4 - outer zone, to forma gas and solids depleted slurry which is passed

to and through one or re i nner zone, downco conduits to the desired

| ocati on.  oOuter zone, togmmﬁﬁ{ﬂséfeﬂlgsggip% 1¢h 15 passedto grdcess for
formng hydrg- carbons. at l.east a portion of whch are ligui t he
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synt hesi s 'gas (syngas) conprising a mxture of H2 and COwith a. solid,
particul at e hydrocarbon synthesis catalyst in a slurry body conprising the
catalyst and gas bubbl §ith particulsir regard®na sury QS fitdcdss fsteforiRe hi/@d-
conditions effective to form hydrocarbons fromthe syngas, at least™a
portion of wearbonsrat leassua portion efewhichcarediquidy thetinverntiomcompripes the stéps
slurry Iiquid; (b) passing a portion of slurry fromthe
slurry body Pﬂto a first zone to disengage and renove a portion of the gas
bubbl es and forma first gas and catal yst reduced slurry;

(c) passing said first gas and solids reduced slurry into at |east one

adj acent zone downstr e#&y Oéonttﬂﬁir{g 4 §§,mﬁgg]§ ggg S%ﬁ%?%@ﬁﬂ??ﬁé?ﬁ%@’%mﬂas

bubbl es in each zone and form successive g
and CO with a solid, particulate hydrocarbon synthesis catalyst in a slurry body

™

comprising the catalyst and gas bubbles in a hydrocarbon slurry liquid under
reaction conditions effective to form hydrocarbons from the syngas, at least a

portion of which are liquid at the reaction conditions and comprise the shurry

liquid;

(b) passing a portion of slurry from the shurry body into a first
zone to disengage and remove a portion of the gas bubbles and form a first gas

and catalyst reduced shurry;

(c) passing said first gas and solids reduced slurry into at least
one adjacent zone downstream of the first zone to disengage and remove more

gas bubbles in each zone and form successive gas reduced slurries; and

(d) passing slurry from at least one zone into a fluid conduit by

which it is passed to a desired location.

In one embodiment, solids are removed from the slurry in at least
one zone, so that the slurry in the innermost or downstream zone is reduced in
both gas and solids. In the embodiment referred to above in which a two zone,

gas and solids disengaging means is used, a portion of the slurry body is passed



(d) passing slurry fromat |east one zone into a fluid conduit by which it
| S passedy sired | ocation. In one e | ol ids
are renoszgggég%?the slurry in at |east one zone, so thatn?ﬁghggﬁﬁPy&'

I nner nost or downstream zone is reduced in both gas and solids. In the
enbodi nent referred to above in which a t#e zone, gas and solids

di sengagi ng neans is used, a portion of the slurry body is passed
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slurry passing out of that zone into one or nore downconers. This slurry
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and catalyst increased slurry may be passed to a position near the top of the

slurry, where catalyst concentration is less than at the bottom, or it may be sent
to means for rejuvenating the catalyst in the slurry. The slurry or slurry body
from which a portion is passed into the solids and gas disengaging zones may be
the reactive slurry in the HCS reactor or it may be a slurry body in an external
rejuvenation or filtration zone and the fluid conduit may be a simple downcomer.
Reducing the solids content of slurry sent to filtration reduces the buildup of
catalyst cake on the filter and results in greater liquid throughput. During opera-
tion of the shurry solids and gas reducing downcomer, the HCS reactor may be
operating or it may be shut down. If it is operating, the presence of the down-
comer in the reactive HCS slurry does not disturb the HCS reaction. When the
process and means of the invention is used to improve the vertical catalyst
concentration in a disperse slurry reactor, the vertical temperature profile in the
reactor is more uniform. This reduces hot spots and their concomitant lower
selectivity to the more desired liquid hydrocarbon products. The reduction of
hot spots also reduces catalyst deactivation. Catalyst deactivation increases

selectivity to lower molecular weight products due to lower CO conversion.



catal yst cake on the filter and results in greater |iquid throughput.
During opera- tion of the slurry solids and gas reduci ng downconer, the HCS
react or 8/584%¥perating or it may be shut down. If it is Hﬁﬂﬁ@&ﬁwﬁlﬂ the -
presence of the down- comer in the reactive HCS slurry does not disturb the
HCS reaction. Wen the process and neans of the invention is used to

i nprove the vertical catalyst concentration in a disperse slurry reactor,
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Figure 1 schematically illustrates a schematic cross-section of a
shury type HCS reactor containing a downcomer useful in the practice of the

invention.

Figures 2 (a) and 2 (b) respectively show a schematic cross-section

and top view of the downcomer of Figure 1 in greater detail.

Figures 3 (a) and 3 (b) respectively illustrate a schematic cross-
section and top view of an embodiment of a disengaging means of the invention

containing a slurry turbulence reducing means in the disengaging cup.



I nventi on. Figures 2 (a) and 2 (b) respectively show a

schemat | woosmsegessect i on and top view of the downconer etrhisosiisiad | N
greater detail. Figures 3 (a) and 3 (b) respectively
illustrate a schematic cross- section and top view of an enbodi nent of
a di sengagi ng neans of the invention -Tontaining a slurry turbul ence
reduci ng neans in the di sengagi ng cup.

-7 - DETA DEFTAEFIRDESCRIPTION Figure 1 schematically

illustrates, I n cross-section, a slurry type HCS reactor 50 conprising an
outer shell 52 containing a three phase HCS slurry 54 and a downconer 10
useful in the practicg..of the. inventjon wthin., The sluryy cogprises a

hydrocarbon slurry |i igure;lschsmatica Y AUSIERE S AN £1ASSERGHON @S IWTY AYRS cul at e

or oduct - asHIC EeaBfl T Cotniipipt 5y Aec Shelf & o nBHRing S MR PRI HR Wi,

i quid at 58 anaacddwiicGiei )0 uecthl if afy paRRic 0¥ thé iHyRntiBA Within TROLAY

passes the gas up Into the slurry via s e gas distribution nea

arrayed acr oempfisei hgdrocartsen slasryeliguid inrwhichrip dispepseal dridyuspéndedat ed at
the bottomof the slurry in the reactor. The syngas feed, which conprises a

m xture of p{uéicn]atammtalysﬂandsgaspbuhblm@ﬂ ghebubbles gompuising syngasiand
ot or *vapor HOBradiet a1 BF SIEY SO ComBHacs Bl TRAcdomarbdhga crgeh are °
conc 1 01> AASERIRSI-ISRRIRNIoR 8 YBeaied PecsRER AT Mighing ©
remved Troghd bp ift3ahe Slurky Jid $ulfabté gadBisiBiMh ibah's ahiaded AerdBanothench

as one or nBre 1iqui rs in the°reactive slurry or fn one or nore
wise gas and slurry impervious tray 58 located at the bottom of the slurry in the

poud

reactor. The syngas feed, which comprises a mixture of H; and CO, bubbles up
through the slurry contacting the particulate catalyst to form hydrocarbon

liquids, some hydrocarbon gas and water vapor. HCS reaction products which
are gaseous at the reactor conditions and unused HCS syngas rise up and dis-
engage from the top 60 of the shurry, pass up into gas disengaging and collecting
zone 62, and are removed from the reactor via line 64. Not shown is filtration
means, such as one or more liquid filters in the reactive slurry or in one or more
filtration vessels external of the reactof. Such filtration means separate the
hydrocarbon slurry liquid from the catalyst particles as filtrate, and pass the
filtrate to further processing and upgrading. Magnetic means may also be used
to separate the catalyst particles from the hydrocarbon liquid product if the
catalyst particles are magnetic or paramagnetic, as is disclosed in the prior art. A
downcomer 10 of the invention is shown as totally immersed in the shurry and
comprises a gas and solids disengaging means 12 which, in this embodiment and
as further illustrated in more detail in Figures 2 (a) and 2 (b), is a generally
rectangular shaped cup. One or more downcomers may be employed, only one
of which is shown for the sake of convenience. The interior of the gas and solids

disengaging cup 12 comprises outer and inner gas and solids disengaging zones



filtration vessels external of the reactor. Such filtration nmeans separate
the hydrocarbon slurry liquid fromthe catalyst particles as filtrate, and
pass theMA9304%% to further processing and upgradi ng. MagPEEUSISMEIs nay .
al so be used to separate the catal yst particles fromthe hydrocarbon |iquid
product if the catalyst particles are n:_at%rletic or paramagnetic, as is
disclosed in the prior art. A downconer 10 of the invention is shown as
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and 20, reshebboittosl throdgh respdctive otifices 47019 and2 1viatd respectivechalfovand i nner
and outer zone bottons 26 and 28. The inner zone is peripherally surrounded

by the out elownrgamerscandvits or tubtsyld.cl4 15,)16, Zodd3 whichdgpend ypeically t he
douncorrer MR G befus of she Fanes ;O hotd and et RRBUR i loal 1
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reduced slurry present 1n outer zone 18 to flow over and into 1 hner zone
20, as geneanuttt yond 181%6 floteovdryaral imosnnEd Zone A0y as geReraly illiktrated bypr
conduits 14, 15 and 16 permt slurry in the respective outer and inner
zones to flavewsdR indiigwe 2 (). Zdowncomen canduitetd, brand &6 pemnd slwpy it out er
and i nner |1's 22 and 24 mgy. be serrat

ed or,castellated to permit, a -
smoot her | B&TBIPESHYE OptesADd infer zopes toilowstown qut sEthe aomes Fopdesied

and 15 11 onoshid-*JhE0n oF dfret A thoBE RANE S Y 2 d BV se8lRA oE VTP 4 M
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surrounding slurry 54. In this enbodinent the length 0f downconers 14 and
15 i s substembodimentihosttated im Rigired, the ghitryopassmpndonne thrb@ghidosn-ext ends

almost to comers 14 and 15 from outer zone 18 contains a greater concentration of catalyst
than both the slurry passing down through the inner zone downcomer 16 and the
surrounding slurry 54. In this embodiment the length of downcomers 14 and 15
is substantially shorter than the length of downcomer 16 which extends almost to
the bottom of slurry body 54, so that the shurry containiﬁg the higher concentra-
tion of catalyst is passed into the upper portion of the slurry where the catalyst
concentration is normally least and the shurry containing the lower catalyst
concentration is passed out the bottom of downcomer 16 proximate the bottom
of the slurry where the catalyst concentration is normally the greatest, fo reduce
catalyst maldistribution in the slurry. A baffle in the form of, for example, a

- simple plate or cone 30 below the bottom opening 32 of downcomer 16, prevents

feed gas from entering the downcomer without inhibiting slurry flow out of the
downcomer and into the bottom of the slurry in the reactor. If syngas enters up

into the downcomer it can not only inhibit and even prevent sturry flow down

and out the downcomer, it can also force the slurry back up the downcomer, due



the bottomof slurry body 54, so that the slurry containing the higher
concent Ngo o83 of catal yst is passed into the upper portigereéogiodfas! Urry
where the catal yst concentration is nornmally | east and the slurry
containing the |l ower catalyst concentration is passed out the bottom of
downconer 16 proxi mate the bottom of theSslurry where the catal yst
concentration is normally the greatest, to reduce catalyst maldistribution - -
in the sl unethe Bfig htwon of theegdsor Andfiverted funtrelor generallygune shlaped gas cone
30 bel ow the bottom openi ng 32 of downconer 16, prevents feed gas from
entering t landoshunry e 3 tteominatingiugwandgn gas disenfgagingzaneo2 viaea hollowornrer
and into the ,bottomof the slurry in the reactor. If syngas enters up into
the downcorRBNmAEY % gaRGon wit 36 i positionsd pvey die gaedissnEaging meansds, with and
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body 54, to provide a slurry flow path 38 fromthe slurry body 54 into the

out er zone eéfbaedithent gdslowaicopri Ifgofithe inventien ir wikclga shiroy turbulesce 18 and
20. Fi gure 3, (a) shows a éurther, ,e'rgr%ﬁdi gfn%(r)é dowpconer, 10 of the
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di sturb the gas and solids release int sengagi ng zones.

turbul ence 12didethérWisd disturb theigas andisolidsiidleaseeint the disshgapiigdeorege di s-
engagi ng cup which provides nore efficient gas and catal yst di sengagenent.
As shown i nThugydurbuléndeaeducer 60 aids, intrhaintaining quiescent doneninsidenthe

conprise a grid,conprising a plurality of strips 62 ajrayed at right angles
to each ot heHSagHES AR @laypmw@ss@@m RHicghgas Cf(tﬂi)t“ éw&mgqmer&- dhner

simlar to tihat of ~separat.oys i ver cartqgn _and/or_wel ded_t oget her,
Co Torm a pHii it ERGREE 3R dad B (BadReFtilerid toho e inhps e SopbihE 1 o,
the sake of oG@RURPrRIE plurality of strips 62 arrayed at right angles to each other and

mutually intérsecting each other (not shown) in a manner similar to that of

7~

separators in a beverage carton and/or welded together, to form a plurality of
open cells 66, of which only a few are labeled for the sake of convenience.
These cells permit the flow of slurry down into the zones and at the same time
minimize flow perturbations from disrupting the quiescence of the slurry in the
zones. In another embodiment (not shown) of a downcomer of the invention
similar in almost all respects to that of Figures 1-3, the top of inner wall 24 is
higher than the top of the outer wall 22 and one or more apertures or slots
circumferentially .present in the inner wall 24 permit slurry to flow from the '
outer zone 18 into the inner zone 20. These slots or apertures are located at a
point below the top of the inner wall. In this embodiment, slurry cannot pass
over the top of the inner wall into the inner zone. Instead, the slurry from the
outer zone passes into the inner zone through the plurality of orifices or slots

present in the inner wall. In this embodiment, the high inner wall acts as a



These cells permit the flow of slurry down into the zones and at the sane
time mnimze flow perturbations fromdisrupting the quiescence of the
slurry i WQ¥048Bnes. | n another enbodi ment (not shown) of BCHUESHOGMSr of
the invention simlar in alnost all respects to that of Figures 1-3, the
top of inner wall 24 is higher than the gp of the outer wall 22 and one or
nore apertures or slots circunferentially present in the inner wall 24

permt slur 0 w fromthe oyter zone.18 int he i,nner zong 20. These
STor's or ﬁEEIrnm o shFEy pEsticatiom she main iy Bagy i Porache TR vl
I :

the inner. zEErn e bt 5 erbuD Apmebiffpirifipk Hoof burblifercBain 01 " ©
i nner zone PMBOI’IEI%\ ﬂIéﬂ'lﬁ‘lI:i‘EMn@fwlﬁéhEhﬁ% c‘ﬂﬁsé“d B&%llﬂffﬁ@ﬂ% BvdritRe Nner

wall. In this enbodinment, the high inner wall acts as 98/ 50493

- 10- . toyy of the mnexstvunrmdemgﬂsmoeme sluriy belovién ted imnst zoiey body in the
reactor, from entering the inner zone, thereby further mnimzing flow
t ur bul ence and perturbatlons in the inner zone which can be caused by
slurry passing over t ' the slurry

of the i er. I and, down i nt
bel ow i n the inner zoIﬁ‘my enter g the gas an llng‘Iml&gasmgemFﬁgs ?ﬁ@edage’h'nd

ubb os oo SABNVECOHER A f%’&#%? e 2n oo B g BPCORakEPAE BERROT,

through t hebﬁbeeE%:ﬁ’x\%I rbuI ghttﬂé shff bR outBMESteactt! Hdwever, sigkashes

and other slurry nce |n e slurry body surroundi ng t Re gas
and solids gplshepandgther sharyfloh turbuhacmm thedslmrycsodyosurraunding tiree gasd

sol i ds | aden slurry fromthe main body to mx with the slurry in the
ot her wi se qand§ohds dxseng@gmsm@@agisngllkaﬁpsnmﬂfedttn|d:o saap:gussga&md solidsh

I h bbl d I d I I
:?E;rngaIl Ve flarmy MRy miaih body S5 iy Vary the slurgy, i the OthPBeade gbfesdest
The- upr YEI‘ﬁ?Sg&Ea%'“%&%% e Blbpdts, MIPRCH SR VRN ls gas blBfes AP ' O
catal yst paf taig?s‘%%oﬁﬁﬂﬁﬂ Sifplyrdglfod S OF oBlOfthY slu)RY e diSéngaphal f 1N s

I S not etely effect as the vertical slurry concentratiaon
gr adi ent kmzonesaand reduce the effectiveness of the processes and disengaging means of

the invention. The uprising gas bubbles in the slurry also serve to maintain the
catalyst particles dispersed in the reactor slurry. However, of “itself this is not
completely effective, as the vertical slurry concentration gradient known as
slurry maldistribution may occur despite the uprising gas bubbles. Hence, slurry
downcomers are used to reduce the lslurry maldistribution as disclosed in U.S.
Patent 5,382,748. In operation, slurry flows into the outer disengaging zofle (or,
in the case of more than two disengaging zones, the first such zone) where
degassing and letdown of the catalyst particles which are heavier than the liquid
begins to take place. As this occurs, a gas reduced and catalyst enriched slurry is
formed near the bottom of the outermost zone. This slurry exits the outermost
zone via its one or more associated downcomers or other slurry transfer means at
the bottom of the zone which, in the embodiments shown, pass the catalyst
enriched slurry only a short distance below the top of the slurry body surround-
ing the means, which is wheré the catalyst concentration is normally least in a

disperse shurry bed, rather than proximate the bottom of the reactor where the



slurry mal distribution nmay occur despite the uprising gas bubbles. Hence,
slurry ‘wﬂgﬁgéﬁners are used to reduce the slurry maldistribution as

di scl osed SYd3 Patent 5,382,748. In operation, sl urrPGIVEER809420 t he
out er di sengagi ng zone (or, in the case of nore than two di sengagi ng
zones, the first such zone) where degapping and | etdown of the catalyst
particles which are heavier than the liquid begins to take place. As

hi , . ' ' . f d
e bot t om of AL SSRYARRIGEE, Sevaaybrcis Edeeitcth B drh mqmigniot TRz JC7C
via its one Qiatdlpitcerdiohedishiregl il WHIER U SatdlysP bhiidentiation'ls préfts Man THAR o

the bottom of the zone which,” in the enbodi ents shown, pa e catalys

enriched sl urthg sorroyundingfsiurry diody avanchebpassed tifte 4 syitable shuerystatalyst Rsjove-
surround- ing the means, which is where the catal yst concentration is

normal |y | eadtation zone to ajilegst padtially ejyvanate thegatelyst pamticlesdnitheslurgheln N

bot t f th t o wWh th | tr.at] i .
oreatest. |f teephasimEnt 6fFighte 2. gas and oyt Yeduced Wty if the, BBPCH RATHOR; 1
whi ch the cat bAPadifio Y : ' i
oy b s e oub it diseRfadifie 0P LOhRRNAMY Mlws Byéd/the & WAL 0O
zone to at | aghichd8katweir) mﬁiwuwmrbmee&&@mgﬁ%@gg &gf@,sasi fles Guaur ry.

In the enbodi nent of Figure 2, gas and catalyst re drry 1 n the upper

portion of tHeomthemain shirrgbodycentagenty floneoverrthe topuf the dtervivallvgid t he
outer wall, which is a weir,_and . into the .inner or second di sengagi ng zone,
as fresh sl urintp theputerzongi In thednner onseeond mona more gas bubbles are tebeasedp of

the out | i nto the out _1n th <econd

glai Eﬂbﬁiﬁﬁ’aa@r@%ﬁﬂpéﬁg&h foste o ges éﬁﬁeﬂayiy”s redpeadsiyEy. o ég?egsaﬁeggnn%?fjged
sturry. IS (o : S . |

Zone. HowncomieaieAllufy Mok ad ofl 166 Hhcx zBRCARPUERHRr ot Hfd BRAE
react or wher gyrbkiate!thé bottoAPSEMR! sdiry GR thé réiiomWhire tha tatalysticonsntrdtion

circulation through the downconer assists in achieving a nore uni ?orm

vertical di stisnonmaliy ledstt Thissluayycitcilation ehrouph tie Hovmcomer assists in

In determ ning,the actual si zing, s_hai)e_ and gesi?n of the gas and
achieving a more uniform vertical distribution of the catalyst in the slurry body.

In determining the actual sizing, shape and design of the gas and
solids disengaging means of the invention, a number of factors are taken into
account. The outer zone is sized to allow sufficient residence time to permit
catalyst settling to the extent necessary for the catalyst reduced slurry to pass
over the weir and into the inner zone, while the combined sizes of the outer and
inner zones must provide sufficient shurry residence time/downward flow
combination, to permit the slurry to degas to the desired extent. The cap
illustrated in Figure 2 is wide enough to cover the outer perimeter of the outer
zone, with the chimney sized to allow removal of the escaping gas released from
the shurry in the disengaging zones. The annular space between the inner surface
of the cap and the outer perimeter of the disengaging means, or the outer peri-
meter of the first or outer zone, must be large enough to permit sufficient shury
flow into the disengaging means to satisfy the other requirements. Studies were

made for a 3 inch downcomer of the prior art having a 2 foot diameter gas



sol i ds di sengagi ng neans of the invention, a nunber of factors are taken

i nto account. The outer zone is sized to allow sufficient residence tinme to
permt cwWOH8s9493sett|ling to the extent necessary for the catwisssdrseduced |
slurry to pass over the weir and into the inner zone, while the conbi ned
sizes of the outer and inner zones nust 1%r_ovi de sufficient slurry residence
ti me/ downward flow conbination, to permt the slurry to degas to the

desired extent. The cap illustrated in Figure 2 is wide enough to cover t he
outer peri fiSengagmeg eup afthetop.o hamersediin g HGS slvesy compusing 60 velumecov al

annul ar - Spass BHEDIIe SHERY Rauting dong, Brofet e domRcamer NEULBEYE L8R et or
f the di | : b ; ' t '
one, st b PoCEERARon YT Gl 204 R the HTRFEI Yoy oF I olffm "

di sengagi ndlewaipsddwn ¥iough\thé dewaicofier vasiild bR eoh8- 1 SifeélyReondr € nade for
a 3 inch downconer of the prior art having a 2 foot dianeter gas

- 12- disengaging cup at the top. Inmersed in an HCS slurry conprising 60
vol une % gas bubbles the slurry flow ng,down through the downconer woul d
have a gas bubbl e coniest HGS prpcsss.difujd and gassansdhydsecarhan prpducty areci ty

Feet | secondormed Y EsheActt & RSt cqumiiisine BBHHrerth e apificel S A stie-
hydr ocar bo Cld : S m xture
o?‘/ H2 and &B@ %\Ilt t??ﬁ'f’?s-éhmﬁ%c‘%@&% Icl)}|t‘)‘!i;‘%:}hsqlt1 yp cgavipaﬁ1 l%?&“&iﬁde)r( )

shifting org fdpreferablycaidérnon-shifting SomdifibRs abwhithliftle MoRo Watdri gazg
conditions in which littl'e or no water gas shift reaction occurs,

parti cul ar | shifttreactidreoccurs,| particulasglyavhemther ¢atalytiCanetalicamprises GogRutorr eof .
Sui tabl e Fisgher-Tropsch reaction types of catal yst conprise, for exanple,
one or nor SnBHBIRHthereel. Snitabje Fisc -S'F@psgbdﬁa%tsomemp,f catplyskeompaisRe. | n

o B0, IS SN BRI A  Eh , , EEPRE e
lnorgani ¢ SREP®H bnE%dcﬁJnenPflﬁf@‘ftﬁ%b’c&ﬁﬁriM' &'?al?ﬂemy effectVCaioutiis'of )
Co and one or more of Re, Ru, Fe, Ni, Th, Zr, Hf, U, Mg and La on a suitable

inorganic support material, preferably one which comprises one or more

refractory metal oxides. Preferred supports for Co containing catalysts comprise
titania, particularly when employing a slurry HCS process in which higher
molecular weight, primarily paraffinic liquid hydrocarbon products are desired.
Useful catalysts and their preparation are known and illustrative, but nonlimiting
examples may be found, for example, in U.S. Patents 4,568,663; 4,663,305;
4,542,122; 4,621,072 and 5,545,674.

The hydrocarbons produced by an HCS process according to the
invention are typically upgraded to more valuable products, by subjecting allora
portion of the Cs. hydrocarbons to fractionation and/or conversion. By conver-
sion 1s meant one or more operations in which the molecular structure of at least
a portion of the hydrocarbon is changed and includes both noncatalytic process-
ing (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



refractory netal oxides. Preferred supports for Co containing catal ysts

conpri se i ' particul arly when enploying a slurry HCS I n whic
hi gher no\ivggg{gg%smi ght, primarily paraffinic liquid hydrocﬁ#@ﬁﬁ%ﬁ?bﬁuct S

are desired. Useful catalysts and their preparation are known and
illustrative, but nonlimting exanples may3be found, for exanple, in US.
Patents 4,568, 663; 4,663, 305; 4,542,122; 4,621,072 and 5, 545, 674.

The hydr ocarreactanfyrsudh peocdsy stepsHTE tppically seferred 1di axchydroébreversiviandon are
typically upgraded to nore val uabl e products, by subjecting all or a
portion of tinecludecfor examplechydrotsomerization, hydsecreckingdhydrodewaring, on. By
conver- sion i nt on r nore operatjons,i,n which the | ecul ar
structure ofhydroreiinpg andshe maresevershydrarefining splerted R asdbirawenting ialde s

bot h noncat al yt4 ce . 19, «..St.eam gracking)., d catal.yti

processi ng (¥ _u,%tegfd a‘?@]@t&&%&ﬂiwi{'a}ﬁlgﬁ?émfefg%tl}y?ﬁo?@vfgﬂ%{% ed with

a suitable I ' SfEn ich in paraffi .

- 13 - rea?’?%ﬁtb;xﬁ?gg hﬁﬁgydgfééslga{s}%ge;ﬁ)’é&';@e typﬁggspf hrlgfper r elél s,[ gl lgsstratlve,

hydr oconver shgtmatliiting exaenplés of enareplatuably predirtsrfornisl by donversion

hydr ocracki ng, hydrodewaxi ng, hydrorefining and the nore severe

hydr or ef i ni nigc neor moreof pysynthetisaerudg oikliquid fisrlcolefinas salvents,t i ons
nver si.on, of hydrocarbon feeds,

'l udi ng. nyPBEAHDB.ACBSALE oF Siediiinal ol Way Hopiroearbpes, Mygogehand oxygen
one or mor o Goearmege efioeSRhs. i 8 e GEISHA Fosl RnCTile? Y€ 87 s o dubid '
oxygen cont AP et BieSel i TECRRLIR Rispseilf WM NIRSRRARIRL IRUIASRDRE °T o

of notor gasexdmple, dutohsditive, ét, tirbind aed merdldvbeking oits. Industal sibirictaddsng
oil includes, for exanple, autonotive, jet, turbine and netal working oils.

| ndustri al owellidridlingdbnids | agricnlturalnejls, heatiransfor fluidstandthedikes, heat
transfer fluids and the |ike.

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

the art to which the invention pertains.



It is understood that various other enbodi nents and nodifications in the
practice of the invention will be apparent to, and can be readily made by,
t hose skiwDOWs0493t he art without departing fromthe scope mowuspiedisz of the
i nven- tion described above. Accordingly, it is not intended that the scope
of the clains appended hereto be |inmitedi40 the exact description set forth
above, but rather that the clains be construed as encorrgmﬂmm "

features of £2§ﬁg_abl e novelty which reside in the pres 1 ”‘m m r
I ncl udi ng & ‘f eat ures and enbodi nents whi ch woul d b€ tfeated®ass *
equi val ents thereof by those skilled in the art to which the invention '
pertains. CLAI V5. - 14 -

1. A vessel containing, aAtesed dohddifing 4/thirde PRASY dlarYLotiridihp ghes and
particulate solids in a slurry liquid and neans for producing Slurries of
two or nor ebubblpoand particulate solids th alslurry liquid ahdmmeans forprodacing skirriesast
two adj acent _slurry solids and gas di sengagi ng zones in fluid comunication
whi ch conprefvapr more compesitionsdrom said gunzfo seidgaeanseamaprising @ leashdi ng
said inner zone,. each.zone apen at the top .and having a, peripheral side
vl | and anfeneisceRr SOy Sphlls Ao ges issnaesing zonss in Hhid Eompiupication .
with a flui ' o b d ' | e sai d
Pones.  meanWHETCbrite BE Bt Fohe B i Buls 2o PerPHErR hefbildififedly 2
formed in sqiindr eUh& eatR@nt @pea s the P &l having Qrperiphendl didewall ahdm and
inlet means for passing slurry fromoutside salrd nmeans into said outer
zone. enclosed bottém whichsoataing atledstrunet shuny arifice, whith afluid aondwitans
separating said zones conprises weir means and said outer zone sized to
form a sl ur dspending from saifiagdeas poe saidnrifice of said @ones dneans; wpatingsaid

slurry and greatey.than sai d sl urr rmed in sai,d I nher .zone.
y gones wfuc permuts a gas reduc\fe(I glurry in formed 1n saf&e outer zone to pass

from said outer to said inner zone, and inlet means for passing shury from

outside said means into said outer zone.

2. A vessel according to claim 1 wherein said means separating
said zones comprises weir means and said outer zone sized to form a slurry
having a solids concentration greater than said outside slurry and greater than

said slurry formed in said inner zone,

3. A vessel according to claim 2 wherein said slurry producing

means comprises more than two said zones.

4. A vessel according to claim 1 wherein said slurry producing

means includes gas collecting and removing means above the top of said zones.

5. A slurry hydrocarbon synthesis process for forming hydro-

carbons comprising:



3. A vessel according to claim2 wherein said slurry produci ng neans

conpris han two said zones. 4. A v, rdi ng
to cl ai ﬁ?%@r&éi n said slurry produci ng neans i ncl udes galgé@gﬁs@gﬁgng and
removi ng neans .above the top of said zones. 5. Aslurry
hydr ocarbon synthesis process for forni-nd hydro- carbons conpri sing:

- 15 - (a) contacting a synthesis gas conprising a m xture

of H2 and CO with a )i contpeting asyatlesisyghasocanpasingyamivetairs of #,aind€Oi n a
slurry body which conprjses said catal yst and gas bubbles in a slurry
li qui d undavith agolidopartisulate hydrocarben synthesiscetalystinseslurmy hodycwhisbns from

said synthesis gas, at least a, porii of which e.liguid at .said reaction
condi & ons CAMPriseR sridearastark) BRY hubbles i a'shirey fighid uilder relprish ggudng o
portion of .sluyr . | 4 ' ' ' gage and
Por 1 on. O s 5ikslvET 1ot s okt e 3ald SPimARBab S ibagavce
catalyst 1 ol of WHiEH afd REWAR A hddefioRloonditidns drll edthfriseSd¥enyi 1) a
gas reduced and catal yst i1 nCreased slurry from another poftiaon and return-
ing said gdmuidduced and catal yst increased slurry back into said slurry
body; (c) passing said first gas and solids reduced slurry

into one at | east one adjacent zone downstream of said first zone to
di sengage and renove

(b) passing a portion of slurry from said slurry body into a first
zone to disengage and remove a portion of said gas bubbles and catalyst to form
(i) a gas and catalyst reduced slurry from one portion of slurry in said zone and
(ii) a gas reduced and catalyst increased slurry from another portion and return-

ing said gas reduced and catalyst increased slurry back into said slurry body;

(c) passing said first gas and solids reduced slurry into one at
least one adjacent zone downstream of said first zone to disengage and remove
more gas bubbles in each said zone and form successive gas reduced slurries;

and

(d) passing slurry from at least one said zone into a fluid conduit

by which it is passed to a desired location.

6. A process according to claim 5 wherein said catalyst and gas

reduced slurry is passed to the lower portion of said slurry body.

7. A process according to claim 5 wherein said catalyst and gas

reduced slurry is passed to slurry liquid filtration means.

T



nore gas bubbles in each said zone and form successive gas reduced
slurries; and (d) passing slurry fromat |east one said
zone i nt WOI¥504934 conduit by which it is passed to a desi rEKIUERBADIAN. .
6. A process according to claim5 wherein said catal yst and gas reduced
slurry is passed to the lower portion ofl&aid slurry body.

7. A process according to claim5 wherein said catal yst and gas reduced

slurry is passed to sgu rA?prbééEHiaécéfdifg% cRIIm™ dherein said first zone éls]pi st

- 16- 8. A process according to claim5 wherein sal

zone al so roducessa el hichviiiscd cétaty st contarityationcgreaten thaai thavirgsaidt er t han
that in said slurry body. 9. A process according to claim5
wherei n sai thﬂkést conprises at | east one supported Group-VIII netal.

10. A process according to claim6 wherein at |east a portion of said
hydr ocarbons formed from said synthesis gas are upgraded by one or nore

conversion operationsgt OAEthroLeesisatccBP(ﬁng% Claifl y@\me?eiﬂrsgﬂijgétalyst comprises
at least one supported Group VIII metal. e

'10. A process according to claim 6 wherein at least a portion of

said hydrocarbons formed from said synthesis gas are upgraded by one or more

conversion operations to at least one more valuable product.

I



