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03/ 05mEsss converted into usefil hydrocarbons. :

This second step, the preparation of hydrocarbons from synthesis gas, is well known in the
 art and is usually referred to as Fischer-Tropsch synthesis, the Fischer-Tropsch process, or Fischer-

"Tropsch reaction(s). Fischer-Tropsch synthesis generally entails contacting a stream of synthesis

. 25 .gas with-a catalyst under temperature and pressure conditions that allow the synthesis gas to react

and form hydrocarbons.
More specifically, the Fischer-Tropsch reaction is the catalytic hydrogenation of carbon
monoxide to produce any of a variety of hydrocarbon products ranging from methane to higher
alkanes. Research continues on the development of more efficient Fischer-Tropsch catalyst
30 - systems and reaction systems that increase the selectivity for high-value hydrocarbons in the
Fischer-Tropsch pr6 duct stream.
- There are continuing efforts to design reactors that are more gﬁ'cctive at producing these
- desired products. Product distribution, product selectivity, and reactor productivity depend heavily
- onthe type and stracture of the catalyst and on the reactor type and operating conditions. Catalysts
- .35 for use in such synthesis usnally contain a catalytically active metal of Groups 8, 9, er 10 (in the
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therefore a higher deactivation rate. Therefore, if reactors are operated at conditions conducive to

higher alpha values (higher pressures), per-pass conversion will necessarily have to be low to avoid
- premature catalyst deactivation due to water. A low per-pass conversion is undesirable, however,
because it results in higher capital investment and operating costs. Additionally, for iron-based
- 30 catalysts, the water not only has a negative effect on the catalyst deactivation rate, but it also
~ inhibits the rate of reaction.
. The water partial pressure is therefore a constraint that will not allow the realization of the
kinetic and/or wax selectivity potential of iron and cobalt-based Fisher-Tropsch catalysts.
Therefore, in order to improve the efficiency of slurry reactors using iron and cobali-based catalyst

©35 . systems, there exists a need for a method to remove water formed duz‘ing Fisher—T_ropsch synthesis.
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components, under reaction conditions effective to form hydrecarbons and unavoidable secondary
products, such as watet, from the synthesis gas. A portion of the slurry from the slurry body may then
pass -into a gas-disengaging zone to separate gas bubbles from the slurry and form gas-reduced
slurry. Next the gas-reduced slurry can pass into a stripping zone, wherein the gas-reduced shury may
30 contact. with a dry stripping gas, which at least partially removes water therein to form water-
reduced slurry. Lastly, the water reduced slurry may pass back into the slurry body. In some
embodiments, a fraction of the liquid component .of the hydrocarbon shury is separated from the
rema:rmng shurry prior to passing the shuxy back mto the slusry body |
_ Additionally, an embodiment aliows higher per-pass conversions of syngas and/or of
35 higher total pressures at any given degree of conversmn, while protecting the the Fischer-Tropsch

catalyst.




remaining slurry prior to passing the slurry back into the §%H&£%mgody. 35
-~ Additionally, an enbodi nent allows hi gher per-pass conversions of syngas
and/or of higher total pressures at any given degree of conversion, while
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-forming a catalyst-containing water-rich slurry; (b) passing the catalyst-containing water-rich slurry

into a stripping zone, wherein the catalyst-containing water-rich shurry is contacted with a stripping gas
that at least partially removes water therefrom so as to form a water-reduced shury; and c) passing at

25 leas:_t a portion of the water-reduced slurry back into the slurry body.

BRIEF DESCRIPTION OF THE FIGURES
A better undexsfanding of the present invenﬁdn can be obfained when the following detailed
description of the preferred embodiment is considered in conjunction with the following drawings:
' 30. Figure 1 is a schematic diagram of a Fischer-Tropsch reactor system inciuding a gas-
stripping unit in accordance with a preferred embodiment of the present invention;
Figure 2 is a schematic diagram of a first gas stripping system in accordance with one
emwbodiment of the present invention; - |
Figure 3 is a schematic diagram of a gas stripping and setfling system in accordance with a
- 35  prefered embodiment of the present invention; and |
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PREFERRED EMBEEIE NMeRital Sapneoé switahls rqupniity guds austitysis; availsble, gafaiaping mHdPual ity

i s avai leablofd 6 8:&rast ndeRbRg cdiinddes, sRIR PMEJAHA aPichaGlopddhdgsitnh.abl £
conponents, such .as water, froma_Fischer-Tropsch system In a referred
ebodi mBiHes] & Ppdinpsobe ?Pﬁ%ﬂ‘ferw;aareg@roéaﬂﬁ%fmdﬂﬂdw&%ﬂ“wﬁw liced in
c%t;né er glow e rttr:]e w&tb@wam&daﬁb&ﬁm?j.w/sm@l ABATHRE, Slkrdi'f}ﬁe?d-is Itnibdplefeped -
enbodi nent g, ogen.is the preferred strippin as. Introduction of the
stri ppi ﬁ'ﬂplﬁ%ﬁ’sga%/'gﬁff clipn fimp SF‘S’B‘H%%?W&‘%SW@E ’@B‘P“ﬁ%ﬁg‘fg’ﬁ d HHFE® lﬂd‘c‘)ec he

M Xt ur e mixtir€,@fdatii adlrive fore HanRernter ftsthe Hifnadsite gat plase.t he |iquid to the
gas phase. Process Referring nowto Figure 1, a system 100 in accordance
wth a gf—“é%"-'érred enbodi nent of the present invention includes slurry

react or . 120, Refertity wasodignis]) a seth B00ViicRsrdsice Wil b Pepfediyd biabodinddt of theeact or
120 includes. a f.ank 126, .a cat al yst stem (pot .shown) .. i.nl et and 157,
and out PRFE! pphot Seacs sy g e L p a0 g B Kb S'm, 8 1 56
opt i onaRedonf 1306ndhldas £k D2ZH, a Sddpwnyysterd ok sHoe), inldO1 12andl1 37 ndeuetd @1, and 133.
Wat er strippi Sys 140.j ncl udes ssel 14 inlets 139 .and , 145, and
out | et < A28 eSS S0 bbb EET ik LEF ilienad bima b by v et o

heat ed. 1ZBhend dutitten3 hml 1330 SHater saipging apdeimii400inciodes hlvesel o nipletiadA? sndar e

di scuss in, d i],.bel.o ur C described earlier, urry
react or Egoﬁlédr 3'?[%%b{fus??éipgﬁdiﬁjﬁdm@éf‘gﬁ€? f”’gﬁ%ﬁﬁ’fef RO Iﬁ)ﬁihaa%%iy .ﬂfeeedi ng

. gas r eainteasltionship dridrsepataiidn bfthee tdnpobaistaedinhssediadetil bl t hr ough inlet 112,
which p oducifs %lgas bubbl es (not shown). As the gas bubbles rise through
the rea lf"érly, PHY reactants are absorbed into the liquid and diffuse to the
cat al yst whexsdesdibpi ealisigshaty fedvtors aiesdie/st suspesdipmratilitie\pasticies ABlighidley 2006 WO

03/ 05761':'%‘%11.1-lg gas reactants in line 110 into the bottom of reactor 120 through inlet 112, which produces
gas bubbles (not shown). As the gas bubbles rise through the reacior, the reactants are absorbed
into the liquid and diffuse to the catalyst where, depending on the catalyst system, they are
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- PCTI1 USO2/ 41012 converted to gaseous and |iquid products. %%ﬁ

products enter the gas bubbles and exit at the top of reactor 0 through
outlet 121 into line 122.. Liquid products 124 | eave reactor 120 as a

wat er-rj ry via outlet 123 and enter de-gasser nlet 129. A
val ve @nwﬁg#$ne 124 requl ates the flow of slurry Fé%%§%é53§er 130.

Qut |l et 123 I s preferably positioned near the top of the 5 slurry bed. It is

- KnownyohRrtePRI B écBusSint lifdid PR 8ucks %Bgﬁseaifs@ﬁﬂﬁéis émeﬁwgasbmmaamaaxﬁat y of ways,
including but not limted to: B plug of S @4 ﬁagrh the taI yst bed and
wel | -G e 2N TR BHleigEb i T e LimgB ot R AG0 8, nct ade
any  Syddrageh @uﬂ?ﬂaéﬁbm3%ﬂ&1hﬂ8f&ﬁtgassﬁoi3oed@ﬂ&| 29. Wedvd liﬁuh(llne 1@4 droplets
are entrained in a gas, separation is_en %nced %@%I(* |qU|d dr ops
to hirezsatrg teciourof slppy 1 dewgpsser 13, rPuilebl2348 prpfomaly positions @”ﬁ eatf’%o mlarly,
When @ gasdl St & BiReh e Gprite Alubrl Gl Giscife? 968N REctorfRY a Beridh Bﬂﬂrﬁﬁd by

i nduci ng the gaseous constituent to assune the vapor phase. Qﬁ%um ng the

-'gasedu@udéfégriglt pet Jispited te; Pigslinveok se thyonsh iherpatalist bed gnd melmired o P¥kng t he

equi I i b %g}] hetween the gas and the liquid. This may be done by heating

t he I|qU| thus lowering the solubility of the gas, by 15 passing a second

gas tDe-gasggh the liquid so as to sweep out the dissolved gas, or by |owering

~the presghr de U Shitap2 - SlSn P imeAC PR SN WHeS hgiigues are
known in t%%ﬁg%gg@fﬁ%%ﬁggcrl]d bgwugléd Q&éﬁm‘p resgnt systeﬁrintg In oﬂg preferred

. ‘etfbodiropistt arpéntiained mmmmwﬁm@vﬁnh@ned h?e%ﬂg‘alggﬁlehqla@)dlionﬂp bigenst adbgrep| v a

baf f 1, Avediik ﬁ%ﬁme@&wrd and is

' optlo a%lﬂltS%rfa%Z%&g% %ﬁ{ﬂaﬁ%&ﬁ[@gteﬁ?ﬁgﬁ%ﬁﬁ ve) '\ ortion of the gas

- di ssahayels enharlcbtbb;sindmm;g the gnmuummmqnt tmasnumﬂgthavgnspwfr ehdycingihe ch exits

th f d | ,
e R oG HRRE Sl Phe Wik Pobl a4 R0 D ACARRBSG, BALBL WED 5 U 1Y,

o exi t sand éhegiasise Mhik 3y bl dm@h haamlg it ligdd, tats lowdning thesolobiligef @aweby 130. The

gas stream 132 t be .caonbin stream
1%3 @g%%ﬁond@%%@%%%g 50 asctﬂ sgr.egro%g éssol%%%gs? %?P}pfo & a@es er 130 via
out | giresdizSatdive thedqid \ﬂaﬁﬁlisﬁﬂibﬁe-gdﬁmgmhﬁqueiaﬁkmm intfieert sndwat beussd r i ppi ng
system 140 at inlejf 139. T tr.eam l.eaving, de asser ine 134 is
“pr ef SRAIPEsHE SRy %‘1‘1“91’?%%‘16 o é‘%ﬂtﬁ’ﬁﬁ‘ﬁﬂ’%@g’é Sentichh 8 et g@s’éér%?degl ly all of
t he |dueply dbamelplsel | ds | eaving reactor 120. Stripping and Separation System
The slurry containin ' solids flow. from desga r 130 into .
striping s%?sﬂé“’eﬂ’rm@@l ﬂ%e'gaw?ﬁ‘?"e r}dﬁ]lo agw%‘ifﬂf B O%ﬁon%g't%l} dgyf’;l%ﬁ%t

5P O i14¥8 Tthot Blowah). SA b rﬁ&i d’f@lesgdéﬁ&ﬁﬂlhédfiﬁtheslurrb Flowsd wpstagicl fokring d@sailréaml n Figure 2.
System 140 preferably |n Iudez{mr 3§ ‘*8%“ cal colu or .t 142 equi pped

wi t h BhighsXits e fp of deseagisr 139 atersehaluy, why ﬁtp om a liquid

| Nl etyohad ofdidoAde: CIOLAEBRY 1340718 lofid shretin® (327l dktga*ssbleﬁt)(ﬁﬁoughﬁmet izyukd and gas
outlets 147 and 141 at the bottomand to re “iléﬁega%/egquhe inlet liquid

i | ithetopafde-gasies A% dhe eastEcarh B2 paYeptivgally be o PR i nto
' " stream 122, as shown. Degassed water-rich shury line 134 exits de-gasser 130 via outlet 133 at the

25 bottom of de-gasser 130 and enters water-stripping system 140 at inlet 139, The stream leaving de-
- gasser 130 via line-134 is preferably essentially free of gas bubbles and contains essentially all of

the liquid and solids leaving reactor 120.
Stripping and Separation System

‘The shurry containing the liquids and solids flow from de-gasser 130 into siriping system
30 140, wherein it is stripped of water. A first embodiment of a stripping system 140 is llustrated in
* . detail in Figure 2. System 140 preferably includes a cylindrical columm, or tower, 142 equipped
' witha gas inlet 145 and a distribution chamber 166 at the bottom; a liquid inlet 139 and an optional
- distributor 160 at the top; and liquid and gas outlets 147 and 141 at the botiom and top,
respectively. The inlet liquid in line 134, which contains the water-rich slurry, is distributed into
35 - vessel 142 by distributor 160. ‘A dry stripping gas, such as hydrogen, methane, nitrogen, carbon or

-5




35 vessel 142 by distributor 160. A dry stripping gas, such Fﬁﬂ%%ﬁ E ogen,

nmet hane, nitrogen, carbon or 5 28 June 2006 WD 03/ 057652 P 41012 any
conmbi nation of them enters distribution chanber 166 at the bot t om of

vessel floms upward, countercurrent to the f] ow the liquid. The
dry stﬂ%éé?%g as does not have to be 100% pure andP¢ﬁU ﬁ"ﬂ%ntaln smal |
anounts of other gases, for instance, carbon nonoxi de, carbon di oxide,

L i ghty ) YSheaseMBem, Shers dishibhAdHECHERBR d66TBINhS botlolheof Faseli 192 appAgad i nt o
vessel 142, 5 increasi ig)the are of contact between he l‘lﬁttﬂo and gas,

and SREHHrRUTFEPTeRLP hedowas Fheallﬂt“ b dEHERFPPRE gﬁﬁﬁ?ﬁé‘é’t et ween

Phas@sreCAR PSP chifaitl BRAPYEGNR Yor RIRE igikgs, FACiitie, @R Rofioddt3 carbdn et al
tubes, rods, or screens (not shown) i nsi de vessel 142.so as.to_slow the

f owdwﬂdﬁhh%égd@mhsem Jp g WP@EF@% -t 28y ﬁnge i Xe%61 nld2el enent s 143
aKe Ysesing the hréa BlcEltRE B&\Qeeh%e@igﬂﬁ ggf%aﬁ 2B& BRI diddAntinthid ddntadtibetweed N phant om)

beneat h packi ng el enents 143, so prevent themfromsettling on the
10 bdhe phasesf Cpriact bptweeppphases gan,gisoche WrCtVbeblspla?niag/PaF@% tlemetelfSpY the dry gas

ent eni g nfRerode 358 teensthA sﬁ’éﬁvhﬁ%sx&é %eﬂ?@ so hEBVIE® tHleMBwloPie Bhs tubBled OVET

through outfet 141 into [ine . The water content in_the slurry
‘decr epwad thyensh Fhe skimir Hybaﬂﬂqﬂé\ﬁbnﬂﬁmwsﬁh itjepyefamred o providea $uRERtiRthe sl urry

 leav 8 (B BRI Henth B33 Gine cébfents D UG, o L ANbH oM Hoft sodih e sent T al | y

wat er- e wat’er urry In I'ine 148 can be 15 exported via line
196. bRddmeofviessgl 14gain to Figure 1, the de-watered slurry mxture 148 is nore

f er abl t t tal yst i
- Breferabl vud Shteh s whi0 RRS Y ne 80 B ahhF el oo e igpeat al yot 1o
-120. 1eamcstbmpeufbhnjtommmug1ao¢m fl4ointd B A6, smrwerrmtﬁnjne teqdumny  be
e eds s B A oy HRE P STl Bthal BE 1 Angﬂ%%@&mfewoses etc.

I'gure Wat &r - F ) hase stream | eavi ng
vessdh2 tdigh Ih@uxﬂ ioniket 1416is essemtjpily ser-fréve 'ﬁmsmnﬁcs;slurnpm Iwg 14§ eart be wat er, and
%I‘IOUS %drmuEt gf ot her vaporized products such as unreacted stock from
1Pne HAWEBREIGIPt of the gaseous products formed in reactor 120. In some
-enbodi nenReferriy agao FiQre 1 theidaclatette shrmhxtg;a%&mnﬂoid eeferdbif recydlet ei n wet gas

stream 146 i epar at ed. i.nto onents I, vvater/l i ght
hydr d@%F%%f%%aiP]?ﬁ?eg} ﬂd%&?eca% edOe&u [53 géﬁg&;feﬁlrﬂ a portion
of QaRRYHWIb Eieateddé 120, m&bmgamb@ﬂmnfts, eporﬂxﬁi)lf:ﬁrofblmrjommmmé«tﬂ may t h streans
122 and/ or from urifier may then be recycled via
li ne E?@m"ﬁi}tfgk"qqf% g@ﬁ@%@nﬂ% ?fl‘gaalft% ﬁ?’lpﬁ@(’ﬁf’&fc Optional Iy, either wet
s st r eaill @y 6l Figud AghShdteaith Yapdr plBystiesn Lo vead! MR vl labildeet streans
122 and/ or 132 Al sqQ optionally,

gart or all f t he dr s in., stream 172
may  (SEMBTEST the gaseous HFRRNGABF Y aFoR @ad YAEIRULAnOPRTy %%Yapeﬁlﬁ%ﬁ% WS ne 174 or
may . ke uRbcEa GociSforh RN 1D MRd pMEEBHA Mscdus pro@ich Fmed in reactor 120. In some

- embodiments, system 140 may include a wet gas purifier 150, wherein wet gas stream 146 is

* separated into components including dry gas:and water/light hydrocarbons mixture. A valve 149
25  may be used to send all or a portion of gaseous stream 146 to wet gas purifier 150 or to be mixed
with streams 122 and/or 132.. Dry gas from wet gas purifier 150 may then be recycled via line 172
back into vessel 142 via feed line 144. Optionally, either wet gas stream 146 or dry gas siream 172
may be combined with outlet streams 122 and/or 132. Also optionally, part or all of the dry gas in
stream 172 may be sent to a firther purification section (not shown) via line 174 or may be purged
30 from the system via line 176.

In wet gas purifier 150, at least a portion of the gas stream in line 146 is condensed so that
two i)hases are formed, namely a stripping agent rich phase and a water-rich phase. The stripping
- agent rich phase is preferably returned fo stripper 140. Subsequent processing of the water-rich
phase may be performed by processes known in the art to recover the material and render the water

35 suitable for disposal. |




In wet gas purifier 150, at least a portion of the gas stregpyjn,d,sne 146

I s condensed so that two phases are forned, nanely a stripplng agent rich
phase and a water-rich phase. The stripping agent rich phase is preferably
returned t tripper 140. Subsequent processing of th ter-rich phase
may be gro%giﬂ%d by processes known in the art to regﬁy‘ﬁ?%?twéz mat eri al and
render the water 35 suitable for disposal. 6 28 June 2006 WD 03/ 057652

PCTf L SO2/idbhd 2mb ot @R inQEBA6H ©8Mpsing bub thd ddiet, iraiylbe desiritlPpisggrarut t he
water, it may be desirable to separate a fraction_of t?c&}l'qu'd products

© f r oma frstiem plathy diguid progpety Som b, eialyshPrgs do areychae dheede-Waterrd A Astri ppi ng
-and sglbink RRY SYBLCkeA Dab Rat is it bAbisedubiopuriosd & ilhtePiA AQAE3] S
N | lustrated 1n Figure 3. System 240 is an alternative tzgz%}é{%tem 140, _
i nasiyetm 340 s en aligEativede syitemy 14D dpasmech s d dshudesartnpgns SEREd) R% gas inl et
' 2%3, VS B Enfet D4, Glstufd nlet DB shitry A0S o3 aBi1di B476h& 220044 1R whttad hnddopt he bot t om

t
and top, “respectively. System 240 further includes a liquid outlet 253

i nt enveitiaels Brtene e Rurfber tinghdany lawd oytlsh?Bf intprucdisfe belpeen SPPRATS 40
-pref qrall v @Lﬁfz&%g%&és uO?feférﬁ@y%so%ﬁldéﬂ Rhdh Se iRBhbl R A58 and  may

optionally 1nc r distributor (not shown) and a gas distribution
- chanesy opirellsingude)a shirgaistbutop(ngt shows endregas dissibefion shamhehgoA8EY261 on one

~ side BAMRL AL 28/ QUL A Bne 5616 G2 iR kcBPend MOnRAAET aofd # chligy eof . The
wat er=ri sfurry contarning catal yst particles, hydrocarbon |iquids and
Vit erotlensidatheredie top of vessel 242 via line 134. As in the enbodi nent of
Figure 2. _ SR _ ‘ i
- rhgure The ggtgrbrfch%faﬁ'? Flr tal . f%aﬁgjsﬁaﬁlﬁfregﬁydl:ﬁcgfbgfg&&&s HERREl enithdnd rom line

- 144 and fl'oWs" Upwar stripping gas does not
~have tbpobesstDBZovirule 1340Ad in thagmtedinen of Rgved 2, aadm sitipeinggasselethegases, for

prot g RREy HEnTRE BB T 0n AR ot Sy ARl NIRRT )57 e

- wat ernot Bave hebd 100%i jthird sdriemmy eshtdiny sidienstuts piitreg gesas  forandinemcabon i ch
i ppi I .he.t f th | th t B th
o el e S5, bR tCeationt PR AR oS P b yeiaap Ve 00 1T

. begi nornsifd tibbag 2485 SiROoWatasin ttheeTliqlidi fsrrymeved &y shet sippingsge| and watesgielr gi ng zone

- 261, however, risjn bubbles . 2 43 tend to prevent conplete settling
“of th@pﬁgﬁtgi‘sé?aé@s.tﬁ‘?—‘ig‘h@e‘feﬁe tLﬁO he"i‘fﬁ%éf nt, baffle plate 250 is preferably
provi ded Becaase the calstis pticlesiatt @mele Binsatalng tBSHquidedn tessherystiay begid y free of
rising gas bubbles and in Wnicrl tgpe h droc%? n Iigulds 2 2b an be
separstiing ap seop2¢ he sy gnters fhe yessel; My garemg pove Lol WYL THEE S SPORTY f er ence

- et weRn 1dnl % sraert dbbleR btiling bethe BRACIAN Hehdspin kliiCmidbdinient] baflle @&2250 N a
~preferred operation, relatjvely. or essegst | EI l'Q’ wattlglé’%rﬁog slurry flows
* underis Peforably PYdsd s93p1q FRfe Soliftfewsoatht>l ABHds PP B RS TRE T at al yst
- par tigkeies A3 Wish HeBRRdcabbfRqldie st bhle deparatd Boin Bbehalshgyticles efd to settle
to the bottom of vessel 242. _ , o
~ using the density difference between the catalyst particles 254 and the liquid product 252, In a
- preferred operation, relatively or essentially water-free slurry flows under baffle plate 250 into
25 quiescent zone 251; Because the catalyst particles 254 are denser than the Tiquid product 252, they
tend to settle to the bottom of vessel 242.
In a prefetred embodiment, vessel 242 is sized such that the residence time of the shury
therein is sufficient to allow most or essentially all of the catalyst particles to setfle out of an upper
portion of the hydrocarbon liquid. In a firther preferred embodiment, the floor of vessel 242
30  includes a collection area 257 in which further seitling of particles 243 can occur. Collection area
257 is optionally positioned under quiescent zone 251, In some instances, it may be preferred to
posiﬁon outlet 247 as far away from sparging zone 261 ag possible. In an alternative embodiment
shown in Figure 4, collection area 257 need not be positioned asymmetrically and can be conical or
sloped so as to enhance settling and separation of particles 243. The settled catalyst and another

'35 . portion of the liquid product exit the bottom of vessel 242 via outlet 247 and follow the preferably
| | 7




~ . 35 porti o# sefond pertipn ef e lig

In a preferred enbodi nent, vessel 242 is sized such that th%g@?&oggnce time
of the slurry therein is sufficient to allow nost or essentrally all of
the catal yst particles to settle out of an upper portion of the
hydrocaghbon liquid. In a further preferred enbodi nen fl oor of vessel
242 30%"??@?’&?38 a collection area 257 in which furthkFT/i]g“?f“ml g of
particles 243 can occur. Collection area 257 is optionally positioned

- under, il 868 Bioul@BR 105p 148 bitkS9 Micton $208(FeRfe 1)l t SulifenbBquid sosldrted t o
posmglraon outlet 247 as far away from spa,]ralgl n zglge i%l ﬁsvé&%ssabl e. In an
al t eremaved/hrosghmilptisn fo ensha et thepatelygfippaiaigng 1f 51 B EH 257 “need not be

posi t.4 Qﬂaﬁiﬁgﬂgﬁyi cally and can be conical or sloped so as to enhance
settHn(r%gbga d separation of ‘garti cles 243. The settlgd Cat?slt%ﬁéll and anot her

Faduct, dypically spmpsising SHAISFTon e SE Yvi a outl et
241 %gtgly{ﬁ&.!eé ﬁaﬁﬁi& ?b?o-da.lﬂ,gefcﬁf @é);re\fnovgd 28 Jens 2906 \WA3I505 1GAR: PBTIsUS02/ 41012

gravi riven circulation loop 148 back to, reactor %é}(; éFi %ﬁé@ 1).
. Suf f ipositemed prefgubly isqiessant zrae 25 land glaguilisicat heighbihorethe Sepy ot ws re that the
~catal yst - cont aj nl B,%i]a' ifo1bd 738 whiBed throf sHOYEPARiraNSlsoreeh £581RGESSar y,

'pumé‘%ﬁ%"gﬁ%@%@%ﬁ@g or#%a%p%r?ct he | ié%isd Sr%?lqct, typically, conprising
. cat aloytianallytednairded attoutiet 454, tol dngure Batae caiplyss enters Hee 353 qhie quprb B d can be
..removed.fro S bRt & sABmaOtlbkShtiafly Gol Rlid RRgilkd ered

pr ef éwggrfvnlrﬁﬁr&c?% @%cé%tzlszg%%e&g@’l&gﬁd ataa suffiac?egt ﬁe?)gﬁlt above the fl oor

a0 vedthéhw242 to mnimze the possibility that stray particles 254 w ||
pass through_ it. .lf desired, a screen 258 may optionally be included at
outlé%lg%g?e?Bﬂg'ﬁ%re that no catalyst enters line 253. The anount of
~Liquid - Wit dofie asandel) itaneytbe désivablts Benioye fie bfayy Hipid products Sigerhe piaduct

substantially n olid.particles. ar j ARt Le Operation
In sm@&gi’%‘ﬂ%@&%“ﬁ“’ﬁﬁ%ﬁﬁé@& 's.In?%‘ %@#%%@@ﬁ%@é@vy Iilpqui d products
f r omash @apbeticially fedoodd. t 0 recycling the slurry without stripping. In such

cases as inlet 245 is closed and baffle plate 250 maybe optionally
r Po ey “iﬁss&‘ﬁﬂiﬁ"er Si mul ati on The operating conditions (i.e. pressure,

*. tenper.at UMRY ofatibd Corditiohs e, PEesStS teaiperibfy) o2t suipping pysEfeldAi40 asd i l ar to

~conditions of .the slurr actor 120 ause a.Cii A is

 cor abrv SR oo B e AL el Ay P A WA S o 7 -
- 425F peRremn #A0wBShBYonck®! UBing BpaN@nditi@Ueg. T1-04e5BtRe=0100 PRia@G &g/ h in the
slurry circul ation |90 %reac.tor to s,trf&gper t& re ct‘%%e io thajfol | ow ng
stri mgmwgllw;débwtﬁ/@fé&%q kg th sy FEFuigt ReR(ear o SIIBRE L M| at or . The
rfpu l tﬁesfoll(%iﬁg 4&1&)&%@&%&%3@4 &nﬂ]at@@ﬁs%ﬁ-a chaRleftial process simulator. The results

are listed in Table 1 below.
‘Table 1
Stripping % Water removal
Gas from slurry
Hydrogen 82
Methane 80
Nitrogen 79
Light Hydrocarbons (<Cio) <20

Tn each simulation, stripping gases were injected at a rate of 8 kg-mol/h per 10,000 kg/h of
25 shury flow in the stripping loop. As can be seen, the water stripping performance is better for
* hydrogen than for methane and nitrogen. However, the effect of the stripping gas downstream also
: plays a role in determining the most suitable stripping gas, as discussed below.
 For a reactor configuration of multiple reactor stages in series, the overhead gas stream of
© the water stripper may be mixed with the overhead of the reactor, and after cooling and condensing
8




Stripping % Water renoval Gasfrom slurry Hydrogen82 Met haneggjull\ll‘j:ioroggenm
Li ght Hydrocarbons (<Clo)<20 In each sinulation, stripping gases were
injected at a rate of 8 kg-nol/h per 10,000 kg/h of 25 slurry flowin the
stripping lLoop. As can be seen, the water stripping Berforrrance is better
f or hydwgg?élﬂyg?? n for nethane and nitrogen. However, P¢HESB#MUEL of the
stripping gas downstreamal so plays a role in determ ning the nost
sui t gbl e, st r.inpi : Lsc & bn, Svef Byiedeen, piafidetigur at i on of
mul 't %@S’eth? é%gﬁg?S%s tgg%gn%?lregéétrﬁ?g%?@%g@ovgﬁﬂf‘aﬁdmgas strggg% of the water
st r i jnplr waterptrippertende t wdct in theimextsiaet tsesins, Wilemepapeand pgPEenIftds ¥¢tter cool i ng
and Coondeél 7e. s &GneliiBGert 24he r%ﬁ%ﬁﬂ@éaeﬁw ébhbhdcsoF 8RS, the gas
mi x PERSBAT 0 tie next reaction stage. In this configuratjon, wet
. hydr pgesss beawsd o edderiutiliztins ofapastor yplingsed a noaihle depasecdhe FEileHe next stage
reactor, . whil.e th I Lr: L @edt §s thehi s hi gher
i ger&rog%ﬁtrgfﬁ%o% B hg&ﬁg%g?egérﬁn&n%?%fﬂ?igﬁ%dsﬁégk Ira?{rrygrr? %ﬁ{?g& t he econonics of
. the sipppiness inibcaese vafer srighig-sytdn, alimuglopthes gaseraetap bydedne and a possi bl e
decrease jn.the Fischer T )Y i TP magons, it is
" preferred tt® %@?eﬁy‘ﬂ‘%%‘g"éln@arg%%?ﬁ“ g]fcﬁ%g&magd;%s%&d sn%: ?{%%Pﬁg%r%s in the
- pr es gfboddAdnE It invdngipn isqrob jnstteint tad prifoueherahorisenty e sxavple, e thse used.

Wi le the present .inventio as i i - terns of a
o 1 BB e e S WD L g il Ea® R St Blrbioning o1 ¢
-qpbogiamee siripgtay 226, XB4liohié be witielsod: thet offmr weseed tdesigny ey bonschaln ndescri bed

| wi th a vessel with internals to.fayv con I and the
stri Woﬁﬁmﬁgg?a“f”ﬁs e ths pPerae ons F g Hpﬁlg'%%%%%%trox%g@egé Ic%g%/?é&r%s may be
usedyithdut 86tk 8Bm thesadpe @fithe Haitibh. Cla ttheaiwims tattfbilbwo peneditating of Septi t i ons and .

stripping gases, anong others, can. be de. wt t i romthe
“scops it mipnded A% a dequEEment Hiat ﬁlé S@P%P?rgerg%&?d gt ngz%i’ﬂr, 3€§9€%ntgisgkgtqeon of steps
o 5-‘n%mﬁl&E@lﬁE@&QaIﬁ&eﬁstdeﬂbFﬁ@m&Eeﬁphéiﬂyidmtﬁt eps be perforned sequentially,
or that” one step be conpleted before another step is begun, unless
explicitly so stated. 9 28 June 2006 CLAIMS 1. A nethod for operating a
Fi scher-Tropsch reactor, conprising: : o :
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a) contacting a synthesis gas conprising a m xture of hydr ogen ea%ascar bon
nonoxi de with a hydrocarbon synthesis catalyst in a slurry Body°conpri sing
the catal yst and gas bubbles in a hydrocarbon slurry liquid, under reaction
conditions effective to form hydrocarbons and secondary products including
water fromthe synthesis gas, at |east a portion of which are liquid at the
reaction conditions, thereby form@EA  fat al yst-containing water-rich
slurry; b) passing the catal yst-containing water-rich slurry into a

strippi ng Zone, A mbhoéifer dpeatingtaciycher-Tesyisah Flab@r,WRbRiisldgeh slurry is
contacted with a stripping gas, that at |east partiall¥ removes water
therefrom so as® o FERWFUIERFErhssiygascomprigingye mighere Of hydrogemandearbamst a
portion of the - C Lot - sl . . The

met hod accor di n}gﬁ)%lghgﬁgﬂ% %ﬂyﬁl{?r %e?%@elﬂgic%gf){gﬁg gtsg{ﬁ{%?&ge\ngor{n Cat | yst
particles to sethel entaiydt ankl gdsebuisbley iy @ dydRdatotrslyry Siquith Unded Bdablich

catal yst-containing. water-reduced slurry and a catal yst-reduced,

wat er - r educed |F%{{h?%9f1§ f&%@@ﬁe & &y Aydigeerbons al pecpnd@y pradudieineiding

according to cl g Lacl udi o) i b -
cat al yst - cont ai %:a%%v\%n{l glrié E ?I(E:thbégf&? g’yﬁt e%%ﬁagﬁ&gigﬂe%fagggc? %gtﬁ e% agtﬂéep (a)
and step (c). reactiomenddibns chepby duniinga bydlyeseonbainingfwaen-ssnéthes s gas,
conprisi'ng: a) contacting the synthesis gas with a hydrocarbon synthesis
catalyst in a ®) ur pgssingdific colplyStspagining vk dichsHugy dntg 45 SHEBBBS N a

nyar ocar bons anina AL GysPaliliahEThePRol ARA i 20RaBE R ¥ Sl

gas, at |east ag#othki enleast pditiglly aer@ovdsi waietl tindrefrdta goeasté dorne @ndater-ons,
thereby form ng a catal yst-containing water- rich slurry; b) passing the
cat al yst - cont ai i$Hpepdwtiret akd ch slurry into a stripping zone, wherein the

cat al'yst - cont ai gi ng ﬁlalaéyl&g o1& S Pikivn Gf GV AGLEDud Eluﬁ?(sﬂici(pﬂitdq%e gas

that at |east partia f enoves .water therefromso as to forma water-
reduced sl urry;slemybddy.28 June 2006 c) passing at |east a portion of the

Charm e 1ot harsdihorficngrdtng e fhimot tbeapritingdba raraliosie RES o
. sett le out péiclel & VRIEbat FAHE Shtcilidlinded shBrPSotl td 95 7 Gt -YShtaining

i water-reduced slurry and a catalyst-reduced water-reduced liquid between step (a) and
step (c).
3. The method according to claim 2, further including the step of passing the

catalyst-containing water-rich slurry through a degasser between step (a) and step (c).
4, A method for producing hydrocarbons from synthesis gas, comprising;
a) contacting the synthesis gas with a hydrocarbon synthesis catalyst in a
slurry body comprising the catalyst and gas bubbles in a hydrocarbon slurry
liquid, under reaction conditions effective to form hydrocarbons and secondary
products including water from the synthesis gas, at least a portion of which are
liquid at the reaction conditions, thereby forming a catalyst-containing water-
rich slurry;
b) passing the catalyst-containing water-rich slurry into a stripping zone,
wherein the cataiyst-containing water-rich shury is contacted with a stripping
gas that at least partially removes water therefrom so as to form a water-
reduced slurry; and
| 10




contai ning water-reduced slurry and a catal yst-reduced wat erz redy@gd l'iquid
between step (a) and step (c). 6. The nethod according to cl8a| wherei n
step (b) is acconplished by injecting the stripping gas into the bottom of
the catal yst-containing water-rich slurry and said settling occurs in a
qui escent zone that is essentially free of injected gas bubbles. 7. The

nmet hod according to claim2, wherein said stripping zone includes a

gui escent zone in which the catal yst particles settle out of the

wat er -reduced slurry. 8. The nethod according to claim7, wherein Sald

qui escent zone ks siBAENEAt lgpst FnPartigasot e Walgrewluged srm) pagh. intp then

met hod accordi ngy, f-r? 9' m 2, wherein the water-reduced slurry of step (c)
conprises the catafyst=containing water-reduced slurry. 10. The net hod
accordi ng to clmanxﬁ:;homecmdmgandclam|4Qpﬁurtgexzdx1r@udmg ttherstdpnof utlewinga

col l ection ar in |ch sai d catal yst particles settle and coll ect

The et hod Categfatr aﬁlrﬂg e do @P@Prﬁ% 0%\?3%}”éﬁeﬁf%‘£ pd hursyy 50 98 to o acata %éﬁtwat er-
rich gas sthmaim whet t r in a

separat i on%zonengta‘ggtfeor m“gé@?lf}ﬂz Aot Cg{saéyéégﬂj%g&wawt%grq gseg ha?@q{%g&rret hod
accor di ng sepdh)andsich, (chwher ei n the separ ation zone errpl oys condensati on.

13. The rret hod .accor to,cl ai furt.her r| sin rning. at | east
a portion%f t '31 8%%0051#&5@0? “’E‘ﬁé”l%etr?‘flﬁfﬁpr{g Baieeomplish eé(ﬁ@ I

accordi ng R i kas WSt Hbtf?ﬁn bE@S aiRG- Qf)ntﬁigﬁl%@vﬁt%f—nbﬁ‘ shiR§ and said

cat al yst-cont ai n| ng water-rich slurry 1srenove The nmet hod accordi ng
to clai m 1pettingroscursat alqem¢en8®@4f)ecthattlklessmmnﬂly firee afinjeciedigas ndttblegsont ai ni ng

vvater-rlch sl ur repoved.. 16. od .according.to cIa| . wherein
the stripping giﬁ Wﬁ%@r@ﬂgﬁea pim gE & elﬂy%ﬂc{)agw i PO lfé‘f:f fogen
and car bon ulééceﬁtgzoh!ériﬁ“%Q&GthéZataf&@@pa?@élé@&tt@é&ﬁ%@'tﬁ@w&t@r-@dﬁbé& S]ﬂg,ryv\her ein

the stripping gas further conprises at |east one of carbon nonoxi de,
car bon di-ofi de Bl ety a¢npddiog de nbaisy 7,1 @'heibive sat duoicscantcomdi isgizad © ai m 1,

wherein th stri.ppi as conprises a hydrogen-rich stream 19. The nethod
accor di ng ?BO%FQE%EQ%G%F&O&'Sﬁ%%d stripping zone includes a quiescent

zone in whoch tige ﬁle%hxs%&oraafgtb L 25 %&He}&n e whier }éa%c&@élﬁﬁy bELE 2
slurry. 20. The method according to ¢laim 19, wherein said qui escent zone
i s sized teomprises the catalyst-containing water-reduced sIurry
10.  The method according to claim 2, wherein said stripping zone further includes
a collection area in which said catalyst particles settle and collect.
11.  The method according to claim 1, wherein step b) further produces a water-
rich gas stream, and wherein said water-rich gas stream is separated in a separation
zone to form a dry gas phase and a water phase.
12. The method according to claim 11, wherein the separation zone employs
condensation. ;
13.  The method according to claim | 11, further comprising returning at least a
portion of the dry gas phase to the stripping zone.
14, The method according to claim 1, wherein at least 60% of the water in the
catalyst-containing water-rich slurry is removed.
15.  The method according to claim 1, wherein at least 80% of the water in the
catalyst-containing water-rich slurry is removed.
16.  The method according to claim 1, wherein the stripping gas comprises at least
one of hydrogen, methane, nitrogen and carbon. |
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allow a desired degree of settling. 21. The nethod according.to claimb5,
wherein the water-reduced slurry of step (c) conprises the

catal yst-containing water-reduced slurry. 22. The nethod according to claim
5, wherein said stripping zone further includes a collection area in which
said catalyst particles settle and collect. 23. The nethod according to
claim4, wherein step b) further produces a water- rich gas stream and
wherein said water-rich gas streamis separated in a separation zone to
forma dry gas phase and a water phase. 24. The nethod according to claim

23, wherein,.the_separation zone eppl oys condensation. 25. The net hod
accor di ng ?Z) cl EE ,Odf%P‘?rﬁ@lg te SR 15 wheredn thestrping gasdudhercompaises on of

the dry gag lﬁﬁ@%ﬁechzﬁ/ Ol?ﬁ)ﬁ.}ﬂﬁ’cj:,rc‘:grb%)ﬁpﬁoxi% and'Fight ToaRQgpaHEOr di ng to claim
0

4, wherein at |east 609 the water in the catalyst-containing water-rich

slurry is L&movébe megthodlaecardinpotd clemorldi whertin tHeastripging vdear @imprédes |east

80% of the ter in the catalyst-containing water-rich slurry is renpved.
28. The ne{l%\%ag%ﬁ' #HPto claim4, wherein the stripping gas conprises at

| east = onejof hygs 9g8R0d ﬁ?&o‘i‘é’lﬁg1t0”$15i§19$?r\y1?é?gncﬁ'ic?‘§frﬁtpﬁ§% 2diE i BRIdA0 %

according to claim 28, wherein the stripping gas conprises at
| east -one @afiescgnbzamerinmidhdbe catalybioparticloxsattte artaf heghttehyednoabsitvans. 30.

ECS r gg;g???@ﬁcgigé‘égr%tﬁ(%zgc%fﬂé toc a%{lew;l v%t?e?‘eiﬁtsraido gliligsgcegta %ofeolr‘rsp srilzesdetso a
allow a desired degree of settling.
21.  The method according to‘;claim 5, wherein the water-reduced slurry of step
(c) comprises the catalyst-contaihing water-reduced slurry.
22.  The method according to‘. claim 5, wherein said stripping zone further includes
a collection area in which said cétalyst particles seftle and collect.
23.  The method according té) claim 4, wherein step b) further produces a water-
rich gas stream, and wherein said water-rich gas stream is separated in a separation
zone to form a dry gas phase and a water phase.
24.  The method according to claim 23, wherein the separation zone employs
condensation.
25.  The method according to claim 23, further comprising returning at least a
portion of the dry gas phase to the stripping zone.
26.  The method according to claim 4, wherein at least 60% of the water in the
catalyst-containing water-rich slur:y is removed.
27.  The method according to claim 4, wherein at least 80% of the water in the
catalyst-containing water-rich slurry is removed.
28.  The method according to claim 4, wherein the stripping gas comprises at least
one of hydrogen, methane, nitrogen and carbon.
29.  The method according to claim 28, wherein the stripping gas further comprises
at least one of carbon monoxide, carbon dioxide and light hydrocarbons.
30.  The method according to claim 4, wherein the stripping gas comprises a
~ hydrogen-rich stream.
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