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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 prbduct stream.

There are continuing efforts to design reactors that are more effective at producing these
desired products. Product distribution, product selectivity, and reactor productivity depend heavily
on the type and structure of the catalyst and on the reactor type and operating conditions. Catalysts

35  for use in such synthesis usually contain a catalytically active metal of Groups 8, 9, or 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 cobalt-based catalyst

35  systems, there exists a need for a method to remove water formed during Fisher-Tropsch synthesis.
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25  body comprising the catalyst and gas bubbles in a hydrocarbon slurry liquid having light and heavy

components, under reaction conditions effective to form hydrocarbons and unavoidable secondary

products, such as water, from the synthesis gas. A portion of the slurry from the slurry body then

passes into a gas-disengaging zone to separate gas bubbles from the slurry and form gas-reduced

slurry. Next, the gas-reduced slurry passes into a stripping zone, wherein the gas-reduced slurry is

30 contacted with a dry stripping gas, which at least partially removes water therein to form water-

reduced slurry. Lastly, the water reduced slurry passes back into the slurry body. In some

embodiments, a fraction of the liquid component of the hydrocarbon slurry is separated from the
remaining slurry prior to passing the slurry back into the slurry body.

The present invention allows higher per-pass conversions of syngas and/or use of higher

35  total pressures at any given degree of conversion, while protecting the Fischer-Tropsch catalyst
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Process

Referring now to Figure 1, a system 100 in accordance with a preferred embodiment of the
25  present invention includes slurry reactor 120, a de-gasser 130, and a water stripping system 140.
Reactor 120 includes a tank 126, a catalyst system (not shown), inlets 112 and 157, and outlets 121,
and 123. De-gasser 130 preferably includes a tank 136, optional baffle plates (not shown), an inlet
129, and outlets 131 and 133. Water stripping system 140 includes a vessel 142, inlets 139 and
145, and outlets 141 and 147. If included, the baffle plates are preferably not heated. The
30 interrelationship and separation of these components are discussed in detail below.
Sharry Reactor
As described earlier, slurry reactors operate by suspending catalytic particles in liquid by
feeding 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 reactor, the reactants are absorbed
35 into the liquid and diffuse to the catalyst where, depending on the catalyst system, they are
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t he toﬁ e-gasser 130 into line 132 and a degassed water-rich slurry,
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stream 122, as shown. Degassed water-rich slurry 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 slurry containing the liquids and solids flow from de-gasser 130 into striping system
30 140, wherein it is stripped of water. A first embodiment of a stripping system 140 is illustrated in
detail in Figure 2. System 140 preferably includes a cylindrical column, or tower, 142 equipped
with a 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
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the liquid and solids |eaving reactor 120. Stripping and Separation System
The slurry containing the |iquids and solids flow from de-gasser 130 into
stripi ng woIBemesB0 140, wherein it is stripped of water. PATUSOT#1012

enbodi ment of a stripping system140 is illustrated in detail in Figure 2.
System 140 preferably includes a cylindrical colum, or_ tower, 142 equi pped
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t ud8s, botam of wssddfbens (not shown) inside vessel 142 so as to slow the
flow of the.gas bubbl.es f - I jRehepent s 143
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10 bottom of vessel 142. The water in e slurry.is strippe y gas
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t hr ough 40utidogih fidhld biiied 147 Reestdfially hatender Tho Matpiret Blutrren $ihein 4y can be
decreases as the slurry flows downward in vessel 142, so that the slurry

| edvi ngxportedyit inshdBf vessel 142 through liquid outlet 147 is essentially
wat er - free. ghgMeheli fo B8urs 1 UhE Ye Whidrdd \BurkARix&@0 108 s nidte preasBlpekcydlad | i ne
156. Referring again to Frgure 1, the de-watered slurry mxture 148 is nore
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r enov e cheframoaiiferothes eses sudhhas asmslenggi quglity sontopd @luppsescadmt r ol pur poses, etc.
20 Still referripg.t iqure. 1, the.water-ri ro. i ng
vedlel 140" i el B gt et i S st S R RS 3k G IR 08
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line 110, and part of the_ gaseous ducts for dfi n reactor 0.. In sone
enbodi r?é%?‘“%‘?%t?‘é?#% nﬁéﬁﬂ:iaﬁ P%ggt eﬁ@?‘“ﬁé’?({’}g ifprmst 1 BConH0: dp OBt gas
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hydrocarbons m xture. A valve 149 _ ,
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 stream 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 further 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 phases are formed, namely a stripping agent rich phase and a water-rich phase. The stripping
agent rich phase is preferably returned to 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.



25 may be used to send all or a portion of gaseous stream 146 to wet gas
purifier 150 or to be mxed wth streans 122 and/or 132. Dry gas from wet
gas purifwer3a5esray then be recycled via line 172 back iPorasorsmwet 142
via feed line 144. Optionally, either wet gas stream 146 or dry gas stream

172 may be conbined with outlet streans 122 and/ or 13% AI.sg1 ?‘Eti onal |y,
part or al | Tngomerfanbedimeniss inj additign fosHprmeoutilie rtersit flay bg dgsiplp {¢,3gparate

pur i 11 GatlAf 88kl fid Brltuch BB 0¥ AiabysnBridk 6 bycITRY thedpwiged siud, faom L he
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st r eansiripping ned s48ing sysiom Pdi dkal is euitahlst for thijodysh pumeseais dllysypisd dn FrdlifePy a
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si de t het pak 188 1809 LHues SRt mEYBnEMIsneill dnemts1dd otteh gasesi fdeinstasreg oiboriThe
water-rich slurry containing catalyst partijcles, hydrocarbon |iqui and
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have t ctippinp@asiepres ghednplof the wesgel dupughiontle?dll anmounts of ot her gases, for
i nstance, c i de: HOxl | iR RC AP NG ggg%
Preferably, 3;%%%{}83% %ﬁg%gglglgggi%%%%}ggés}éf%%l,tﬁeg?fcl)l} m ngt bubb esey24 . The
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strj ppi s | eaves the taop.of e vesselth f I t he
ey P8 prae ap o R R P pA RS, Pt 3t B o fher dpme IAE LG
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261, however, risin a ubbl es. 20 243 tend to prevent | ete, s lin
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rising gas bubbles and in which the hydrocarbon_ |iquids %ﬁz ean ?e.
separ atmdfefred aparatong slaivplyt orprapantiplip watsfee slurry flows under baifle plate 250 mto

25  quiescent zone 251. Because the catalyst particles 254 are denser than the liquid product 252, they

tend to settle to the bottom of vessel 242.

In a preferred embodiment, vessel 242 is sized such that the residence time of the slurry
therein is sufficient to allow most or essentially all of the catalyst particles to settle out of an upper
portion of the hydrocarbon liquid. In a further 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
position outlet 247 as far away from sparging zone 261 as 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 seitling 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
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using the density difference between the catal yst particles 254 and the
liquid product 252. In a preferred operation, relatively or essentially
wat er - f r eswOIBFT652 f | ows under baffle plate 250 i nto 25 quipezasnr/4wone 251.
Because the catal yst particles 254 are denser than the |iquid product 252,

they tend to settle to the bottom of vessel 242. | refer.re

enbodi erevity-drines sérculation Jogp dits dacks tnctratittal 24 flr:ég‘?‘éé?'dgr‘f%@%i“ﬁfﬂmgfsg?ﬂg % urry
therei Pen{o% S dof b6k 25 PioAnb QWHIPHE cRAhly &SPk divfrydih line148 Relovablalaydt
particles fo settle out of an upper portion of the hydrocarbon liquid. In
a furt Hfeecepmef, pumpablenbodi ment, the floor of vessel 242 30 includes a
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and, if necessary,..punpable. A second portion of the |iquid product,
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product, camn fendiasmmeed itfmarhedesimble t8 &dnowe thedwavyeliquikb@oduts fram thepeodust
positioned preferaply in i escent zone 251 and .at i Gi L.aht
Bbove PE pesapg dusemihys SEpghe: B e evvh e i Py tpl bR bl

parti chegndphe ¥htlonalBp®smotd ough it. If desired, a screen 258 may
optionally be included at outlet 256, to ensure that no catalyst enters

| i hé 2%pmppier SMWAonof | i quid w thdrawn through |ine 253 is preferably

set such th i@ dnild Q, rlduft, RAfetalr®Sorahe stri s Rl 240).240 are
Al ternati ve%??%??@éqnﬁhggsnggi 1'?{St ances,ﬁeiat rﬁ)?y besd%ﬁsiin%m?tz)l e to rlﬁ}gﬁ%/ﬂe t he
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wi thout strippipg. In such Ses S.. LAk kS =a f | ate
250 ) BED N PP ety A ap el eshibhe (0 L3, £LOERE SN DA &
condi t idmsnal liqad flpwess o €0,000skdle inathelsledry ofrculdtion $eapi (ptlaytossirEpento XaagorP 40
are preferably simlar to condjtions of the slur react %at(;rz%hg%:sﬁﬂsge a
ci POul ks fYovmg sirremgSiredny Wes fmuylzie ?ﬁoénql%ﬁla%rﬁ%eosﬁeﬁf S-Using typi cal

condi tia?@l%téd%nQablllﬁelﬁ%F, P = 400 psia), for a nomnal liquid flowrate
of 10,000 kg/h in the slurry circulation |loop (reactor to stripper to

reactor) 20 the follow ng stripping ns were simulated using a
conmer ci al process symofat O’Strip'ﬂ?ﬁg resul T$ o, Water removal
Gas from slurry
Hydrogen 82
Methane 80
Nitrogen 79
Light Hydrocarbons (<Cio) <20

In 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
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are listed in Table 1 below. Table 1 Stripping % Water renoval Gas from
slurry Hydrogen 82 Methane 80 N trogen 79 Light Hydrocarbons (<O o) <20
I n each swouwBasieen, stripping gases were injected at a rateTafSo84t0a2 nol / h
per 10,000 kg/h of 25 slurry flowin the stripping |oop. As can be seen,

the water stripping performance is better for hydrogen ihan for t hane
and nistepsghn gasHibindy sent ta the neftrerciobitagen én i F%ﬁgﬁ@“@hy 4 i}ﬁggepe%rﬁge eg 0
plays .a £ ol el '%‘&t e AL i 0g FNEe ABS btagdtei At Onid MbBRicEd affogegot 8 Bessed
bel ow. " FOT " & react or confrguration of multiple reactor stages in series,
the ovenpeachtyakhishigheamedfcontentdn thetreactast mixpeis detiipratahiodbe cegnenics Rethe
overhead of . the reactor. .and af ' §dcR9se & WP H{heR7652
PCT/ U943 832955 % é,%r Pﬂléza‘g%% o%]?%ctfﬁg%ﬁelﬁ@ a?lgdat ﬁgﬁﬁg‘{(‘t “reaction stage. In

t hiss coRpichUeation RateWekor hytebe agmons, [ir Bowueferted tm utche hydogen-telr fipsewy as thends to

react in the next stage reactor, while t hane and nitr as inert
conpondpRng gas ik the PEREH Waies SYPRIBA PSIT iaﬁ%gfﬁ]@ Oﬁgra%ats%f'rﬁ Jyng:i’%?) E r g&ilt' S

det ri ment al w#Qe the pREON AVéaTo had Been BiE0e:RS Inbeatsuiibed of termd arf-aiprefiredt i on
of reactor volume and a possible decrease in the Fi SChl%{i 5 Trlopsg. @Eacti on
rate. @opodimesethe darsalien 15 not lignited de dher gafergd GRROUMERLY Y AP ENVEYE Bm as
the stribpi . h I inRRiaNO S @Bhta@ | Hetverda Rluat/her
gases %éﬁg}nggntﬁg%géga@ %ﬁbga?ﬁ{g %%gﬂrﬁﬁﬁlﬁggnti on has _been di scl,qg{gd and
desEr i helthe stribpinggan it shopld &k endessioodipodharisese] dasiens marbe vesd. i 18 2SR i t ed
to the preferr enbodi.nment . ..For. [ i y@an has
been GUAtEHT B@&%?WS 1o e pefating porie %@aﬁ%&lﬂggéﬁ% prghes glglis ébég;ﬂd\%/eq%éﬁ&sI urry
10 andyitheut dbpariil fign gRScopetof hednvettibe Inrtbeclsinodibt filbw, enhesritaiion sbstepfesi gns
may be used. In addition, various nodifications to i t]

condi t isord 1BigEedt3si HFTAHG Y 8at TR SRS bt ke me asﬁq‘k‘i’%%%laﬁ dgp?ﬂﬁ?tohgg%ep be
depar t gt E@BRbRANSHOREpAE bds, dnlveatplionly sé siatehie cl ai ms that fol | ow, any
recitation of steps is not intended as a requirenent that the steps be
performed sequentially, or that one step be conpleted before another step
is begun, unless explicitly so stated. 9 WO 03/057652 PCT/ US02/ 41012

CLAIMS What is clainmed is: 1. A nmethod for operating a Fischer-Tropsch
reactor, conprising:,




a) contacting a synthesis gas conprising a m xture of hydrogen and carbon
nonoxide 5 with a hydrocarbon synthesis catalyst in a slurry body

conpri si ryotoheswat al yst and gas bubbles in a hydrocar bonPsirarsoey4tonui d,
under reaction conditiogns effective to form hydrocarbons and secondary
products including water fromthe synthesis gas, at least a portion of
which are liquid at the reacti on c6hdiMSons, thereby formng a water-rich
slurry; b). passi.ng the water-rich slurry into a stripping zone, wherein the
wat er - HS@?IB}efly}sgi s 10 contacted with an inert stripping gas that at

| east partiAkiethoddompestingd Biscteh@raptehomacta, esprisingf or m a wat er - r educed
slurry; and_c) passing the_water-reduce . i Me body.
2. The met Hdd actoBRgity? TYEIEHS B PP lsjlpg ﬁzlj}&t:h{%?fﬁﬁﬁxﬁéh?i@ %ﬁﬁ%ﬁ’%ﬁ ng the
catsal yst pagi 6l 188rockiBos Sirith@isdatalyst it heshstyubady, cosprisivgttbe faalpistaand gas

solids-reduced water-reduced s|urry hetween st (a) .and . . 3.
The met hod tbubblss dinngdy hydrogarhernshiry ﬁ‘ﬂ"t‘ ef™ eﬁé?%ﬁ&?’ngco%ﬁgo%st 8%é;8§é g(gsf{s)ﬁl}]g t he

sl urry throigh, afho éjgﬁﬁ?eégﬁdaﬁ%%ﬂﬁ‘d%s SlcRiinkayatantlonm g srthesisdzas,Autrtetshad ' f or
pr oduci ng ﬁl%lr ocargons rom synt hesi s gas, conprisjng: a) ?q%?]:cgg%l ng the

synt hesi s gastion offwhictarel Hiandetibareastionsaaditons dherplsiornyiing 3 vy By 20
conpri sing the cal el yl. AN (ASHRHARGS iR AT ORAGAR Shikuadh hirguisd

under react )on ! ons ectirve to m hydr ocarbons and secondary
proguct s i nednustiedgyitkednanerf stdppinghges they aitlerstpastiajlrgemenes watkes thegefigny 1028 O of
which are liquid at tgleséﬁact_i 0@ conditions, thereby formng a water-rich
slurry; b) B)é‘§‘§i‘ﬁaéertrﬁ Gt e Aeh sl urry into a stripping zone, wherein the

wat er-rich g urryaske thRwvAert@cteduny backaro theahtrydbdy.ppi ng gas that at

| east partially renoves _water therefromsq.as,t forma - d

sl urry2. andThy methed ipprgrdingto ghaigy L Fuhee Eﬁf@}“ﬁft??gﬁpa%lgowl% gl\é?:%tgfygﬁrpﬁa?t%g&body.
5. The, R, 8&%951?11&%%9 16 fola dhlidd Abdea watenedducidndurthisetscaptepf(apdnidowi ng
t he ca%a yst particles to settle out of the Iiquid between step (a) and
step (spp(c30 6. The nethod according to claimb5 wherein step (b) is
acconpli shed, by i.nj.ecti -1 it B0%Rh of SHasifd the s figto s 24
settli ﬁg ocg-ll]? éjel{hr?hggccﬁ)tﬁ%stggﬁ?ﬁ]z@bﬁlghﬁgctlﬁ@éé esstgff)]toilgbiglslyéf regerrgf i njected
gas bulabiaesr batwedn sepstemdfsep (¢)enovi ng water froma slurry reactor

cont ai ni ng water-rich slurr t.h I Lhsbfgnfydr ocar bon |'i quids
and cattl ys?‘ ‘ﬁﬁtﬁ’?ﬁi@rgg’, u‘f%ﬁ%%%?é’r#%%%ﬁ%?ﬁ%%Sbléh?)ﬂ%n 057652

PCT/ US02/ 41Q§2 a cshtadtRRithgsynessie basrweitea fiydrocattive. syrthesis- qaradyst 31 auslegy bodym t he
reactor, wherein a dry as contacts.the ter-rich A

walBr t her efcPiaTising e ‘Eaﬁa%sbla?ﬁ? éamglf es Myaerocarbon sll.ﬁJr}}J Elalyld,a’lﬂﬁlief S (i

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 water-rich slurry; A
b) passing the water-rich slurry into a stripping zone, wherein the water-rich slurry is
25 contacted with an inert stripping gas that at least partially removes water therefrom so as to
form a water-reduced slurry; and
c) passing the water-reduced slurry back into the slurry body.
5. The method according to claim 4, further including the step of allowing the catalyst

particles to settle out of the liquid between step (a) and step (c).
30 6. The method according to claim 5 wherein step (b) is accomplished by injecting gas into the

bottom of the slurry and said settling occurs in a quiescent zone that is essentially free of injected

gas bubbles.
7. A system for removing water from a slurry reactor containing a water-rich slurry, the slurry

comprising hydrocarbon liquids and catalyst particles, the system comprising:
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reduced slurry and a water-rich gas stream and the water-reduced slurry is
returned to said slurry reactor. 5 8. The systemaccording to claim?7
wher ei n swDM3®sT6EPpPI Nng vessel includes a qui escent zone i RCTWSOZIMOIhe

catal yst particles settle out of the liquid. 9. The system according to
claim 8 wherein said quiescent zone is sized to allow a desired. ded%r,ee of
settling, so as 4 eribpiny @eselsupving theavate-tight BTy Fam the FHIrQnareren 2
particle-rich slurr an i L RRI i r e
Rui a out 1Eper e Yo, §96r BE B bl PR (58S Aherb B WORS 18 L BIEST
syst em accofedideq slufry @hd i mafrwhk pas stresmj abddhe Wtpi-reduoed skialy i wghnedrto s3¢ | udes
a collectio area in which said catalyst particles collect, said

col | ecti on HVBABE'ng | ower than the floor of said stripping vessel. 11.
The syst em geCak@inn@cdr@ing kdklany7 whekinhaid seippiry whsehinaludesraquadsomt véretin
separates said water- rich gas _streaminto a dry gas phase and a water
phase. whigh the catlyat payticles seitle 88 0§Msdiatd: cl ai m 11 wherein the separ at or

enpl oyg con | - kil shdYquikagenP havesis fslzednts diod watwredphase.
13. Th% sysﬁ%%ﬁ%&%ﬁb@g%gﬁﬁmwgﬁ% furt%e_r conprising a recycle line

r et ur ndepgeetdieettliing, syas to phessesubstantisdly stater-fise Heuid é@@p%mqla-m&ﬁl@ﬂgw &t
according .to cl ai 3. Wh I : i i ; Mel fier. 20
o ragyeg uird Rl £ S, b GRS oAbl Ry e ot ged
froon th@ syshesystemldcorling ts ylaine Avderor tidgrippong vesselfirthahinekifes a qodegion | s
hydrogen. .17, The_ system accordjing tq clai.m 7 I el 9 wat er
" heamadErbiR 0 SHaRTpe e ealBpata uetiih fel WERE I RS oG o, T
wher ei giglint ¢a8dl. 80% of water in the water-rich slurry is 25 renmoved. 19.

The system according to claim 7 further ingcludin de- gasser erein the
de- gasdbr dbgswtrEsacchElingLe slaimi7e ﬁlr@pmnﬁmggrse]? gtprrtiﬁtgchqr?t%%a\{g]yatteg t he

stri pPhE‘tQ%éé%&éa%int@leg%agﬁ&ats@Qldfa%twﬁﬁéé! ng water froma slurry reactor

containing a water-ri urry, conprising: 30 (a) renoving a portion of
p

wal®r - i2.ch Fhesystent aasandingeto slan iy wheeein He seraporssmaloys cARieRsan 1 87the

wat er-ri. sl ury i ng ri.nping gas to forma water- reduced slurry and
a wat ef? Egrgaaglé%%@%g%d%%%%}g' returning the water-reduced slurry back to
t he reast or The dystshieccortifpid deimolridifiriret @nuiriging 22@syclelinereturipg thg drngest he
step of PFassihn the water-rich 35 slurry through a qui escent zone in which
the caPd5y& MREPPPIRE ¥SSYett| e out of the liquid. 11 WO 03/ 057652

PCT/ USQZ/ 41G%¢ system aécording to claim 13 wherein the recycle line includes a gas purifier.
20 15. The system according to claim 11, wherein the dry gas phase is purged from the system.

16. The system according to claim 7 wherein the gas is hydrogen.

17. The system according to claim 7 wherein at least 60% of water in the water-rich slurry is
removed.

18. The system according to claim 7 wherein at least 80% of water in the water-rich slurry is

25  removed.

19. The system according to claim 7 further including a de-gasser, wherein the de-gasser

degasses the water-rich sturry prior to transferring it to the stripping vessel.

20. A method for removing water from a slurry reactor containing a water-rich slurry,
comprising:
30 (@) removing a portion of water-rich slurry from the slurry reactor;

(b) stripping water from the water-rich slurry using a stripping gas to form a water-
reduced slurry and a water-rich gas stream; and
(©) returning the water-reduced slurry back to the reactor. 4
21. The method according to claim 20, further including the step of passing the water-rich
35 slurry through a quiescent zone in which the catalyst particles seitle out of the liquid.

11



22. The nmethod according to claim 20, further including the step of
separating the water-rich gas streaminto a dry gas phase and a water
phase. 23woTh®5me8t hod according to claim?22 wherein the gaeTasayeioand wat er
phase are separated by condensation. 5 24. The nmethod according to claim
22, further including the step of recycling the dry gas phase back into

t he stxi ppiThg metimlessordizg.to Than &) sfughsrdedudiog fy st ofisgpassting, the waierEsh

i ncl udi ng_pur.i fying the dr . 26. The system according to claim
25, f Pt %?"?'%Fdﬁ?ﬁﬁ‘%ﬁ?ﬁ%%ga?ﬁ§9%§§ gas phase. 27. The nethod according
to cl aizsm 20Thhmembdadcbligtto chjph 02 whesin the pashihespemd wher pBase Tieescprsatipbbly
according to claim?20 wherein at |east 60% of water dissolved in the

wat er -S°P Sat1§’Purry is renoved. 29. The nethod according to claim 20 wherein
at 5l east 80PhRhetRl REorfling SO¢NiAHI, furheeindtiag i stdp of séayeling thsdnyeaoptede  30.
The met hod according to claim 20, further including degassing the

wat er -tack intosthe tEPPIpg PE9Eest-o 15 step (b). 31. A method for renoving liquid
producs frof.a,gli EE%rJi%%%m@Q,%ﬁh&'iﬁ%&ﬂgﬁlﬁﬁyiﬁQm AtySgal ?hasé.l quid product
and catal yst, gonpr|5|ng: (a) renmoving a portion of the slurry fromthe

sl ur r y26: eacTiersystéth peeveding tatclaiy 28, fyheriepindife pusging thgdrazasPB¥tict from t he

cataly, usi,n nsity.differ. . . r j qui d product
str eaﬁand%%ﬂ%@?f&c ¥ %Fhlngfﬁo @@Wh&ﬁg ﬂ%%trﬂjilel{g 3 ;nllg'r}ll t %éed' catal yst-rich
sl r y2ghackTHeandthel dceadingtto cldizh 20Tkereie btlogst 0% of dateydissylietl an the Srater-figh t her
conprising the step of stripping water fromthe slurry before step (c).
33. THEWRESE FEPVEcording to claim 32 wherein the stripping step generates a
wat er 4g ch fasmetR®l RbdaRg td SbfhBr wheteih utlicng S0hief shrpdissiypdiinthe metes-aichl
wat er-rich gas phase into a water phase and a dry gas phase and recycling
t he drshumgels ipreé back into the stripping process. 34. The system according
to cl aign S3pd HihiPAcobidfile b DY) Hrtiék AEHAG dEsifRthe RARS EcREIAY piiét to
recycling.

15  step (b).

31. A method for removing liquid product from a slurry reactor containing slurry comprising

liquid product and catalyst, comprising:
(@) removing a portion of the slurry from the slurry reactor;
(b) separating a portion of the liquid product from the catalyst using density differences
20 s as to form a liquid product stream and a catalyst-rich slurry; and
() returning the catalyst-rich slurry back to the reactor.
32. The method according to claim 31, further comprising the step of stripping water from the
slurry before step (c).
33. The method according to claim 32 wherein the stripping step generates a water rich gas
25  phase, further including the steps separating said water-rich gas phase into a water phase and a dry
gas phase and recycling the dry gas phase back into the stripping process.
34. The system according to claim 33, further including purifying the dry gas phase prior to

recycling.
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