;e3e. YTTULW zW X6XT. Yryl2 APRI L 2002 PROCESS FOR PRODUCI NG LI QUI D AND,
OPTI ONALLY, GASEQUS PRODUCTS FROM GASEQUS REACTANTS THI S | NVENTI OMprel abes
to a process for producing liquid and, optionally, gaseous products from
gaseous reactants. I;u"mmmmﬂm m oto an installation for producing liquid
and, optionally, gas lmﬂlm from gaseous reactants. According to a
first aspect .of the inveggjan, there is provided a process for producing
liquid and, optionally, gaseous products from gaseous reactants, which

process conprises fee Hmuﬂm lmﬁm w | evel , gaseous reactants into a slurry
i

bed of solid particl n a suspension liquid; allowng the

gaseous reactants to reagp,as, they pass upwardly through the slurry bed,

thereby to formliquid and, Optionally, gaseous products) Wth the gaseous
in maintaining .. the solid

reactants and a roduct_assistin

particles in su?ﬂ%ﬁ%uﬁp% ?H@QUQHH%LBQ%@MD; ORRIONARLYe |iquid
product form ng, KOO§kE ' ' WeTTINe N | qui d- phase of the
slurry bed; w thdraw ngﬁ{su%ﬁg"gﬁiﬁ%ﬂﬁ'ﬁ@@@ig@*’% mai ntai n the
slurry bed at a desired level; allow ng any gaseous product and unreacted
gaseous reactants to di sengage fromthe slurry bed and to pass upwardly,
"together with any~ entrained solid particles and |iquid phase, as a gas
phase into a head space above the slurry bed; - . 2 APRIL 2002 2 treating
t he gas phase by subjecting it to ' distillation and, optionally, washing
In the head space, thereby to separate any entrained solid particles and

i quid pha ofiR ae e | S I ned
solid part?@f%% and, ﬁ‘(I)‘%télﬁona %{;c,eﬁ [ alau é éjsyeég%oaﬁré g?g?ﬁ&:@%ﬁ%%ﬁgﬁﬁ

wi t hdr awi ng@andhe eplehorallys phscoOUs amaductrafrepageseous reactants.

It relates also to an installation for producing liquid

and, optionally, gaseous products from gaseous reactants.

According to a first aspect of the invention, there is
provided a process for producing liquid and, optionally,
gaseous products from gaseeﬁs reactants, which process
comprises

feeding, at a low level, gaseous reactants into a
slurry bed of solid particles suspended in a suspension
liquid;

allowing the gaseous reactants to react as they pass
upwardly through the slurry bed, thereby to form 1liquid
and, optionally, gaseous products, with the gaseous
reactants and any gaseous product assisting in maintaining
the solid particles in suspension in the suspension liqﬁiq,
and with the liguid product forming, together with the
suspension liquid, a liquid phase of the slurxy bed;

withdrawing liquid phase from the slurry bed, to

. maintain the slurry bed at a desired level;

allowing any gaseous product and unreacted gaseous
reactants to disengage from the slurry bed and to pass
upwardly, “together-with any. entrained solid particles and
liquid phase, as a gas phase into a head space above the

slurry bed;



VWiile it is believed that the process can, at least i,n princi EI eE hgﬁa
broader application, it is envisaged that the solid particles au il 1y

be catal yst particles for catalyzing the reaction of the gaseous
reactants~into the liquid product) and, when applicable, the gaseous
product; the suspension liquid will normally, but not necessar~.ly always,
be the liquid product; and that the slurry bed a~rld the head space w ||
normal Iy be provided in a sli,xrry reactor or bubble colum. The slurry bed
is thus containeq-Q;P{RY dgdd N gaeachhska, e efiptike sy ry;peactor or
bubbl e col urm, i th & e i sti 11 at Pan bl e St ed piet i ik o Sone
t hereof . spdd&difkleniioe andyr oridedomglly f rwabbang Zeonethénhend epaws,ds,

t he headspa i bo z i i ahove t reactj on
zone, and t%gleai sBi I %?i %%%za%%g:%ab%@g t%@&?gggga?édgiz%%ea%fﬁéfﬁ ur
reactor or Robplid @lase fhos tBesgast pheeephase system ie solid catal yst

particles; |iqui ct . S t.ant nd., .optiaqnal l.y, gasgous °’
product. Further %De% M?e }B% S%g’a:ﬁoés{?)ec%:ﬁ%ﬁ:ev ld'fetcﬁftq{lll B&h 1ﬁlse,%‘n, 't he
process canopaienaldaderliquold, phaseoto thei slemviyshgeld tdral it will have
particlar applicats on in hydrocarbon synthesi.s re the gaseous

reactants are caB’é‘B:l TR &t rcedla?‘-:’;{sle tqa(fgaﬁiﬁf%%wkrerﬁén sthm ?Vagleﬁptagef‘orm
liquid 2 APRIL 2002 hydrocarbon product(~s) and, optionally, gaseous

hydr ocar bon_pr oduct (s). I.n particular, the hydrocarbon synthesis may , be

Fi scher-Tr o‘ﬁg& Ssyht ha§i e "?‘ﬁe‘ghg‘%ﬁé‘se%% %Eﬁ’&egﬁt T ﬁ]"?%‘;f d™m of

a synt hesi spgaaciplegmitorerbsoadge paappy ication, minoxislecennilsayddoghat and
with both |jguid an aseous hydrocar bon oduct eing, produced. The
catalyet of PR el BRRERRI M IR T G bE' SabBn AR RRC e e tpr . ()
catal yst. Thetaayaliyst yisr ticdetSozeocfabbe, cgegauuy areachant esintbaphb%
smal | er thap, 22.m craons. . yst rti.cles can b ny desired such as_.an

i rdn- basedagjagléf' sPra Pcé:\r/iy aﬁﬁerw%%c?gﬁilﬁ%%g%h t%’éertg%fgguﬁag,goglgﬁg\,;e a
desired no tipar suspensiar ehiquithanl30hdymabby, obutt ot gaetessasilpei ng
The slurry reactor Qr bl I 1 thuy=~ ~~ g iiLta] mal

el evated pr ‘E“s’%}’%’aﬁg ?gllr%pélﬁgg‘ﬁf?}co\\%déc ‘i %%gaé%%%%t %%%Pfﬂbg& QBE

Fi scher - Tr opse h lmad hespiatexewi'1dt | ppsmaddya beedereyridiedd operat $igrry
pressure i n 5 i @Nd a predeterm ned tenperature in the
'range 160%%%’?:%@0%? %glb%\?gnghqqgjfw for the, productio~n of J;ower boiling
poi nt ~product. '~ ~' The catalyst particles in the slurry bed are thus

mai nt ai ned iyl ' SUSPLPSHAR BY LR st WRHA0ER Jred RN Died Nen SY LSt So8as
stream and any gaseous hydrocarbon products that 'are forned, passing
through theater of ble | 2LBERY| NRPMADUGR tHEPRLE Gl BIRd. waEhi oFRa¢| v,
the slurry des NMBYaeisn BeifbXedseREdll 1S ian @i ed It v Casns Utk Bsoflr af t

t ubes- or down.coners, to assist i i.ntaini ng he catal yst particles in
suspensi on.SPaERA gEEOWe LHE ts}qu’frl’o&g‘;gtlﬁé 3| HFFFPRETY £O%%us Jufeeenty
high to rmivra:ﬁi@} th%l}b'id Urhéagsphéiei L-écﬁmpﬁi%&ﬁt . e:émaaf fireebohedce @dsne_f T
suspens~.on. Draft tubes_or downconers can be used t.0o ensure a Jore, uni form
suspensi on W“e.ijtﬂ'i:%lgyt RPSYShdME HSRCEIQR r5OBEd. 2nd f%éfstfd%tlon

zone above the freeboard zone.

4

The slurry reactor or bubble column thus uses a three phase
system, ie solid catalyst particles; liquid product; and
gaseous reactants and, optionally, gaseous product.

Furthermore, while it is also believed that, in principle,
the process can have broader application, it is envisaged
that tt " will "Have particular application in hydrocarbon
synthesis where the gaseous reactants are capable of
reacting catalytically in the slurry bed to form liquid



4 The gas phase entering the head space will normally ' conprise or consist
of non-condensabl e unreacted gaseous . reactants, a non-condensa SEPUS
hydr ocarbon fraction, entrained solid catal yst particles, entrakﬁ§§§g¥qu+d
hydr ocar bon product, a vapourized liquid hydrocarbon fraction,

condensabl e gaseous hydrocarbon fraction, and water vapour. The entrarned
solid catalyst particles will normally be associated with the entrained
liquid product in the formof slurry droplets :, ; ,4,The treated gas phase
which is withdrawn fromthe dis~ill,ation zone will normally conprise or
consi st of hmmrmm@mmcersmrmx e:rptgaxmlrkyr egrdeo s hytdycarbon
non= C~dndenS|bIe ou$ dro rbo racti t he-gondensabl e
~~~~ci us~hyBFF Trag¥ % vﬁ&%rh¥gﬁ8ﬁFr%8h uay

hydr ocar bonber qdrmnefhvsopaanr |s5mttmmncqa@ensu1bé eggaeenes dedtaa Pt 5-n
fract~~.on, the va our|x~egﬂquur hydroc rbop fraction, the oondensjble

~ gaseous hydP&dBEH W0 PL t Re-SYRERSE VSRS | STREHr SKIRE IS hen

include, inmaife® idirisd@atoneRbeNGAnd hiidsdad, Jasdowi¥APebth-ARfs of ~r
it has left the distillation zone, thereby to_cqondense at | east sone of the

a condensabf® gS§§@@¥ﬁnﬂ%@E&ﬁ%EPPFrBEPﬁHHtSaP&HWSABﬁﬂqﬁFQﬁ | east sone of
t hi s condensed hydrocarbon product to-the distillation zone as reflux fox

the distillation. Thus, the treated gas or va ouréghase may typically be
cool ed to bERAeEAtedEsiPEdhe  GpEaAVES tP@’%FB'&}t o2 gbeapye degiaesds

close as prpgieRal-reopRH LIy PESSEUER Y aloNr&RrgRsabataayaeys
hydr ocarbon fraction' i1s nmeant hﬁdrocarbon product  that i,s in gas or vapour

form at the?priskaltnBaeerperatadyeind °Ere§§¥re°55ﬁ6rt?bﬁ§hﬁﬁ ThePs&hct or

and whi ch degsappktconderige aéa&érpy@te +H 061 EMRRIPT HAr@nG pae&&%e
condrtrons in the_cool jng stage. APRI L 2002 iﬁCh t he ot her _hand

condensi bIRAHLELRS FHER ol { %1 Pon PASCAELAE [RRRESF bdhan 03001

that is in goSEONS @ndVapess tham st B9 M=AMAI bF Ng el er el ¢l & abding
pressure condirfjons ggpthg react or and whi ch condenses .at the prevailing
@ﬁ&# 0

t enper at ur € oF ek MBS i n the cooling stage,-to formthe
. condensed hydrocarbon product of which at |east part is- returned'to t he

distillati zone as refl ux. Y rized liquid.h rhon, n'" is
reant | hydr AR oo AR ORE i SAPREE 8T 1 LB AL R AL 2 hed

t enper at ur eatandoprmads ued esaitdid | presismrtehe andact ewperahvref cdmd:c'eaoner

and which i_s i d m.at Ll4n 'r t. es r
conditionszﬁSQQﬁé%%% B&géeéiﬁédg%{ﬁﬁ§§%}%ig?%ﬁgggr%nq%%he é o%rrzed
li quid hydmﬂmﬂkﬁnmnﬁlmmdrQperstingspheaﬁueﬁ ims thegzpage 49 ﬁ9I5@Ub®¥rnass,
than the copgde %l%&é‘é&%n@&dr LN hLaCtiPNendl REghdde 1wapeur Lzgd

liquid hydrocar o] action~ls in Iirqurd or condensed form at the exit
condrtronsZ@WﬁQKaQFS?VFPaP#SW%ﬁnﬁpr|@h%oH§PﬂFGFé§naQﬁn¥9WﬁFcﬁ°%¥EP$efIex
in the dis Iﬁgr &9Pe. The condensed vapourized |i'quid.hydrocarbon
fraction ich exrts the bottomof the distillation zone is also referred
"to as 'the liquid hydrocarbon fraction'.

The catalyst particles in the slurry bed are thus
maintained in suspension by the turbulence created by the
'synthesis gas stream and any gaseous hydrocarbon products
that ‘are formed, passing through the slurry bed, ie
bubbling through the slurry bed. Optionally, the slurry
bed may also be mixed, eg by using mixing devices such as
draft tubes. or downcomers, to assist in maintaining the
catalyst particles in suspension. The gas veloc¢ity through
the slurry bed is thus sufficiently high to maintain the
slurry -bed-in. a- state .of .turbulence or suspension. Draft
tubes or downcomers can be used to ensure a more uniform
suspensien of .solids throughout. the slurry bed.,



Hy 'liquid hydrocarbon product' is neant product which is in liquid form at
the prevailing tenperature and pressure conditions in the reactarMDI&Ed2002
which is in solid or gelled format atnospheric pressure and at —a—
tenperature close to anbient tenperature. Thus, typically, the liquid

hydr ocar bon product conprises hydrocarbon nol ecul es contai ning 20 or nore
carbon atons, and thus includes wax. The distillation my be effected by
passi ng the gas phase up~tardly .ac=qss.~, a~. _~,east__one distillation
stage in th&€hd sigds atplseoemtdring sthe r yheLBCtHiacen GOUNt ehEHRESTy 2
APRIL 2002 6 fashion to the refl uxgd condensed héglLocar bon product and the
liquid hydr SOTFIOHS r 86t TS S ETRAT ¢ 19 GIH 7 1§ e IR R AGHAS | Gasequs

| east in prireeiqants, aynénH ¢ohiengablel gHisdou@Nhddr JERAMSoN SEFL ERS on,
distillation purposes such,as a valve distillationtray, a sieve

distillati of¥ERinedy sehef acpsaddistve RREEIFLIEE) onentapinethdobigupdcked
distillati oRyiedchrifdd UChEbaliby , PaG bt ti | a, L ke; ‘
however, a fixed 'vaﬁ ve d?%ti | l<'31t_| on trcg‘gafi;%@%fie#%rrgggﬁgraef el%%élggﬁ%?é
than one suéFasitdgdi 2 userdeggibie aasteque Rxdreearbyns favet istmgeand
However, 3 {,@rerSWepsiirrgesrheasdy F9IREHSEH9:ia QLBx,EEa'i sl g;%i}bé *&Ye{rwiff er
of nmedia, are preferred. ' A collector.dray nmay be | ocated bel ow the
| ower rost  dnRerTRldy be sssgeiated midhvds encglaisiadd ismidonuitettin
tray can thygebe ted, ek a b ey Jhgd.
and/ or can l_)%ewi f[\rgyaﬁ szﬁ'grnf%ea?gggte c(e).r%_,;'a;rfl /or%%\a%%(grggtg_e?%ég e%/he tohp of
the wash stige Whehdsawas feewi nghei qli Shihlakbonasierre agelll Thicrmaliyzui d
hydr ocar bagmbi3ekl OB ldonBigH ¥ SONSUR Gloh | GhBeh8LBIL | unfbacteq
condensation of the vapourized |iquid hydrocarbon fraction. There 1S Thus
no contact BRSAAYS| FeACEAMSoh tihe r@%,fﬁﬁd@@g_ilhb_esgaﬁﬁ?uﬁe&lmmaﬁhprgas
phase | n- t Aga bt e6BOALHeZ08RdehE1 bR GakEone HoaRLRR o Filiieth cal] Vst
particles or slurry droplets fromthe gas phase .iri the freeboard zone.
Any |iquid WA®cHaFSTWYER@UEm. can be m xed with any of the other products
w thdrawn 'fromthe reactor, if desired. The-~--~uperfi~~ial: ~-~as.-
..~relocity_through the fixed ~ valve digtillation-trays) may be in the
range 0,2 nfRet §aEeqsy RYdpPepePem WwEpdeFtd Hus ¢REPSISE Fhecmam— gas
, 2 APRtdn@&RLdihle gaseous hydrocarbeén fraction, the vapourized

liquid hydrocarbon fraction, the condensible -gaseous

hydrocarbon fraction and the water vapour.

The process may then include, in a cooling stage, cooling
the treated gas or vapour‘phase after it has left the
distillation zone, thereby to condense at least some of the
condensible gaseous hydrocarbon fragtion, and returning at
least some of this condensed hydroc¢arbon product to the
distillation zone as reflux for the distillation. Thus,
the treated gas or vapour phase may typically be cooled to
between 30°C and 50°C, typically to about 40°C, at a
pressure as close as practical to the reactor pressure.

By ‘non-condensible gaseous hydrocarbon fraction’ is meant
hydrocarbon product that is in gas or vapour form at the
prevailing-—temperaturxe. and pressure conditions in the
reactor and which does not condense at the prevailing
temperature and pressure conditions in the cooling stage.



velocity through the slurry bed is normally |lower than the superficial gas
velocity through the .distillation zone, and hence the effectivey neaet 2002
di ameter or cross-sectional dinmension will be smaller in the disTi '
zone than in the reaction zone. The process may include the washing of the
gas phase. The washing of the gas phase may' be~effected by neans of a wash
liquid) in a wash zone between the freeb%ard zone and the distillation
zone. The headspace will thus then conpri'se the freeboard zone, the wash

zone, and t di.sLi | Lon . ch, ing.wll serve to,separat

entrai ned cg)?lal §§% p‘gﬁégl gs%%;aﬁom§?he %@g&%g%%i? HE B HQ’%FF&F%}‘Z’OR

ef fect ed by fpmesdiimn t his gasaphabpdupoarbby gorcdiscta-tiveishist age gaeddigs wash
zone in counter.- nt _fashjop,to_the sh liguid ~ ~, . ~" The wash
(Fqui d oy BE ITARSE nArBoar pbpe” Bravace Hhe & SRsRRL ey 2P Bremsrme
subj ecting aomaittijmnof imhethburryabedrt casd! ivisi Gdepacidesd® /MO d he

majority of the catalys articles fromthe Iiquid hydrqcarbon product,

t hereby pr oB&EVRG Jirtﬂvji %eﬁ?&r’:&gz}ﬁ%n dBEFs\ﬁﬂir@n FONGiEioRsed 14 ke Wash
liquid. . Sieeelihe seages tbopoamdthenpeniaéhsedohyhecuasbnl paiaddes dehe
same as that_ qof th% il urry bed suspension_liquid, np distillation or

fracti onati BHifH REodBRFLi RaFhel RakREYEREAURP LRe | AgF{LipbArnheone as

distillati opezogg.i s Byl owahduxr Bu@r 15 h0 1WAy ILFCarBBHS £rdt @i dn St g
enbodi ment, both &]lhe washi ng of entrained catal yst~particles or slurry
dropl ets an®e@pst i ﬂ%%ﬁ?&\/ RERELGE aWBirh tife IsKRPBHE, HaFmvRiehthgse

liquid fronpteeadishyl | emparzeieel Sanll oyeesEQrent e6nbheiwagh iAONEHEN
addition to wash,liquid. Howevyer, ina .. .. .. ..- . .. .. ., Cee
.. sechRAChieRerPEE SfbdhiererRactREY i 3R dWRLsh dfe il stkiquidiEarmone
enters-the 18s@heoiaremilig opbipeasbupe and AFéssdPe2 Bndi i Yat
particles or._ slur~r droplets with the wash |iquid ﬁakes pl ace in the wash
zone. In t hF&Sefii S€ ¢ {FYY g bTey rﬁﬁf’t hel8FiLiAFaPron%98Re i s The

col | ected orapderizeti Liguidnhganecagbbacteactian 4% ang edwier, as
described, and returned ta the slurry~bed,and/qr w.thdrawg,fromthe

. reactor. Tt@eﬁg‘ﬁssfﬁﬁe “ﬁ%}e%ﬁrﬁﬁi%és at gb@?‘e;%ef Sﬂﬁgﬁﬁgﬁbg'ﬁaﬁa%%ﬂuﬁ

col | ector thyjrdedobohhe frasadloni.r ay; Bihbe thherashapoquidedei Myiquid

i ntroduced ,i.n sh_-done ot _stage,ahowe th h tray, and h

i d- and R YR P ra BpDEn P £ oL BOE1 BURAE ot MR o B p it

contact theweidf ounditibensgast ptlasedistihdationbeang,' it remstituteso by

means of AN L dieadho LLPMANGIRRhest agELashbRatr LEAL 1o the.

slurry bed e was t age conpr ~.sesS nore than one wash tray,
eg 2 or 3 wwiansgd srErntisked i ddquid apadrocprbams fnactyisomawibec i xed
val ve't 12y ik Uit 3850k Wil e STEQPLBAL zoRB! WReR 1R r3Hd

cat al yst p}rlgtlic es and the, ?Se?%(gﬁ? %‘l;]d ?e re'fraxed con(}ense q!héylg".reo(%:ar bon
product and9d iafui ‘g dibtatddrvdracarban £xagtdradd. It ha~; =surprisingly-
been found that contact between the solid ~cat.alyst particles and the
reflux liquid in some cases results" ~.n break-up and/or |oss of catalytic
activity of Heiguid-hydrogarberl BsodpRtot e mRARs, PEaducEonhdah 46 some
case~~has gpdetihiENt fbrgf L€CEnaN iR da3irt diPeatuse ankl bredmbal yst

particles. The use of the washing stage ovércones or at |east reduces this

probl em weeRgitdonsify the rapehent A3 Wicheldi ipj FPiddort; Gfd Misbse
MBI N PUT POFR 7y atth%ri:n{d%fﬁrf‘éﬂte gf&édw%@y&e 0% 2¢ BfPeRROUYE! AMtdRy of

the liquid hydrocarbon fraction fromthe gas phase béfore the gases and
vapour s of afipieat gakeppazatureave. .. Thug, diSYPiradi¥n zoe ~liquid

hydrocarbon product comprises hydrocarbon wolecules
containing 20 or more carbon atoms, and thus includes wax.

The distillation may be effected by passing the gas phase
upwardly. .acrass_ at _least one distillation stage in the
distillation zone of the slurry reactor, in countercurrent



2 APRIL 2002 s According to a second aspect of the invention, there is

provided an installation far producing liquid and, optionally, %agéggszooz
products from gaseous reactants, the installation conprising a

vessel having a reaction zone which, in use, will contain a slurry bed of
solid particles suspended in a suspension liquid, and a distillation zone
above the reaction zone; a gas inlet in the vessel at a low level within
the reaction zone, for introducing gaseouS reactants into the vessel; a gas

outlet int essel .in . the disti tion,zone or, W raw n gas phase
conpri sing %§ dt8as €;H§ ﬁigoﬁﬂﬂn ﬁﬁeh @ﬁg O o t
fromthe vetssd ;1fqﬁiauhgdguthebdnn fie-psaasel wt h| n the reacti on zone,

for withdrawing liquid product fromthe vessel; optionally, a washing stage .

in a washing zone |ocated below the distillation zone; and a distillation

stage in theyd Hiidt 71190160 Crag@tmi I%\%ﬂffléée HES1 MRS 61 %Jnrelﬂbn'ﬁ%ﬁedh the.

subjected to disti)lation, before, exi he distillation z

gas outl et . 2MYe Suidiah leugasy Hegiid FoReAGt deRARR et ddor ciatdtlatiion
connected t gyt 08s auidiet L the wesae! PerERNSt An a o %éefdl stllc%i% and

a second condui't: | eading fromthe cooling stage back to t I on

stage, for AdEdidIRtiohdemed abaiden _dmatmatdon it tdldgs ian tiray,
di sti 1l ati ORaRiaRael S pelided- afBe1 91 8khlkAl kol a%f@é’t@%ﬁ%} heyRiynhet ore

descri bed. ~~,-pluraljity~~ o -- at.inn stages a
he~ei . nbef ofld Sgdddsa tian ﬁﬁ‘}lﬁe mrbvtaéd hﬁcqmehawgvenata ofiredevaliviech is

t hus spaceddgggmﬂﬂg%féﬁugfép Z9"SrB¥edrbfeeboard zone 2 APRIL 2002 10 as
her ei nbef ore described, ie contai'hing no gas/liquid contact nmeans such as

di stillation~or mashlng trays. The installation may include the washing )

stage, Wi thpiheeaHlivig miAger peh Nenkogaled felgueelk t&@eé SQOQEdléQ%% and

the distillation zoné.” The washi ng stage may b€ as herei nbefore déescri bed.
1' he i nventt¥A WREE 1564 e spased BERIBF wallasevdtanpl &0 &i SHCPeFEREREE t O

the acconpagytRYcempidTHY =€ N T0Se iR EP8y U6AMAPEr of wmedia, are
preferred.

A collector tray may be located below the lowermost
distillation stage, and the 1liquid collected on the
collector tray can thus be routed, eg by means of a
conduit, té the slurry bed and/or can be withdrawn from.the
reactor and/or can be routed to the top of the wash stage

for use as washing iiquid in the wash stage. This liquid .
hydrocarbon fraction will mainly consist of liquid forwed 1y
by condensation of the vapourized liquid hydrocarboq
fraction. There is thus no contact of any liquid which is
returned to the slurry bed with the gas phase in the
freeboard zone, ie there is no washing of entrained
catalyst particles or slurry droplets from the gas phase in
the freeboard zone. Any liquid which is withdrawn can be
mixed with any of the other prbducts withdrawn from the

reactoxr, if desired.

The--superficial- -gas-.velocity through the £fixed . valve
distillation tray(s) may be in the range 0,2 m/s to
2,0 m/s, preferably about 1 m/s. The superficial : gas



FI GURE 1 shows, diagrammatically, a |ongitudiz~al sectional view of part of
a slurry reactor formng part of a Wrks pilot plant installatign .05 fhnd
to a first 1 enbodi nent of the invention, for producing liquid a-n%&-;&gas-eous
products from gaseous reactants; FIGURE 2 shows a flow di agram of an
installation according to a second enbodi nent of the invention, for

produci ng |iquid and gaseous or vapour products from gaseols reactants;

FI GURE 3 shows, diagranmatically, a |longitudinal sectional view of part of

the sl t or, sh i ' Ei - El GURE 4 -sh
di ngalrjr:r;%/i é’ea’rc"y?olr%?l%?"f‘g%i %E%g.’%(%ﬁf.%xné?% W SFm;A)é&rﬁtYO\éfd"ée‘El‘iﬂﬂ % ctor
form-. ng parstupfﬁrﬁ\:iaﬂstgﬂé; axélm:lﬁtcyzct]EMi'mgghotrae '.diﬁu%ﬂbbdhn'@?ﬁe pfa(ljr!idlet
~,t . .Referr to | gul e , rereren nuner a ener a nadl cat es
ks i Bense ERE) (FredehiFe s rdaiite 1GE anaEL® of ) Y Sadkdoltal

accordi ng t @iandrigisdn apbbli p@ngmallebein the distillation zone than in

i nvention,~. ~ for.-.pr:odug~.ng. ..~iquid and gaseous or vapour products
rom gaseoustpé‘a&e%ﬁé':on q‘l@’Rl L 2002 17. The reactor 10 includes a
cylindrical reactor "vessel 12 containing, in a reaction zone 14 thereof, a
slurry bed 16 conprising Fischer-Tropsch catal yst particles) typically an
iron or cobabe E&%ﬁ?at‘%ﬁﬁf/s‘tf}CJs‘E@%e&H%df"FﬁhF-PauPG' thed 96Ea PhGE Sor odikia .

The vessel 12 shSnpy @4 ngélgatsh phaRS nia He bERicted By s de Alvddie

bottom of the slurry be ,.,as well as a slurry outlet 15 for w thdraw ng
slurry fromiApighuddy Herpdls. 29Re Pesyisem £he Sreeheates zangi #0d 1t on

zone, . genegalkky 11RHIGH ofby. I eméea@gdsgw&r abi B, thst BAewe Aigrd
space above the slurry bed 16. A freeboard zone 17 |sa¢)l;ow ded ,between t he

reacti on zohkBel£XRERPRTY| GPRE heltha 6 WARE 3% sBAA thendtskd1istinme
head space LBus.CONPsLERS wdkhihgeabirl d snfe 1tangepagatiest ehtFadliedn
zone 18. In the_distillat,i (1n zone 18 are=pounted fi v& fi xedh\(a~ve~'

di stillati oR2ERAYSE2BRISECIEs Lomtfe %S\ phesehe TheyWaghpEA gAY be

upper nost . BekewtkHe Hyoweie®shgt ke ks Sphasat agwarelly raeyoss! hewagh tray
3 0. The trag .3.,0 " is provided with a su or well 32 fromwhjch |eads a
Condui t 34.5Lag8 dondie 92D 2P0&, P (EPBRESTaSWARERH P35I ?E sCPofdF end
35 is.locatgdshel dyutide | evel 36 of the slurr~r bed .16, eg.about 200mMm

bel ow the normal slurry bed level. Typically, the maxi mumslurry bed | evel
is cox~trolled at about. I mbelow the | ower end of the sunp 32. The trays
20 to 30 arehsuppsit ebidpyidupigr the eddqi8 dnbydmsukcavbbnapietdiotl at Thehed

t o~t he i nsi Ve . ' . _of .the. ebelhel

st i1l att dreggnet ?%Yhégg%f%gfémggo%{]gggg%n% i?gr}éﬁgal.erﬁggﬁeogl{lﬁgy

distillati dredotr® 18olidabmsapa;atyomi tlo themgpacithe berlesatidjekehhegays

bei ng about_4 T (o £N t VESSR! 1 L2nbaE0lcas b0 Hréhbea

dormed cap 45a€%%8 g&f%ut eef %ngfrrﬂ n€§e4~, $§1.16. Tk?ough t he %Is: ‘
thereby producing liquid hydrocarbon product which is then

used as the wash liquid.

Since the composition and temperature of the wash liquid is
the same as that of the slurry bed suspension liquid, no
distillation or fractiomation will occur in the wash zone
unless ligquid from the distillation =zone is allowed to
enter the wash zone. Thus, in a first embodiment, both the
washing of entrained catalyst particles or slurry droplets
and distillation may take place in the wash zone, in which
case liquid from the distillation zone is allowed to enter

the wash zone in addition to wash liquid. However, in a

second preferred embodiment, no 1liquid from the
distillation zone enters the wash zone so that only washing



2 APRIL 2002 |z outlet opening 44 protrudes a reflux conduit 48, with the
reflux conduit 48 term nating above the uppernost tray 28. The W
end of the conduit 48 is provided with a vertical distribution

shown), having a length f about 450nm and along the length of which is

| ocated a plurality of vertically spaced outl et openings, each about 8mmin
diameter. Preferably '10, of these openiggs, nore preferably 15 thereof,
are provided.. Through the gas outlet 46 protrudes a punparound cpnduit 50

termnati ngogb@gacémsgr @é'z%‘icles hgrd|§ l@t%hﬁlEH”d&ﬂé &95‘115
simlarly ~~ ~~rov~.ded W t h .an upr’, ~ t di'stribution ong
t he" ~. ~ngt111qmdmadq¢a Plagaitta thpl Wash; tzy:n@r evbznltherembodumgat

sp~. ced $ e t hal g e ly 15
t her eof g:% pr owhgl (gﬁqéleom [%11% ai‘?a#rgﬁgéna%%gi%scrl bczdljf?e)ér‘g @dg} E?%
react or 10 disstbpémpttiod zonpr oddléecg@s‘ebusy~am Ueselqbéﬂerhydescaibed

products fr a e h into the bottom-
of the reac ,rg)é%ht’%%he syﬁ?ﬂés%&h%&%n%rlgéggg car glr?rr]fal%)qn é%m ﬁB

hydr ogen "'f&asctsgnt hesi s gas Was thus continuously fed into the bottom of
the slurry bed 16, while the reactor was operated so as to~maintain a
constant catalyst slurry bed level. The. conditions in the reaction zone 14

Were as gi dEre ivmaﬁhblseag,e \m'atyh ddmpt Espeatt- mé'asttypirmlwes;slbeiw coamtd oal ed
by neans of ils ted in or _ar the,slu bed as. phase
conpri sing Cr?gﬁp%%ﬁgjéng§ﬁly blfh eactf’iélﬁ 5’352‘03}511: act ant's S, gp 8

non- conden&shiley gmtenudubgdri)naobohefwashl z)qneaor(mdege aﬂbevgatslwueash

hydr ocarbon fracG_an, ~a~: pour e I Jaly fr t| on | qU| d
hydr ocar boir 5Roduét raen‘f'?gﬁln d W g ou% gr'yag\?‘g%%.l %%rf‘rpg Snte3sh )
sol i d cat alsgstgeatbdi thes slwarenbedi maacl:houz ARPNtLa@002heBenitt lwiithe tg}aeeous
or vapour c¢Q a df t rreg b u t.h ard .
zone 1.7, gﬁ?%}ﬁé%hegd?g% &t %lrﬂt?né}g%nze&gﬁ ?ﬁ ?% m%srgél%bogr gcognlgcs'igg
contact of lekaligay fhese bhiet twasly skgged coddatomnragnte ther siurry
Wasi NG of el 2l Vel RaTLes G GaLRALRGGd | b {0 hBEORRAMNAGE | 1

the freeboard zone zone 18, the ase
subj ect ed wesdi st¥ayat egn Dyorednyash tﬂ@}ﬁéwnﬁcaﬁd%’éﬁtﬂﬁﬁééwom@ f eans

entering a&@l@gv;ggqq %ﬁétﬁaﬁ%eS@l&ggp%tpv\ée thaydd. the conditions as
specified in Table 1. Is distillation served to renove substant~.al ~.y

all of the entrained catalyst particles and entrained |iquid hydrocarbon

product frem t ke JassNhase. @smoaiﬁenﬁ?rvedqtac@ 5b|e|twfere91m the gavpihmse
the liquid hédrocarbonfractlon whi ch 1 s at g.l f 8rmat t he pl‘q'£I|lng
out 1@

t enper at ur 62&7d Y§ites PFE IHRA t PO EbBet hﬁeﬁég 44,196 FeRlEXS%at ed
gas phase @6h§:leli|&éd"01iﬂhrbbﬁrﬁaﬁ o4 4, add. MQuidbj Ihgtd@d)dae:l:ﬁjmgl e

st age coolln candensati on | condensi. drocar bo i on
condenses, %&’tt"rﬂr% c’o‘?’m%‘ﬁ%ﬁ g\/n PFe %’Fﬂ"@‘dr?lilfﬁ@g‘ri a% % gf It&?%al ong
the condui boﬁ&mﬁ/ﬁamaéemg:ﬁdwcl@tﬂwﬂtaﬂ@ras paafﬁmd.eél’rami s:emmtfd.mest to

d trate,th ffect t d
yar ocar bon L FRadh S WO ien  TURRA e FEHLoRy ThePrarttte Sndfe \ddrrn st
l'iquid. Theadadwmiier aétihﬁztyeml the |dattaIifymh spartatﬂ.es zonlén 18thersuch
that th f I I t h II t

usﬁal I yegfégfe:gﬁl'f% a‘%ﬁl%e‘ggl es%rhgu goPg I %’%@‘g :isle%% ]ctandar d

desi gn f oxofli the siEyited pfldpeeties of aﬂmlmdmlsyistqpadtmcmdsct Mhesi ng

douner o Y, LEOE U5l 24320 LR20. oA e U M e €AY 10
problem, while retalnlng the advantages of the distillation
zone whose main purpose is then to remove the liquid
hydrocarbon product and most of the liguid hydrocarbon
fraction from the gas phase before the gases and vapours of

the .gag_phase.leave. the distillation zone.



2 APRIL 2002 14 TABLE 1 ParaneterVal ueSlurry bed 16 hei ght (n)between 17
and 19l nternal dianmeter (cm) in the distillation zone 1887Entraignent
separation or distillation zone 18 height (mMfrom 20 to 24Freeb 0% 7
hei ght 1- 2mfray (20, 22, 24, 26, 28) typefixed val veNum ~~r of
trays5Hydrocarbon condensate feed traytop (28) or third (24)Top tray
tenperature (C)*180Reaction zone 14 tenperature (C)range of between 220 to
250Reaction zone 14 pressure (bar (g) ) 220 During the pilot plant test
runs the hydrocarben product condensate was fed to the tap tray 28 or to
the tray 24Acepsdineutte@ foagwond agspactt iifs Wae dgqvanticmn, ethereids as

when routed . tr 28 |l es d guﬁ r, carhb

pr oduct conagﬁggp%dWagﬁénlin%gggg% to% t§%§€ra§r9§@ gftr%£§g£§ t&“%g
serve to stoppibnadily. hyshszendoprodudic: . foon gesdensedrgaseanss, the
hydrocarbonigrﬁggigtig%Iaqﬁé%fﬁiééhydrocarbon fraction, fromthe refluxed
hydr ocar bon 4 nsate so a treated gas' phase or fraction w thdrawn
fromthe top of sheeaeaotovesselli javéng andeaksdonozpneyedtictgr iy ager, of
Py osar borbEbAABRLE the T1HLY dPROdPBCPaH FAAATIre Saspehdda’in

W~. t h- _. t hea- gassperiome. liqufidht aandt ke tdptdllthdoneaztne Hbovdydehear bon
condensat e was Eonstantly punped ~.n at a variable rate at the top~of the
reactor in braertP8 &&8F7 2 APRIL 2002 15 the trays ~0 to 28. The

t enperature of theghsayml@Etwasncoher oklsedlaraing dowerdeared wtloinl 8AE with
each successive tray in rection_having_an increased

d di
o L ooreafri bR rolel SN NG oo C T Ha B N0 B IS E o the

Exanpl es weyesgebgducted in best runs using the reactor 10: EXAWPhE 1

a gas outlet in the vessel in the distillation zone,
for withdrawing a gas phase comprising unreacted gaseous
reactants and, when present, vapour p;oduct from the
vessel;

a liguid outlet in the vessel within the reaction
zone, for withdrawing liquid product from the vessel;

optionally, a washing stage in a washing zone located
below the distillation zone; and

a distillation stage in the distillation zone, and in
which the gas phase is, in use, subjected to distillatiom,
before exiting the distillation =zone through the gas

outlet.

The installation may include a cooling stage, operatively
connected to the gas outlet of the vessel by weans of a
first conduit, and a second conduit leading from the
cooling stage back to the distiilation stage, for returning
condensed product from the cooling stage to the

distillation stage as reflux.

The distillation stage may be as hereinbefore described.
A-plurality- of--distillation stages as also hereinbefore
described, may be provided in the distillation zone, which
is thus spaced from the reaction zone by a freeboard zone



Synthesis gas was fed to the three-phase slurry b_ed reactor 10 at a fl ow
rate of 6000n8n/h. An iron based catal yst, suspended as a Slurrgﬁé&ﬂﬁf@g@?
wa. X as.slurring agent, at a concentration of 35 mass% was used&

passed t hrough the reactor, dissolved in the reactor liquid or slurrying
agent, and reached the catal yst surface where the Fi scher-Tropsch reaction
took place. The bed of gas-~. containing,g urry-was controlled at a |evel
of 17,4mfrom ~~ the bottom of the reactor 12 , fxom where drd~lets of

slurry were I Ky @@ﬁy i i B0 : rg.ar . 17
of the head ﬁa?ﬁ%b%\% t egsltdt}!}%fﬁ%’ a% f%gﬁnttg%glrgggﬁnﬂS ti%sﬂlé%&

di still ati orcqrdrct Smeamsi sudho plseiditatdddadritorprax egashinget nags .
entrainment'. In the distillation zone 18, five trays were used ~o
separate the droplets fromthe gas phase and to mnimze the catal yst |oss
t hrough t he Thep bhsthelatdonomaiFointhiude pahei cdshirexasphget havigai atyst
entrai nment jn,t.he tail exitin h eact o S asyred at 2,15 -
sol i ds/ nBn/ ﬁ},ar;'\ﬂfg}%a%?gg?éeﬁ{}?n%ﬂqﬁkggoh? YSF&W%%&F%%&% ra:‘?‘}ment
separ ation ithepr ddistsickl atni dihe zomet or THe BEXAMhIAE ~5t2g8ynkAesilse gags-WwWas

fed to the three-phase slyxry bed.reactor 7."~. at, a_

f.low. .. rat_i’.ez,e."d'ﬁ?e-,Qr%_‘%%ﬁ%ﬁﬁﬁﬁ@.‘ ‘A cobalt based catal yst, suspended as a
slurry in nolten wax as shurrying agent, at a concentration of. 30 nass%)
was used. . . The,process 2, APRI L 2002 16 r.eacji.on condifions re further
i d~ritical £8% Frg'é’@”g'e’s‘%ﬂi P EECFL B ey, £f iEE R Sex e t he
catal yst entredef@ide ito ttiee { &ttogpanpiagn@sayratmat i@ S/ Hg/ h, wher eas
it is normally about 0, 074ng/ nB8n/h when no entrai nment separation is D

practised in the reactor 10. Referring to Figures 2 and 3) reference
nuner al 100Igenbealdnawinggscat es an insta~. |l ation accordi ng to anot her

enbodi nent of the,.i tion, .~ for produci 1. j,d and gaseoqus .products
from gaseo~~~~re§‘clt s, ThETRE -l I‘-ii:ft"’ll xﬁa%t} n%?gga: -2 aQngc‘:#bIEhf’@g )
wh~. ch i s ssattadpnad tvhew esfttprrd Q£ -d-sdimngef veactdescfobadny phrtefodr ence
to Figure 1, P of ~ t o Leh ar i m.l.ar . .to
tvhose df t e‘%%]g%c olrf% I,iﬁ%n gt. ?‘ﬁ%?%gp’ggg\%ﬁ hgg{%ggggﬁgergéer%ekgihﬂ
nuneral s. Hewmkegdimemite pfactbe Pvemtiomdrificy ' produring didgniild agsindn
zone 16, th ggeg{léegr ﬁ\&{lfyd# :Sﬁggéghg 23YSctl@h4rs106, 108, with the tray
and .t

108 bei ng. uppernos e reflux _conduit 48 term nating above the plate
108. The react or FIGURA s3 iHhdvrled aftaymiaFiame&for afr ayngoabdebhonhe

| over most dAéébJ:h%gonté ray dQd4oMht piRRiicRadui be34 headiR@ndiRe! | Yok om
the collector.tray 30. . The installation 100 includes a gas W thdrawal .
conduit 11 PTRAAFABST r bATAE ga8BdouPREEOUE {BTa YFRGFE sPRFEVEES| | RgORnd
condensi ng & S88udlzeatte@t@ensed hydrocarbon fraction or product
withdrawal Tine 114 | eads fromthe sfage 112 t.0 unp 116, The reflu
conduit 48 | eadst tFHRE he-' FRYEL 16! lﬁ%ﬁ@\'f@ﬁtlac%ensaed %Wb‘&‘é&bﬁﬁ{
fraction orsgsedlonhiwitiewawal phite dff, Bhe. adlupryecamsadtom shewref inux
line 48 for_w thdraw ng .Condensed product as desired. A water w thdrawal
condui t 120F:I¥%E| 8ad omthe stage 17.2. 2 APRIL 2002 17 Sinmlarly, a
tail gas condui tFi@OREf 0B WshbWweaw ddagraeasitddaslint hesa s basghisudehblas a
non- condensabl e, hydrocar bon _fraction or product qa | eads fromthe stage
112. A recyREEH3RaLoKAGN: °foR3F, a&’% fr 3&%5@’ E(ﬁ%‘d-'}?r I%}“fudn% R¥preEsor
126, with aadety@tmldatlion 428orddtignotd r am thixrdorquissdimeri?6otfo the gas -
inlet 13 at, the bpttom of the reactor 102. The conduit 128 is joined by a
fresh synt HEEYSR380f eed conduit 130.

Referring to Figure 1, reference numeral 10 generally
indicates a works pilot plant slurry reactor forming part
of an installation according to a first embodiment of the
inventioen,-.-for..producing._.liquid and gaseous or vapour
products from gaseous reactants.



A slurry withdrawal conduit 132 leads fromthe slurry outlet 15 of the
reactor. The reactor 102 functions in substantially identical fashion
the reactor 10, with condensed hydrocarbon fraction being refl uk SPRL (ﬁé
top of the tray 108 along the conduits 114, 48. Tail gas is w thdrawn from
the installation along the line 122 or is recycled back to the reactor
along the lines |24, 128, 130. The maxi | evel of the slurry bed is
typically controlled at between | mand 2nrrbel ow t he IeveI at which the
swaged or oykwar ri i.Qn_of_the sel oined to_its
cyIindrical%h%If%%?ﬁ%gnﬁgiéﬁgiVﬁﬁsto F?§h¥§a£ CFi é? Q?ﬁuﬁ@?ﬁ? 20
general |y i edntalienisd uriy 4 ecsdoridnr gbng par thekred® i sty Mg 16

according to a third e[ryr;hodl nen of the |nvent| on, fox frodum ng liquid and
gaseous or F&’H‘é’&'rls&rr{ﬁj et Parigles ot caldic @ 200

whi ch are theosaneof chpaier stéBOSQ:analtﬂﬂt reaé?ﬁ@;se&&eaxe h“d'ﬁ@y&(& Wi th
the sane reference nuneral s, ~~ ~r.w.r

~H ' a .-l Ydrocazbﬂmmozb{% 18 The m%%e%ph%elef prﬁtrldedcwéﬁ:hzeogas

conprises, iR1addhti gf hoibhe1E8eb03kd 20RRe1 diggt a o 18, a
wash zone 202. The wash zone 202 |$ acr?cgt%e ﬁgetﬁ\?gg%mt F\’Z Heee gg? z%%ed 17

and distil| &6 oRSzAMRLN 828 The S4URNY | @t bat zdFe f18 ofithdrawingoslnegyonl y

contains 3 fixgdeual kaudh$t Wdtign trays 20, 22 and 24, with the ref [ux
conduit 48 dischargi ng condensed hydrocarbon product reflex onto the
uppernost tray 24. Further, the conduit 34 which |eads fromthe collector

tray sunp 3ﬂue'§e§éé§nﬂ§dalgo%hﬁdiﬂﬁé 'aqkﬂl%éﬁ}ﬂbélgf&?oib%éamgéﬁé‘réi??‘ t he

reactor, rather than returning it to the_slur zone” 202
contai ns a iRdicatgdbrorpteseage: Rrmeradrie, canl tyhgt'aggeeédheas%e@mae ve

wash trays e 20Re289ut®y, bHéd fdhe AT a¥edBB8aRel RGPS MSlpy

liquid conduit 210 i.s arranged to di schar-ge 1 quid hydrocarb % pr o uct as
wash | i qui PHHMER hEhapEERRELIOTWEING rk qasthqfhélqurar bedy ko ardokhe

product usm@ﬁmblbhqubael 3 gobt a‘I‘ﬁ@dﬂé\écﬁL&}b@@él Eﬁu@ RAUnid Ak ¢he
slurry bed ar ation éoltr enoye %OI’I of the catalyst
t

particles -t 8I Hectdpdt the 2:1325?’314'%5 PBd eovx?'? he ITSwerb®st
wash tray ZﬁdstalMaelcmovzdné wizeh aaserrpmamnﬁd 2bfveA Wdded | qrAT-E€t U N

conduit 216,, far. retur n| use cont ai.nin st_partjcles
washed fr oM e bt c?fé %% V\ggh %g 5031¢, 4 % Q&%a{-&;}’ 5&%% ﬁq eads
fromthe stming &pp&md&she slmsrlqwbelie Sbwerytoseaa:mys 2 uch lagcdteri a
reactors 1Q I02 three S agt.or, gréﬁr quui'd
phase in mhcfll elcl\gé‘% yst p t?él‘es@gfgegagg ébsé% 83 11(%&1%&%
suspensi on sluynpaogameﬂ.ﬂa§é [Barioin whgdmrlaagis tahe:dndqultd Ah~sThe conduit

Cat ;-Ihsst di sper&soger%ﬁdaﬁdsowfﬁc L%tgrggﬁfgggg‘# Elgf/vg‘rdﬁ'\%é%lt%r !, of
the |iqui dbghawe the level 36 of the slurry bed .16, eg about 200mm
below the normal slurry bed level. Typically, the maximum
slurry bed level is controlled at about. 1lm below the lower
end of the sump 32. The trays 20 to 30 are supported by
support iegs 38 mounted to bhrackets 40 attached to'tl_le

inside of the vessel 12.

The diameter of the vessel 12, in the distillation zone 18
thereof, 4is about 870mm, while the 1length of the
distillation zone 18 is about 8,4m, with the spacing
between adjacent trays being about, 460wm.

‘The upper end of the vessel 12 is closed off with a domed
cap 42 having gas outlet openings 44, 46. Through the gas
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bed, they break
entrain sone of
and t he downwar
slurry bed but

i ncreases with

content of the

sol i ds concggtl
of solids havin
the reactor®

As the gas bubbl es reach the upper surface~of the slurry .

t hrough the upper surface with sufficient. ener gy éh;zooz
the slurry. Due to the drag force of the upward

d pull of gravity larger droplets return to the top of the
lighter droplets are carried upward. Slurry entrai nnent fl ux
increasing gas velocity apg gas viscosity: The solids
entrained slurry increases wiith increasing bulk slurry
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n this exothermc reactlon t he heat bfr reaction is
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~ ~1In normal, slurry bed react or operations for the
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t he ent ra| gg iceectyor Heing d contxal kégstby r aeame RE peskinglicails
react or ﬁ %t ﬁctﬂdsg a%ﬁ‘%f}?{:ﬁﬁpr ?ﬁi Q.gsg%dt he vapour phase are

condensed
r eact or dlanete

aine
r to be reduced in the

reactor; and it permts the

“

A gas phase éoﬁprising non-condensible unreacted gaseous
reactants, water vapour, a non-condensible gaseous
hydrocarbon fraction, a condensible gaseous hydrogarbon
fraction, -a-vapourized liquid hydrocarbon fraction, liquid
hydrocarbon product entrained with the gaseous or vapour

components, and solid catalyst particles also entrained



2 APRIL 2002 21 freeboard region above the slurry interface in the

Fi scher-Tropsch reactor since the separation efficiency is not ﬁ, M 285‘2
by the slurry entrainment rate. The retention of all the reactor=H 5,}?.,

wi thin the Fischer-Tropsch reactor nakes it possible to separate the

| i ghter hydrocarbon products fromthe reactor product gases and vapours in
a single condensation step rather than tshe m ni rum of two condensation
stegs required for the prior art. Known reactors require two steps to avoid

the blockageieh heat gusBange S g;%%uw &Bmé@hleﬁt‘é‘ax ﬁéaé gR}%f@goghgf es

required to condense all the desire i qui d products.
CLAI M5 1. NwFbreded.orthroumi f§e i feebeatdgasasusl pr odnct siitanthaseous

reactants, dﬂ&f‘lPéEEsfﬁ zgggpiasesmea?ér@re% grhowo}lsv‘fly &OSXQEESSLS gas
st ream conprising nai nl'y carbon nonoxid , - as’ gaseo
reactants, ohtthe gasirpiagedidrh sy oﬂ.m:ctﬂ\ewcd’mnpscandahahyet therél tkes

. suspended if} qvas%ﬁ?:pﬁgsbg %tggggguéna;:gl%?%ssla d’yerg:g%%%@g%row dfd in a

reaction zone; reacfants
Fi scher - Tr dfszh gyt hphasse agnt hdhepashregweaddy lzbneughﬂt he slImrythed,

t her eby toécg d]l' RS §QUS p_%%du% 3 %gget hwag gl%‘t_:gggrtnélsegmd

t he gaseous produ aSSI sting i'n ‘mai e sol I
i n suspensidirstiiil aeisus fpnsimeansi qoiEd, thed mfhuichearhd,q:nu:d }_:pmpmmund

f 1 . ‘ ( ; Doune
bed: wis noseneaty Akl SIRTLN cafillis Bd) B SR e 6T
bed at a dedier emn@imiqnmamvwmc@é'seduinpwabaeta .anthis eh:stted.]gsasamms

et ants SAeEna0C Lagind Pl it hathgn e pa wae ot gngy e

w th entraine I I'qui d phase,” as a gas ase

into a fre@b@arld'szm@anﬁlca.dﬂea@dspaCsadm@ Ltilgpris] dnyrdrdgedcbam phrddwect

freeboard i e eatin
Zf% %Iengi gﬁ{nags.de IR %i f@@-@ga B gl%op“ s cﬁ"&e %[ &1 Nng

t he gas phase by su tron an |ng in
t he head sphése Wiha lh@udﬁsmdlr@tqambmblf\gaétiem athigh aigi Qt:l | Uigriigh zene
of the head spa dptrlgq, Se B f wash
zone of theoheaé stg{(%e r?Pt he “di st at?%ﬁ gﬁeg}iﬁ t%%téﬁ\%/aeﬁ%r%one
when preseft, thei S@%M&ﬁﬁr"cﬁm"‘%%e reaction-~$one by the freeboard zone,
thereby to separate entrained solid catal yst particles and |iquid phase

fromthe gas phase; 2 APRI L 2002
The treated gas phase exiting through the gas outlets 44,

46 was subjected to single stage cooling/condensation in
which the ‘condensible hydrocarbon fraction condenses, and
this condensate was returned to the reactor as reflux.along
the conduit 48 and/or along the conduit 50 as reflux. In
a separate test to demonstrate the effective removal of
entrained solids by washing, liquid hydrocarbon product was
introduced, along the conduit 50, as washing liquid.

The diameter of the vessel 12 in the distillation zone 18
~ is such that the superficial gas velocity through the
distillation section 18 is usually greater than 0, 2m/sec.
The chimney collector tray 30 is of standard design for
dirty service, and serves to accumulate liquid product
passing downwardly from the trays 20 to 28.
In summary, the pJ.lot plant reactor 10 had the following
parameters during test runs conducted on it:



23 returning particles and distillation zor the slurry bed contact thereof

and .
when present,

the separated entrai ned solid catalyst
fromthe wash zone,

i quid phase fromt
to through a conduit so that t

e ie, or
apef; 280,

with the gas phase in the freeboard zone; wi thdrawi ng the treated gas phase

fromthe head space.
suspension liquid is the liquid product; _and
head space are provided in a slurry reac}g
Claim2 or Claim3, wherein the gas p@@@ﬁgggé
or consists of non- condensable unr eact

non- condensahl-e—gaseaus_bydrocarbaon fract Vs

G

particles, urpaﬁamgdequU|d hydr ocar bon productVazugapourlzed I|qU|d
hydr ocar bon liraetion_—a-—econdensable—gaseous—h
vapour, mhl‘eslmEIYrbademsga31ghasduwh|ch IS W

2. A process according to Caim1l, wherein the
wherein the slurry bed and the
3. A process according to
ering the head space conpri ses
ous reactants,

distillati O orre—conpriSes—or—conststs—of

L flf'

HUHbUHUUHDIUIC uHIUabLUu

gaseous reaut%ﬁﬁ%rn@hedhéﬂéﬁﬁaeﬁ§mﬁléngé§€bus Hydr ocar bon fraction, the
condens: i . l)’dls%ﬁ&%@ﬁéoﬁyapééaiﬁon fraction, {and the mater vapour, and|the
gaseous hyd bon uct rise the non ndeQ% $ ggseous
hydrocarbon“f l.gi%% EE?EQ QUW ocar tion, the
condensabl ellgdse rnrar rart he water vapour. 4 ~ A

process acc m@égbéékéjQbﬂb317mhb§§htnc|udes |nlmmcoollng stage cool i pg

the treated gaS—ot—v-apott hase—after Hrearst ef-tw—t-3—~e—est+at+pn
zone, therewﬁhﬁa’cﬁhaen%é,a24lea§t Q@het&?eth AFebY® gaseous

hydr ocar bonfTraction greturning at Te, SSt|SOonMe of this Z APRIT 20p2

24 condense ‘%55?%a€ “¥¥Bduct to the distillPation zone as reflux forflthef }

distillatio

iﬁré&é&ﬁ@@séoﬁﬁéﬁéﬂtégfE@dCIalm
vapour phas

=ﬁgayxxﬂed to between 30C. and SOC
Eat--5—wher

4:0 i ot henirgaied)gap

A process accord|ng

s

or
fo

Claim4 or ete—the—dt-st+ttatt+on—ts—effected uypaoolng t1refl gas
phase upwar jIIBPradiiiss %@mpeéétuéﬂe(dﬂstlllatl3¢1§@age in the distillatipn ~
zone of the urry. reactor current i e
condensed hmaﬁ aﬁﬁﬂ1pﬁ%%uc% a%ﬁg gEquuid 1¥%§%La?b rac%?o%yé §04
process acc n to Caim6_ wherein a pluralify of vertically spaced

di sti |l ati of RetzREESIAI oS €T piésseneh stage eanpr|S|ng a fixed val ve
distillatio (bﬁ&%gﬂ& A process accordlng to,{daim7, wherein the
superfici al FoCTF Tyt roggi thHe T Xxed varve or stiilatrom trays rs.1n
the range 0,2 ms to 2,0 m's, with the superficial gas velocity through the

slurry be~r.3 normally being | ower than the superficial
t hrough t heDarang (tdid dplbhePi8nthdieSther edf cEREY &Y

as vel ~ci ~, |

B bR aﬁﬁPQPCﬁ

cross-secti eaﬁheﬁlssfe@:slm ife@MBb! Ehel r&dpha::.thystm I arrl @o e thap 2r.the

reaction zone. A process accor di n

col | ector tWE?nlsoﬁ&%ﬂeﬁPtﬁﬂ?wF¥%% g%meFHﬁ

aim?7 or

§t Wasqi&43

the liquid whi Gih@:ol eritedntbhec ol |t&%tybr zsr ay e nExamplesedl t arde 2

slurry bed s of .t conqui t,

of the ILqug§r ¥ s %

the top tray 28. The trays 20 to
hydrocarbon product

product,

' RFR %?ETF?HSEBSﬁFFhMFﬁ% Yas¥ p

and condensed gaseous

ie the 1liquid hydrocarbon £raction,

here ,is thu

28 serve to strip liquid
hydrocarbon
from the

refluxed hydrocarbon condensate so that the treated gas -
phase or fraction withdrawn from the top of the reactor is

lighter, and also to prevent ¢

entrained liquid hydrocarbon product,

hydrocarbon product,
with--the-.gas -phase.. from. the ¢t
Hydrocarbon condensate was

arry over of catalyst,
and lighter liguid

ie the liquid hydrocarbon, fraction,

op of the reactor 10.

constantly pumped in at a

variable rate at the top of the reactor in order to wash
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the freeboard zone. 2 APRIL 2002 2S 10. A process according to any one of
Clains 4 to 8 inclusive, which includes the washing of the gas phase ig { he
wash zone, with .the washing thereof being effected by neans of RLl, 2002
liquid, and with the washing thus serving to separate entrai ned catal yst
particles fromthe gas phase. 11. A process according to C aim 10, wherein
the washing is effected by passing _the gas phase upwardly across a wash
stage in the wash zone in counter-currentt¥ashion to the wash liquid, wth
the wash qu:id bein% li qui d hédroc bon product. 22. A‘grocess accordi ng
to daimll)Chhi ERAYECI4NeSOsdBj-ect Fhg SCPBRIAGNTS QAfhetBeutrpyheld twas

sol i ds separddrntoFol DefeMauRuin@e MBj Ofédyephttibe catal ﬁ%?ol?;ar R{)fdﬁs d40m the
l'i quid hydrocarbon product, thereby producing |iquid hydrocarbon product
which is t heRGREIF Bt hEaYath 3 i deyawand dirertoter hatitey Bmginareissdn 12,
wher ei n bot iy flie W8S HiRT + BhpRRR e il Sﬂgﬁé#cles or slurry droplets
and distillation takes placeé in the wash zorrie, with liquid fromthe
distillation zone being allowed to enter the wash zone in addition to the

wash liquid : S CoOE Qs 2 ergj i quj 4 from
the distill érthujegrfd}o%e‘g‘céﬁ o %ﬂ%ggﬁbgggg%?e#hgte\génIc?ﬂ\;\l}ads%éndg%& Lede) yst
particl es orudisurysing ophet seartprt B@:wash |iquid takes place in the wash
zone. 15. A process according to any one of Clains 11 co 14 incl usive,
wherein the wash stage conprises at |east one wash tray, ~~ arrd- a -
col | -eet or EXAMBLEhAl ow the wash tray, with the wash |iquid being

i ntroduced i ' £ I sh |

| Taui d passCRE P NS 005 T abe fRERe BRIy (U et
particles, ffo@the fAow statge @b 6RO y/hy béd biromabesefl chtadysduit, .
whi ch t hus was st a t tray I be 16: -
A- process agggggﬁgféié%f%in11§?§m%§r@?%tgﬁegagségs?%ggEggﬁgr??%été gt )
plurality of \efrerbyatipacaf vébt iMaAsY apast ushdh t Alewesds t pagsedeing’
fixed val vechtaygh lfhe ArdalRticd! | alil 0801 9LaPHOAUCH 0 elgiigl and gasegys

products ~ from gaseous reactants, the installation conprising
slurrying agent, and reacheéd the catalyst surface where the

'Fischer-Tropsch reaction took place; The bed of gas- -
containing slurry'was controlled at a level of 17,4m from
“the bottom of the reactor 12, from where droplets of slurry
were carried up above this level into the fiegbéard area or
zone 17 of the head space above the slurry bed, and from
there into the distillation zoﬁg is. This droplet
transport process is termed 'entrainment’ . In the
distillation zone 18, five trays were used to separaﬁe the
droplets from the gas phase and to minimize the catalyst
loss through the top of the reactor. For this particular
example the catalyst entrainment in the tail gas exiting
the reactor was measured at 2,15mg solids/n@n/h, whereas it
is normally about 10,4mg/m’,/h when no entrainment
separation is practised in the reactor 10. |
EXAMPLE -2

Synthesis gasAwas fed to the three-phase slurry bed reactor
10_.at_a. flow.rate. of. 8800m° /h. A cobalt based catalyst,
suspended as a slurry in molten wax as élurrying agent, at
a concentration of 30 mass%, was used, . The process



a reactor vessel having a reaction zone which, in use, will contain a
slurry bed of solid catal yst particles suspended in a suspen5|oEJ$ﬁ§££§Q§
and a distillation zone above the reaction zone; a gas inlet in S

at alowlevel within the reaction zone, for introducing gaseous reactants
into the vessel; a gas outlet in the vessel in the. distillation zone, for
wi t hdrawi-ng a gas phase conprising unreagged gaseous reactants and, when
present, vapour product fromthe vessel; a liquid outlet in the vessel
within the reactian¢1amnﬁntimmsmﬁwadeawﬁngﬂﬂamnChdﬁﬁmumalfregltmhose

vessel .; optiona hin sh zone | ocated bel ow t he

distillatioff® fSﬁ&ﬁggcﬂéfﬁ 8} qs‘ta ¥n he deRGiqukabnexameleaidi n

which the gastplgse i %nttralh&@ntsuﬂhectﬁd teadl s C?Aé at), rRRfRIfEXidd Ng
a freeboard zone petween

the distillation zo grou t he gas outl et;

the distill % PoA™dmE “’%ﬁ‘é‘?aﬁfr etkents W‘WSFSW z¥RRUE 30 QMHang Brigt/iton
zone; and ~ghen- Ao~ @alm&talnmeﬂte@épwaﬁ&mré *}?r&'é@isé&aihol?h@%ac%r when -
present, the wash zone, to the reaction zone so that, in use, catalyst
particles chfi: be returned fromthe 2 APRIL 2002 27 distillation zone,

or, when present, the wash zone, to the reaction zone w thout contact

thereof wth ghase in the freeboard zone. 18. An installation according
to Clain117Regﬁ¥€HancFBde§1%u€8§I|%g 3pdged . opetBeTYSRFG cuumeradd 290t he

gas outl et é’énéfﬁl!?s%Qidl@éﬂ@%anénOfln%tfa'lrl%ttl(iﬁﬂdﬂb&ora@ﬁ?a §&C9ﬁ9tﬁe9dwt
| eadi ng fromthe cooling stage back to the distillation s

returni ng cHHRRALBENS o‘t?l{lcttl'ﬁ oHVIRRtAGHY i n& O3t aBECPYCERG dg-é-ﬂilllldat pBA
stage as refd4oudp réﬂnb&ﬁtﬁkb&IF% s RRAO N4 £ ai m 17 or O ai m 18,
wherein a plurality of the distillation stages are provided in the
distillation zone, and wherein the freebbard zone contains no gas/liquid
contact nmeaffe Athstelidsieh | atd®n ﬁmqlrdtmg al Or@a&t@r19lowﬂl Qﬁlt‘ﬁc' ydes
t he washing stage in the washi ng zone t he shi ng_zone;bei ng | ocat ed
bet ween t hé ¥ art z&he aﬁﬁagﬁerdl 9|I¢%ﬁ?6ﬁbm%ﬂﬁe Xesariged Bibless
for produciryrddemitd esdrigpteonal | }ParﬁQS@QU&hEF g@ueitor M gaAsEek Sare
react ants. 6ﬁybstant|all as_described and:..ill r%;ed herein. 22. A nove
i nstal | ati 6% off 3HodHEi n@lw+§ﬁFd ERd, RS off II§ ©9a588659r otifict s2¥Fom
gaseous ream@mﬁaxeSUhstnnthalk;maSrdeagenhednmménaﬂamtrated herein.,

However, the reactor 102 only contalns, in its distillation
zone 16, three fixed wvalve dlstlllatlon trays 104, 10s6,
108, with the tray 108 belng:uppermost and .the reflux
conduit 48 terminating above the plate 108. The reactor
102 also includes a chimney collector-tray 30 below the
lowermost distillation tray 104 with the conduit 34 leading
directly from the collector.éray 30.

The installation 100 includes a gas withdrawal conduit 110
leading from the gas outlet 44 to a single stage cooling
' and condensing stage 112. A condensed hydrocarbon fraction
or product withdrawal line 114 leads from the stage 112 to
a pump 116. The reflux conduit 48 leads from the:pump 116;
however, a condensed hydrocarbon fraction or product
withdrawal .line_118.alsq leads from the reflux line 48 for
withdrawing condensed product as desired. A water
withdrawal conduit 120 also leads from the stage 112.
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The reactor 102 functions in substantially identical
fashion to the reactor 10, with condensed hydrocarbon
fraction being refluxed to the top of the tray 108 along
the conduits 114, 48. Tail gas is withdrawn from the
installation along the line 122 or is recycled back to the
reactor along the lines 124, 128, 130.

The maximum level of the slurry bed is typically controlled
at between 1lm and 2m below the level at which the swaged or
outwardly flaring portion of the vessel 12 is joined to its

cylindrical wall portion.

Referring to Figure 4, reference numeral 200 generally
indicates sluryy reactor forming part of an installation
according to a third embodiment of the invention, for
produc_'ing liquid and gaseous or vapour products from

gaseous reactants.

Parts of the reactor 200 which are the same of similar to

those of the reactor 10 are indicated with the same

reference numerals
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The head space of the reactor 200 comprises, in addition to
the freeboard zone 17 and distillation zone 18, a wash zone
202. The wash zone 202 is located between the freeboard

zone 17 and distillation zone 18.

i The distillation zone 18 of the reactor 200 only contains
3 fixed valve distillation trays 20, 22 and 24, with the
reflux conduit 48 discharging condensed hydrocarbon product
reflux onto the uppermost tray 24. Further, the conduit 34
which leads from the collector tray sump 30, is arranged to
withdraw liquid hydrocarbon fraction from the reactor,
rather than returning it to the slurry bed 16.

The wash zone 202 contains a wash stage comprising three
vertically staggered fixed valve wash trays 204, 206 and
208, with the tray 208 being uppermost. A wash 1liquid
conduit 210 is arranged to discharge liquid hydrocarbon’
product as wash liquid onto the uppermost wash tray 208.
The 1liquid hydrocarbon product used as wash liquid is
obtained by subjecting a portion of the slurry bed to
solids separation to remove the majority of the catalyst
particles therefrom. A collector tray 212 is located below
the lowermost wash tray 204 and is provided with a sump or
well 214. A wash liquid return conduit 216, for returning
used wash liquid containing catalyst particles washed from
the gas phase in the wash zone 202 to the slurry bed 16,
leads from the sump 214 into the slurry bed.

Slurry reactors, such as the reactors 10, 102, are well
known three phase reactors comprising a liquid phase in
which solid catalyst particles are dispersed.or held in
suspengion by a gas phase bubbling through' the liquid
phase. The liquid and suspended solid phase constitute the
slurxry. Catalyst dispersion may also be enhanced by
creating an upward velocity of the liquid phase.

p—
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~ bed, they break through the upper surface with sufficient.

energy to entrain some of the slurry. Due to the drag
force of the upward flowing gas and the downward pull of
gravity larger droplets return to the top of the slurry bed
but lighter droplets are carried upward. Slurry
entrainment flux increases with increasing gas velocity and
gas viscosity. The solids content of the entrained slurry
increases with increasing bulk slurry solids concentration
and, especially, with increases in' the concentration of

solids having a size of less than 10 microns.

The slurry losses from the reactor will increase with
higher entrainment rates of slurry so that the reactor
diameter in known reactors not having a distillation‘ zone
16, is large in the freeboard region above the slurry

surface to avoid high velocities in this regiomn.

To reduce catalyst 1losses in such known reactors,
entrainment sepa;.‘ation is normally accomplished with
internal separators. There are a number of known separator
designs, which rely on a change in direction of the gaseous
vapour flow while "the gas or wvapour travels at a high
velocity. These designs make use of entrainment separation
techniques which cause the entrained slurry droplets to
coalesce and fall back into the slurry bed. Such units
also allow for free draining to p'revent,accgmulation of
catalyst particles and possible pluggage. A typical
example of such a unit is . a vane type entrainment
separator. These separators cause the slurry droplets to
impact on a metal surface by.rapidly changing the direction
of the gas flow. However, the known entrainment separation
dgyg.gfas are_ not ].'99.‘1. ~§ff1c1ent in removing the entrained

slurry. Moreover, at the operating conditions of the
$lurry reactors used .for the Fischer-Tropsch processes,
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phase, herelnbefore described, and cannot be separated

by these known devices.

The bagic Fischer Tropsch reaction is:
nCoO + 2nH, » (--CHy--), '+ nH,0 + 160 kJ/g/mol CO

In this exothermic reactionl the heat of- reaction is
typically removed by pumpiﬁg bbiler feed water through
coils submerged in the slurry bed.”’ In normal slurry bed
reactor operations for the .Fischer Trqﬁséh synthesis
process it was found that about ' 50% by weight of the
hydrocarbons synthesised ~wexre too heavy to escape ' the
reactor with the unreacted- gas, and comprisge most ‘of . the
reactor liquid phase. It is possible to separate wmost af
the remaining products from ° the ‘unraacted gas by
multi-stage condensation -tp form some freactor liquid
components, light hydrocarbon éroducts and reaction water.

The Applicant has surprisingly found that by using fixed
valve distillation trays commonly used in distillation
column designs for liquid separations, substantially more
effective separation of both reactor liguid and catalyst
from the gas phase can be achieved.

More particularly, the Applicant has surprisingly found
that with the application of distillation trays in
accordance with the invention, effective separation could
be achieved with only three fixed valve distillation trays.
The present invention has further surprising advantages,
viz the complete removal of the entrained reactor liquid
and catalyst from the gas phase; all the reactor 1liquid
fractions that are present in the vapour phase are
condensed and retained in the Fischer-Tropsch reactor; and
it permits the reactor diameter to be reduced in the
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freeboard region above the slurxy interface in the
Fischer-Tropsch reactor since the separation efficiency is

not determined by the slurry entrainment rate.

The retention of all the reactor 1liquid within the
Fischer-Tropsch reactor makes it possible to separate the
lighter hydrocarbon products from the reactor product gases
and vapours in a single condensation step rather than the
minimum of two condensation éteps required for the prior
art. Rnown reactors reguire two steps to avoid the
blockage of heat exchange surfaces with solid wax at the
temperatures required to condense all the desired liquid

products.
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CLAIMS:
1. A process for producing liquid and gaseous

products from gaseous reactants, which process comprises

feeding, at a low level, a synthesis gas stream
comprising mainly carbon monoxide and hydrogen, as gaseous
reactants, into a slurry bed of solid Fischer-Tropsch
catalyst particles suspended in a suspension liquid, with
the slurry bed being provided in a reaction zone;

allowing the gaseous reactants to'react, by means of
Fischer-Tropsch synthesis, as they pass upwardly through
the slurry bed, thereby to form liquid and gaseous
products, with the géseous reactants and the gaseous
product assisting in maintaining -the solid catalyst
particles in suspension in the suspension liquid, and with
the liquid product forming, together with the suspension
liquid, a liquid phase of the slurry bed;

withdrawing 1liquid phase from the slurry bed, to
maintain the slurry bed at a desired level;

allowing gaseous products and unreacted gaseous
reactants to disengage from the slurrf bed and to pass
upwardly, together with entrained solid catalyst particles
and liquid phasge, as a gas phase into a freeboard zone ot
a head space above the slurry bed, with the freeboard zomne
being located immediately above the reaction zone;

treating the gas phase by subjecting it
distillation and, optionally, washing in the head space,
with the distillation being effected in a distillation zone
of the head space, and the washing, when present, being
effected in a wash zone of the head space, and with the
distillation zone and the wash zone, when present, being
spaced -£ronw~ the reaction--zone by the £freeboard zone,
thereby to separate entrained solid catalyst particles and
liquid phase from the gas phase;
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returning the separated entrained solid catalyst
particles and liquid phase from the
distillation zone, or, when present, f£rom the wash zone, to
the slurry bed through a conduit so that there is no
contact thereof with the gas phase in the freeboard zone;
and

withdrawing the treated gas phase from the head space.

2. A process according to Claim 1, wherein the
suspension liquid is the liquid product; and wherein the

slurry bed and the head space are provided in a slurry
reactor. '

3. A process according to Claim 2 or Claim 3,
wherein the gas phase entering the head space comprises or
consists of non-condensible unreacted gaseous reactants, a
non-condensible gaseous hydrocarbon fraction, entrained
solid catalyst particles, entrained 1liquid hydrocarbon
product, a vapourized liquid hydrocarbon fraction, a
condensible gaseous hydrocarbon fraction, and water vapour,
while the treated gas phase which is withdrawn from the
distillation zone comprises or consists of the non-
condensible unreacted gaseous reactants, the non-
condensible gaseous hydrocarbon fraction, the condensibi.
gaseous hydrocarbon fraction, and the water vapour, and the
gaseous hydrocarbon products comprise the non-condensible
gaseous hydrocarbon fraction, the vapourized liquid
hydrocarbon fraction, the condensible gaseous hydrocarbon
fraction and the water vapour.

4. ' A process according to Claim 3, which includes,
in a cooling stage, cooling the treated gas or vapour phase
after —-it ~has~ left--the distillation zone, thereby to
condense at least some of the condensible gaseous
hydrocarbon fraction, and returning at least some of this
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condensed hydrocarbon product to the distillation zone as

reflux for the distillation.

5. A process according to Claim 4, wherein the
treated gas or vapour phase is cooled to between 30°C and
50°C.

6. a process according to Claim 4 or Claim 5,
wherein the distillation is effected by passing the gas
phase upwardly across at least one distillation stage in
the distillation  zone of the slurry reactor, in
countercurrent fashion to the refluxed condensed

hydrocarbon product and the ligquid hydrocarbon fraction.

7. A process according to Claim 6, wherein a
plurality of wvertically spaced distillation stages are
used, with each stage comprising a fixed valve distillation
tray.

8. A process according to Claim 7, wherein the
superficial gas velocity through the fixed valve
distillation trays is in the range 0,2 m/s to 2,0 m/s, with
the superficial gas velocity through the siurry bed
normally being lower than the superficial gas veluociuy
through the distillation zone so that the effective reactor
diameter or cross-sectional dimension is smaller in the

distillation zone than in the reaction zone.

9. A process according to Claim 7 or Claim 8,
wherein a collector tray is located below the lowermost -
distillation stage, with the liquid which collects on the
collector tray being returned to the slurry bed by means of
the conduit,..so.that there is thus no contact of the liquid
which is returned to the slurry bed with the gas phase in
the freeboard zone.
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means of a wash liquid, and with the washing thus serving
to separate entrained catalyst particles from the gas
phase.

11. A process according to Claim 10, wherein the
washing is effected by passing -the gas phase upwardly
across a wash stage in the wash zone in counter-current
fashion to the wash liquid, with the wash liquid being
liquid hydrocarbon product.

12. A process according to Claim 11, which includes
subjecting a portion of the slurry bed to solids separation
to remove the majority of the catalyst particﬂles from the
ligquid hydrocarbon product, thereby producing liquid
hydrocarbon product which is then used as the wash liquid.

13. A process according to Claim 12, wherein both the
washing of entrained catalyst particles or slurry droplets
and distillation takes place in the wash zone, with liquid
from the distillation zone being allowed to enter the wash
zone in addition to the wash liquid.

14. A process according to Claim 12, wherein no
ligquid from the distillation zone enters the wash zone so
that only washing of catalyst particles or slurry droplets
with the wash liquid takes place in the wash zone.

15. A process according to any one of Claims li co 14
inclusive, wherein the wash stage comprises at least omne
wash tray, “and-a-collector -tray below the wash tray, with
the wash liquid being introduced into the wash 2zone "or
stage above the wash tray, and the wash liquid passing,
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16. A process according to Claim 15, wherein the wash
stage comprises a plurality of wash trays spaced vertically
apart, with the wash trays being fixed valve trays.

17. An installation for producing liquid and gaseous
products - from gaseous reactants, the installation
comprising

a reactor vessel having a reaction zone which, in use,
will contain a sluri‘y bed of solid catalyst particles
suspended in a suspension liquid, and a distillation zone
above the reaction zone;

a gas inlet in the vessel at a low level within the
reaction zone, for introducing gaseous reactants into the
vessel;

a gas outlet in the vessel in the. distillation zone,
for withdrawing a gas phase comprising unreacted gaseous
reactants and, when present, vapour product from the
vessel;

a liquid outlet in the vessel within the reaction
zone, for withdrawing liquid product from the vessel;

optionally, a washing stage in a wash zone located
below the distillation zone;

a distillation stage in the distillation zone, and in
which the gas phase is, in use, subjected to distillation,
before exiting the distillation zone through the gas
outlet; and *

a freeboard zone between the distillation =zone, or,
when present, the wash zone, and the reaction zone; and

~— g condutt -leading-£rom-the distillation zone, or, when
present, the wash zone, to the reaction zone so that, in
use, catalyst particles can be returned <from the
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outlet of the vessel by means of a first conduit, and a
second conduit leading from the cooling stage back to the
distillation stage, for returning condensed product from
the cooling stage to the distillation stage as reflux.

19. An installation according to Claim 17 or Claim
18, wherein a plurality of the distillation stages are
provided in the distillation =zone, and wherein the

freeboard zone contains no gas/liquid contact means.

20. An installation according to Claim 19, which
includes the washing stage in the washing zone, with the
washing zone being located between the freeboard zone and

the distillation zone.

21. A novel process for producing liquid and,
optionally, gaseous products from gaseous reactants.

substantially as described and illustrated herein.

22. A novel installation for producing liquid and,
optionally, gaseous products from gaseous reactants,
substantially as described and illustrated herein.



