WATER STRI PPI NG AND CATALYST/ LI QUI D PRODUCT SEPARATI ON SYSTEM, Ahstract:
The present invention relates to a nmethod and system for water "fenpoval and
optionally liquid product separation in slurry reactors operating at

Fi scherz Ir conditions. Mrre particularly, the p t 1nyention
i ncl ud \gﬁg?/@%?% stripping system that allows the rkgﬁ%&ﬁl%ter to the
stripped in an external vessel, with a relatively high rate of catal yst and

wax -circul ation. F%rﬁ{[ﬁ’ Aﬁfﬁt@ﬁMTlﬂf Ufif present invention, a
er rroma

met hod for renovi ng vva urry reactor containing a water-rich

slurry includes renpERGDECESEPABATED: \%’S@EMl ch slurry fromthe slurry
reactor, strippi Wﬁ@mﬁﬂ%#@mm@@wm using a dry gas to

forma vvater-re uce MENT gas stream and returning the
ter-reduced h@k%g E%a ac to t e react or. 28 June 2006 WO 03/057652 5 WATER
Rl PPI NG AND R gT/ LI QU D PRODUCT SEPARATI ON SYSTEM STATEMENT

REGARDI NG FEDERALLY SPONSTEEDOF RESENMENTIOR DEVELOPVENT Not appl i cabl e.

PCT/ US02/ ﬁ;e%}e%ent invention relates to a method and apparatus for the preparation of hydrocarbons
from synthesis gas, i.e., a mixture of carbon monoxide and hydrogen, typically labeled the
~Fischer-Tropsch process. Particularly, this invention relates to a method and apparatus for in situ

-10 - ‘water removal in multi-phase column reactors operating at Fischer-Tropsch conditions.

BACKGROUND OF THE INVENTION
Large quantities of methane, the main component of natural gas, are available in many
areas of the world, and patural gas is predicted to ouflast oil reserves by a significant margin.
- However, most natural gas is situated in areas that are geographically remote from population and
15 industrial centers.” The costs of compression, transportation, and storage make its use economically
- unattractive. To improve the economics of natural gas use, ouch research has focused on the use of
- metbane as 2 starting material for the production of higher hydrocarbons and hydrocarbon liquids,
~which are' more easily fransported and thus more economical. The conversion of methane to
- hydrocarbons is typically carried out in two steps. In the first step, methane is converted into a
20  mixture of carbon monoxide and hydrogen (i.e., synthesis gas or syngas). In a second step, the
syngas is converted into useful 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 effective at producing these
- desired products. Product distribution, product selectivity, and reactor ﬁroduc_tivity depend heavily
- onthe type and stracture 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, er 10 (in the




FIELD OF THE | NVENTI ON The present invention relates to a mgthod, and
apparatus for the preparation of hydrocarbons fromsynthesis gas, i.e
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" ‘temperature, the total pressure is a parameter that has a direct influence on the wax selectivity, in

that a higher pressure will result in a higher wax selectivity. ffowever, a higher total pressure (at

25  any given degree of per-pass conversion) also correlates to a higher water partial pressure and
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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reactors have several drawbacks, such as tenperature controbBJth%%6can be
overcone by gas-agitated 5 slurry reactors or slurry bubbl €”Columm
reactors Gas-agitated reactors, sonetines called "slurry reactors" or
"“slurry bubble colums," operate by suspending catalytic particles in
liquid and feeding gas reactants into the bottom of the reactor through a
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and _optdofiadents] StideflreRdtidfl UriditioRCRED/E 1t6 Porhydlobtibohs AftiPh RidablessiBarpper at i ng

at Fischer-Tropsch conditions. Mre particul arl
products, such as water, from the synthesis gas. A portion of the s urryfrom the slurry body may then

pass mto a gas-dlsengagmg zone to separate gas bubbles from the slonry and form gas-reduced

>y

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 slury is separated from the
rema:lmng 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 cqnversmn, while protecting the the Fischer-Tropsch

catalyst.




there - may be included a water stripping systemthat allows the r%gtion
~water to be stripped and 5 heavy liquid products to be renoved I'n an
external vessel. The term "heavy liquid" products is herein defined as
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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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optionally renoving a fraction of the heavy liquid products,28 he,qat al yst
inventory in the reactor can be kept approxi mately constant. Th“some

i nstances, circulation of the liquid back to the reactor may inprove the
tenperature profile in the reactor. 5 10 15 In an aspect of the present
invention, there is provided a nethod for operating a Fischer- Tropsch
reactor, conprising: (a) contacting a synthesis gas conprising a m xture of
hydrogen and carbon nonoxi de with a hydrocarbon synthesis catalyst in a
slurry body gpmR4 8 DEcrbRRicCRIRNY BF an 3Reha8FS RUBRAILES 4B Bihy dpegaibon
slurry liquid, under reaction conditions effectivé to form "hydrocarbons
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.28 June 2006 Figure 4 is a schematic diagram of an alternat izggmﬁg@6
stripping and settling systemin accordance with a preferred enbodi nent of
t he present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT' S

Where n [ as of suitable quantity and quality i val | abl e, gas
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i nterrel at1 dhship and separation of These conponents are discussed in
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When RubiaSf deSgatkies BIIiME nd 134.2THe igfblbtréhm $T20RRHdelgasber 130 through ouflet 131 at
- the top of de-gasser 130, The gas stream 132 may optionally be combined with gaseous products
 stream 122, as shown. Degassed water-rich shutry line 134 exits de-gasser 130 via ouflet 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 illustrated 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
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may be enhanced by i nduci ng the gaseous constituent to assugglﬁpﬁ) yapor
phase. Inducing the gaseous constituent to assune the vapor ase requires
di sturbing the equilibriumbetween the gas and the |iquid. ThIS may be
done b j the liquid, thus |lowering the sol ubi]j t he gas, by 15
passrnéyg%gggggd gas through the liquid so as to sme@%ﬁﬁﬁﬁLyﬂe di ssol ved
gas, or by lowering the pressure above the |iquid. Various other

de- 938y badbidaB6M 6N (HAHE Senidfs Rliskbaiéh dhBmbdre 66 bil thé BétofaT veRelug2dnd fisvd he present
system 1 n one referred enbodj nent_ of the present |nvent|on e-gasser 130
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portion_of the di ssolved in the sIurrtgqflows upwar d, formngagas

st r edipxiden gt Hlygfﬁfatf@n%rf‘éﬂ dBsone cqbodments the o 1snpererd K0 193l add a degassed

W@t e lisidkdail b Med ProotMbk Gdbwi itleiqhil 8nd B9 lh@BRcA G iatAS S onthet Betwddo | | ne 134.
he gas stream 132 exits de- gasser 130 t t hrough outlet 131 at the top of

de g dlpsiheses. 3 Gonta betyyaen rheses 530 alsobeproypt PrRasng pasling glEBite f3wPt h gaseous
pr odygh§ ‘rubl?'sI R8P shifns (AR sSRRAY RsiddRIRE 82U YAE Slbw ilcTlowt e o¥s thubhlgs 134 exits

de-gasser 130 via outlet 133 at the 25 bottom of de-gasser 130 and enters
Wat empmrrlrﬂpwgh eshy.clpackne glemients #43 argwed, Trivprefereddapods s HFPAEIE gasser 130
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dfid $e’;branaﬁwes;sd ]&lst em The sI urry contai ni ng the i quids and solids flow

. fromde-g ex al tripped of
“wat er. ?ﬁeﬁg’ e ﬁrrtq)héd&#@ ?E&l‘?&dq}gtr %‘Br ng sys fégg {i@ | trhjgltl gstsed in
~det ailéavesnthFltcg}methEQtOWﬁyﬂlt‘(Egh Mw:t M]efm;r kil 146i nﬂieum cantenf|in dlefr show  col urm, or
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and 14y u:hrdlghmdmgasﬂemmﬂ mte&eﬂtﬁ]ly ana’dr-&dbl Hte wate-filboslurgyrindivg 148 pan be

spectl % l{}g inlet liquid in line 134, which contains the water-rich
ur r‘3§5p° viglis PPhut ed into 35 vessel 142 by distributor 160. A dry

.stri ppi ng RgRBing : oa?sgum/ﬂﬂmglmmtemmlmmymmmetm&gmre refedably reppoléd 28 June
2006 WO 03/ 0 2. P [ 410 ti on, f the ent _

di st ﬂrﬁm%ﬁgrﬂ%fy%’%ﬂﬁ%ﬁﬁ n% é’%l}é‘? ZP? 11&?1?‘% laes upwar d,
CouNtsR Wokwan ElufrPrehdicr 120.01 soine teinbodnnqw, ol porfibre1 58 roy sledry injxire g4&g:aay does not
have .t o be %% nd it tain small unts of other gases, for
i nsté’ﬁé“é‘“’"@é‘gb‘i‘ﬁ* ﬁi‘?ﬁfﬁ? a%samelgrgn% v iﬁ‘é’“rpf’?e&ﬁpohydrocar bons, etc. In
e enbodinRRing t&P@u@a&heﬁat&&ahgqﬁrpm@swaﬁeemgm&ﬂ @2 iviadineadd ng t he area
‘of cont act @Et ween the liquid and gaﬁl and en ?Bg) i mat e cont act

bet wEERPriseHiEe g1ie0us STPRES ABSHE (WaEFE AT ETo} Auoyw's ¢ 8112%@{0%%0,15 by pl acing
packizh gnied RABIRESHE Bre 10, andBirbbf thesous prodifts f@meSRreRDS 1200¢h s¢iown) i nsi de
vessel 142 so as to slow. the flow of the aswgubbl es @a@g éhrough t he

“s| ur rejpbodimenys, sxstony 140 way inclide 3 Jveh gas ppaidier 130, woereip et &psy tbvi de a
SUPPQEakaR intd chrilpdnShOMBIudif H&E}agaé &H&)wa@e@/ﬁﬁiﬁ%?dr@@%hm;xﬁir@rm%ﬁe 143, so as to

prevent themfromsettling o
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.
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10 bottom of vessel 142. The water in the slurry is strippedghy. ijje dry gas
entering the vessel, and water-rich gas [|eaves the top of tﬁe t ower

t hrough outlet 141 into line 146. The water content in the slurry

decr eas e slurry flows downward in vessel 142 the slurry
IeaV|ng§?H§B%@§ton1of vessel 142 through liquid out?gﬁ%i %Fé essentially
water-free. The water-free slurry in line 148 can be 15 exported via line
156. Ref eff iohf eRABiMert)inflGié o SripbiCont Bic Walet irethy Bk desirybletiosépafae 148 i s nore
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--separat e Rcdubelit cQ4lys0 bartities :ire mublddm@dhmtthe Equiinib e shatyathggbegor i or to
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5 with as jnlet 245 a y Slurry and gas
" out | &f grefemplyprevided 50 3¢ 9‘1 SF@“B&tW?ﬁe%frFﬂnet %’J‘d* r‘%%@%@%g‘?"f tgésm 240
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 bott om of vessel 242. stem r ef erabl ncl udes east one
Uit erdsing theadonsie qg,ﬁfeﬁnée hqgeeétrfge catab[?st part?cles 25¥ %he l{qm% prod%ct 285& {n a

- preferred operation, relatively or essentially water-free slurry flows under baffle plate 250 into

25 quiescent zone 251, Because the catalyst partlcles 254 are denser than the liquid 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 further prefeﬁed 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 anc_l follow the preferably’
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may optionally include a slurry distributor (not shown) and,a;das.s

di stribution chanber (not shown). Baffle plate 250 defines a spargi ng zone
261 on one side thereof and a quiescent zone 251 on the 10 other side

t hereof . Th ter-rich slurry containing catal yst particl hydr ocar bon
quuidswgﬁﬁﬁﬂgger enters the top of vessel 242 via FF@@&?giﬁzAs in the
enbodi nent of Figure 2, a dry stripping gas enters the bottom of vesse

- 242 fr0m biRE cilAfhiam thop ! 128 Baditn¥aEstot INToOERrd e Sulffitieny liqathéhoditlybest i ppi ng
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© essenpiiablybefincheedit oufle 25y togasire hamb cealys e Hnsgss cheemesh oifiar bon

...l quids.252 bg_ s t $1.0 BRIk ©li€ Hariols ateSi Ng. t he

olensi“E@‘d’iﬁY”ﬁ‘1 f%%c%%gﬁéﬁhﬁﬁﬁ%ﬁc% ys?‘%pgdrb?ﬁt?agg n%sﬁ’i G e, o qui d
podudihd@bs2. In a preferred operation, relatively or essentially
\/vater'-%rea?eil slurry flows under baffle plate 250 into 25 qui escent zone 251.
BecadY¥raige

B¥&YY5t particles 254 are denser than the liquid product 252,
~they - t-enth some fethihdes ittrmytbh deshati to mnwive the bewyy liquigprogugts Srop e rapdugly

mbodi nent, . |, 242 ] L.zed t | th] th I
hor ari peaiig PepuRy iR, BB PR el e P BB AR e TP ST

par t i) gay beoptigially #mowed. of an upper portion of the hydrocarbon liquid. In
a further er_ef rred enbodi nent, the floor of vessel 242 30 includes a

31 | Scommyfer SPHat87 iy which further settling of particles 243 can occur.
Col | ect i oMh@bRauting BobditiBnsORt.ippsaaikd, Yenpperaiutd) ofithd stippieg sxgleineld0eH0 awone 251. In

| i nst it b f it .
P sl sl sonmpns e B Supor 170 bR bR 10 ifddRled A1 Ay

- Fi gungien 801th6 Shifthems. € WsidB fypRarebniifibnshe.gpUs+ ¢150MeRl =a19y pwis), forcal | y and can

be conical or sloped so as to enhance settling and separation of particles
243. ppainakliguid flowy ratg0f19,Q00 kafhdn fa spmerircdistinieen ??CtB’ftorsWEpelr?oq'ﬁ?céPr roduct exit
the . - WYV d line2Achnidhidl plob@viiiiatopr Hlegesald y 7 28
ﬂbﬁqu%%g%%ggz Pcfé'l% %gggt}%%nfz gravi ty?dri ven circul ation | oop 148
back aredlisted ircTable 1129w Fi gure 1). Sufficient liquid should be renoved
through outlet 257 to ensure thajuihe catalyst-containing slurry in line
148 is flowable and, if necessary umpahle. A second portion of the
~liquid product, typical | Strippimpri si ng| cétAptpsremavale ior substantially 5
catalyst-free liquid prodtbcgs, can be rer@ylﬁglu}ﬁom Vessel 242 via outlet

256. Qutlet 256 i '

U7

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




positioned preferably in quiescent zone 251 and at a suffi Cizﬁ?tueﬁb%jsght
above the floor of vessel 242 to mnimze the possibility ¢ at stray
particles 254 will pass through it. If desired, a screen 258 may
optionally be included at outlet 256, to ensure that _no catalyst enters
line 2590 M¥%%punt of liquid wthdrawn through |iREVERZHUZ 5 eferably
set such that substantially no solid particles are 10 w thdrawn.

Al terpatiy gaé%}ﬁs%%ﬁtqg'thk Hex? ioh 8841 8 cohfigufdin, Rt BRisdek@ Btoduded renmove the
heav@ﬂ’lqu products fromthe product prior to rec cllng the slurry
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250 maybe OPth ARkl IR theractRTRIhR is Stfbiill iAo EBRNARRE tiei NQ
condfFiESHE (i €. “pressure, tenperature) of the stripping system 140, 240
“ar e ‘ppcesf becalnk \of sndarutization aeasior vl ghd @@s%hl@gwaqeéagbq)}!m% because a

| cLrecuyl ating l.oop.is ' : t t QORANA8IS as el Ng typi cal
~condi ‘Eopffhsrga(ce(.’ng%te]’ E&}E%Ek&%’ngzggﬁ%%?%% l?gra ﬁgﬁmg\om' nal i asfji d flowrate
. of 16hifi} deginithd preseitavatst srippingeystan alitongothes gipeyrayabo e used st ri pper to
. reactor) 20.the foll aw ng strippi SRS Skl 3F 8 GhrdiStddg a
" comercia ?B’fe@%selgi%elmgcfnor. @%e&?cé%%ts ,%S?@Ieﬁilgltt%%éi n %ébl e 1 bel ow.
- Tabl emBodShént, i igentiodNstret limitsdoiv dhe Befefredormbklimenty Fay grasepia hilathehane8o

- Nitrogen79 Li.gh dr ocar bpn < < C i i sﬁ{nryi ppi hg gases.. .
wer epﬁeﬁ“’é@f’@&g“aﬁasg%?rb‘?e cr%ffcpgﬁ}kéy %%M&glgwfg%ogﬁéf%&g#&&% slurry flowin
ybe sid the Riipand @63t shosld bamdestosd that othdn aesasl tdesigns may ppised pradiiiewance i s

better for hydrogen than for t han nd. ni ef fect of

Che SERRPBPRHRS 0 drerrudoRics® op S5Pnd obf $ine JRE VR 18 P 1T
Sui t ghéut 8akP 6@ teaSope abthelinsaiss ol theaildms thitdollow, swyaeditationgdstsgur at i on of
nmul tiple reactor stages in series, the_.overhead.gas e t he wat er
Ustri et ipigdedas AR ﬂaa{ S@V%P%Bﬁ&’n&?& feﬁléemrl%%t IZ{rh:rit %{r%]d&e %er cool i ng
—and condanPhdife ardiheéSstepiiRgdORfesy @G PG, PCTI US02/ 41012 steps, the gas
mXx is sent to the next reaction stage. In this configuration, wet
hydrogen, produced in the water stripper, tends to react in the next stage
reactor, while nmethane and nitrogen act as.inert conponents. This higher
inert content in the reactant mxture is detrinmental to the econom cs of
t-he ‘ i ‘ . ’




process because of under-utilization of reactor volune and %Saggihgle
decrease in the Fischer 5 Tropsch reaction rate. For these reasons, it is
preferred to use a hydrogen-rich streamas the stripping gas in the
present water stripping system although other gases may al so be used.
Whil e the present invention has been disclosed and described in terns of a
preferred enbodinent, the inventieﬂAkﬁﬁﬁot limted to the preferred
enbodi ment. For exanple, while the present invention has been descri bed
with a vesdel wiAtiethod Esropletating af Eiveler-Tesysale feabl, Wwodiprisiogs ry 10 and the
stripping gas, it shoul d be understood that_ other vessel designs may be
used. ‘I n additi&h, CSPRler#Ea Rudhesiceasi omPrisingaaixge cAhyigeenarl earbors and

strippi ng gases h j t i m.t he
scope of the i nvmgﬁlg?igﬁ .‘ﬂ ngth%gro%?%oﬁ;%ygﬁ%@s £ %ﬁ“?’@gﬁ‘ %%y e%é@g‘fé%ﬁﬁ%’w st eps
i s not intendedthescaalysqmidr grsemibbldsain b ey daicefdon upe ligaidrasdeeepactdd al 1y,

or that one step be. conpl eted before_another step is begun, unless

explicitly so sPopdipnseiiogtive i forgp bydiosgmbens and secepdaypredictopeiudingg a

Fi scher - Tr opschyLRaGtHY% LSl Nds &) ' A fat i S

conprising a m xture doh? %ﬁg%gﬁé %%%I %talregéc%)r_r? ﬁ?rofr?gg? de gﬁﬂt %@;ﬁcﬁn&%%&%ﬁ bon

synt hesi s cat al segttiamcondiions,rthiedebyl Yorating  icstalygt-cdntdningtvedtsrstictesidrrgas

bubbl es ‘in a hydrocarbon sl urr){ i quid, under reaction condjtjons ,

effective to foblm hyarteaihsnatalereosiebvng) sielerpich lerys A HIPRYS ZM8Eer from

t he synt hesis t . 0o i Wh re Ligul . ction

ot ones! sl S35k eo B Qe ST chh e o L Bempt )

passi ng the catgdsythbt golvagt partigliyvaéRovds whtes ltharéfyorhndooas ts tfotnppl wgtez-one,

wherein the catalyst-containing water-rich slurry is contacted with a

stripping gas feddgedsfuriedsd partially renoves water therefromso as to

forma water reguced);gditld Y 1eR0d 5IrtiBASSH ’ t e

wat er - r educed g%urr%abellc in?o t hg lsﬁurr@gb‘g%?l. ﬁg-ﬁéeloﬁglﬁ%t?l%g 1?’;)112:00?)1{}:di ng to

claim1, furthesluirnbédydi ng the step allowing catalyst particles to settle

out of the,water-reduced slurry, so as to, faorm a catal yst-containing

‘wat er - r eduted g[lﬁ’ﬁrnﬁaﬁ%fﬁacc&r‘g‘&g \i‘P )?iaﬂmrio%%?f lﬂiéklaﬁngrt g geapliondng Gatﬂlg’ﬁtween

. step (a) apgticiRb &Psdifd outdf hE BRI AR ' .

~including ?ﬁte stepS of B%ssi ng téﬂ% cat al yst-’csggitsg(?rﬁ%hm%%gsg rwlhrg%ﬁgr‘gurry

‘through a Wetgasshkicedgtmpend 8 tatplystyedane] whieprdduped liquid Aetveichatkpf(ay and

pr oduci ng %g@f%car bons from synthesis gas, conprising: a) contacting the

synt hesi s ith a hydrocarbon synthesis catalyst in a slurry body

conpri si ng3.t he Thatabsd 280388 StoPURR ©S fitthé ; LLYeiod laui d,

under reaction conditi oralls e?i?gctoi ve to for ﬁﬁ@%‘?@@%ﬁ%‘gﬂq’;hg pégsé%ggry
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




products including water fromthe synthesis gas, at |east azggrtb&g of
which are liquid at the reaction conditions, thereby formn

catal yst-containing water- rich slurry; b) passing the catal yst cont ai ni ng
water-rich slurry into a stripping zone, wherein the catalyst-containing
water-rich slurry is contacted with a stripping gas that at |east
partially renoves water therefromso as to forma water- reduced slurry;
and 10 28 June 2006 c) passing at |east a portion of the water-reduced
slurry back into the slurry body. 5. The method accordjing to_c]aim4,
further includifly th@a%mépatolﬁasm Boitieg ofctheargterrosiueed eluay basksiata the out of
t he vvater-reducg H? i,] so as to forma catal yst- containing

wat er -reduced slurry and a catal yst-reduced water-reduced |iquid between
step (a) afd stHp ﬁm}hodGacéBh@ngﬂbhd&naoﬂgoﬂudhagutcﬂtud:thgltm: Staphef ellowsigep (b)
is acconplished b jecti t stripping gas, into the bottom of the

cat al yst - c GAHEEShP lr%att%rsetﬂﬁaw@?&ltwa Fré]e P slugey; 9 jag do dear acatalysi

qui escent zgheink aﬂe r&ﬁl%%d]glmla}ﬁdfarcﬁﬁl ~rbdlcBE Wathr I8 Bl gilﬁanet\Zee alhe
met hod accordi ng alrm rern sa| stripping zone In

gui escent xt@péa)iamdwtﬁpc(h)the cat aI yst particles settle out of the

wat er - r eduged urr ccordln claim7, rein said
qui escent ones'* %@83 aP‘EP" Elt‘b aHn é&lﬁr@a Sg'@dgbég "(9P°I§B]t‘5th|eii§éi njgeting, o
met hod acc Niire g%u&, g p (c)
conpri ses ﬁtecegtﬂg%ﬂagygét fHéont a?dr?‘la%gfv\g? techﬁ P}éﬁh@x@tﬁfn I~ur ?@r ﬁl;hl@fu rdn%taﬁod
accordi ng Bcttlmlga:cmnﬁ in wiqerescamt zcmecthsttls ezmpnmglyz[wﬁeoﬂmjebteé rgas htdjhlm{;es a

col |l ection are n sai d cat aI particles,. settle and col
The met hod7acco Hé!‘%'%i" et%qr%rlﬁ tomﬂ i“bu n “élteaanb%a@ §HiPREE mladu’ehgdea avvat er -
rich gas syhigsdht A7 iNBAi& Me %ahf}sw@ataaegte@ttb SADrd FAR- teﬁuééa%ﬁx%ed ina

separation” zone to forma dry gas phase and a water phase e net hod
according 80 clEhermithodrvhenveding tthelampéy whewm zaidequeegskatyzonecisrizadstat i on.

13. The et od ordjng tq cl.aim 11, further conprising returning at |east
a portion® ﬁ Beld)fi §%§°§ﬁ§%‘81gto the stripping zone. 14. The nethod
according o0 cl ’Phéﬂn%thoﬁ%é&ﬁﬁlgﬁb ABRY waRbiRtnd v%tei“@éd%ed QubPSfstep ()

catal yst-containing water-rich slurry’is renoved . The net hod accordi ng
to cl ai m 1gcomprésesihe catalysteontaBing whter-nalueed ﬁurryn the cat al yst - cont ai ni ng

water-ric thQ'.l U e tlnsethroﬁ ac\c/(?rging 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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16. The nmethod according to claim1, wherein the stripping g%§m%9§%rises at
| east one of hydrogen, nethane, nitrogen and carbon. 11 28 June 06 17.
The net hod according to claim 16, wherein the stripping gas further
conprises at |east one of carbon nonoxide, carbon dioxide and |ight
hydrocarbons. 18. The nmethod according to claim1, wherein the stripping
gas conprises a hydrogen-rich stream 19. The nethod according to claimb5,
wherein said stripping zone includes a quiescent zone in which the

cat al yst particles settle out of the wat er -reduced slurry. 20. The method

accordi ng V\/ner I n saj ui escent zone iis sized to allow a
desi red deé)?e dl%‘iﬁor St"? i‘ar%%rsmmgl&%ﬁwﬁh%@mmﬁ@% ein

the water - m@mﬁe 5t it Abn6HED caltich FOITRE hPReH ASaLALALYS! - cont i ni ng

wat er -reduced slurry. . The ngt accor di ng arm wherein said
stripping 2%ne The tm@hod rac¢cnrdhsag toaclaih | Ecvheminatheastiippingi gds sanghiseatal yst
particles ﬁ # | e aglcai collect. 23. The nethod according to claim4, wherein
step b) fuPYHEETFHEYTEED 4 water- rich gas stream and wherein said

vater-Tichigas $h SRihéc oSERAHEE ihih 3, SARALA RN B bihd ﬂ{cggwrdaf y gas

phase and a water phase. e met hod according to el n the
separat i onqmmnémﬂeoywhmtnhdeatsla'sﬂ rticleSsetffhentrod theosateas cedodéddutrp. ¢l ai m

23, furth 1 | t f the d h
©0 the str Ppi nbts BA GRS o Bl T o R gold, Sieshont Aoneunirganin

| east 60% fliow hQevipddale (%-[»6@ Otf@aﬂ al yst-containing water-rich slurry i s
renoved. 27. The netho accordl ng to claim4, wherein at |east 80% of the

water in thb cﬁh%lmyépd@mélmg|tmg1a!mﬁewhcneuhﬂls Iateryredced shmyeaf st@8. The
met hod accgkdin er.ei n ri,ppi ng gas conprises at | east
one of hydféﬁglﬁ‘ nﬁggttﬁ%ﬁ%@yﬁ ‘i"wg’&?éﬂgé{’ﬁ rcfﬁ&‘tﬁ?ﬂ SR © The method accor di ng to
claim 28, mhereThe ﬁl@&oﬁtaﬁéd?ainggo gﬁﬁ;mfsu wm%in SAHRIHPE: 2k ﬂlﬁﬁﬁtmélﬁ@

carbon nonoxi de, carbon dioxi de‘and |'i ght hydrocarbons.

accor di ng 1 goliactipmarea ln\MéltféﬂlSaldtmlsatmﬁmlesgie@hﬁndmb\mtses a hydr ogen rich

stream 12)3  Tpe method according to 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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