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I nvention relates to a process for filtering hydrocarbon liquid froma
t hree phase hydr ocarbon synthesis slurry conprising gas bubbl es and
particul ate catal yst solids in a hydrocarbon liquid, wherein the
filtration is conducted in a qui escent zone external of the slurry
reactor and the gas and solids content of the slurry are . reduced prior
to filtration. Backgr ounSLARRNcHYDROICARBON SYNTHESIS WITH
hydr ocar bon synt hesi s ( HCS) procg are known. ln_a slurrg HCS process
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as a third phase through a slurry in a reactor in which the slurry
i quid conprises hydrocarbon products of the synthesis reaction and the
di spersed, suspended solids conprise a suitable Fischer-Tropsch type

lurry are samrRGROURE Off THE BIS R AVRE o e 2 i ai sci ased i n

U. S. Patent 5, 348,982. Irrespective of whether the slurry reactor is
operated as &ield of thednvention sl unped bed, the mixing conditions in the
slurry wll typically be somewhere between the two theoretical

conditions of plug flow and back m xed. .
The invention relates to a slurry filtration process. More particularly, the

invention relates to a process for filtering hydrocarbon liquid from a three phase
hydrocarbon synthesis slurry comprising gas bubbles and particulate catalyst
solids in a hydrocarbon liquid, wherein the filtration is conducted in a quiescent
zone external of the slurry reactor and the gas and solids content of the slurry are

reduced prior to filtration.
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, Irrespective of whether the slurry reactor is operated as a
dispersed or slumped bed, the mixing conditions in the slurry will tyj)ically be
somewhere between the two theoretical condiﬁons of plug flow and back mixed.

The catalyst particles are typically kept dispersed and suspended in the liquid by



The catal yst particles are typically kept dispersed and suspended .in the 5
l'iquid by WO 98/ 51407 - 2-
the lifting action of the syngas bubbling up through the slurry and by
hydraul i c means. Mechani cal neans such as inpellers and and *
the |ike AYQ9%H07 used, because they will quickly erode E%R%?ésl%ﬁéguse
attrition of the catalyst particles. Ong.or nore vertical, gas

di sengagi ng downconers nay be used as hydraulic means to assist in
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typically acconpl i she chanical filtration in which the slurry is

fed to one opanticles. Onefor theresvéntisal]gas ésengaging downdwmersanay be used ab
permt the liquid to pass through, _ _but not the catalyst particles. U S
Pat ent 5, 527 hydsawlicgmears:ta agsissiin craintairingmmore uniéogo zotalysy dispergvnsbyind WO

i
T ey L T
reduce the S@fitﬁé}m@r%ﬁog%f&ﬂh?%e E&?a: ed frymRE Rafalydt pattiéles bRa -

Accordingly, there 1s need tor afiltration process’in which at | east
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the slurry prior to filtration. . SUMVARY OF THE | NVENTI ON
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but not the catalyst particles. U.S. Patent 5,527,473 and Patent publications EP
0609079, WO 93/16796 and WO 94/16807 all relate to helically wound wedge
wire filters and the like, while WO 93/16795 discloses vertical or helically

wound fine metal threads or sintered metal. The filter or filtration surface is

fully immersed in the reactive slurry inside the reactor. None of these processes
reduce the solids and gas content of the slurry before it is filtered. Accordingly,
there is a need for a filtration process in which at least some of the solid catalyst

particles and gas bubbles are removed from the slurry prior to filtration.

SUMMARY OF THE INVENTION

The present invention relates to a filtration process for separating
particulate solids from a liquid in a three phase hydrocarbon synthesis (HCS)
slurry comprising gas bubbles and particulate solids in a hydrocarbon shrry
liquid, in which the solids and gas content of the slurry are reduced prior to the

separation, which takes place in a quiescent zone outside the slurry reactor. The



slurry conprising gas bubbles and particulate solids in a hydrocarbon

slurry liquid, in which the solids and gas content of the slurry are
reduced prior to the separation, which takes place in a qui escent zone
out.si de the slurry reactor. The PCT/US98/09941

-3-  prold¥ag %’d%rl ses withdraw ng slurry froman HCS reactor and passing
It into a conbined filtration and gas and-%el i ds di sengagi ng zone whi ch
contains one or nore filters for separating and rem)vi ng the hydrocarbon
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passes into the filter fromwiere it is renoved as filtrate, with
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enables filter removal and replacement without having to take the HCS reactor

off-line. In one embodiment, slurry in the reactor is passed through a gas and
solids disengaging zone in the reactor just upstream of the vessel inlet conduit, to
disengage and remove a portion of the gas bubbles and solids from the slurry to
form a gas and solids reduced slurry. This gas and solids disengaging zone may
be located at any convenient height in the slurry in the reactor, with control of
the slurry flow rate to the external vessel accomplished through hydrostatic head
pressure differential and the use of control valves. After passing through the gas
and solids disengaging zone in the reactor, the slurry is fed into the combined
filtration and gas and solids reducing zone in the vessel external of the reactor, in
which more gas bubbles and solids are disengaged from the slurry to form a gas
and solids reduced slurry which contacts one or more filter means which

separate the hydrocarbon shurry liquid from the solids and gas, as a filtrate. The
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and solids reduced slurry which contacts one or nore filter nmeans which -
separate the hydrocarbon slurry liquid fromthe solids and gas, as a
filtrate. The -4-
filtrate may then be upgraded by fractionation and/or one or nore
conver si B¥P ¥Vt i ons to nore val uabl e products or sol d neBETUPIPRtS
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Therefore, catalyst particles disengage and fall down out of the si urry
liquid. |n reactdrandcthibsdcomdin thel filtrayi ogazonerektamal ofthti eacipag dherexterakks
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from

equivalent means forms a quiescent filtration zone in which additional gas and
solids are removed, before the slurry contacts the filter means. This quiescent
zone is in fluid communication with the rest of the shurry in the vessel to provide
circulation of the slurry in the vessel through the quiescent filtration zone and
down and out of the vessel and back into the shurry reactor. Thus, two gas and
solids disengaging zones are formed in the external filtration vessel by the baffle,
one of which also comprises the actual filtration zone. Additional gas and solids
may or may not occur upstream of the vessel, as in the embodiment in which
such disengagement occurs within the slurry in the reactor. Therefore, the
practice of the invention may employ multiple gas and solids disengagement in a
plurality of such zones, at least one of which may be in the HCS reactor itself,
with one or more in the external filtration vessel. Circulation of the slurry from
the reactor into and through the external vessel and back into the reactor occurs

by gravity due to hydrostatic heads and different slurry densities produced by the



the reactor into and through the external vessel and back into the reactor
occurs by gravity due to hydrostatic heads and different slurry densities
produced by the -5 - gas
and .solids reductions. In addition, control valves |ocated bg h#§k€$ﬁgry .
inl et andWRPHEMOT i nes of the filtration vessel can be used t8 rorher
enhance control of the slurry flowrates. Isna still further enbodi nent,
the filtration vessel contains nmeans for injecting a hydrogen rich gas into
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i ntended to fir dluffytfdewirateshila arsll fidherrentiddittiene the filtration vessel eotitapey
portion of the vessel conprises a gas collecting space or zone which is in
conmmuni cat i omeans fiominjectinga hydrogenrechigaeintp the slunryowithim to avoideatalyst t hat
the pressure _in the gas_or vapor zgone_ of the vessel is the dsame as that in

t he vapor or degettvagionavhiohcanmercur if ali the bydrogengas istameyed oF deplgted from
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need for punpgaction, it is not WteRdEPRFbé lienitRDRY this partichldr'enmbddiment.ocess for
form ng hydrocarbons, at |east a portion of which are liquid, the invention
conprises the steps of: (a) reacting a synthesis gas conprising a
m xture of Herr] _and COin the presence of a solid, particulate

hydr ocar bon synt hddieipper poytien pf the vessel gomprses & gas Roledting spase oF Zonesi s

reactor at reactd on. conditions. effective to for .
Which is in communication with a gas space in the upper portion of the reactor,

so that the pressure in the gas or vapor zone of the vessel is the same as that in
the vapor or gas collecting zone in the top of the reactor. Filtrate withdrawal
through the filter causes slurry in the reactor to pass through the gas and solids
disengaging means and up into the upper portion of the slurry body in the vessel.
Hydrostatic pressure differential produces slurry circulation between the reactor

and filtration vessel without the need for pumps.

With specific regard to a slurry HCS process for forming hydrocarbons, at

least a portion of which are liquid, the invention comprises the steps of:

(a) reacting a synthesis gas comprising a mixture of H; and CO in the
presence of a solid, particulate hydrocarbon synthesis catalyst in a slurry body in
a hydrocarbon synthesis reactor at reaction conditions effective to form
hydrocarbons, at least a portion of which are liquid at said reaction conditions,
wherein said slurry comprises said catalyst and gas bubbles in a hydrocarbon
slurry liquid, and wherein slurry hydrocarbon liquid comprises said liquid
hydrocarbons;



hydr ocarbons, at | east a portion of which are liquid at said reaction -
conditions, wherein said slurry conprises said catalyst and gas bubbles in
a hydrocarbon slurry liquid, and wherein slurry hydrocarbon Iiquid

conprises said liquid hydrocarbons; WO 98/ 51407

-6 - WO 985149%,) passing a portion of said slurry from s‘é‘F’H"%I"(}’r’?‘y‘ body
t hrough a gas and solids disengaging zogwe to forma gas and solids
reduced slurry; (c) passing said gas and solids reduced slurry
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slurry, and (e) passing said hydrocarbon reduced slurry back
into said slurry body in said reactor. The hydrocarbon |iquid
filtrate i s then {entpassingsaidoges andi¥olidsupducei slgmydntma quiescentfiltration
products. The filter means_ is imersed in the slurry in the filtration
zone. The HCgoneg¥tesnal pfisaid ygacton |y be operating during filtration and the
filtration may be continuous or internmttent. If the HCS reactor is onTine
and operating to produce hydrocarbons, filtering the hydrocarbon
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interfere with th
said quiescent filtration zone to separate a portion of said hydrocarbon liquid

from said slurry as a filtrate to form a hydrocarbon reduced slurry, and

(e) passing said hydrocarbon reduced slurry back into said slurry body in

said reactor.

The hydrocarbon liquid filtrate is then sent to storage and/or upgrading to more
valuable products. The filter means is immersed in the slurry in the filtration
zone. The HCS reactor will typically be operating during filtration and the
filtration may be continuous or intermittent. If the HCS reactor is on line and
operating to produce hydrocarbons, filtering the hydrocarbon liquids and
removing them from the reactor does not disturb or interfere with the HCS
reaction in the reactor. One or more gas and solids disengaging zones may be in
the HCS reactor, in the filtration zone, in-between both zones, or any
combination thereof. Baffle means, one or more gas and solids disengaging
downcomers and the like, may be used to form a gas and solids disengaging zone
in the slurry body in the reactor. In yet another embodiment, a hydrogen
containing gas is fed into the external filtration zone or vessel to prevent catalyst

deactivation.



reaction in the reactor. One or nore gas and solids di sengagi ng zones may

be in the HCS reactor, in the filtration zone, in-between both zones,
or any conbi nati on thereof. Baffle nmeans, one or nore gas and solids
di sengagi n downconers and the |ike, may be used to for

solids di s%ﬁ’g"‘%ﬁlﬂﬂ zone in the slurry body in the react ?’r&’gﬁiﬂyg}q
anot her enbodi nent, a hydrogen containi-ng gas is fed into the external
filtration zone or vessel to prevent catal yst deacti vati on.
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sectional schematic side view of a slurry type hydrocarbon synthesis unit
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In a Fischer-Trops process, a syngas conprising a m xture of
H2 and COis bubbled up into a reactive slurry in which it is catalytically
converted into hydrocarbons and preferably |iquid hydrocarbons. The nole
rati o of the hydrobbe Figurehs acaosssectionabsohematie sideowiemy of ashery type about
0.5 to 4, but ich,.is nore typically within the range of fromabout 0.7 to
2.75 and pr ele\f,&}BP‘}bePMQKéL&mUF wsefyl I the peecssof (BAIBYRANAT ol 6 rat | o
for a Fischer- Tropsch HCS reaction is 2.0, but there are many reasons for
using other than a stoichionetric ratio as those skilled in the art know
and a discussion of which is

DETAILED DESCRIPTION

In a Fischer-Tropsch slurry HCS process, a syngas comprising a mixture
of H; and CO is bubbled up into a reactive slurry in which it is catalytically
converted into hydrocarbons and preferably liquid hydrocarbons. The mole ratio
of the hydrogen to the carbon monoxide may broadly range from about 0.5 to 4,
but which is more typically within the range of from about 0.7 to 2.75 and
preferably from about 0.7 to 2.5. The stoichiometric mole ratio for a Fischer-
Tropsch HCS reaction is 2.0, but there are many reasons for using other than a
stoichiometric ratio as those skilled in the art know and a discussion of which is
beyond the scope of the present invention. In a sturry HCS process the mole
ratio of the H; to CO is typically about 2.1/1. The slurry liquid in the reactor
comprises the hydrocarbon products of the hydrocarbon synthesis reaction which -
are liquid at the reaction conditions. A long standing problem has been the
efficient separation and removal of the slurry hydrocarbon liquid product
produced in the reactor from the relatively fine catalyst particles. The elevated
temperature and pressure in the reactor and the waxy nature of the reaction
hydrocarbon products make conventional particulate separation and filtration
methods unsuitable for use in a slurry type hydrocarbon synthesis process. Thus,

cyclone separation which has found such widespread use for separating catalyst



beyond the scope of the present invention. In a slurry HCS process the~nol e+
ratio of the H2 to COis typically about 2.1/1. The slurry liquid in the
react or conprises the hydrocarbon products of the hydrocarbon synthesis
reaction which are liquid at the reaction conditions. A loM@%&ﬁ?

probl em h¥0 $&IA0% he ef ficient separation and renoval of tHhe arry

hydr ocarbon |iquid product produced in thesr~eactor fromthe relatively fine
catal yst particles. The elevated tenperature and pressure in the reactor
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- has found such w despre use for separating Catal yst
-8- particles fromproduct vapors in cat cracking processes, is unsuitable
for use with a waxy slurry, as are rotary and centrifuge filters.
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Fe or supported 1ron”catal yst have a nean particle size
catalyst solids, more typically from 30 wt. % to 60 wt. % and in some

embodiments 40 wt. % to 55 wt. % is preferred. As mentioned above, the slurry
~ liquid comprises hydrocarbon products which are liquid at the reaction
conditions, along with minor amounts of other components. While catalyst
particle sizes may broadly range from as small as 1 to as large as 200 microns, a
typical conventional Fe or supported iron catalyst will have a mean particle size
of about 22 microns, while a catalyst comprising a catalytic metal such as cobalt
composited with or supported on titania will typically have a mean particle size
of about 63 microns. However, such catalysts will also include fine particles as
small as 1 micron and the constant agitation and mixing of the catalyst particles
in the slurry results in particle size reduction through attrition. This also
produces fines having a particle size of from about 1 to 10 microns. It is not
possible to filter out such fine particles with the massive and bulky wound wire
prior art filters. This results in some of the catalyst particles being withdrawn
through these filters along with the hydrocarbon liquid and these particles must
be removed before the hydrocarbon liquid product is sent to upgrading. Further,



of agbout 22 mi.crons, while a catalyst conprising a catalytic netal such as
cobalt conposited with or supported on titania will typically have a nean
particle size of about 63 mcrons. However, such catalysts will also
include fine particles as small as 1 micron and the constan \ b/n and
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reduction through attrition. This:also prod@ees fines having a particle
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renoved before the hydrocarbon |iquid product is sent to upgrading.

Furt her, heated up to enable continuation of the HCS reaction. -9- filter can be
repl aced or repaired. The drained liquid has to be sent to hot storage so
that it does not solidify and then returned back into the reactor and
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and a gas outlet 18 at the t'op to renbve tnreacted syngas and gas products

of the HCS renmtdifiing d deres iphasy sloerypl$ sdthin2® syndislinket d6chtthe doitsin and a
particles dispersed in a hydrocarbon slurry liquid. The slurry liquid

conpri ses hy@ascmtlet 8t dheitopstoofemadne wgsacted syngas and gas prosluctsgef ﬂieeHCShé
reaction conditions. xghe syngas is injected up into_the sI.Lirry.vi a suitable
gas di stri buttPasHORaklic SHETY sampRiscs ganhybbics apd satalyst partelss dispersed n a
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I nes entrained in the uprising gas” bubbles, Ich conprise a ture of

unreact ed synggstahdp g thedhaepviosuitiblé fas distibwibtcineand (ot shown)

arranged across the surface of an otherwise gas and liquid impermeable steel tray

20. The upward rising gas bubbles are briefly indicated by the small circles. A
gas space 24 is above the top 22 of the slurry in the reactor for disengaging
liquid and catalyst fines entrained in the uprising gas bubbles, which comprise a
mixture of unreacted syngas and gas hydrocarbon synthesis products. The
uprising bubbles of syngas keep the catalyst dispersed in the slurry. Catalyst
dispersion may be assisted by means of vertical, gas disengaging downcomers
(not shown) which set up a vertical slurry circulation as disclosed in U.S. Patent
5,382,748. A filtration vessel 30 comprising a cylindrical steel outer shell 32
contains a slurry 34 within, the top 36 of which is lower than the level of the top
of the slurry 22 in the reaction vessel. A gas space 38 above the slurry is in fluid
communication with the gas space 24 in reactor 12 via gas line 39. The slurry 34
in the filtration vessel is in fluid communication with the slurry 15 in reactor 12
via slurry inlet and outlet conduits 40 and 42, respectively. Although the slurry

entrance to conduit 40 is shown as located relatively low in the slurry body, it



upri sing bubbl es of syngas keep the catal yst dispersed in the slurry.

Cat al yst di spersion may be assisted by neans of vertical, gas disengagi ng
downconers (not shown) which set up a vertical slurry circulation as
disclosed in U S. Patent 5,382,748. A filtration vessel 30 dsﬁ)%)m a -
cylindri clNO %3407 outer shell 32 contains a slurry 34 within, e top 36 of
which is lower than the |level of the top oftothe slurry 22 in the reaction
vessel . A gas space 38 above the slurry is in fluid comunication with the
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slurry body, may be located at any convenient or desired vertical level in the slurry. Shirdy vi a
slurry inlet and outlet conduits 40 and 42, respectively. Al though the

slurry ent r aflow fromcthedhirry bodysl Ssimtotheafiltrasion: easselsiGutsi acsomplished n t he
slurry body, it nmay he | ocated at any cgnveni ent desired vertical |evel
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repair, naintenance an er renova Isturbing t operation of

the reactor aReurbirngheétoperatioreef tHeoreadtoriandngitkd\t the aetd for dradinglthe assi st
in controlling the circulation or flowrate of the slurry frominside the

reactor, to readtarhrTheyhalsbassist inrcomitralling the cioculatbore on floworatk of theshimy

reactor. At least one filter, briefly illystrated a, rectanqgul ar ,box 44,
is i mersed fiemmnsidetheseagiorg threugh &@ %qtmabgftramrum%%c{ Egck nto

particul ate gatal yst sal,ids an 1t hdr aw. the liqui thogn:filtrate
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and bott om ofmRtdad o | E@Jﬁj. ] t g@{.ﬁa&ﬂ e in both
vessel s i s about gté}gieﬁzs;ﬁlg? 330%\% %ﬂagilh ctget e o@@%‘gﬁ?"’é‘:ﬁs oncenétﬁll:eation of

the slurry i cataliet kolids aid withdeawig the liquid hydrsvabsopfiltrate fyorh ehe filleaand hat
of the slurry in the reactor, the liquid level is shown as below the |evel

of the | ess Giltmatiorsvessel; viafiltnatedinec4tr Sinveithe tomamd bottom of both vessels are

in fluid communication, the pressure in both vessels is about the same.

However, since the overall gas concentration of the slurry in the filtration vessel
or zone is substantially less than that of the slurry in the reactor, the liquid level
is shown as below the level of the less dense slurry in the reactor. Maintaining
pressure in filtrate withdrawal line 46 lower than that in the filtration zone or
vessel 30 assures a steady flow of liquid from reactor 12 into vessel 30 without
the need of pumps. Filter 44 may be a wound wedge wire filter of the prior art
or a sintered metal filter having a porous outer surface defining a filtrate cavity
within which is in liquid communication with filtrate withdrawal line 46. Ina
preferred embodiment, the filter or filters are removably secured in the slurry
liquid by means such as a detachably attached plate (not shown) bolted over a
flanged nozzle (not shown) at the top of the vessel from which they are
suspended, as will be appreciated by those skilled in the art. In this embodiment,

the filter is sized so as to be removable vertically upward from the filtration



pressure in filtrate withdrawal line 46 |ower than that. in the filtration
zone or vessel 30 assures a steady flow of liquid fromreactor 12 into
vessel 30 without the need of punps. Filter 44 may be a wound wedge wire
filter of the prior art or a sintered netal filter having g SYdfooddt er
surface dMAWHN7a filtrate cavity within which is in Iiquid conmunication
with filtrate wwthdrawal line 46. In a prefiegrred enbodi nent, the filter or
filters are renovably secured in the slurry liquid by neans such as a
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sized so as to Be renpvable vertical ly upward fromthe tration

-11-  vessel of tHeofiltér ivdag tegAitlate incd dowmwardlyr depentinge rod or othéraneansavi ng to
drain the slurry fromthe filtration vessel. In a further enbodi ment (not
shown) the bslidably ahourted fin latsteevermptachedtnand depending wpward fiom dhe hattam, r od

or other neans slidably nounted. in a sleeve attaghed, to and.dependi n
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created in the slurry by the baffles, enables slurry in that zone to

rel ease gas bubblesawaydfromt theesitranot ofitheasluimy lpquid éslet conduihdOsIThe y body
15 in the HCS reactor into the .inl ﬁt of conduit 40. Th%@ i's, due, tt?x t he fact
that the upr AYleseenfzong Ahereated in the slussy By the bafflescpnahlesslynty in that zone
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bubbl es are ﬁPﬁ§E1'gtgasVBuUUIbs| dretnot beirngeRilPRphiect kadaaispimariba tie Kfthgg up
around the baffles and into the surroundi'ng slurry body. At ] ]
action of the uprising gas bubbles which keeps the catalyst particles dispersed in

the slurry liquid. The baffles also permit the disengaged slurry particles, which
are heavier than the slurry liquid, to fall down into the slurry body below into
which the uprising syngas bubbles are present, which lift and redisperse the
catalyst particles up around the baffles and into the surrounding slurry body. At
least a portion of the gas bubbles are disengaged from the slurry in the quiescent
zone, due to the fact that slurry in that zone is not being contacted with the
uprising syngas bubbles. Therefore, the disengaging, uprising gas bubbles in the
quiescent zone are not fully replaced with uprising gas bubbles and this results in
a gas and solids depleted slurry formed in the quiescent zone which rises up
through conduit 40 and into the external filtration vessel 30 near to the top of the
slurry in that vessel, as shown in this embodiment. If the entrance to conduit 40
is located proximate the top of the sturry body 15 in the reactor, a quiescent zone
proximate the entrance may be formed by baffles. Alternatively, a gas

disengaging downcomer similar to that disclosed in U.S. Patent 5,382,748 may



| east a portion of the gas bubbles are disengaged fromthe slurry «in-the
qui escent zone, due to the fact that slurry in that zone is not being
contacted with the uprising syngas bubbles. Therefore, the disengaging,
uprising gas bubbles in the quiescent zone are not fully re hih
uprising J¥@9%8H48T es and this results in a gas and solids dggﬁg?%%wgpurry
formed in the quiescent zone which rises upihrough conduit 40 and into the
external filtration vessel 30 near to the top of the slurry in that vessel
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may to the bottom of the slurry. A gas and solids disengaging db%nconiep!igh t he
entrance to conduit 40 to feed a gas depleted slurry rnto the conduit. The
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whi ch have Sresactior as needasktoomaintain syistem lenel saniok pluy ¢ spslly i n
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Patent referred to imedi ately above teaches that gas

In the prior art referred to ai)ove, the filter is fully immersed in the main
sluty in the HCS reactor. As the prior art teaches, the uprising syngas bubbles
serve to lift up the catalyst particles and keep them dispersed and suspended in
the slurry. The ‘748 Patent referred to immediately above teaches that gas
disengaging downcomers fully immersed in the main slurry body can provide a
downward flow which, when it exits the bottom of the downcomer near to the
bottom of the slurry, it can provide a net upward flow of main body slurry
sufficient to reduce vertical catalyst concentration maldistribution. The
superficial gas velocity of the upward flowing gas bubbles in the main slurry
body may range from about 5 to 70 cm/sec, as disclosed in EP 0609079A. Thus,
considerable turbulence exists in the main slurry body, although the net slurry
flow is near zero. This turbulence exhibits itself as surges flowing up, down,
radially inward, radially outward, as swirls, etc. All this turbulence assists in
maintaining a relatively uniform catalyst concentration throughout the main

slurry body. In marked contrast, in a quiescent zone of the invention, any gas



di sengagi ng downconers fully imersed in the main slurry body can provide a
downward fl ow which, when it exits the bottom of the downconer near to the
bottom of the slurry, it can provide a net upward flow of main body slurry
sufficient to reduce vertical catalyst concentration mal di speifobdgdes The:
superfici MOPH4%| ocity of the upward flowing gas bubbles I the main
slurry body may range from about 5 to 70 cif3sec, as disclosed in EP
0609079A. Thus, consi derable turbul ence exists in the main slurry body,
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catal yst concentrat out the maih slurry body. In marked contrast,
in a qui escenf hydpsgan of #hydrogentdontainimgygagdn an amount sufficient to prevent

- 13 - bubbles rising up are not sufficient to lift up the catalyst
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sol i ds di sengagenent so that t yst concentration and slurry veloCity

proxi mat e t hevelddityeproxivhhctheifiiterauyfacos verydow (eog.s 1dsbahar380%0), comparedd
to that in the main slurry body in the reactor. I n the enbodi nent

shown in t he teitbatria the mdinsliary bedy liw thesrdaotogit ed i n vessel 30 provides an
addi ti onal qui escent zone proximate the filter 44, which substantially
I solates the slurry on the filter side of the baffle fromgas and

somshow 11 nd 1 ts WP stupidibentiiputin DB HEARE A snotha BErCaF Righalint

o P A ORGPk e

the filter sisdbstahtially isdiates@he Slatfyl én the filter side of the baffle from gas and
turbulence in the main slurry body in the vessel that may occasionally somehow
find its way into the external vessel. This additional quiescent zone permits
further disengagement of catalyst particles and gas bubbles from the slurry in the
vicinity of the filter. This causes the slurry on the filter side of the chordal baffle
to be slightly more dense than that on the other side of the baffle. Asa
consequence, slurry from the main slurry body in the filtration vessel flows over
the top of the baffle as indicated by the arrow, as the slightly heavier slurry on
the filter side of the baffle has a slightly greater downward velocity. In a still
further embodiment, hydrogen or a hydrogen containing gas is injected into the
slurry in vessel 30 by means of gas line 50 and suitable gas injection means (not
shown). This embodiment is optional and the hydrogen, if used, is injected into
the bottom of the vessel if needed to prevent deactivation of the catalyst particles
therein. It has been found that if all of the gas is removed from the slurry, the
catalyst will deactivate and this deactivation may not be fully reversible.

Consequently, if the catalyst particles are permitted to deactivate, depending on



to be slightly nore dense than that on the other side of the baffle. As.a ’
consequence, slurry fromthe main slurry body in the filtration vessel

flows over the top of the baffle as indicated by the arrow, as the slightly
heavier slurry on the filter side of the baffle has a slight] [ er
downwar d vﬂpﬁ&sﬂpf’ In a still further embodi nent, hydrogen Jﬁé&?ﬁ%&ben
containing gas is injected into the slurry.j$. vessel 30 by neans of gas

line 50 and suitable gas injection neans (not shown). This enbodi nent is
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reactor, which nust then be heated and restarted to get it operating again.
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reduced slurry which rises up
having to shut down the HCS reactor or take it off-line.

In operation, the baffles at the entrance of shurry inlet of conduit 40
reduce gas and solids to form a gas and solids reduced slurry which rises up
conduit 40 and into vessel 30. In vessel 30, more solids and gas are disengaged
from the slurry, with the gas going up into gas collecting zone 38 from which it
is removed and returned to the HCS reactor via gas conduit 39. A portion of this
further gas and solids reduced slurry passes around the chordal baffle into the
second quiescent zone, which is the filtration zone in which more gas and solids
are disengaged from the slurry before it contacts the filter. This provides
maximum liquid throughout into the interior of the filter, with minimal catalyst
particle build up on the filter as filter cake. The additional quiescent zone,
which is the filtration zone, also insures the passage of less fines (if present) into
the interior of the filter, as more time for solids disengagement is provided. The

gas reduced slurry passes out of the vessel and returns back into the HCS reactor



conduit 40 and into vessel 30. In vessel 30, nore solids and gas are

di sengaged fromthe slurry, with the gas going up into gas collecting zone
38 fromwhich it is renoved and returned to the HCS reactor via gas conduit
39. A portion of this further gas and solids reduced slurry und -
the chor dAYOBMIMPE into the second quiescent zone, which ispgﬁ§§??%?gtion
zone in which nore gas and solids are disengaged fromthe slurry before it
contacts the filter. This provides maxi mumliquid throughout into the
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HCS react or ‘fitoghe HES reddter by gravdtyat The hydrostatic pressurecexieytedity theegreater
slurry height_in the HCS reactor is sufficient to ﬁush t he 8as .and solids
reduced sl ur slurgpheightin the HESssacton is sufficigntita push the gas and solidsimducedo.
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pressure), oVl a pressure eren Iving force across the filter
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zone of the one or nore filters. The hydrocarbon liquid filtrate is renoved

via |ine 46 aeattarad vesseli{totkof whickas¢ atthe same pressure), provides a pressure

differential driving force across the filter surfaces to force the slurry liquid
through and into the interior filtrate zone of the one or more filters. The
hydrocarbon liquid filtrate is removed via line 46 and sent to further processing
and upgrading into more useful products. The disengaged gas released at the top
of the vessel and transferred into the top of the reactor via conduit 39, is
removed from the reactor via gas line 18 along with the unreacted syngas and gas
products of the HCS reaction.. Disengaged solids fall to the bottom 58 of the
vessel, down through the conduit 42 and back into the reactor. In this
embodiment, the sloped wall 58 of the vessel is cone shaped and its angle is
greater than the angle of internal friction of the catalyst particles, as is the slope
of conduit 42, so that the catalyst particles do not build up in either the vessel or
in the conduit. Finally, while the practice of the invention is not limited to any
specific filter or filter design, in one embodiment it is preferred that the filter

comprise a plurality of elongated, hollow, sintered metal filter elements in

The denser slurry in the vessel flows back into the -



and upgrading into nore useful products. The di sengaged gas rel easedat” the -
top of the vessel and transferred into the top of the reactor via conduit
39, is renoved fromthe reactor via gas line 18 along with the unreacted
syngas and gas products of the HCS reaction.. Di sengaged solj o the -
bot t om 58‘\?}?9’%’4 0 essel, down through the conduit 42 and bakqusgébdgﬁlte
reactor. In this enbodi rrent, the sl oped walls-58 of the vessel is cone
shaped and its angle is greater than the angle of internal friction of the
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are desired. catal ysts prepar at nown an
i1l ustrati veon®et more refractory metal oxxdes Preferred supports for Co containing

catalysts comprise titania, particularly when employing a shurry 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 all or a
portion of the Cs. hydrocarbons to fractionation and/or conversion. By
conversion is meant one or more operations in which the molecular structure of
at least a portion of the hydrocarbon is changed and includes both noncatalytic
processing (e.g., steam cracking), and cataiytic 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, hydroci'acking,



nonlimting-exanples may be found, for exanple, in U S. Patents 4,568, 663;
4,663, 305; 4,542,122; 4,621,072 and 5, 545, 674. The hydrocar bons
produced by an HCS process according to the invention are typically

upgr aded t al uabl e products, by subjecting all or a STormpelsy t he .
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typically reférred to~as hydroconversion and include, for exanple,
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I nvention

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

the art to which the invention pertains.
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CLAI VEB: 1. A slurry hydrocarbon synthesis pr r formng

hydr ocar bonsgﬂm'.si ng: (a) reacting a synt hgmﬁl#&ﬁ [”muﬂ”? a
and L ) n

m xture of H in the presence of a solid, partiau

synthesis catalyst in a slurry body in a hydrocarbon synthesis reactdr at
reaction conditions effective to form hydrocarbons, at |east a portion of
which are liquid dt Aasluiry bydracarberosyhithesis procdse fer forang hyduooaybanspri ses
sai d catal yst and gas bubbles in a hydrocarbon slurry liquid, and wherein
said slurry ROBPHEH®on |iquid conprises said |iquid hydrocarbons;

(b) passing a portion of said slurry fromsaid slurry body through a gas
and solids disengaging zone to forma gas and solids reduced slurry;

g g%epgits Lpgals ai) g g 5@5}3%1??40%};9}&11&&9 &8 Qomiprising 4 HiRnfe SFIESARIEQ id fifedt TON
presence of a solid, particulate hydrocarbon synthesis catalyst in a slurry body in
a hydrocarbon synthesis reactor at reaction conditions effective to form
hydrocarbons, at least a portion of which are liquid at said reaction conditions,
wherein said slurry comprises said catalyst and gas bubbles in a hydrocarbon
slurry liquid, and wherein said slurry hydrocarbon liquid comprises said liquid

hydrocarbons;

(b) passing a portion of said slurry from said slurry body through a gas

and solids disengaging zone to form a gas and solids reduced slurry;

(c) passing said gas and solids reduced slurry into a quiescent filtration

zone external of said reactor;

(d) contacting said gas and solids reduced slurry with filtration means in
said quiescent filtration zone to separate a portion of said hydrocarbon liquid

from said slurry as a filtrate to form a hydrocarbon reduced slurry, and

(e) passing said hydrocarbon reduced slurry back into said slurry body in
said reactor.
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(d) contacting said gas and solids reduced slurry with fil tration means in
said quiescent filtration zone to separate a portion of said hydrocarbon
liquid fromsaid slurry as a filtrate to forma hydrocarbon reduced slurry,
and ssing said hydrocarbon reduced slurry bac E;Lﬂltl '
slurry boowoi(gg(&@?d reactor. _ li’ Q’Sﬁ@éﬂ

-19- 2. A process according to clarm-l wherein slurry fromsaid
slurry body is passed through nore than one gas and solids di sengagi ng zone
before it contacts sgi LdlE . . C ﬁﬁ_‘r, r & ”ﬁﬁ i m 2
wherein at | east c?r'\e‘& ag&%éﬁda%;cgﬂlgg t%icéaéﬁgéggﬁ}\%&%oﬁe ?%@e%(&a&n?‘ | Qé\%%

external fil pagdedtfirqifimore than one gas thd Eél?d’ssﬂiséﬁ%&ifii% 26né ‘beftlhéiim: tacts

wherein a gas and solids disengagin '

zone I's present said slurry body in
said reactor said filter. 5. A process according to claim4 wherein said
filtration zone and reactor each have a vapor space at the top thereof and
wherei n said vapor spaces are at the sane pressure. 6. A process

according to claim5.wherein saig filtration _zone be isolated from said
react or . J 3.°A process according to claim 2 wherein at loast one gas and solids

disengaging zone is present in said external filtration zone.

4. A process according to claim 3 wherein a gas and solids disengaging

zone is present in said slurry body in said reactor.

5. A process according to claim 4 wherein said filtration zone and reactor
each have a vapor space at the top thereof and wherein said vapor spaces are at

the same pressure.

6. A process according to claim 5 wherein said filtration zone may be

isolated from said reactor.

7. A process according to claim 6 wherein two gas and solids disengaging

zones are present in said filtration zone.

8. A process according to claim 7 wherein said filtration means is

removably secured in, and removable vertically upward from, said filtration
vessel.

9. A process according to claim 8 wherein a hydrogen rich gas is injected

A

into said shurry in said filtration zone.



7. A process according to claim®6 wheréi n two gas and solids disengagi ng

zones are present in said filtration zone. 8. A process according
to claim7 wherein said filtration neans is renovably secured in, and
removabl e y rtlcally upward from said filtration vessel. 941
process acY&% to claim8 wherein a hydrogen rich gas is Rel chlgag nto
sai d slurryln saldflltratlon zone. -20-

-20 - 10. A process according to claim1l wherein at |east a portion

of said filtrate ig ug ﬁSr@ggsqs éc‘&o?cimg?@%ialﬁf‘f v&ﬂ%?éipvﬁllé?ﬁla%o‘?fﬂﬂ%?tsaw

fractionati on and/ or e Of nore version operati
filtrate is upgraded to at least one more valuable product by fractionation and/or

* ¢ L M S *

one or more conversion operations



