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METHOD FOR SEPARATING LI QUI D FRCNIA SLURRY - . AND PROCESS FCR THE
PREPARATI ON OF HYDROCARBONS : The present invention relates to.
2 method fQfgemaiees ~Separating liquid froma slurry of solricamparaioe es and
liquid contained in a vessel. In a further aspect , t he present .

I nvention relates to the use of such a method in 5 a process for the
preparation of heavy hydrocarbons which_ 5 .. process conprises contacting
a mxture of hydrogen and ' carbon nonoxide in a three-phase slurry
reactor wth a slurry of solid catalyst particles and a liquid.
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_ 5 a proceas or the prepara ion of heavy hydrocarbons which

process comprises contacting“a mixture of hydrogen and
carbon monoxide in eethree-phase slurry reactor with a
'slurry of solid catalyst particles and a liquid.
Three-phase slurry reactors are well known to those
10 . 'skilled in the art. In operation,'the said reactors .
| typically comprise a slurry zone and a freeboard zone. In
the slurry, present in the slurry zone, the solid
catalyst partlcles are kept in suspension in the liquid.
The liquid serves amongst others as heat-transfer medium.
15 One or more gaseous reactants bubble through the slurry.
| The freeboard zone, usually loeated above the slurry
zone, contains substantially no slurry, but primarily
gaseous products and/or reactants.
The catalyst particles are typically kept in

20 suepension by stirring or agitatibn by a mechanical
device or, preferably, by an upward gas and/or ligquid
velocity.

_ The mixture of hydrogen and carbon monoxide is .
~ commonly referredlto as synthesis gas. The preparation of
25 - heavy hydrocarbons from synthesis gas is commonly
' referred to as ?ischer-Trbpseh synthesis. The term heavy
hydrocarbons as used hereih_refers to hydrocarbons which
are in the liquid state under reaction conditions. In
this respect,’it will be appreciated by that the Fischer-
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comonly referred to as synthesis gas. The preparation of- 25 heavy .
hydrocarbons from synthesis gas is connDnIy _ referred to as .
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© - filtration zone is located in the slurry bed, in
particular close to the upper surface of the slufry bed.
. The filtration zone typically comprises a plurality of
15 filter elements}_The'filter.elements are typically of
elongate cylindrical form and comprise a cylindrical
filtering medium enclosxng a filtrate collection zone.
- Eurcpean patent appllcatlon publlcatlon No. 592 17§
- describes a filtration zone consisting of a tube sheet
20 holding filter cartridges. The tube sheet defines the
upper surface of the slurry bed.
International (PCT) application publication
- No. 94/16807 describes a filtration zone surrounding the
, slurry bed. -
25 ' - UK patent appllcat1on publzcatzon No. 2 281 224
~ discloses a reactor containing a plurality of reaction
tubes arranged_td.accomodate_the slurry bed. The'upper
' part of each tube contains a filter element to separate
hydroéarbon product from slurry, and a top part of
30 increased diameter, often referred to as a disengagement
zone, to separate gas from the slurry.
United States patent specification No. 4,605,678
describes separation of catalyat from a slurry contalnlng
_ hydrocarbon product by passing the slurry through a hlgh
35 gradient magnetic field. -




'EurOpean pat ent application publication No. 592 176 describes a
filtration zone consisting of a tube sheet 20 hol ding filter :
cartridges. The tube sheet defines the . upper surface of the sIurry
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PCT/EP97/01002 separated from the slurry u51ng a crosd=flow filter United

States patent s ecrfr at i describes a process for
the preparatron95¥= gPB&%Stgé reéCt?Enrﬁfﬂﬁ} i ron-based catal yst. To

avoi d the conti nuou§erman pateptecapectficdtiany Nesi §Rt 4bn31Be react or
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separated fromt rry usin cross-flow. filter at ed outsrde
thg reacggr ves AJ r%duct gtream rom slurry, by cross-gf ,

flltratlon, which is carried out at substantially reactor
pressure, but outside the reactor. According to one
embodiment, the slurry is cooled prior to filtration. _
. It has now been found that cross- -flow filtration is
15 _:_ considerably fac;lltated if the cross-flow filtration
step is preceded by a dega51f1catlon step, which step is
.preferably carrled_out in a device in which separation
takes place in a centrifugal field, more preferably a
. _hydrocyclone Furthermore, in this way the control of the
- 20 - flow of filtrate through the cross-flow fllter is
conslderably facllrtated . In addition, it will be
 appreciated that the required filter area is less.
' Therefore, the present invention relates to a method
for separating liquid from a slurry of solid particles
25 and liquid contained in a vessel in the presence of a
gas, which ccmprises degasifying;the slurry and passing
the degasified slurry through a cross-flow filter,
thereby separating the degaslfled slurry into the 11qu1d '
_ and a concentrated slurry. -
30 Typically, the solid partlcles in the slurry are at
" least in part catalyat particles, and the vessel is
 typically a reactlon vessel in which a process can be

- carried out, - uslng the slurry contalned in the vessel as
:catalyst bed. '



German patent specification No. 32 45 318 . (DE-32 45 318) describes

a process for separating a 10 - liquid product streamfroma slurry, by
cross-fl ow : filtrati-on; which is carried out at substantially
reactor - essure, but outsiide the reactor. AccordjRgbd DU
‘enbodi rrentwotyﬁ%u‘g#urry i s cool ed prior to filtration. - di’ m%?t has -
now been found that cross-flow filtration is 15 conS|derany -
facilitated if the cross-flow filtration 4 - step is preceded by a
degasi ficati on step, which step is preferably carried out in a

device in which seBsamples of chemicadkpropeasesivhich ente idanydled iositd, more
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. of SO|Id partlcles tained in a vessel” in the presence_
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of a. g&%¥° F!'}hcco%?' PrgcefAges| 1p¢INdtd passing
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slurry. 30 S%Qﬁ?bg ié %f#&ﬁﬁoghggr th ?'g g‘s:i? nu hﬁ%ry '
| east in part G&FMSF"BQ?‘# et KOlbglrEngelhards| syathesis, polyn 4ry a

reacti axo vesselsynthesiialh andrBiscisexr-#rdpasch synthessisti ed out, using the
\SA'[;;; % 1gggt ai ned I fpj)ge Xﬁséekuﬁﬁxer aspectcaEﬁLyfa}s&g;%EgWﬁzbroazon
. : relatea to the use of the separation method as ‘described
- herein in a process involving a chemical reaction, which
'reaction is carried out in a siurry comprising solid
i5 particles, preferably solid catalyst partlcles
| The liquid present in the slurry is normally at least
in part, and preferably substantially completely, a
' reaction product. The method of the present invention
relates to separation of ligquid from the slurry. It will
20 be apprec;ated that if the llquld 1s only in part a
. reaction product, further known separatlon steps, such as
adsorption or distillation, may be necessary to lsolate-
the reaction product from the rest of the liquid.
Ways to achieve degasxf;cat1og are known to those
25 skilléd in the art. Examples of degasification methods
include disengagement and pressure release. Pressure
release is in principle feasible; but may be costly and
considerably increase the risk of solid (catalyst)
particle attrition. Disengagement may take a long time if
30 carried out in a batch or_semi-contihuous fashion. This
- may be undesirable at ele#ated temperature and pressure,
for this may induce e.g. cracking of liquid products, '
coke formation on catalysts or other solid particles, and
- hydrogenolysis. o '



- 4- ‘Exanpl es of chenical processes which.are carried out
in a three-phase slurry reactor are those which nake use - of solid
catalyst particles, use at least one gaseous - reactant, produce a

product V\hwg.),ﬁ‘;?‘l qui d under reacti on conditions, p@mi;mm of t en -
are highly exot herm c.-- Exanpl es of such processes include

hydrogenatlon processes, hydrofornylatlon al kanol ' synthesis, the
preparation of aromatic urethanes using - 5 rﬁ'carbon nonoxi de,
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the slurry is degas1f1e 1n a device in which separatlon

takes place in a centrifugal field. In view of lack of
rotating parts and slmple maintenance, a hydrocyclone ie
~ normally preferred. :

20 Hydrocyclones are known to those skilled in the art,
 and the skilled person is able to select the most
sppropriate hydrocycione for degasification purposes,
depending inter alia upon the viscosity of the slurry,

_ the'gas hold-up in the slurry and operating conditions. A
25  general overview of hydrocyclones has been published in
' Ullmann's Encyclopedia of Industrial Chemistry (1988)
Fifth edition, Volume Bz;'pages 11-19 to 11-23.
According to an alternative embodiment of the _
invention} the degaSificétion step is carried out by a.
30 continuous disengsgement method. '

S The method typlcally 1nvolves contlnuously
introducing slurry into a substantlally vertical
‘standpipe which is partly filled with slurry,.
contlnuously thhdrawxng gaseous compounds from the upper

35 - part of the standplpe not contalnlng slurry, and
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- now been found that a conblnatlon of a - hydrocyclone for
-degaS|f|cq* Pagdd Cross- flow filtration - . for Sepaﬁﬁﬁhﬁ@wﬁﬁmﬂ'qu'd
‘fromthe urry I's highly efficient and allows a rapid separation,
wi t hout the need - for depressurlsatlon , - Accordingly, in

one preferred enbodi nent of the - - kn@ention, the slurry is dega5|f|ed
in a hydrocycl one. : A hydrocycl one_can be classified as a-
mechani cal cont suupiaky g thdragdngndeapeht sepatluon frsreshgl dewern a 10

centrifugal fighe JhUshe BURHEPIDKG onuemraﬁesuﬁba& velocitySoffi | ar way

B non-rotati nbeHaranll dlddei AN s 1609, £rom the AMndpip A HBMEEC, 1%
rotating noventhen the upwaﬁdtlmaeﬁé68€19§msﬁd°bythﬁtgﬁﬁynﬂﬂaﬂquodndécted ‘

inlet. %5 resgﬂgsln A 'itaryl,0 a broader aspect of the invention,

the slurry is deg d in a ' t akes
place in a centrl?ﬁé *q?ﬁﬁiv(i?qi gwp f"Fgﬁar?W ngégegasﬁqﬁﬁgtF&grﬁXrts and
'si npl e mai nt en&noms, the hskandpiperis preferably foomed |61 hoefled &dmed0

Hydr ocycl ones ¢he Kg@*fﬁtI&ﬁéH?“%éﬂSélkﬁdoEntBQegﬁééaus compou, hdSe

or toganr T s onpraReRahycein 08 5 WO ramns.  modk Rrblagy en ' O
‘vi scosiX®y of tl@elskorfy4 times, thehsajsds upwhddupineat meskdairtyy. and '
”operatfng condi ti OBfe fpward linear velocity depends inter alia on the
. viscosity of the_elurry.and may very between wide limits.
_Typically, the upward-linear velocity will be in the
range from 0.1 to ioolem[sec, preferably from 0.5 to .
15 50 cm/sec, more preferably from 5 to 20 cm/sec.
' The continuous . dlsengagement method, like the method
using a hydrocyclone, is preferably carried out at -
B substantially the operatlng pressure in the reactor
 vessel. Preferably, the slurry inlet of the standplpe is
20 in communication with the slurry zone, and the gaseous
compounds outlet is in communication with the freeboard
zone of the reactor vessel. It will be appreciated that
" the standplpe ig suitably located inside the reactor
.vessel but, preferably, the standplpe is located out51de
25 - - the ‘reactor vessel. _
Following degasxflcatlon of the slurry, the
degasifled slurry is passed ‘through a cross-flow fllter,
_ in order to separate the degasifled slurry into the
"liquid and a concentrated slurry. .
30 ~~ Cross- flow filtration is a method known to tho-e
' skilled in the art wherein the residue (retentate) is
continuously removed from the filter by shear-of_the
“slurry which flows along the filter,'in tangential flow
to the filter element. The shear can:be produced by .
35 - rotating elements such as rotating_filters or rotors.



25 general overview of hydrocyclones has been published in

U | mann's Encycl opedia of Industrial. Chen1stry (1988) Fifth
edition, Volune B2, pages 11-19 to 11-23. . According to an

al t er nat woeo7ene9ddi ment of the . " invention, the deBaWEFI® 20 step is
carried out by a 30 . - continuous dlsengagenent met hod. The
nmet hod typically |nvolves conti nuously 7 introducing slurry into a
substantially vertlcal o st andpi pe which is partly filled with
slurry, . Preferddily ”‘l'x%%%lv)érw ther ane s wm&c@aﬁwueﬂé fromthe upper

s pare SRR Sndiod Al sanie, LG STHLY 300, contataslf
contlnuouslynmnr¢mhtamguylgmga§sf|éd99n§ray dveyrmieewe ofowgpss-£low part of
t he standpi pﬁlwﬂf&p dé?ﬁ‘h'e' Q%ﬁthfhoﬁii‘]Y-(ﬂfhmer Encywubiaéaw 8¢ degasified’

slurry from e i.s t-han near vel ocit
ofuth gaseoég Jl° %nggbntv?}PT?u}Qﬂ Gﬁﬂgs 542-515° VThe i
|l i near velocity Thevdnﬂuﬁngmfngcdegastheeﬂlhtxaugpn is usudildmp &he st'andpi pe
i r ef er abl t n city of
L iérééé’ﬁ‘}é) épor%%&'o%s tRBSfilter '{’/}Pgﬁ%@’i? Ogue 58‘@?59!:8 Ity

‘the gaseous tonmpounds pre bl {1 mes, nost
preferably fRERAP 1@Cross ???LQﬁ}tGr4iF|ﬁﬁsth?rﬁﬁgﬁﬁ(fqﬂmmér&°lFHeHPrveIOC|ty
The upward | Iheail) cébecppreddateds thatethal pregsurte@rop betweencosity of

ltlhﬁea'rou\rlg?/oggﬂuggy ¥R%¥t %I&%%%WE&&&;J? less tl?wl%'h%ogalﬂé nfh% upvard
preferabl y fﬁSﬁPoan?QF the filter, prefer ly at least 0.1 bar less
than the preassure drop across the filter. Preferably, the
said pressure drop difference is not more than 5 bar.
| Preferred crass-flow filters'cypically comprise éne _
15 . or more tubes, wherein at least part of the wall of each
tube contains a filter element. The diameter of each tube
typically ranges from 0.5 to 4.5 cm. The length of each
. tube depends upon the desired pressure drop between
_ slurry inlet and slurry outlet.
20 The slurry velocity along the fllters is typically in
" the range from 1 to 6 m/s. Lower and higher velocities
are possible but at a veloc1ty greater than 6 m/s the
pressure drop across the filter element should be rather
‘high to generate a reasonable flux of 11quid through the
25  filter. At a-veloczty ‘smaller than 1 m/s, the pressure
drop across the filter élement should be rather small to
enable removal of filter cake by means of shear. This low
pressure drop in turn results“in'a'low.flux of liquid
_ " through the filter. : B .
30 - The solid partxcles present in the slurry are kept in
suspension in the vessel by means of a gas and/or a
1iqﬁid auperficial.veldcity, or by means of a mechanical
mixing device, Thus, it will be apprgciated, the maximum
possible average particle size of the-éolid particies may
35 inter alia depend on the gas and liquid velocity, and the



15 50 cmsec, nore preferably from5 to 20 cm sec. The
conti nuous di sengagenent nethod, |ike .the nmethod - using a

hydr ocycl one, ‘i s preferably carried out at " substantially the
operatingV8%R8¥% e in the reactor vessel . Pref er aBYEEFYA0| y ry
inlet of the standpipe is 200 : in connunlcatlon with the slurry zone,
and t he gaseous . conpounds outletgis in comunication with the
freeboard ~zone of the reactor vessel. It will be appreciated that
t he standpi pedessity tdififerencat betiwvnehdthe heotishgaticles andvebsel , but,

preferabl y, gl N didediny Otakedvarish darficle sii® 1ECAGERT vessel .

Fol | ow ng degasifi cation Zb ngSIfled slurry is
‘passed t hr ougB¥eatshdhan Jy "M, prererably not greater than.f9Pa¢B-( he
degasifi ed slurryToraliGWNefficlent Eimurdthmnletypmuamayrahedaeénagq 30
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wherei n the residue (reten ate conti'nuo renp ron1the
filter by sheﬁ?at&eYrﬁP 5 pm, @Pﬁﬁr?rﬁﬁPE?P*YcR@Faﬂ egh&hpp ter, in -

tangential flDbov um. to the filter element. The shear can be produced by

| g?/ 31693r0.t ating PLEHb B holid BhathBgel ﬂ%‘%@%@“f 8‘%08%3“ in WD
-7- FPRFEr GORistR e Gatalystsparkicke, BRIy ofhsatalyst
vel ocialoy of  spefticlés Qw}h:@@waftﬁmf(l l&ﬂéecﬁléﬁgﬂé Particle NO
Lgt?ghgg ?Lezgg%é ﬁhgng%C ClOpeﬁ.QWOOLm?rogsngrﬁglly refer&%htt%tlon can
an ebullating catalyst bed, whereas a slurry of smaller §
catalyst particles, that is, hav;ng an average partlcle
_ size of less than 100 um, is normally referred to as a
.15 " slurry catalyst bed.
: ~ The preferred average catalyst particle size for an
ebullating bed ranges from 100 to 400 um.
-The preferred average catalyst partlcle size for a
slurry bed ranges from 10 to 75 um. _ _
20 . 1f desired, a mixture of catalyst'particles and othex
- solid particles may be applied. The other solid particles
may have an average particle size which is different from
the average particle size of the catalyst particles.
_ lVarlous options have e. g been discussed in European
25 patent application publicatlon No. 0 450 B859.
' ' Dué to attrition, the average (catalyst) particle
size may decrease thh time dur;ng operation of the
particles. It_w1ll be appreciated that the filter pore
_ openinga preferably should nbt allow sigﬂificant passage
30 of partlcles, even after some attrltlon of the partlcles _
Thus, dependlng on the average size of the particles and
the partlcle size distribution, the pore openings should
have a diameter in the range from 0.1 to 50 um, -
. preferably from 0.5 to 10 um.




Chemi cal Technol ogy (1993), volune 10, pages 841-847. The

~driving force in the filtration is usually a ~ pressure drop across
the filter. Typically, the pressure - drop across the filter is in the
range from1 to 10 bar. ' It will be appreciated thatP {o 3l e
drop bet weeWCPF1$ siurry inlet and sl'urry outlet is |ess fhan :
pressure : drop across the filter, preferably at least 0.1 bar |ess

t han-the pressure drop across the f||ter -F%eferably, the ' sai d
pressure-drop difference is not nore than 5 bar. ~ Preferred.
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of 2,085 and/of for cause A ARCLELEL lo) AU cafhabyereans of a

mechani cal

e appr ecl t he maxi num
possi bl e averagePﬁé‘F-’tqﬂeﬁ%- size of the solid particles may 35 - inter '
_alia depend on the gmse gifng @yl daevﬁbﬁﬁh.t_jlveat&td'a% and tends to
15 function less properly in the presence of gas. Therefore,

according to a preferred'embodiment, the slurry is
' degasified up-stream of the pump. ' . .
- Preferably, at least part of . the concentrated slurry J
is returned to the vessel. It will be apprec1ated that
20 ~  this is especially preferred_lf the concentrated slurry
' contains cataiystfparticles which are still active in a
prbcess'which is carried out in the vessel. The
circulation of . slurry may contribute to, or be fully .
- responsible for keeplng the partlcles in suspension in
25 the slurry
o _ Accordlng to a further preferred aspect of the
method, the degasified slurry is separated into a first
stream having allow.concentratioh of solid particles and
a secohd stream having a high concentration of solid
30 particles, and the first stream is sent to the filter. In
this way, less filter sﬁrface'area is required, and in
view of the low solid partlcles concentration, the
- viscosity of the slurry is lower and higher filtration
_ . rates are poss;ble Preferably, at least the second
35 stream is at least partly returned to the vessel. Further
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density difference between the solid partlcles and t he | i qui d.
- Typically, the average particle size is not - greater than 1 mm-
pr ef er abWO $BN6Yr eat er than 600 [er]m ' _ To aPCIEHEEVNME ont
. filtration, typically the average - particle size is not smaller than.
1. [err]m preferably not B snallerlbhan 5 [err]m nore preferably not-
smal | er than 10 [errlm - The group of 'solid particles

preferably atadwamiage®s of this emhd:dhm slmmﬁecaeabysttp:wiaml es. A
slurry of caifﬂégg ailda d e ggriiﬁifgargﬁqﬁﬁ% ?érr n?IVE|y | ar ge average

particle . - size, t I's at .| east is nornmally referred to

as . an eb&ﬂngﬁﬂggc§PaFyE?eﬁﬁ%FeQMﬁmh9§§m&n§kuFF? HEULT|der

. “catal yst par tseparmtedndntbsa Pirstoamd suwnd)etyahin thea device i ze of

oo than 10Qula0 luBod 330k BLIYs BIEH I O BRediHiony £i5ldT a2t yst.

bed. average ca 1ze Tor
ebul‘l ati ng béﬂ%r&feé%ﬁ'ﬁwewsm@mw ]amd simple maintepaneg eféer r ed

average cat alhydrquaydlioties i8i a0rhaL1Y preferredSJ urry bed ranges from 10 to

other 0 sl pheive FBECkEbe mlbyiid o SoetbPRERrRTY ded s

may - have an. awmae@%eqﬁarﬁqrc mespxepmfemn P Merae'ryehydfrpgﬂrbons from he
aver age part | Sy it @‘ast hﬁscéhﬁhiﬁédméiéﬁi&‘-fore, the cé-./eml RégvPptions

ngveoe45o 858‘9 bSSH a%D‘%L bhe ?H‘t’F%%er‘[D %é’ 2&)’8?’%5 at&%g%g{’%‘)l catfon
particle are %iqnndngpdygctbaseeaptipm|¢nndiniqq;-o§ypapabhyofthhe -
particles. |tr&&éti$ﬁ*&HMﬁé%ﬂﬁ%&@dlbhéhoﬁéﬁfiﬂlﬂﬁﬁ AR from 150008NI Ngs
preferably shgy# ot a||OMIS E 1Pa§§§§§%éﬂ%rom 5 %L particles, even
after some attfrti Fﬁ?ﬁ? ;_y ran - )
: i5 200 bar abs. _ ' o
Thus, accordzng to another aspect of the present
invention, there is provided a process for the
preparatxon of heavy hydrocarbons, which process _
comprises contacting a synthesis gas in a reactor vessel
20 with a slurry of- solid catalyst particles and a liquid,
thereby producing heavy hydrocarbons, and separating the
liquid contalnlng heavy hydrocarbons from the slurry by
the method as described herein.
. Hydrocarbon synthesis catalysts, that is catalysts
25 .. capable of catalysing synthesis of hydrocarbons from
hydrogen and carbon monoxide, as well as suitable methods
to prepare such catalysts, are known'to those skilled in
- the art. Hydrocarbon aynthesis catalysts typically
comprise a Group VIII metal, Supported on a catalyst _
30 . carrier. The Group VIII metal is preferably chosen from
iron, cobalt and/or ruthenium, more preferably cobalt.
The catalyst carrier is preferably poroue, such as a .
porous inorganic refractory'oxide; more preferably
alumina, silica, titania, zirconia or mixtures thereof.




-Thus, depending on the average size of the particles and - the |

particle size distribution, the pore openings should’ have a.
diameter in the range from0.1 to 50 [err]m . preferably fromO0.5 to
.10 [err] mwo 9731693 WD 97/ 31693 : ' PCT/EPIIRIC02Z
“PCT/ EP97/ 01002 R L -9 - Al though
in principle it is possible.to conduct t - - et hod inside the vessel,
it is preferred that at |east .the Tilter is located outside the

vessel . ‘This is intRE optimum HrckmtdwENLAELDYS ¢y RIdHiRARMEaleasons and
- ease of 5 manuf act ur e

met hod may be BAFPPRY %’l‘]ttlb%rrhua'rs"‘rﬁ%rfsR]?%Béh%g%e’?\tégrgsa £ % glr}‘fséfp g?%%?’ £t %Ih'? er,
' wi thout the neestédyticahly -atduvveometiad . Typicallgsdihe amount of .
Typically, at beBaitOpfedsrld irf tHtldaedlysti hapl fardde fromP4 e are known to -
those_ 'slg I Iled |§0t he ﬁét' I&ej\_mﬂé be%_ 0 g' rematetgot at _rr.%ferabl y a,
punp is sel ect 8§OWRPE weight pex, 00 pRETES Ky Weighh, O ST 8n of the
~ catal yst. matpaialcl peeferably from IRetpufp payts oy avesightypefor gas -
~anhd t_ends to 1300 parébm%imé}fbs%@%%rik¥ hArébeaPresence of gas.
Therefore, 5 cco‘-_:r1 | o ahpra%q_‘cirvree‘c‘ile%ggodl nt, tehe §_1Iur_r¥_ s
degasi fied up-stredRfof 'E?‘Fg%p’tﬁﬁ‘} rBFErEhIRE R th8art of
t he concentrat edtalystytogether with ener wrdmovet hetakgyaimotersiidy dee _
apprecigg ed thahegQysts. Phé profstiGd HalyybRr Lesert dd ddiarPaenly at ed
sturry _' . the metal oxide, ‘depending upon the particular promote'r |
concerned. Suitable promoters include oxides of metals
from Groups IIA, IIIB, IVB, VB, VIB and/or VIIB of the = °
Periodic Table, oxides of the lanthanides and/or the
is actinides. Preferably, the catalyst comprises at least
| one oxide of an element in Grbup 1VB, VB and/or VIIB of
the Periodic Table, in particular titanium, zirconium,
'_manganeée and/or vanadium. ‘As an alternative or in
addition to the metal oxide promoter, the catalyst may
20 comprise a metal promoter selected from Groups VIIB
and/or VIII of the Periodic Table. Preferred metal
promoters include rhenium, platinum and palladium.
A most suitable catalyst comprises cobalt as the
_ catalytically active metal and zirconium as a promoter.
25 " Another most auitable'catalyst comprises cobalt as the
| catalytically active metal and manganese and/or vanédium"
as a promoter. o _ o | o
The promoter; if present in the catalyst, is
typically present in an amount of :from 0.1 to 60 parts by |
30 . weight, preferably from 0.5 to 40 parts by weight of
éat:ier material. It will however be appreciated that
the:optimum amount of promoter may-vary'for the
. respective elements which act as promoter. If the
) catalyst comprises cobalt as the catalytically active
. '_ 35 metal ;nd manganeée and/or vanadium as promoter, the




contains catalyst particles which are still active in a " process

which is carried out in the vesSeI The ' circulation'of,slurry my
contribute to, or be fully . respon5|ble for geeping'ths paLtches in.
" suspension in 25 the slurry:. | o According to a further
prePerred AP the . “method, the degasifi ed .s| uPFVEPY/ME®3ar at ed
into a first ' strean1haV|ng a Iom/concentratlon of 'solid particles -
and : a second stream having a hi gh ncentration of solid 30
particles, and the first streamis sent to the filter. In - this way,

less filter suréebsler ea(mendatise advanadiin) molar rat®wiyf the low'solid
- particles conceg&&gﬁe&g&oﬁg¥k at &e a égc sity of the slurry is |ower and
r o

hi gher filtration Fe. Preferably, at |east the
second 35 st r B¢ i Klauid mﬂsep&r tinythet eltmeu( tics tnivasty essiclabliyuat her

WO 97/ 31693 - product of a fhg[dhrocarbon eynthee:.s l%’ﬁél eszgl gltl ttiingar
- 10 - es..0 | | c

inter al | a due ?ggfgér??%oasslqﬁsﬁﬁﬁ&ﬁb%ﬁ Affernat mvdl(rﬁ?ftié‘eé)
preferred embodfmede, othefxahions or liquidspphy@lefhnmtmya Ye lis‘edand
second stream i prar@eabEP, ithe uquidﬂebﬁEaE aﬁf”éd&&ﬁﬁl}ﬁ@ %ﬁg) n

centrifugal field. %PL V|em/o rotatin

mai nt enance, a Parariipig hydrqcarb qQ§ nSVHﬁF?} bre?eﬁ#&hiy parafflnlc The
above descri bedhnérdaodrben rlisjuigt eontaling aseleast 70% by weigmlgess for the

pr epar atzipon of Qéfé!r L OSO¥ 18P WeltighE, 18na. moréyﬁ%éfa%lgf‘%oﬁ%f““ | ned
her ei nbef ore, §£n1pea¥?effinic hydrocarbons.
The hydrocarbon synthesis process is preferably
carried out at a temperature in the range from 125 to
350 °C, more preferably 170 to 300 °C, most preferably
is5 | 200 to 275 °C. The pressure preferably ranges frdm 5 to
- 80 bar abs., more'preferably from 20 to 60 bar abs.

' Hydrogen and carbon monoxlde (synthesis gas) is
typically fed to the process at a molar ratio in ‘the
range from 0.4 to 2.5. Preferably, ‘the hydrogen to carbon

20 ' monoxide molar ratio is in the range from 1.0 to 2.5.
The gaseous hourly space velocity may vary within
wide ranges and is typlcally 1n the range from 1500 to

8000 h~1, . .
The process for the'preparation'of hydroearbons may
25 - be conducted using a slurry catalyst bed regime or an

-_ebullating catalyst bed reglme :
It w111 be understood that the ekllled person is
capable to select the most appropriate conditions for a
specific reactor configuration and reaction regime.
30 . Preferably, the superficial gas velocity of the
- synthesis gas is in the range from 0.5 to 50 cm/sec, more
preferably in the range from 5 to 35 cm/sec.
- Typically, the superf1c1a1 llquid velocity is kept in
the range from 0.001 to 4 0 cm/sec, 1nclud1ng liquid



hydrocarbons as used herein refers to hydrocarbons which = are liquid

under the reaction conditions. Typically, the. - ~ reaction tenperature
is chosen in the range from 150 to . 400 [err]C. !Dﬁ : e
typi cal | yYYPAHYEB from 5 to 15 200 bar abs. . 'nﬁ§ﬁ§ﬁﬂgaccording-
to anot her aspect of the present . i nvention, there is provided a

- process for the ' preparati on of. Rgavy hydrocarbons, which process
conprises contacting a synthesis gas in a reactor vessel 20 with a

slurry of sol pdogatelos! mriferably, apHeastpepfitial liquidt ketebytpr oduci ng
heavy hydrocatbon n rati,ng e A& &QNt apni avy
hydr ocar bons %?oﬁ?%%%%lﬁf%ep%y 189chi ra?%%irfrxé?ém(gl&gg ggs--%r_'lbbgggﬁgrgéi n.
Hydr ocar bon synt hkgjwikathe ppprecipgedi thak:thy fegtopreferredpapl e of
cat al ysi.ng S)@h?@ﬁfieﬂl it veQbaityomay depend yrdrhgeprafidreadbon

d

nonoxi ¢ge, as | i | e et hods . to prepare such catal ysts,
are kngVn-to %ﬁo?eg€R$¢%é§¥%é%' "the art. Hydrocarbon synthesis

catal ysts typical I§ the separakipn 48 garrbeqd out |infdde theuygspedd on a
i Tom cobal t B e e et al yst
' L;??iefoig prgFg?§¥F§qEEﬁ%ié§ %Jg%h%Q%P§“ iSR,ya {%ﬁ%ﬁﬁ?ﬁlﬁbﬁﬁghic refractgry_
oxi de, nore psuperfibtjal liquid seleicity wayi be prefemred. AL eonitheor
m xturgs ther geher hand at MRASK/pakR93f the separation. is carried out -
11  outsifg ORL'JHIRAPU G 0heSALAPYLECRLLY AR VBRI iy
may be preferred. It belongs to the skill of the skilled
" person to select the most”appropriate supérficial.liquid'_
velocity, having regard to the preferred mode of
15 operation.. | S |
As outlined hereinabove, acéording to a preferred
aspeét of the invention, at least the filter is located
outside the reactor vessel and the sebaration is carried
out at substantially the séme'pressure as applied in the
20_'  reactor vessel. Prefefably, the installation required for
| carrying out the method as described herein is located
outside the reactor vessel. Acdording to another
preferred embodiment, the degasification device is
located inside the vessel, and the remaining downstream
25 part of the installation is located outside the vessel. .

' - Hydrocarbon synthesis catalysts generally tend to
have activity for hydrogenoiysis, which may result in
undesired methane formation by cracking of liquid
hydrocarbon products, and adiabatic temﬁerature increase.

300  Purther, coke may form, affecting catalyst life and
activity. It has recently been found ;hat'eSpeciaily in
the absence of Efntheéis gas;'and in particular hydrogen,

lthg hydrogenolysis activity is high at high operating
_ temperatures inlthé slurry. Theréfore; according to one
- . 35 preferred embodiment of ﬁhe_invention,_at least that part




present on the carrier depends inter alia on the specific B :
catalytically active netal. Typically, the amount of . " cobalt present

in“the catalyst may range from1l to - . 100 parts by weight r 100 _
parts by WRSTHE930f carri er -~ material, preferably f"fc(!'fﬁq’iwg?? 50 parts |
by wei ght per 100 parts by weight of carrier material . :
‘ The catalytically active netal nmay be pr. %sent inthe cat al yst
" together with one or nore netal prom)ters or co- 10 catal ysts. The

pr orm: ﬁrs ma%/obetﬁé eéﬂmrﬁ&:na%t algs s@ﬁtaﬁo the fm{@;} rra@alcoaxetde deloelndlOI ng
pon e partlcu (0] N, a ronoters 1 nclude.
oxi des of mtﬁfﬁkerag{y rEcF cﬁntﬁﬂg’ﬁﬁgt}’rﬁ °1£’ f%ss % %Ig% VEB and/or VI 1B of

the . . Periodis aizp | embasliimens of the imnventivrdeatadeast thatl5 . -
actini des. Pf:oﬂ‘@r@f)'ﬁ/he té?ﬂxfﬁl gt SOBEﬁtSE'é e |ﬁ‘1~°tfer is coo®B@& Oxide. Of
an elegent in Goup |VB, VB an r VIkEﬂﬁ Peri,odic, Jable, in -
particdl ar tiFanfubfBSrHRLR Tess nh&hese aﬁﬁ:l/earrenv&ﬁéﬂl GRPRAs an

alternative on.aDn°C It 1sad.tbua1dry nott hecemsaly ool demicedt €o, cobd cat al yst
may -20 CogBt et |od| #V&E@te%% %ﬁ%ﬁci%’ *éo%ﬁﬂﬁ%ﬂﬂ | ot

and/or VI abl e.” Preferred mefal® pronoters
i ncl'ude rheni 4fPSpFBER NHAR arﬁj' palladium = . . - A npst suitable

catal yst conprisestcebbl tbéiSaﬁﬁﬂclated thaat ebtylimldsy sach waynbeal and
zi rconigim as ﬁlﬁéog%&m §$ cﬁb‘%tl eggéli:i%i'}}a{)f G A q@npri ses
il cal dtiv

cobal t as the and nanganesé€ and/ or
vanadi um coolgd ’éPpTl l@gr lov ‘temperatu¥fe pronpter, if present in the

catal yst, i S '~ An afivahCade wﬁ)rtﬂ-&erﬁeplam-aamoﬁnasmocmfoﬁ reha Q:rhsteatGO .parts
Bgr ?loer ‘materi Q%Bengﬁgﬁei?ﬂ%aé r&{g the% Ea&p%f)l;ég pj{" %Y1 %@I@Ht o the opti mum
amount of pro#ﬁ@éﬂ“ﬁayFV§F§e¥or rﬁbe 539351fF6§p§é¥¥V% % SARATANSY ch act
as pramt er. |ifn hhelrst: and ﬁé&@kdﬁtmmr andsofilPathe agitdte saterlnyt i cal | y
active 35 PLahe20d FRAIRIFES AL avhARE' YL S RES DI of N®
o catalyst in the separation system is reduced even-
further. Thus, éccordihg to a preferred embodiment, the
‘average residence time of catalyst-containing slurry
20 outside the reactor vessel is kept to less than
10 minutes, more preferably less than 5 minutes, even
more preferably less than 1 minute. Typically, the
residence time will be more than 10 seconds.
It will be éppreciated that a relatively short _
25 residence time may reduce the desirability for cooling.
According to a particularly preferred embodiment, the
part of the slurry that is ‘sent to the filter is cooled
'~ to a temperature which is from 5 to 75 °C below reaction
temperature, preferably from 10 to 60 °C below reaction
30 | temperature, and the residence time is less than |
.10 minutes; preferably within the above ranges.
It will. be appreciated that preferred embodiments of
the process, such as coélihg_and/or separation at
substantially reactor vessel pressure, may also'be
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- 12 - cobal t (manganese + vanadi um nolar ratio is

advapt ageously at |east 12:1. The liquid present in the slurry
I S .nmost sui product of a hydrocarbon synthesjsypéfpfng. | N
- particul ar &8%1"}‘“93 process as described herein. Alternatively, (refined)
"crude.oil fractions or |iquid polyolefins may be used. Pref erably,
the liquid contains predoninantly highly= 35 - paraffini c hydrocar bons.

Typically, a highl araffini ocar bo | qu tai ns | east

- 70% by wei ght, cfeb? ae?‘gl? %*V%A)QD"J]*&? %Bc’énasn%‘r’ 'pre Lt a ﬁeadl dﬂ’% by
swei ght of par af ﬁiﬁﬁsrhyur%mmgand Processes The hydrocar bon synt hesi s

']procei;SIts preferabirugomethod &rd g xeste%tst o2t thet ﬂ‘éﬁéﬁ% (L)%:ﬁréx{tﬂdéﬁ arz%ntge
rom o Iy 0 err ms

preferably 15 f“rtﬁ‘ﬁﬁ‘ % 2%‘%’[%? c%(fpaﬁh 1%?%%?% Eeﬁ?%f‘é?a%’f !}e:ﬁdefqdr om 5

to $ 80 b&-. abs., nore preferably from20 to 60 bar abs.

'Hydrogen and car bO“FEE{IQé' ﬂeséﬁé/rﬁﬁﬁ‘ﬁdlsl %’é}nlc%s a flow E&K\éﬁ@'iry Wikt o
the process at a_nmolar rati,o in

by ot onl s Che Sy whEhaaut o Vesﬂ?an?}fgﬁsgﬁﬁ%e?aw FEian, ot

range from 1.0 teopmp, and down-strdim afasdeupuimpuche degasifiedoslurrmy
vary within a tanges _ ¢ fout y e 0to
- 8000 h[err]. is pa‘E'sQ EB 4 rf)@ggsf?%r yﬂ#wljr ecg?g%lﬁglri&e?a Bicf'liocar ons
my 25 10 pe @&ndﬁ@?&diﬁsPﬁgtarET"ﬁF‘i‘%Fléﬁ’t aFIhfs 'e5gg Ll agfnepbionglly in
ebul I ating cat alpsstt hred¢ycdgdneo the filter. It wl | be understood that the

skil'l ed person IS . pigure 2 schematically depicts a ‘flow-scheme in wh;ch
_dega51f1ed slurry is separated into a first and a second °
_ ‘stream and only the first stream_is passed to a cross-
15 = flow filter. o _ _ _
With reference to Figure 1, reference number 1
depicts a reactor vessel, equipped with gas inlet means 2
and gas outlet means 3; slurry inlet means 4 and slurry
_ outlet means 5. if:desired, the vessel further contains
20 separate liquid inlet means 6. Other features of the
reactor vessel such as coollng means have been omltted
lfor clarity reasons .
"In operatlon, the reactor vessel 1 further contains a
slurry 10 of solld particles, typlcally solid catalyst
25 particles, in a liquid. The solid particles are kept in
suspension by a suff1c1ent1y hlgh superficial gas
velocity, and/or a suff1c1ently hlgh superficial lquld

velocity. :
Slurry 10 is passed from the reactor vessel 1 via
30 slurry outlet means 5 and line 11 to hydrocyclone 12. The

hydrocyclone 12 comprises a separation chamber of _
circular cross-section, containing an overflow outlet in
. communication with liné 13 for gas separated from the
- slurry 10, and an underflow outlet in communication with
. 35 . line 14 for degasified slurry.'i.ine 11 is in



capable to select the nost appropriate conditions for a speC|f|c

reactor configuration and reaction regime. 30 : - Preferably, the

superficial gas velocity of the - - synthesis gas is in the range from
. 0.5 to 50woe78e63 nNOre - - preferably in the range f POVEBIN0A0BS C sec.

Typically, the superficial liquid velocity |s kept in ~ - the range

from0.001 to 4.0 cn sec, |nclud|ng liquipd _ WO 97/.31693

PCT/ EP97/ 01002 S - 13 - producti on.

the range fro reci ated that

Preferably, ”&nﬁ:ﬂﬁﬁ!cfalt@.b%' whtauad Y& S€ i dne cangentum:rgeaﬁfa@iad kept in
t he nost pref et red ‘ p%ﬁpé???%la? ?helﬁ%fﬁﬁéong &i end on the

preferred diamﬁﬁﬁ§’@¢ &her gepanation chamber ﬁeernessepéxem|©he|s carried -

‘ -Eut IP?II de theweequlw outlett eadtaehwaeﬂrw GuitQle@Gi hhsmtesefl ttl'ifﬂu' red to
eep - cata rticles in,sus sion, are Y

superf|C| al Il%ﬁﬁrcfvg ?\? cﬁssﬁﬁf’ér‘?%%lﬁ“f’“&n Pﬁ Tﬁa g{ o??l'&? hand

at |least part Rﬁrum@%m sepemationachamken tave a consbanti déaméeewessel ,

a higher superfy Gixd diix@iedonebeChy underfloﬁ“ﬁhd%%tpreferred I't bel ongs

to the skill of t skille per spn tQ,sel ect t -appropriate
superfici al ||<mui¥3ternatlvﬁéwbcP¥9r FECARE ety 5 X€8 Fﬁ@gnggfﬁrred node of
15 oper atstandpipe 25, as ShSWDukhlﬂEgthﬂﬂ% nabove, accordlng to a

referpgd . [ t L S Iocated
p X k; v?gggel %e hm&e&l& P8 pisd £AY ol R 8&5 Eebw!

out si de the reeft e segaratlep 'S carrle
ter 16, v1a pump 15 iquid filtrate leaves the cross-

flow filter via line 17 and concentrated slurry via line
18. At least part of_the concentrated slurry may be
returned to the vessel 1 via line 19. Optionally, a part
15 of the concentrated slurry is recycled to the cross- flow
. filter 16 via line 20, line 14 and pump 15, '
Part of the concentrated slurry may be. w1thdrawn or
new slurry added, via lines 18 and 22 respectively. _
Optionally, the-degasified slurry is cooled by heat-
20 exchange means (not shown). o '
' With reference to Flgure 2, the reference numbers
'ccrresponding w1th reference numbers in Figure 1 have the
‘same meaning. |
Slurry 10 is passed from the reactor vessel 1 via
25 slurry outlet means 5 and line 11 to standpipe 25.
' Alternatively, standpipe 25 is replaced by hydro-
'cyclone 12, as shown in Flgure 1. _
Gaseocus compounds are withdrawn from standplpe 25 and
returned to the freeboard zone of the reactor vessel via
30 line 13.
' ' Degasified'slurry leaves stanapipe 25 via line 14,
~and is paased via line 30 and pump 31 to hydrocyclone 32.
' In hydrocyclone 32, the degasified slurry is
separated into a first stream having a low concentraticn



out at substantially the sane pressure as applied in the 20 ~ reactor
vessel. Preferably, the.installation required for carrying out the
. met hod as described herein is |ocated - out si de the_reactor vessel

- Accor di ng W %3ateer preferred enbodi ment, the deBGEFF®%on
device is . - located inside the vessel, and the renmining downstream
25 part of. the installation is |ocat d%out5|de t-he vessel . _
Hydrocarbon synthesis catal ysts generar1§' end to o have act|V|ty for

hydr ogenol ysi Sof"‘%bﬁf‘drﬁrtﬁﬁ@l d diit a second BERSA HhIRIAIGE! L ON by

cracking of rocar r £ and adi dbati c tenperature
i ncrease. 30 °°n°F%F¥?E&°“ YFSrE?rE ¢ %?rng catal yst life and

activity. It has rEheﬁhf@mdnynicmmuﬂd tbapriseeca addparation chambeireofibsence

of synthesis g@%reﬁﬂﬂ éfﬁlééaﬂfyh hﬁ@ﬁﬁﬂfﬁ1 an oveﬁﬂfédvﬂﬁtQQﬁnghys's
act|v1t%%|s hi gh™ at efatures 1n urry.
r

eratind
Ther ef o accGPHPHBLE tﬁﬂg nepPéfSPFeH Fnﬁﬁrqﬂm¢l§§a APent i on,
at | east that paderflow outld&ﬁﬂi&&ﬁﬂﬂnicatlon with line 40 for the

PCT/ EP97/ 01002 t the
siurry that is SSﬁPd stream, %ne,au 1s 1n cammunlcatgéh #%ﬁ%ﬂﬂt lé%st

t enper at ur e ofones§apaant§@tﬂxw##qqsted'feed lnlet}nPEPE#WﬁﬁﬁMEQHﬁh? of t he
i nvention, at levexElbWabutlet. ThwmIdiatetelcof! theysépatat iSors tiantb@rt he

filter jg cool doranges Efof {.»;y Sidelcs Qe 8eoebnen Wiz epty oven | ess

t han usua necessary nor o cool ,
to a tenperatuﬂ@téﬁtbe§§"Fﬁ9§- qeﬂqqmsassréﬁeaab|9eC¢ﬁﬁarl Y  less than
- 160 [err]C. continuous. Optionally, some parts of the separation

chamber have a constant dlameter in the direction of the
underflow outlet. '
15 . The first stream leaves ‘hydrocyclone 32 via line 33
' - and is passed to crosa-flow fllter 35, via pump 34.
Liquid filtrate leaves the cross-flow filter 35 via
line 36. A concentrated slurry stream leaves the cross-
_ flow filter 35 via line 37. Optionally, this concentrated
"_-20 . slurry stream is in part or fully recycled to the cross-
' flow filter 35 via line 38 to line 30. According to a
further embodiment, this concentrated slurry stream is
partly or fully recycled to line 33 rather than line 30
_ via line 39, Preferably, this concentrated slurry is
25 partly or fully recycled to reactor. vessel 1 via llne 42
 and 40, :
| The second stream leaves hydrocyclone 32 via line 40.
At least part of the second stream is returned to the
reactor vessel 1 via line 40. Optionally, slurry is
30 'withdrawn from the recycle, or new slurry added via
) ‘line 41. _
Optlonally, the degasified slurry and/or the first
" stream, preferably the first Stream, is cooled by a heat -
exchange means {(not shown) '



‘It will be appreciated. that coollng as such may be 10 ti me-consum ng
and costly, especially if the slurry is : cool ed to a rather |ow
tenperature. : ‘An advant age of the'separatlon met hod of the
‘present  wosmsiédvention is that the residence tinme can BEVER0183 a
‘mninum Further, if the degasified slurry is separated 15 ina first
and second strean1 and only the first stregm - is sent to the filter,
t he average residence tine of catal yst in the separation systen1|s
reduced even wlthurElﬁeren&'euagamctm Figureola preypical prdmslsrent ,

the —  aveage fies EQF}—“Eﬁe gﬁspgfax[ﬁiz&x?'dﬁhe‘a%t ﬁ&&kaga%&‘iﬂ weibid

out side the reactor vesse ptto ss-t han m nutes, nore
pref erabl y | esPa e PLPWEres, even . nore preferably |ess than 1

m nute. Typically, symhesis gas;ehavlmgea thydrogehl tbecapben tiamoxdideseconds.
It Wil ge appr"rﬁ)gbaaﬁt %:&Pabfaabﬁhé‘té\’f' Yig Q%t&o&ﬁged 18£85£Q§8198r“ e nay

reduce the desi Ity _
particul arly pregaseled @#ﬁoﬂ?ﬁeh?leFH@?ans 2. Unﬁ&PPeEFthgagl%?r?e¥}uﬂ i's .-

- .sent to the fi |atserga8écm@0bﬁ'dducts leat® the ergaetatunvesselchiasgasom 5 to 75

[err] C bel ow reauq:[tleq__nme ' tenperature, preferably from10 to 60 C bel ow
reaction 30 '

enpera ure and the residence tine is less than
10 mi nutes; preferéﬁ&yEWNFKNhlphecaﬁéﬁ%ﬁﬁeﬂhﬁ&# 30 % by volume|@fyj|| . be

appr eci abed t hadaty Bfetl,F @ QTad-FRaeShabis. The cathQyBtOegpScadlgh as
o0oling and/ or SRR Alae ks on o pSPBS) LAY, 25 QG UeiEEL Pressure.
PCT/EP97/01002 alumina, zirconia or tltania ‘The ave;gge.partlcle 91ze
- of the catalyst particles is in the range from 10 to T
50 pm. The slurry_liquid is a mixture of heavy - o
15 hydrocarbons produced in the process. '
100 m3/h of. slurry 10 is withdrawn from the reactor
'vessel 1 via slurry outlet means 5 and is passed via
line 11 to hydrocyclone 12. 10 m3/h of gas leaves
_ hydrocyclone 12 wvia line 13 and 90 m3/h of degasified
- 20 -slurry is passed from hydrocyclone 12 to cross-flow
filter 16 via liné 14 and pump 15. In line 14, the
"degasified slurxry is:optionally'combined with 10 m3/h of
concéntrated_slurry containing 35 % by volume of
catalyst, which is recycled_from cross-flow filter 16 via
25 - line 20. 13 m3/h of liquid filtrate is withdrawn from the
| cross-flow filter 16 via line 17. 77 m3/h of concentrated
slurry, containing 35 % by volume of catalyst is passed
to and introduced in the reactor vessel 1, via line 19
_ and slurry inlet means 4, and 10 m3/h of concentrated
30 slurry is opt1onally recycled to the cross-flow filter 16
o via line 20.
With reference to Figure 2, a typical process
gcenario for the preparation of heavy hydrocarbons, would
be as follows. -



preferred enbodi nents of the nethod as such, when used in - different
set-ups and processes. - The nethod and process of the present

i nvention are further set out. in detail with reference to Figures 1.
and 5 2. Figure 1 schenatlcally depicts a f in

whi ch w%?’@l‘?’ﬁ wi thdrawn froma vessel is degasified B’&%ﬁﬂ%ﬁ&ot |
a punp, and down-stream of the punp the degasified slurry - is passed
to a cross-flow filter. ‘Concentrated sIUprysis 10 . at least in part
returned to the vessel and optionally in part recycled to the -
filter. - - Fhgureagterheneselal |is dmsiratedainl bhessaweewayn, whi ch
tlegasi fied sluriging Eﬁéafsaih@dcaﬂal)yﬁtféé et 12352608 He proceseStream and
only the first stream.is pasgsed to a cross- 15 . ‘flowfilter. .

Wth reference FgeﬁfﬁﬁPe°? ?%Vﬁ?e%ce number 1 deplcts a reactor.
vessel , equi pped mnﬂﬁoga§/hn¢ét5h@an$ 0 is withdwagngfzomoneaetoneans 3;

s urry } r%ﬁ} ma@’é%tsélaﬁldxz%lauéil‘irry out}[e@%eléﬂs LAY 3Is basgsa'w% the
vessel further cqntains e ans

features of thei 11 tPeﬁE?Eﬁpﬁgga% {éﬁﬁﬁéléﬁgﬁﬁﬁg CES ﬁﬁ%EdBé%%
omtted 250Nlalaun3y13eaadn30 m3/h of degadifiedesatirey, ikhpaseedtor
vessel 1 furtherfxraqmseaaaggpe 25 to ﬁy?%w%l%,f% 320id BIGET Shesyshypigally

solid catal yst 25 icles, Lnh.a e SO|Id articles are kept

in  susp@iE EnmBy 34 - s IR hydeaey "gH’?s'u siuxrygie separated
veIOC|tleand/onmacsafERCBEnBtyehmghfsh@eﬂf[ﬁnqﬁndaumﬂmg 5% by volehecofy.

Slurry 10 1S PasstdiseMabicar 860N ¥ePem dr st wiin gentiiing ﬁgs‘lﬁ‘}

nmeans 5 and Ilne 1 fo rocycl one 12. ocyc
conpri ses a separatimn h&ﬁﬁ@iYEF " C|rcular cross 'secti on,
contai ni ng an overf IThe setbed sbream is retunnﬂﬂ(nﬁlnmaGWDthvésaells Voa’ gas
separated from tifige 40. slurry 10, and an underflow outlet in
connunlcaélon with 3 line 14 for degasjfied slurr Line 11 is’in

: T e flrst stream 1s passed to cross-flow filter 35.

13 m3/h of liquid flltrate is withdrawn from the cross-
flow filter 32 via line 36. 2 m3/h of a concentrated
_flrst stream of slurry contalnlng 35% by volume of .
catalyst, leaves cross-flow filter 35 via line 37 and is
20 returned to reactor vessel 1 v1a llnes 42 and 40.
Thus, it will be apprec1ated that, as compared w1th
the embodlment of Flgure 1, in the embodiment of
Flgure 2, a much smallexr slurry stream, hav1ng a lower
catalyst concentration has to be passed through the
25 f;lter for the same productlon of liquid filtrate.



wensn cor MMM

communi cation with at |east one tangent LT eet ed
feed inlet roxi mate to the overflow outlet. The ?ﬂt Bﬁ of the
separatlﬁﬁ'éﬁgﬁber decreases fromthe ~ . -overflow ol @H@ %h
underflow outlet, however, this 5 . decrease is not necessarily

continuous. Optionally, sone - " parts of the separation chamber have a
const ant di aneter ' in the dlreCPIBQ ef the underflow outl et.
Al ternatively, hydrocyclone 12 is replaced by a - standpi
shown in Figure 2. 10 The degasifi ed slur
cross-fl ow ~filter 16, via punp 15. Liqui§

Cr 0Ss- ' flow filter via I'i neClZ I Ma@ce _
18. At |least part of the concentrated_slurry.nay i returned to the

vessel+1l via line 19. Optionally, a part 15 of the concentrat ed slurry
i's recycled th t Hemethod fpsyseparating |Jiquid) fremaa) pheryy, of sRlid and

punp 15. particlesPand dfighbla eomcehiedtiod ashveseylmis bRew t hdrawn or

- new slurry a Ve I| e 8 2 t ] vel |onaII ,
t he degas?/-f [ gcg‘e% urclry | sgcgo%édag‘q % c‘%“?"%‘ac é d% ex%ﬁg g ﬁ%ﬁn%l‘g d
shown) . and passjjngh thef éPEﬁE fied My throwghy af ereneefhwmer s

~correspondi ngfm&érrea‘xﬁ%@eraumgrﬁheru it el BAVe riNento the sane
meani ng

h sel 1via 25
STarry ot 1 er - apd A hpisn aPASE Y og 1o0 O veseel T via ®

2. A method as claimed in claim ‘1, wherein the slurry is
degasified in a device in which separatxon takes place in .
a centrifugal field, preferably a hydrocyclone _
10 3. A method as clalmed in claim 1, wherein the slurry ls
- degasified by a continuous disengagement method, .
preferably a continuous disengagement method which
~ comprises continuously introducing slurry ‘into . a
substantially vertical standpipe which is partly filled
i5 . with slurry;'cohtinuously'withdrawing'gaseous compounds
: from the upper'part of the standpipe not containing
slurry; and eontinuously withdrawing degasified slurry
from the lower part of the standplpe, wherein the linear
' veloc1ty of w1thdrawing dega51f1ed slurry from the
20 standpzpe is lower than the upward linear velocity of the
' gaseous compounds present in the slurry.

4, A method as clalmed in any one of the precedlng
" claims, wherein the filter is located outside the vessel.
5. A method as claimed in claim 4, wherein at least onme
25 . pump is applied, and wherein upstream of the pump, the
. slurry iszdegasified; and wherein at least part of the
concentrated-slurry is returned to the vessel. |
6. A method as claimed in any one of the preceding
claims, wherein-the degasified'slurry is separated into a
30 | first stream havxng a low concentratlon of solid
' _ partlcles and a second stream having a high concentratlon

. _,._,—’—-

is Sheet Has Been R‘ﬁaced
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o Loty oSy pe 29 1 e nced by e are w o | INMEHERANAN AN

'standpipe 25 and - réturned to the freeboard zone of t ie feaCtor
vessel via wdorsigesline. 13. ' - Degasified slurry P@Hmmmandpl pe.
25 via line 14, and i's passed via |ine 30 ang—puEp-3t-—t-aem—mra
hydrocycl one 32. ' I n hydrocyclone 32, the d$gﬂ§$mEEﬂH§$BEEM Il S

separated_lnto a first stream having aItmﬂkx#mentratlon REPLACED WO
97/ 31693

- 17 - SF g8tid %’F’ijr%‘r"e%' and §h§eéb’ﬁﬂt s‘i“?’é“aﬁﬁ‘ H‘aﬁ/r‘-ﬂ‘r’gltatm ghe

. concentration ofitweal yst particles. - - The hydrocycl one 32

. conprises a separat ﬁ@&rh;sr f | ar F&?nlln'lng
an overfl ow out ?et f‘?\'ﬂee dﬁﬁqegalpo%ié\f#h% |%@§%Kfor thri’u [ i8

st Feam a}Snd an separated inte Ste@nd, SEEARENPEER2® A h 1ine 40 for
t he secohgidsbegebondi ne 30 is in comunication with at |east-

one tangentially di Reprageds bl il prESXaDRLE &P hOfry nydroddtBLLke ow

outlet. The di anéter eases rom the -
overfl ow out| et YBBCHNBTaREss (FGWPTses consacking Aoweveiesisignsdder dase is
not necessaril. yreactor véssél nuintls .a @Jhlmablfysolsﬂﬂﬁcmh&ﬁ)fpdﬁlﬂcles

B o out oo, " SHELA U Ry B EAGE MO D 0
line 331  separating the liquid containing heavy hydrocarbons from -
~ the slurxy by the method as claimed in any one of the
: p:eceding'élaims. and.wherein'the'filter preferably is
-1ocated3outside the reactor vessel and the separation
preferab1§ is carried out at substantially the same
_ 15 _pressure as applied in the reactor vessel.
9. A process as claimed in claim 8, wherein the average
‘residence time of catalyst.contalnlng slurry outside the
reactor vessel is kept to less than 10 minutes,
'pteferably less than 1 minute, or wherein at least the
- 20 part of the slurry that is sent to the filter;_is cooled,
' | preferably to a temperature from 5 to 75 °C below '
reaction temperature. |
10, Installation for carrylng out a method or process as
clalmed in any one of the preceding claims 1-9.

heet Has Been Rep laced
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and is passed to cross-flow-filter 35, via punp 34. Liquid filtrate
| eaves the cross- fIOM/fllter 35 via " line 36. A concentrated slurry
stream | eaves the cross- - flowfilter 35 via.line 37. Optionally, .
~this conce“}rganig slurry streamis in part or ful pgreegyabteed to the
.Cross 8w filter 35 via line 38 to I'ine 30. According to a’
further enbodinent, this concentrated $f&irry streamis - partly or
fully recycled to line 33 rat her than l[ine 30 . via line 39.
Preferably, this concentrated slurry.is 25  partly or fuIIy recycl ed. to
reactor- vessel 1 via line 42 _ and 40. The second stream.
| eaves hydrocyclone 32 via line 40. At |east part of the second
'strean1is'returned to the - reactor vessel 1 via line 40. Optionally,
slurry is 30 ‘Wi thdrawn fromthe rgcycle, or new slurry added via

li_ne 41. Optional ly, .the Begasified slurry and/or the first
stream preferably the first stream }s coQIbd by a heat - exchange

" means (not shown). WO 97/ 316t . '

PCT/ EP97/ 01002 : o . o - §-18- Wth
reference -again to Figure 1, a typweaf process scenario for the
preparation of heavy hydrocarbons bg as foll ows. _

Synt hesi s gas, having a hydrogen toJcarpon nonoxi §e 5 nolar ratio of
about 2:1, is introduced into reactqr _ vess¢l 1 via gas inlet neans

~2. Unconverted gas as mell o~

19

FIG.1
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13
s
20
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as gaseous products | eave the reactor vessel vi a gas outlet means 3.

The slurry 10, contains about 30 % by vol ume of 10 catalyst, on a
_gas-free basis. The catalyst typically ~conprises cobalt on a porous
carrier, susiouasi®s|ica, - alumna, zirconia or titaptfeEpihiagesaver age
'particle si ze - of the catalyst-%?étlcles isin the range from10 to
50 [err]m The slurry liquid is a mxt of -heavy 15 hydr ocar bons
produced in the process. h : 100 nferr]/h of slurry 10 is w t hdrawn,
fromthe reactor vessel 1 via slurry outlet neans 5 and is passed
vi a - line 11 to hydrocyclone 12.- 10 nB8/h of gas |eaves
hydrocyclone 12 via line 13 and 90 nB/h of degasified 20 slurry is
passed f rom hydrocycl one 12 _to.cross-flow filter 16 via line 14 and
punp 15. In line 14, the dega n{1ed sl frry 1'S Joptionally conbi ned
with 10 n8/h of co trated $™urry coftaini ngd 35 % by vol une of

catalyst,. which is recycl ¢
.13 mB/h of liquid filsey ate
- 16 via line 17. 77 juiomng

w t hdrawn fromt pe cross-flow filter
centrated, slurr  &GONt ai ning 35 % by

vol ume of catalyst is passg to and in eaducec the reactor
"vessel 1, via line 19 and slurry inlet}means 4 and 10 nB/h of
concentrated 30 -~ slurr ouonally recygled tof he cross-flow filter
16 - via line 20. e Wth refergnce tofFigure 2, a typica

process : scenario fo ce preparation of heavy fhydrocarbons, woul d
be as foll ows. : : ' ' S

M ""‘
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romcross-flow fjlter 1q via 25 line 20.
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,"usi ng the sanme cat ed in the process scehary o Mof s
Figure 1. lurry 10 is withdrawmn fromreactor 5
vessel 1 via slurry outlet neans 5 ang—+s—passed—yi-a “line 11 to _
standpi pe 25. 10 nB/h of gas |eaves stHH&pffll'tE(ET HAS BEE®S via kinge38 apg 90
m8/ h of degasified slurry is passed REPOAOEDt andpifpe 257 tTO
hydrocycl one" 32 via line 14, line 30 and—punp—31. | n hydrocycl one
32, the slurry is separated 1 ] I rSt; Str 15 nB/h

ascontai ning 5% by vol une of. Q\ M e WP 0 LISt 9 oA streamof 75 nB/h
<cont ai ni ng 35% by - volune of catal yst. The second stream

Giream | pasobt (s BeclEacor 's¥birating ih' Bocidyidly prpopss WEabLhY]

streamis passed to cross-flow qui trate

~is withdrawn ffoomt hestupsg-of solidftavalystepaBRivies| antigé. i hBeh of a
-concentrat ed

catal yst, |eavggeg%gé%fﬁ%g§%%$?$§§f%g&g%éyfﬁﬁgggggéEgn?§%%§¥5¥9lggfﬁg%ed to

react or vessel pteseacki ofsaddaapdti8. vessel beingThushree-phhkebslurry
appreci ated that S_co a& d mﬁthb . ttﬂg egbodinent of Fi urﬁ'lt I n
the embddi ment F§RCTOr andp Eﬁrgai, § REcA smEfP rogﬁuﬁﬁﬁegPFeﬁgfc 8% ng a

| ower cahakyset chemsealr ptbossbashtidebehpassqditihigughptrbeudt
filter for the sage groduc%hon Rf I, i Tid filtrate, . -20-, dains: .
produced in e chemic process, which comprises degasi-

fying the slurry and passing the degasified slurry
through a croSs—leW'filter, and separating the degasi-
10 ~ fied slurry into the liquid and a concentréted slurry.-
2. A method as claimed in .claim 1, wherein the slurry is
degasified in a device in which separation takes place in
a centrifugél field, preferably a hydrocyclone.
3. A method as claimed in claim 1, wheiein the slurry is
15 ~degasified by a.continuous disehgagement method,
prefefably a continuous disengagement method which
comprises cdntinuousiy introducing slurry into a sub-
‘stantially vertical standpipe which is partly filled with
slurry, continuously withdrawing gaseousfcompounds from
20 the upper part of the standpipe not containing slurry,
| and ddntinuously withdrawing degasified slurry from the
_lbwei part of the standpipe, wherein the linear velocity
- of withdrawing degasified slutry from the standpipe is
lower than the upward linear’veloéity of the gaseous
25 cbmpoundé present in the slurry. '
4. A method as claimed ‘in any one of the.preceding
claims, wherein the filter is located outside the vessel.
| 5. A method as claimed in claim 4, wherein at least one
pump is applied, and wherein u?stream of the pump, the

30 slurry is degasified, and wherein at least part of the

AMENDED SHEET



lle_ A method for separating in.a chenical process liquid f
solid catalyst particles active in the chem cal process an‘i@mﬁmi m"mﬂ I“|
t'contained in a vessel in the presence of a gas, the vessel

elpg a ® s =
t hree- phase slurry reactor and the gas being at | east one gaseous reactant

in the chem catopreaesstdli 5euthe Lidpéduifed PEOENEt vO588uced in the
chem cal process, which conprises. degasifying the slurry and passing the

‘degasi fied sl ufry BniekBRda2dr6aineduipi #p¥ronanaf skharpreagding

degasi fied sl ugiyihB} OwhBelhqthd a8gadieoagesinakgdis! Yeparated- iAtBELNO
as claimed in claim 1, wherein the Slurry is.degasified in_a device in

#whi ch “separ at | AT EhKkBEIRRBCRAVANG RehPYi FOBERNEFaFHONpREf 8PABAY a |

‘hydrocysgl one. pa3eicfedPhhadal 96coRRa58EEAE hEvangNENhERh LOACERShEYLRT
froma slurry of solid catalyst particles active in the"chem cal process

and |iquid conPéi fedifdnparvésies i andhbher 656AEesbreamgis, sentr spnthie
slurry is degagifigd by a continuous di sengagenment nethod, preferably a

~continuous di sengagenent met hod which  conprises conti nuously

i nt roduci ng sl @rryAi nebhadsabscaaimedll ynvetaivab, swhadpipethhi shuksypast |y

filled with slyepy, .eant i pugusl ¥ pkLhdhavkag gascous gogpoynds from the

upper part of andpi p€ not “contarnrng slfurry,  ~and conti nuously

Wit hdr afli ng debgdirbcgdleoharry fromthe | ower part of the standpi pe, wherein

AR TR i N R
the slurry. %hich pebkedsasonbaised conaagtdng af syhehpsésediasg il ai ns,
mhereih the fi&%%%th% %%%%%ﬁdwg%hsLd%th%yV%§sgklid catalyst particles
‘ and a liquid, thereby producing heavy hydrocarbons, and
15 - separating the liquid conEaining heavy hydrocarbons from
the slurry by the method as claimed in any one of the
preceding claims, and wherein the filter preferably is.
. located outside the reactor vessel and thé separation
~preferably is carried out at substantially the same
20 presSure:és applied in the reactor vessel. '

' 9. A piocess as claimed in claim 8, wherein the average
residence time of catalyst-containing slurry outside the
reactor vessel is'kept to less than 10 minutes, |
preferably less than 1 minute, or wherein at least the-

25 part of the slurry that ié_sent to the filter, is cooled,
preferably ‘to a temperature from 5 to 75 °C below
reaciion temperature. _
10;_Ins£allétion comprising at least a three-phase slﬁrry'
reactor, a degasifying unit and a cross-flow filter unit

30 and optionally a standpipe and a pump, for carrying out a

-methdd or process as claimed. in any one of the preceding’

claims 1-9.

. MVM13/TS470PCT
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5. A method as claﬁ 0

“and wherein upstrean

| east ayitmeaf the 3
6

i@f}é{éfﬁfnggw@eéﬁin at | east one punp is applied,

s I e —
vessel’ " et AAE By i ffed i n any one of the pre£$ﬁ|||¥m|m”||||||||||
cl ai ns, wherein thes ified slurfy(is separated into a , Mo

stream having a. l oqwlconcentratjon of $olid,5 particles and a second
streaﬂrhavi 8E§ FOEuRtR? ';_1?- n g CheW&FaéoPFﬁc%%?ttﬁHQ%g @ﬁﬂ?‘@hélﬁF?%ﬁ
strea : - . . , [ .
ol o m SPAd cabanyRy particlel Setive in the cAicl3ld? pBdcd dH tiquia
streamonta@iddd in Ayseeerd die.the preséncéd\ pEoacsmd,ortHdevgsSPnrbeing af
heavy hydrocar bons, whi ch process conprises contacting a synthesis
gas i r-hree-phase cglusryvaeastay tand thar gpsofbeing datatks PRE t Desesus

d gy : ' | bors, .and 15 __ td
fhe ©ianfuba (i EAQY RERTSL Mok A TR0 R 20018 s '€ mrog) Hriidhla
et hodimst e achefticalapyoeeesof wHikh comprides edbdils Lf i, tR@dsMier9l Bnd

the filter preferably is | ocat ed outside the reactor vessel and the
separ @asging the p&g@qsatﬂlﬁd ssdurrivedtbuough subsizors-flgwt fdldem 2end

ol dTReta Gy oFhet eoaparage S1uSy Rataishe 1inlqfasd®a® BhetntidEca

cat al ygiu£@pt ai ning slurry outside the reactor vessel is kept to

| ess than I0 m nutes, preferably less than 1 m nute, or wherein at

| east the 25 part of the slurry that is sent to the filter, is cooled,
2. A method as claimed in claim 1, wherein the slurry is degasified -

in a device in which separation takes place in a centrifugal £field,

preferably a hydrocyclone.

3. A method for separating in a chemical process liquid from a slurry

of solid catalyst particles active in the chemical process and liquid

contained in a vessel in the presence of a gas, wherein the slurry is

degasified by a continuous disengagement method, preferably a
continuous disengagement method which comprises continuously
introducing slurry into a substantially vertical standpipe which is
partly filled with slurry, continuously withdrawing gaseous compounds
from the: upper part of the standpipe not containing slurry, and
continuously withdrawing degasified slurry from the lower part of the
standpipe, wherein the linear velocity of withdrawing degasified slurry
from the standpipe is lower than the upward linear wvelocity of the

gaseous compounds present in the slurry.

4. A method as claimed in any one of the preceding claims, wherein

the filter is located outside the vessel.

5. A method as claimed in claim 4, wherein at least one pump is
applied, and wherein upstream of the pump, the slurry is degasified,

and wherein at least part'of the
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pref erably toNO %Gevr{”f%er(’g{ure from5 to 75 [err] C bel ow : reacti’g‘;\,
t enper at ur e. 10. ‘Installation conprising at least a @f@@pha}eé
slurry- reactor, a degasifying unit and a cross-flow filter unit 30
and opti-onally a standpi pe and a punp, for carrying out a |
process as clained in any one of the preceding cl ai ns
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(57) Ablﬁ‘act

The present invention relates to a method for separating llqmd from a slurry {10) of solid particles and liquid contained in a vessel |
(1) in the presence of a gas, which comprises degasifying (12) the slurry and passing the degasified slurry (14) through a cross-flow filter
(16), and separating the degasified slurry into the liquid and a concentrated slurry. The present invention further relatcs to a process for the
preparation of heavy hydrocarbons, which process comprises contacting a synthesis gas in a reactor vessel with a slurry of solid catalyst

pﬂx:ucl:s mmmquxd thereby producing heavy hydrocnrbons and separating the llqmd conmmmg heavy hydrocarbons from the slurry by
said me!




