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PCT/ US98/ 09143 GAS AND SOLI DS REDUCI NG SLURRY
DOANCOVER BACKGROUND OF THE DI SCLOSURE Field of the Invention
The inventi orW@e¥/¥Ms to a solids reduci ng downconer. Nore PEIASHRAOMS |y,

t he invention relates to a downcomer for producing a gas and solids
reduced slurry froma t hree phase hydrocarbon synthesis slurry

conpri sing gas bubbl es an artic t | ' rsed in a
hydrocar bon |i qui d. ﬁéﬁ&@bgﬁhﬁb@#ﬁhﬁ&ﬁﬁ%gﬂqqg?ﬁbaéuﬂhﬁﬁﬁ Slurry
hydr ocar bon synthesis (HCS) processes are known. In a slurry HCS

process a synthesis gas (syngas) conprising a mxture of H2 and COis

bubpl ed up as a third phase through a slurry in a reactor in which the
slurry liquid cBAGKGRGUND OMTHE®ISCDORUBEoduct s of the synthesis reaction
and the dispersed, suspended solids conprise a suitable Fischer-Tropsch
type hydrocarbon synthesis catal yst. Reactors whi ch contain such a
three phase sluggﬂjgmgdggﬁgéﬂnes referred to as "bubbl e col ums”, as is
disclosed in U S, Patent 5, 348,982. Irrespective of whether the slurry
reactor is operated as a dispersed or slunped bed, the m xing

hcor ot oal cond t ong iy el BAE Ziite s e EIRRE Miord BN, BR 1

particles are tinventiohlrglatkstpta ddivnpmne dol prodicing apasateictolids redueed shapry flothy t he

lifting action qof the syngas huhbling up through, the slurry and
hydraul i ¢ neans@ﬁ?e@ﬁﬁ‘ﬁ@ﬁ’f’%gg’m '%ﬂ‘l'ﬁg‘é’é'f)ﬂnﬁ‘ﬁﬁﬁ?sg?"‘? lﬁﬁﬂfaﬁ f‘tleé?'ég'énd
the |ike are nofolids g4 er&amm;&mn%& qui ckly erode and al so cause
attrition of the catal yst particles. e or nore vertical,

Background of the Invention

Slurry hydrocarbon synthesis (HCS) processes are known. In a slurry HCS
process a synthesis gas (syngas) mmpﬁsing a mixture of Hz and CO is bubbled up as a
third phase through a slurry in a reactor in which the slurry liquid comprises
_hydrocarbon products of the synthesis reaction and the dispersed, suspended solids
. - comprise a suitable Fischer-Tropsch type hydrocarbon synthesis catalyst. Reactors
fvhich contain such a three phase slurry are sometimes referred to as “bubble columns”,
as is disclosed in U.S. Patent 5,348,982. Irrespective of whether the slurry reactor is
operated as a dispersed or slumped bed, the mixing conditions in the sturry will typically
be somewhere between the two theoretical conditions of plug flow and back mixed. The
., catalyst particles are typically kept dispersed and suspended in the liquid by the lifting
E action of the syngas bubbling up through the slurry and by hydraulic means. Mechanical
-,/ means such as impellers and propellers and the like are not used, because they will
qulckly erode and also cause attrition of the catalyst particles. One or more vertical,
P ;gﬁ." gas disengaging downcomers may be used as hydraulic means to assist in maintaining
it gnpre uniform catalyst dispersion, by iaroviding a vertical catalyst circulation in the
o sluny, as is disclosed in U.S. Patent 5,382,748. The catalyst particles, being heavier



gas di sengagi ng downconers nmay be used as hydraulic neans to assist in

mai nt ai ni ng nore uni form catal yst dispersion, by providing a vertical
catal yst circul ninthe slurry, as is disclosed in U

5,382, 748. é%%é yst particles, being heavier E%Cﬁﬁﬁg&ﬁ“

2" than the liquid, tend be nore concentrated at the bottomof the slurry.
It would therefore be advantageous I n maintaining a nore uniformvertical

catal yst concentratign i rcul ate y e bottom
Further, the sltb‘?”r‘be Fiquid, t'a‘ W&%ﬁngﬁﬁa&&ﬂg{&g@%ﬁ&?%ﬁgbﬂ& Irté’goé'HHIon nust be
separ at ed fromtﬁ&'@fo%eaédyéﬁag@&fst'ﬁ fhiffininpt¥ riore Smifdribientivhl citahysCevipdntatiar by
mechani cal filtration in which the slurry is fed to one of nmore a‘grous

filter medi a whtochcylase mmlméeanislqwtpthgbm Futthet, dhe slustyliamidkhydsogarben o) v st

particles. The h C r

processi ng and P 'ﬁ%tf? %ﬁ’ﬁgésfﬁ%%ﬂﬂ'%%E&E"?tég%{:ﬁ&'?ca;ttap% ?ﬁc%geﬁgg e and

pl uggi ng of t hetyf,iwtyaeamqﬂisﬂed b mechanical diltchtiod insehich thé sy xsa&daﬂoyme opmotei cl es
were renmoved fromthe slu be ore

filt d-
for a means of Pasesdiligyme % b‘ﬁt‘ﬁ?’?‘gfﬂ@tﬂ‘t@éﬂtplﬁsétt%ﬂg% h‘ﬂe@fﬁt"‘ rét?nésfgdnte g
the bottom of t :ét&a%esyasafﬂoﬁ ht,mt Fiftdie i9then sent to%MéNBYocéﬁmﬁHﬁdl NVENTI ON

The invention relates to a nethod means for reducing _solids and gas in

a t hree phasupgsddmgc )'Khahdld-@ Qfsmt marticle %?’@d&lﬂ%‘ﬁ of {hefiltessicould bes)

process. The sl urr in a
slurry Iiquid. Sgﬁr‘%?’?@g%pprggp%‘g iz'Q'%)‘Jggggﬂé‘ctseng gtﬁe%ﬂeggnes and a
slurry conduit. ﬁﬂ'd?ai rmnbe;cﬁxmwm'ea&armmngredmm&emtalystmwentgmonhe sol i ds
and gas di senga |ng zones ggq} oI i ds agd g @Sy reduced slurry, which

i s then passed stempbeinged tafhe ?)S?a”rt%raﬁ‘? WQHEEe. i g conduit, such as a
downconer. By gas and solids reduced slurry is neant a slurry that has been
reduced in- both gas bubbles and particulate solids. This invention is
useful for removing gas bubbles and catal yst particles froman HCS slurry

being fed to thg batl o3 riBINCENTION

The invention relates to a method and means for reducing solids and gasina
_three phase slurry and is useful in a hydrocarbon synthesis (HICS) process. The slurry
';'ﬁééfmbﬁses' gas bubbles and particulate solids in a slurry liquid. The means comprises
**solids and gas disengaging zones, and a slurry conduit. The method comprises passing
" the slurry through the solids and gas disengaging zones to form a solids and gas reduced
e f?ﬁi?ry which is then passed to & desired location by means of a fluid conduit, such as a
~ ‘downcomer. By gas and solids reduced slurry is meant a slurry that has been reduced in
" both gas bubbles and particulate solids. This invention is useful for removing gas
" bubbles and catalyst particles from an HCS slurry being fed to the bottom of the slurry
" ‘body to improve vertical catalyst distribution, and to shurry filtration for recovering the
* “slurry liquid produced by the HCS reaction. In one embodiment, the process of the
% irivention is achieved by means which comprises a solids and gas reducing slurry

Lﬁéfvncomer having solids and gas disengaging zones. The shurry solids and gas reducing
- }3(? P T S PR T

means, which comprise solids and gas disengaging zones, are located proximate the

'’ downcomer entrance and are immersed in a slurry body. The solids disengaging zone is



body to inprove vertical catalyst distribution, and to slurry filtration
for recovering the slurry liquid produced by the HCS reaction. In one
enbodi ment, the process of the invention is achieved by nmeans which

conpri ses a SWOPR4Ed gas reducing slurry downconer havi npcaaiosiediend gas
di sengagi ng zones. The slurty solids and gas reduci ng neans, which conprise
solids and gas disengagi ng zones, are |ocated proxi mate the downtoner
entrance and are imersed in a slurry body. The solids disengaging zone is
3 . in fluiihfodeombvenication with the shury bodyiwhigh sustbpndgit aitd with angtedier §28  and

wWith an interior,gas . diggsen i Sl ur r t sl-urry.hody
passes through Pﬁg"%‘f‘ﬁa nediszu%% ﬁ‘g sﬁ%?%o%y?q?gs’eg ﬁﬁgﬁﬁ%ﬁ&gﬁ#@é@@e

sol ids and gas abfe, i WEEppEEdhiatesolidy did gasart didengaged 16 Gstms solidgreduced stuitdli ch
is then passed through a gas di sengagi ng zone in which nore gas is

di sengaged to Wwhichiigthes passed thrgughsa.gps disengaging aeng ia which forergas 1sdisengagediy gas
reduced slurry i Wal i) Ty sﬁﬂ? ' h as a
downcorer, whi cﬁ&fnte‘g{@dfﬂgsggﬁe? ?c;dts lg 'h'gﬂ%gedg?% %gw%t‘%gcat %LW‘?#% he
desired | ocat i ointo 8 fluvtensfeshanddit) suchlasia downaoder, twhicktfecsis the, slustydo the desiredh

educing - GURERHY Y SBFRORR sdaEe e HEBHR gordic et by e
slurry in the dendsh@fiEbody continBGid)Pases infd dnll MroGh theSlididd P FidaEnG! Ur Iy
body. Thus, slurry circul ation through wnconer 1s achieved

h d
hychaul ool 1 y. - BRWBCaREs hyaulictlyedtedo HhedFahar Grasifcal it SuTErdn e dawncomer o) | s

and gas reducin lepnte |t S | m‘ﬁ.’g, ' ﬂﬂh r nal
slurry sol %@%P@%ﬁg%fﬁ%ﬁ%ﬁg@“ﬁ%‘mﬂg@cmm C {Ep'g%lact\;ﬁ\?ltt g [ ﬁt er nal
gas di sengagi ng downenmer is achigvedhydraulicatlya Thid maybeackievpd with @aplosmeaines lhaving/a
which is fed intg.a skurry.transfer conduiLt, or ., downconer tub I n
Pt d commani oIS 20 B rHiring Bt GRS th e prrobish SRR eyl drty
exampl e of a suisblahldeeﬁgagmﬁmﬁn i bommiGiEdsion wikh ah ehrdihid §id di®ngdgirighfone,
i nvention includes a ol I.ow, . encl osed cup having a_sl opi g}% t o&_and
FGagH

bot t omahi ch def itRBrOdHer aselifsRad gasflepleted slumyewhish is ded jpioy shury tesnsfenrgadHihgr zone
W thin. The top d%%&ft?%éé‘?us% @gydgﬁh&h}ﬁ%%n'vﬁlh%e éa‘é%i‘senqa ing 95neC MGl stradvd"

passing slurry from | sengagi ng zone I nto the interior gas
di sengagi ng zonexaniplgafa sughhlediwngomerzmenns ssefihincthe prattive loSthe inventicntindludes 4 ui d

comruni cation w,th the . nteripr.qgas,di sengagi,ng zone t ends ward from
The apex of - nolip, Beipfh e Byt Sncsiina st Bhabavienshis B EtiiRe
shaped baffle, qRemalatunylgis dif@yaging zon®Withile ThORp cofitald®§ hdliok heryiHler tubd1 €
open top of the inlet,  conduit and the slqping top of the L.
or conduit for passing slurry from the solids disengaging zone into the interior gas
disengaging zone. A gas releasing means, such as a hollow conduit in fluid
communication with the interior gas disengaging zone, extends upward from the apex of
the sloping top. A downward concave or frustoconical shaped baffle, open at its apex
on the top, is positioned over the open top of the inlet conduit and the sloping top of the
cup as a cap. The baffle extends outward and down to terminate in an outer periphery
substantially the same size and shape as the outer periphery of the cup. The bottom of
the cup contains an orifice from which depends the downcomer tube or fluid conduit.
iz An annular solids disengaging zone exterior of the cup is defined by the cap at the top,
- the sloped upper cup wall at the bottom, with the outer surface of the inlet conduit
* “%%" defining the inside of the annular zone. The outer periphery of the solids disengaging

i i zone is either completely open to the surrounding slurry body in which it is immersed or



cup as a cap. The baffle extends outward and down to termnate in an outer

peri phery substantially the sane size and shape as the outer periphery
of the cup. ﬁ%@%%om of the cup contains an orifice_from which
depends the r tube or fluid conduit. An annul FTY818/0§143

di sengagi ng zone exterior of the cup is defgned by the cap at the top,
the sl oped upper cup wall at the bottom wth the outer surface of the

inl'et conduit defining t lbnsi de of the. annul. Zone. . Qut er riphery
of the ol s di tegh ifes (R Sinders) WiicR Reicthe ABasile i olrpo fiE ¢
surrounding sl Uridhebﬂﬁih’rio&ctﬂiﬁthbzd»ﬂefi‘oﬁ\lbdiﬂg&iiﬁﬁded)ﬁyturbulenceintheslurrybody. In
4 it contains baffles (such as |quvers) which permt the surrounding

slurry to pass i firthergmbodiments thedntegior of thegas disangaging Froe somtaing Qng or MOre g

di sturbed by tur ' I 2R whithvi rﬁr'm | s the
interior of the g#;g&glgggﬂr{g‘%@%%éfgﬁ%%contglﬁ gﬁgoor rm&g{lu Eg’P?F’éé to

i nprove rel ease céntdihmridenchandbiosex feguditgamehosinfthoinien tibs hnd-proximate threehottams o
contain turbul ence.and vortex reducing neans in the inlet tube and

proxi mate the boP‘E‘%'espe"tb‘?eg'f i ce, respectively. Wth specific
regard to a slurry HCS process for form ng hydrocarbons, at |east a
portion of which are liquid, the invention conprises the steps of-

(a) contacting a syntWithppecifg segphta g shuyry SGRproegss pr forminghydrocasbonsy at least agn d
COwth ' o] MOt ' t al t o |
corr\{)\nri si ng sgi Zoégrgg'f %ﬁw&ﬁiﬁ%%@%@éfp‘%&ﬂ%tﬁfgﬁfgng )g;:ts IbtrJ]b(l:j)ll Zsur "

under conditions effective to form hydr ocar bons fromthe syngas,
wherein the hydrocarbon slurry liquid conprises . -hydrocarbon products
which are liquid at t@bcPusgipga pas (gynges) comprising a mixture ¢fif> 45d £Q wigh 5

portion of the s VAR ' Q| ﬁﬁg’ q:gl;'g . ﬁﬂﬂ . | east
a portion of t heLg((;)l{df 8@%@%3@%&2&30 | sgr e %é Qg\gﬁr&%’/& ggaz%ata]yst,
hydrocarbon slurry liquid and gas bubbles under conditions effective to form
- - hydrocarbons from the syngas, wherein the hydrocarbon shurry liquid comprises
" - ‘*hydrocarbon products which are liquid at the reaction conditions;

(b) passing a portion of the slurry into a solids disengaging zone to remove at
% "' least a portion of the solids and form a solids reduced slurry;

(c) passing the solids reduced slurry into a gas disengaging zone to disengage at
least a portion of the gas bubbles and form a gas and solids reduced slurry, and

(d) passing the solids and gas reduced slurry into a fluid conduit by which it is
- "passed to the desired location,

The shurry or slurry body from which a portion is passed into the solids and gas
' -+ disengaging zones may be the réactive slurry in the HCS reactor or it may be a slurry
"% body in an external rejuvenatiofi 67 filtration Zone. The fluid conduit may be a
.95 downComer which passes the solids and gas reduced slurry down to the bottom of the
-7 %1+ reactive HCS sturry in an HCS reactor to improve vertical catalyst distribution in the



(c) passing the solids reduced slurry into a gas di sengagi ng zone to

di sengage at | east a portion ofthe gas bubbles and forma gas and
solids reduced slurry, and (d) passing the solids and gas
reduced sl urryoiss@ose fluid conduit by which it is pas R/ gs98/9i4s
desired | ocation. - The slurry or slurry body fromwhich a portion is
passed into the solids and gas di sengagli ng zones may be the reactive
slurry in the HCS reactor or it may be a slurr [

1 .. body_in gn external
reuvenatioii or mesdter dn pasther ombodinns, the downcEBFNH! Pattihe d%”@c%ﬁﬁf& whi ch
passes the sol idg, a%?at{q@%&ﬁqgwﬁicﬂﬁ%aﬂmﬁ Wi hyldocaitoh prodats |3P§[he HCS

reactive HCS slurry 1n an reactor to I nprove vertical catalys
di stribution in selxtion are separated from the catalyst particles and sent to further processing and 5

tor. | th nbodi t, t d ]| th li ds..and
oD O e G e e s R b B M Sl
hydrocar bon prodigdivy edke bf She!iter. "M iopérainto solids and feeu@ﬁ]al yst

particles and sent to further processing and upgrading. Reducing the solids
content of sl urrdovasamer thefHGS feaatoranayrbe dperating ofdt may bephpt dowme IfBisyst cake

on the filter. Duri eration e | J: -l
downconer, the I-ﬁ%‘"?rgg gﬁ% m%‘%%e eo‘%’era |ér#é£%lf %Gh%;}yé%guggﬁ?& oy\g'.huﬁ‘

i s operating, thgepICSSreation.OWhedhe grvoess andmedns of the invertioniiswsedi@timpraverte does
not disturb the HCS reaction. Wien ft he, process and neans of the i.hvention
i's used to i mproYREtiGahERtRISF eoncefiraton iy 6M?§ﬂ'ﬁtWFW$T&ctor,
the vertical tenRgksf ¥ fdrddritbinh, CTHISrellitRs hAAFSS hnd GreifBorRomBidt Riwer sdiedtivity

reduces hot spots and their concomtant |ower selectivity to the nore

ity
desired |iquid htedhemaresissirediliquid bydrocarhna predugts: Therednctioaiof hotspatsalsa o

reduces catal yst_deacti vati.on,. a lLvat ' ctivity
to | ower nol ecul SF- F@IHYSRS?‘&H‘{@? é géglgﬁggﬁg%tﬁgdcﬁ%ﬁgawE%%ﬁ)tefat I on
achieved if the inolepgiratdight produdicbedaze bfthaidwer GO doacantratiorcdchieial ifithgher

tenperature needed to majntain the conversign, constant. Consequently, hot
spot reduction hmgrapgeﬁgplﬁtcaqsﬁnhpb eo ehrg?:ertemperaturene ed 16 maintgin

the conversion constant. Consequently, hot spot reduction helps to maintain high CO

. conversion and selectivity to higher molecular weight products. A high catalyst

*- concentration proximate the bottom of the reactor makes it more difficult to remove the

. . exothermic heat of the HCS reaction, since the space available for heat exchangers is

severely limited, This can result in the entire lower portion of the reactor running too

** hot, or the rest of the reactor running too cool to avoid heat build-up at the bottom.
The invention reduces this by sending a catalyst reduced slurry to the bottom, While the
process and means of the invention are described herein with particular reference to their
usefulness in association with a slurry HCS process, the invention is not intended to be
so limited. Thus, the invention may be practiced with other types of slurries and

"+ chemical processes, including biological and waste water treatment processes.
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conversion and selectivity to higher nol ecul ar wei ght products A high

catal yst concentration proximate the bottom of the reactor nmakes it nore

di fficult towamessee4t he exot herm c heat of the HCS reacti oRCT/ES9OH43 he
space avail able for heat exchangers is severely limted. This can result in
the entire lower portion of the reactor rugning too hot, or the rest of the
reactor running too cool to avoid heat build-up at the bottom The

i nventi on reduc ﬁmtﬁgﬁ Wi gﬁ@*,ﬁ&t} reduced slurry to the bottom
Wil e the proce§s an ?naans 0 éhe |nvent|onsare descri bed herein with
particular reference to their usefulness in association with a slurry HCS
process, the inventign is not intepnded to be so, Ijmted. Thus, the

i nvention may be pr aﬁ!WEédch“P““hY ﬂ@?“aﬁ*‘)?ﬂégh‘iiﬂ'e@fzﬂg dpwacomsrofthe.inyention.
processes, including biological and waste water treatnent processes.

6 BRI EF DESCRI PTI ON O: THE DRAW NGS Figure 1
schematical |y il | ustFigareg isa sshématis illustdation ofja sfonm typebydrodartioh eyrithresie néacton .

Figure 2 is a schematic .l ratton of a.glurry.type hydrocarbon synthesis
react or conf"é}?’f‘i'?’%a ﬁohg%)%lﬁ%%&@a‘ﬁg?'ﬂaoﬁﬁwﬁﬁvc?ﬁéﬂof t he i nventi on.
Figure 3 is a perspective view of part of the downconmer ofFigures 1 and 2.

Figure 4 is a brief gchematic of a gas di sengagi nhg downconer ofthe prior
art . DETAI L a8 perypestive view of part of the downcomer of Figures 1 and 2.

Figure 4 is a brief schematic of a gas disengaging downcomer of the prior art.

.- DETAILED DESCRIPTION

.. ...;- Theadvantages of the practice of the invention to achieve more uniform vertical
catalyst distribution in an HCS slurry reactor have been stated above. The prior art
sdisclosed in U.S. Patent 5,382,748 teaches that HCS slurry reactors may have one or

<d

» .+ More vertical, gas disengaging downcomers for minimizing catalyst maldistribution in

..~ - the reactive slurry, by hydraulically setting up slurry circulation from the upper portion

... of the slurry where the catalyst concentration is least, to the bottom of'the slurry where
it is greatest. However, unlike the downcomer of the invention, these prior art

downcomers do not reduce the solids content of the slurry before it is passed to the
~ bottom of the reactor.

-- -- Figure 1 illustrates a cross sectional schematic of an embodiment of a gas and
solids reducing downcomer 10 of the invention comprising a slurry inlet 12 in the form
of a hollow pipe open at both ends and which extends above and below the upper wall
14 of the internal gas disengaging zone 16, which is defined by a vertical cylindrical

. outer wall 18, a sloping upper wall 14 and sloping bottom 20, of the gas disengaging
cup 22. A cone shaped cap 24, having an orifice 26 at its apex, is disposed over thé



o A The advantages ofthe practice of the invention to achi eve nore
uni form verti cal catalyst distribution in an HCS slurry reactor have

been stated akwysysodblse prior art ...disclosed in U S PateRtludesesid 748
teaches that HCS slurry reactors may have one or nore vertical, gas

di sengagi ng downconers for ‘mnimzing catalyst maldistribution in t he
reactive slurry, by hydraulically setting up slurry circulation fromthe

upper portion of the slurry where the catal yst concentratjon is |east,
to the bottom of“"??fé’“éf’%%ﬁ‘féhéts memﬁlteﬁg%%égeeﬁf“?q%ﬁ‘,&“&ﬂf@%e t he

downcomer of t heoykdwRNlt1B OBpack NS HQ sBlidsQhd ds di B Etetnatl Of $48 Ui t he
solids content of the sl u(rljg beforse ist igéspésgg%agﬁx‘g‘g t he b%btgt g%f%#ﬁ?he

react or . zone 16 ardjigydefined by the euten surface of thershury inletcl2; the gap 24cindntbe i ¢ of

an enbodi ment of_a. | i [ edugy downco of theinvention
conprising a sl us¥°3’§“%?§? g{'gfltge gaﬁ%ﬁ ﬁ'}__gg%% ﬁqp% n’%@&%&’f‘ﬁ%‘éﬁ%&“é‘t&@ﬁ"&%bot h
ends and whi ch exp predentsbyising gacbubblesin thethret phae sM&tburroundiﬂﬁh@ﬁoﬁﬁ&mer,

i nternal gas di sengagi pg.,zone 16, which is defined by a vertical

cylindrical ‘%S‘H&'é‘e a&i, ply dlugtrated by the emall gincles, frompagsing updmegher ot t om

20, of the gas dj ' ; . : ' an

ori fice 26 at 1 roNCIad s Whengaging sbhct8, Thu 3pite WAL 2o whi UL

7 upper end upfisinggastbubililes inthe lsurrqundiag slerry dé netonter.hSincapt many ofithe

di aneter as that_aof. th guter .wal |l 18 . Space, 28 is a | ids and gas

di sengagi ng zoneupgx %ﬁgflbb&se t%%th&izg@%ﬁ%f@l\yﬁé’aﬁ“ﬂeig‘?‘?g °E%°tiﬁﬁfl‘fr§" géﬁ?ened by

the outer surf acembolimeftdlhstrated s theFighres. 2 plirdly 6RSopidp bafds 19'e iltustbdt@inNg t O

14 of the gas di ﬁen aqgi n&lc p 22. The outer_wal l of the gas disengagi ng
the;puter RgaenerAl pertias of zone B3 InifigusesJand these pppparagsletsondi ng t he

cup prevents upr

downcomer , Wb/ersFbth© ke bf %ﬁﬁ@ﬁﬁy,%isng?%sei drd &iﬂl&@%ngﬁrévﬁﬂqf; B %}Lge 23,

circles, from passi r;a up Into ' I sengagi

_ . s and gas
Thus, space 28 iistended to bssio ¢hetformpofchallowadone-stmped (hojbow fristamgpmgulaiotvinestein t he

a0, e e 5 RS St RSB 1
enmbodi nent i | | ussiredndihgiskurry bhodyHrdi! et eringauidbdendont ¥8 OThedngie iof SogtdfithdS is29
are illustrated t{xensame as that of 14 and 24. If these baffles were not present, the catalyst particles
would all fall to the bottom of zone 28; roll down the sloping top 14 of the cup, and exit
the zone at the outer periphery of the cup and fall back into the surrounding shurry. In
the embodiment shown, some of the catalyst particles drop onto the baffle 29 below and
then back out into the sturry body, while some disengage and drop out further in zone
28, past the baffles and nearer to conduit 12, falling down onto 14 and then out of zone
28. The slope of bafiles 29 and top 14 is greater than the angle of friction of the
disengaged catalyst particles, so that they continue down the baffles and wall 14 and
back out into the surrounding slurry, leaving a solids reduced slurry in zone 28 which
passes up through space 30, over the tdp of the slurry inlet, down through the inlet and
. into internal gas disengaging zoné 16. At the same time, a portion of the gas bubbles in
-+ the slurry in zone 28 are also disengaged and pass up under cap 24 and out the orifice 26
;:&gvéhete they pass into slurry above the downcomer. In another embodiment (not shown),
: »-s_the baffles could comprise laterally spaced apart, vertical metal strips circumferentially
z~i+i:; arranged around the outer periphery of 28, with a similar array slightly radially inward in



t he outer peripheral portion of zone 28. In Figures | and 2 these appear as

slats or | ouvers for the sake of sinplicity, since these are two
di rensi onal dyawssgss They are intended to be in the foPEI/HS8RM4P ow
cone-shaped (hollow frustons angul arly truncated at the botton) baffles

of metal or other suitable -material which geduce turbul ence in the
surroundi ng slurry body fromentering quiescent zone 28. The angle of slope

of “these is t he, sane as .that qf .1 4 not
present, the cafvg\"??}e ST PR aé‘ém(a'a“%gou‘%gg%a%f Ot;‘dé% i E&g?ﬁg&%{ %%pn%%gzone 28;
rol | down the skfglidigles tided the@bp dndgusc shipve Bforifixe irdpresent upwsiprhubbles ofidae out er
peri phery of the cup and fall back into fhe surroundin slklr.r . In t he
enmbodi rent shomﬂ%semfwnﬂ‘ﬁél“%{"ﬁw& pﬁw,itﬁq%\wcnwsgﬁpé &1 _énﬁ%ﬁafl e 29
bel ow and tha@e@a@}g%gd&wrg%&e& ilﬂ%oﬁal%ﬁﬁﬂﬂsgf?&%ol niél. | Esimplendtha eamage and

drop out further 1 , past the baffles and nearer to conduit 12,
falling down onplate34, whidh inithis embadingnt iseane shapedgbelopnthe boitqme ofithe gusry inlet 29
and top 14 is greater .t.han t.he,angl g,of flcti t |.S

catal yst partic ,“E%r" ?ftél?ﬁrgy{é%ﬁ?‘?ﬁﬁed's%géﬁﬁpngﬁé‘"ﬂﬁ?wggﬁgn%g&gﬁgﬂﬁ4 and
back out into t Eigme exitispie tdtduit! I isprefedraintiatiie toriaertil dross sedtisraliared oftthy 1 n
zone 28 which | passes _up through space 30, over the tqop of the slurry

i nlet, down t hr itesral gaedisengagingZaRe is sized 50 4s ?"rﬁ"é?"_ﬁaf’“"b‘&%tﬂ?‘ggﬁb"a ‘_f?éfyff)ne 16.
At the same ti ”&eagwﬂﬁ&bihgﬂ%ﬁé totﬂéﬁggﬁéﬁmgkﬁfot’éﬁb gas bhifbfes Bbitlp HikerlghgedONe 28

are al so di sengaged and pass$ up un cap 24 °and out the orifice wher e
t hey pass into $oowtheshainov@net drancdosiersd oediagdnal baffss bebaffleriates 36amay benot

shown) , t he baffl oul.d conpr.ise laterall a apart v |- . et al
Str 18 ci rour nt SRETn iy e bmGRRE ichgeeidl Sl e Ao GRRcheetePl i
\éVi t\t\ma rS]i [nhl ar aérieaME ﬂietebilﬁdrmltﬁ@ghﬁlb ikafs dé@mgtdménn. Als? sl;or\];vn are turbulence andh

ic e inner strips are radially downstream of the spaces in {he
outer strips. THeEFafycngmeansAs %ﬁd@r‘eWﬁ@'\c@w%&]‘Ylﬁ‘g&arﬁ‘%ﬁ@qﬁﬁ SIB’IPfef i ce

represent Upt i Sgags fRbhetingleri@Psttiiss TBRARL BFA attiat Boiipel e HPAGrES.

Thus, the slurry passing in the i'nterior gas disengaging zone is reduced
in both gas- and3sdurbdlenceredusing meanssi6rpduses the emoumt oftutbhlenceghatmmigh®4, which in

t hi s enbodi ment j,s _cone. sh d, belgw t he bottom o i

condui t ni ni mffzgf;‘!%%‘?eﬁgﬁgg’e&f"eﬁ@%@s g EEM L%{’eiﬁrs‘%&{%éf‘&%"g‘&st he
downf | owi ng sl F;@umﬁ?mﬁ%nﬁdgﬁnﬂﬁmdrﬂmetdtgg dewromteonduit. tmmumuﬂédﬁcﬂzont al
cross sectional grea of the jnterpal gas sengagi ng ,zone is.sized so as to
be |arge enough“ﬁ@%f’”?‘ﬁé%le iW@f”ﬂh@%ﬁP?’cﬁﬂW%Pﬁﬂ?ﬁéfﬁpml ow
the 11 e vel oci 1 afif oltae 6730 A LGSy bt B0 MeSRORGagch 8 bBicPinit toe O

or nore sloped or diagonal baffles or baffle plates
. slurry. If desired, the top of the chimney may exit into the slurry body. In a slurry

hydrocarbon synthesis reactor, the gas bubbles closer to the top of the slurry comprise
substantially more reaction products than synthesis gas. Therefore, it is best not to
reintroduce the gas back into the reactive slurry. Even though this may not be the case
.. for all slurry type reactions, it is still advantageous to the operation of the gas and solids
+ 4 + Teducing downcomer not to permit sturry turbulence to be introduced into the gas
... disengaging zone. The sloping arigle of the baffle plates 36 and also of the sloping
.. bottom 20 of the internal gas disengaging cup are greater than the angle of fepose of the
e CBtAlyst particles and/or other solids in the slurry, so that disengaged particles do not
b bmld up on either the baffles or at the bottom of the cup. The gas and solids reduced
. +..., Slurry passes down the internal gas disengaging zone 16, through the opening or orifice



enpl oyed in the internal gas disengaging zone to further reduce turbul ence
and m xing in zone 16, thereby permtting nore gas di sengagenent. Al so
shown are tur Ry eydageand vortex reduci ng means 46 and 48, rpepesisiosss y,
both of which are illustrated as sinple grids of intersecting vertical
strips. These are also shown in parti al peripective in Figure 3 Turbul ence
reduci ng neans 46 reduces the anmount of turbulence that m ght otherw se

enter into the qui es¢cent, gas di sengagi ng,.zone, 1 el ow. ans ,48 prevents
vortexes from f ot4ARAte o RS b8 L Gere i e AR LA e boHafgB BBy
eyl i ndri cal Chi e Yseifes R fhadd fob 28 Sk BEmcofict SifSprit? altiihg §19 foth BfiineR 0

apex of sloped cup top out the top 40 of the slurry body to release
t he di sengaged gges diserigagiag cupon the topclnyhersedyn an HCS) eluity cofuprising 60 yplunk % he

chimey may exit_intg,th | urgy.body. In | yrry hydro bon synthesi s
reactor, the gasgaﬁ?m@ﬁlﬁégecﬁ?‘ggefwﬁﬁ ?‘%’@ +‘25’Hga}bt?'e ﬁﬂ‘@x?f’\éf W?/&@h%rai gﬁ’%g“bb ¢
substantial |y nDgghcénbagsn dﬂbnnmchoc%ﬁndfh@ﬂy&bﬁﬁbbﬂ&éi@(ﬂd&-sluﬁly%ﬁr%r@mi tis
best not to reintroduce the gas back into the reactive slurry. Even though
this may not be thraughthedowneomer yopldde fom3-16 fear/seeond; InptICS slusry regetr, the
advant ageous to bloiatio. | | deyide not
to permt sl urry‘t’At?lﬁ?%ﬁ‘Te%d?]lce tg%%ﬁ%a?g%@%?%?ﬁwg?gggé%engag?%&mne.
The sl opi ng angl %, axd thdre typicklly foml 3xte$S 3% Fhedatalystpacticles may bé¢ presentjinfant t om 20

of the internal gas disen i C a reater. than,th ngl e ,of repose of
the catal yst par%{“ﬁ‘\“gg’sfg"ﬁ'g%“pgthgfwgg{:i eﬁ}’ﬂ“'fﬂ!{&%{égﬁ%s‘gh ?J%ao{'fl’ BiseBrgaged
particles do not efBtdinbntsP4®556¥t! A€ ThE bRalpad birticle sigé will raigefrolrdboam oot he

cup. The gas and solids reduced slurrg passes down the 1nternal gas

di sengagi ng zonemicwnsmore tipiraliy:fEora § 150 gricsons gnd, i same embodiments, from about 10

9 42 and int ' | I %Y)@f t he

bottom of cup O%g’&%%gmes&dv@r%%rﬂ%a e ogh ggg&lfdr%c%h&gdgﬁdggner ftgta&‘gﬂ{)pri or

art having a 2 fpwtionidfthesueoundingyasctal sherygsuoh asfochabattomt where thecatdlyster sed i n

an HCS slurry conprisi 60 _vol u % as bubbles the slurry.fl owi ng down
t hrough t he éom%ﬁ%’?“&%ﬂf W’ﬁ%{g‘:{eﬁﬁg %@5’3 'Spﬂlbeﬁwb'éﬁ‘ﬁ% dig onlg -
20-40 % and -the Wﬁé&ll? Set up veréicdl Yirdlatioh h thé sy, Akéiitingly, 48 dbwncohéH tabto h

t he downconmer woul d _be trom8-16 feet/second. In an HCS slurry reactor, the
vol unetri ¢ concemay direchihe sqlids prd 395 seducadisiugy te p filtration;zage PWE‘&/&P st liguid m

gg?'ltjit c Ilgst gagobeisgg/es ent 1 n{hgr?i%ﬂlgﬁwog%@g%}%g%g/%at tyl%&wt él g//qSt nor e
typi cal ly from 3frocesfifig. it is disiced dhat slorrg beimg filtered to remove the liquid from the solids

and gas bubbles, contain as little of these other components as possible, to avoid

plugging the filter with the solids and passing gas through the filter with the liquid, to

achieve the greatest possible liquid throughput through the filter.

Figure 2 is a schematic briefly illustrating a slurry type hydrocarbon synthesis
" reactor containing g solids and gas reducing downcomer of the invention. While one or
- more will be employed, only oné is shown for convenience. Turning to Figure 2, reactor
- -50 comprises an outer shell 52 containing a three phase reactive HCS slurry 58 within.
= .44 A 'synthesis gas is injected into the bottom of the reactor via gas line 54, while product
o gasxs removed overhead via liné $6.- The synthesis feed gas is injected up through the
;: ’»‘*Sh;rf'y through suitable gas distribution means arranged across the surface of an

1.4+, otherwise gas and liquid impermeable tray 62. Not shown is filtration means, such as



enbodi nents, 40 -55 wt. % The catalyst particle size will range from about

1 - 200 mcrons, nore typically fromb5 - 150 mcrons and, in sone
enbodi ments, Wooss@bbut 10 - 80 microns. The downconer PGEUSHPHEts the
solids and gas reduced slurry to another portion of the surrounding
reactor shlurry, such as to‘the bottom wher® t he cat al yst concentration

is greatest, to reduce catalyst maldistribution in the slurry and to
douncorer t ube: ohe SEmMERUE Stk o' oo ulrf L4 Bfin Sht b lore BfaBA festel v, Lhe
filtrati on zone extermahofke redntors [Suchrfiltritioguiedns sepdrate theghwdracasborf slusny liguid ot her
slurry conponents by filtrati,qn a ent, to fucther rocessing Jt is
desired that sl & B@tﬂbstpﬂla@aé%ﬂ{aie, W&F ﬁ@"‘%‘&&f’ﬁ%?@?ﬁ“f‘ﬂ% ol i ds

and gas bubbl es ypeafihai Pagetit mbdns tap hisd BSSe@td\Rparkte R adticl@Foni thbe, to
avoi d pl uggi rlllggttghegf [ j%grl W th tﬂe sol i ds ang passi'ngwg?s t hr ough the
filter with the hydrgedrbon liquid prodyetiif the eatelyss pestielas ase magnstic PHpasamagseticy as is

t hroughput thro L : | ' heRid iefly
illustrating a lsa% glro %J&q?gﬂﬁé’hﬁ';%tr oAcglor_th(’)%"d Hﬁﬁ%@%&%&@ﬂfﬁé cont %nlclndﬁ%lg a
sol i ds and gas rshewcimeprsdd withinnlershiofy S8hexcept\fenthe gas reledsing eppen ontion of theor e

w |l be enployed, qnl e.Ls sho for gopveni ence, Tunmi to Figure 2,

react or 50 c@ﬁb&‘@%@ggﬁvwglﬂ‘@l@mé‘@%mpﬁﬁe b‘"&ﬁ&“@gﬂ‘ﬁﬁ&%e reactive
HCS slurry 58 wididehdaging andcol¥diing Sak& 65 thd 1dp bf'he fdabidr.i Alconel shepedbhffie @y of t he
reactor via gas line 54, while product : gas is renoved overhead via |line

56. The synt hesibslowhebottom ofshe dowmeanacs prayvents ppsising synikesis gag jupbles, insligted
i tabl di st ri Gt . _
ot hervi e gas. aih ot GicS, AUEAGRAE FADAE doRURAT i ipaiy AiOlveids, The

means, such as downcomer hydraulically pumps a solids and gas reduced slurry down to the bottom ofL0
one or nore liqujd filters in the reactive @I urry 14 Oqlipin one

filtration vessdhéreactordoimprovy the vertigalcatalyst  Figure 3134, partial perspective %ﬁ’ﬁmé;e

separate the hyqhodswneemerf e irvéntioniMistated infFigiRs' 1N 2oinhichibafiRpldts!20S as
filtrate, and pass the filtrate to further processing and upgr adi ng.
Magneti c neans g 36 rrsshiyemn igphantomyanskip awhich the; thibulengeany vortex geducers 46 and Bim t he

hydr ocar bon 11 9ghé bl e pleleofi Hh il Ubbedrife e WRPDAbFosha

reduci ng downcorgas diséngiged fiomthetlarondidefigiging zonspasses up andbntodhe chithiyiodated
slurry 58, except.for the gas releasing upper .porti,on of the gas chi mey
38" Wb o ext enddt it e Bt FEaved HGR ol 23 ABARERERR: o« he goc

In contrast to the solids reducing downcomer of the invention, Figure 4

schematically illustrates a downcomer of the prior art, of the type disclosed and claimed
in U.S. Patent 5,382,748. Thus, downcomer 70 comprises an upwardly open gas
disengaging and solids increasing cup 72, having a sloping bottom 76 which terminates
in a downwardly extending, hollow downcomer tube 74. The cylindrical side wall 78
. and bottom 76 of the cup define a gas disengaging zone 80 within. The bottom and side
... wall prevent uprising gas bubbles from entering into and contacting slurry in zone 80 in
. .+,, the interior cavity of the open cup. This creates a quiescent zone in which gas bubbles
.43 n 2@ Teleased from the slurry and not replaced and, at the same time, suspended solids fall
Eo&m into the bottom of the cup, since there are no uprising gas bubbles to keep the

+¢ . SOlids in suspension. The solids are denser than the slurry liquid. The horizontal cross



di sengagi ng and coll ecting space 65 at the top of the reactor. A cone

shaped baffle 64 bel ow t he bottom of the downeoner prevents uprising
synt hesi s gaswogiées, 1 ndi cated as small circles, frompethgsiggssi nt o
t he downconer and inpairing its effectiveness. The downconer

hydraulically punps a solids and gas reducgd slurry down to the bottom of
the reactor to inprove the vertical catalyst. Figure 3 is a partial
perspective of part of, , the downconer of the invention illustrated in
Figures 1 and A Qi o Goapatedebe s Sually e RO SR I hant om
and in whi ch 1t Ngchifly b0 tRRAKY §Pé 68ddwiEbAR& cin thErefsdthesBlids (cat@lit) Partially
shown in perspectivé. The upward slope of the upper wall 14 insures that

gas. di sengaged fonsentration isithe shyrrychassingyleginithe daymeomersulss sathatitid greatenthahe
chi mey | ocated,,- ' S I vied 1o he internal gas
di sengagi ng Zongatln%e%H%ux%%&e@ﬂoqggﬁ?ﬁ‘igwﬁ%\éﬁgn"@:gxiam.s reduci ng downconer

of the invention, Figure 4 schematically illustrates a dowconer of the
prior art, of the type disclosed and cl ai ned in US Patent 5,382, 748.
Thus, downconer 70 forthe gmbadisngat iy whi Frleasing chiggneyand downcomen for

solids increasi n ds e ' i ,nat és
I n a downwar dl yﬁgil'? 2‘&'?7%3" holclgg%%éﬁggﬁgf H?E‘B‘gm?tﬁ@d%&@ﬁ i?n I cal side
wal | 78 andinyoersedrin thé main shirry body, whethienit bathe ceactiliesiumy aythe geaztoner 80

wi thin. The bott,om and .sid |, pr event ri,sin as bubhl es frqgm
entering into aﬂﬂ"%g%‘gé‘éﬂoﬁtfrg‘?sﬁ%fﬁ" '}‘ge'ﬁe%ﬁgmggaivﬁ““h _e&’!@"?‘ﬁ?’é? fmgperiedyi ¢ y
of the open cupin théiedctive slairg i sa HOB Suipiehctardofrelutingatalysnfdifrblrioasthar e
rel eased fromthe slurry and not replaced and, at the same tine, suspended

sol i ds fall of the Surryentisbrondit et domeomas ubeds neerthe hettam af the lurry,
uprising gas buplleg siffcikf ﬂﬁtaﬁ&_‘?@bﬁ@ th&lBotioth BYrRERScAMulalbR of Rp HEheitdy
denser than the slurry liquid. The horizontal® cross

11 section of stthe bottosr ofdhe nofctioh eongpolithecatalyst paviicléesexsingthedownérarer tinhit of
the cup. It has reecen faund that thi.s type of_.d cCOoner, can.
i ncrease the sofff utg@ﬁi’g??iﬁs @%ﬁg“ém%ﬁ&%ﬂmf’w\éﬁ‘ﬁ 'ﬁ@%’%@%‘f’ﬁ@%&m t he
downconer tubg, o alghedistiibutbrsin SHedditoh of 1he fray, 10 that the flllngSdfalytiAetidha afeact or
slurry fromwhich it is wthdrawn, .

, . immediately contacted by uprising syngas bubbles to lift them up and improve mass

... transfer between the gas and the catalyst. -

‘ In an HCS process, liquid and gaseous hydrocarbon products are formed by
. contacting a syngas comprising a mixture of Hy and CO with a suitable Fischer-Tropsch
- . type HCS catalyst, under shifting or non-shifting conditions and preferably under non-
shifting conditions in which little or no water gas shift reaction occurs, particularly when
the catalytic metal comprises Co, Ru or mixture thereof. Suitable Fischer-Tropsch
_ ._rgaction types of catalyst comprise, for example, one or more Group VIII catalytic
.metals such as Fe, Ni, Co, Ru and Re. In one embodiment the catalyst comprises
ca_talytically effective amounts of Co and one or more of Re, Ru, Fe, Ni, Th, Zr, Hf, U,
. .;i, M8, and La on a suitable inorganic support material, preferably one which comprises
'bi,ifg_’ or more refractory metal oxides. Preferred supports for Co containing catalysts
comgnse titania, particularly when employing a slurry HCS process in which higher
molecular weight, primarily paraffinic liquid hydrocarbon products are desired. Useful



Except for the enbodiment in which a gas rel easing chi mey and downconer
for passing the solids reduced slurry pass out of the slurry, the downconer
is fully imemeest/sost he main slurry body, whether it be thCTessOI1E
slurry in the reactor or a slurry body in another vessel. In the enbodi nent
in which the downconer is i‘mrersed in the rgactive slurry in an HCS slurry
reactor for reducing catalyst nmaldistribution, the bottomof the slurry

outl et conduit il .Sl t at a
sufficient dist aéﬁé%ﬂ%@éﬁ e%g& é'?arg pr%@é‘n'?&é@g{lb%%@ﬁgﬁgo &%{ Tos oF the
tray at the bot tigfonid, forexdntple; i UIS. Paars 4,668,66304,663,305y 4,54102 #GRE672a0dt | Ng
t he downconer and r| buted by the baffle. The slurry exits the downconer
preferably prom?rﬁ‘?se; poi nt over a gas distributor in the bottom of the
tray, so that the falling catalyst particles are imediately contacted by
uprising syngas bubbles to lift themup and inprove nmass transfer between
t he gas and the cat alEhethydrocarbons produded byuan HCS pooaesscssording tputhelinsentiog areeous

hydr ocar bon products are formnmed by cont actin syngas corrprl SI n a_mxture
of H2 and CO wi tﬁp‘ﬁ"”gd’i’ﬁ omase yalijab ql}'y?lé'@

shifting or non- S r | £

condi tions in whi'c i %tg%ggﬁ&r?gt%\ka @"lﬂc%g&fgﬁ T yg%grglgﬁmsr}%e@.%fgzor%c

gar: [ Elul alr:I y ‘A‘hmfmnné‘m*ﬂmw smmmf ebﬁfselaﬁqipﬁbnmfthﬂ}wﬂmwbémﬂ e?)f

ui t abl e Fischer-Tropsch, reacti s, of catalyst co rlse anp e
one or more GrouffaRgeH Anine 18?"5’“ %/agqﬁg‘“@ﬁ@r‘?s%( &, StRgm gﬁﬁag?é

one enbodi nent tf8cdsdh %@kaﬁwéﬂa&&@ﬁﬁ&w&&%ﬁ c@ﬁt&&edmamaets Of "o

and one or nore of Re, and La on a suitable
i nor gani ¢ suppor eatalyst. elifhsdrogepr@resemwrmmnmcbrpwspwpwsmmﬂmfmeéto

refractory netal A | ysts
conpri se %II tani a, q)éh(%? %ﬁlai;&i\%ﬁg%égb?np%ﬁ?\é&go@ eﬁ%ﬁ% E‘g%accg@g’ I n which
hi ghgr ol Scul arhydmdghaxmg)hydraneﬁmﬁﬂrtﬁﬁnbneisevel‘dlcydhﬁleﬁwﬂﬁmlis products
are desired. Use

| . .\ . .
12 catal yst 's‘f’ygfﬂﬁw?% @M%MFWW%%WQ‘“‘FWF&& ive, but
nonlimting exangdgsofiysion of BPdrbetiv fodd rxnﬁﬁﬁ?ﬂy&nﬁrﬁo s ribR inGakafins.
4,568, 663; 4,663,305; 4,542,122, 4,621,072 an 5, 545, 674

Tilustrative, but nonlimiting exmnples of more valuable products formed by conversion
include one or more of a synthetic crude oil, liquid fuel, olefins, solvents, lubricating,

industrial or medicinal oil, waxy hydrocarbons, nitrogen and oxygen containing
‘compounds, and the like, Liquid fuel includes one or more of motor gasoline, diesel
fuel, jet fuel, and kerosene, while lubricating oil includes, for example, automotive, jet,
turbine and metal working oils. Industrial oil includes well drilling fluids, agricultural
oils, heat transfer fluids and the like,

It is understood that various other embodiments and modifications in the practice
of the invention will be apparent to, and can be readily made by, those skilled in the art
- without departing from the scoiie and spirit of the invention desctibed above.
- Accordingly, it is not intended that the scope of the claims appended hereto be fimited to
i+ the exact description set forth above; but rather that the claims be construed as
- epcoritpassing all of the features of patentable novelty which reside in the present



The hydrocarbons produced by an HCS process according to the invention are
typically upgraded to nore val uabl e products, by subjecting all or a
portion of the&vdssisosess hydrocarbons to fractionati on and/ or FEmuveEes193. By
conversion i s neant one or nore operations in which the nol ecul ar
structure of at least a portion of the hydrgcarbon is changed and

i ncl udes both noncatal ytic processing (e.g., steamcracking), and catal ytic

processing (e.g. L.yt & Ch i i i ¢h fraction, s contacted with
a suitable c a}"é'?@tsoﬁ’. IX‘}W&W&%@‘&{}Q@% ar&,e\é\@gﬁi[negtg w&“’ é";f&{a&ﬁ?f"a@g & process
steps are typi cakduivalenfsalisrestby those skilled ithé SEQWIREShe hvaltion paredingde, for
exanpl e, hydroi soneri zati on, hydrocracking, hydr odewaxi ng, hydrorefining
and the nore severe hydrorefining referred to as hydrotreating, al
conducted at conditions well known in the literature for : hydroconversion
of hydrocarbon feeds, including hydrocarbon feeds rich in paraffins.
[l1lTustrative, but nonlimting exanples of nore val uable products fornmed by
conver si on i nclude one or nore of a synthetic crude oil, liquid fuel,

ol efins, solvents, |ubricating, i ndustrial or nedicinal oil, waxy

hydr ocar bons, nitr.ogen and oxygen contai ni ng conpounds, and the liKke.

Li quid fuel includes one or nore of notor gasoline, diesel fuel, jet
fuel, and kerosene, while lubricating oil includes, for exanple,

autonotive, jet, turbine and nmetal working. eils. Industrial oeil includes
well drilling fluids, agricultural olls, heat transfer fluids and the

i ke. It is understood that: vari-ous other enbodi nents and

nodi fications in the practice of the invention wll _be apparent to, and
can be readily nade by, those skilled in the art wi t hout departing from
t he scope and spirit of the invention described above. - Accordingly, it
is not intended that the scope of the clains appended hereto be limted to
t he exact description set forth above, but rather that the clains be
construed as enconpassing all, of-the features .of patentable novelty which
reside in the present ‘ T

13 invention, including all the features and -enbodi meiits which woul d be
treated as




equi val ents thereof by those skilled in the art to which the invention
pertains. 14 CLAI Ms:

1. A vessel cwavssHdNNg a three phase slurry and nmeans for PEREHEM430l i ds
and gas fromsaid slurry, said slurry conprising gas bubbl es and
particulate solids in a slurry liquid and Baid nmeans conprising slurry
solids and gas di sengagi ng zone and a slurry gas di sengaging zones in fluid
comuni cati on, gpAmdsf| uid conduit depending from said gas di sengagi ng
zone, wherein said gas di sengagi ng zone conpri ses an encl osed vessel having
a slurry inlet, a gas outlet, a gas disengaging cavity within and a fluid

outl et from whi ch deﬂe&%ssé%ﬂaigﬂggﬂ#ée eph‘ééé%;u‘?xé"hgﬂieﬂus?@!r&ﬂévi li&Pahd
di sengagi ng zone is eéxternal and Tpstream of sald gas di sengayi ng zone,
open at one endgdsdronr sitkshuiy spicssurdy coimprisiyg gdsdubbles and particulate solidsinal shgry

di sengaged soligs,and di,sengaged .qas, and.in contact with saiqd sjurry inlet
2. A vessel accg‘i"d‘fﬂg% c%\mf ‘Efyns%‘?ff?'gg%s ?eésaﬁrﬂéée?&maﬁs #8% ai d
zones for reducjig 5n8d VA Buid tommBMtatioh Had a Bul3S &H‘ﬁﬁ‘%ﬂaﬂ R sai

3. A vessel accor dlg%l%ﬂto cl ai‘r’n 2 wherei nh’sai d neans ilnc udegﬁtgur%lglgea%ce and

vortex reduci ngdismaraing;song, wherein saidh gas disengaging zone comprisesaaierclomd vessdengagi ng
therein sai d sofvAE oS e apes outr s oy INBERE pasty SRR P Bt Fom, ¢ op
of said condui t whichldeperdsesaid comduit, wheneln sdid slidanid pas diseng@ipConEis external

and upstream of said gas disengaging zone, open at one end for receiving said slurry,

having means for removing disengaged solids and disengaged gas, and in contact with

said sturry inlet

2. A vessel according to claim 1 wherein baffles are present in both said zones
for reducing turbulence and assisting in gas disengagement.

B

. 3. Avessel according to claim 2 wherein said means includes turbulence and

vortex reducing means proximate said slurry inlet and said gas disengaging zone outlet,
respectively.

4. A vessel according to claim 3 wherein said solids and gas disengaging zones
are Jocated proximate the top of said conduit and wherein said conduit comprises a

~ downcomer.
5. A slurry hydrocarbon synthesis process for forming hydrocarbons comprising:
(a) contacting a synthesis gis comprising 2 mixture of Hy and CO with a solid,

) ﬁ;k;iculate hydrocarbon synthesis Eatalyst in a slurry body which comprises said catalyst,
" hydrocarbon sturry liquid and gas bubbles, under reaction conditions effective to form

Wy

s



5. A slurry hydrocarbon synthesis process for form ng hydrocarbons

conpri si ng: (a) contacting a synthesis gas conprising a m xture of
H2 and CO with, dﬁ] floy d. particul ate hydrocarbon synthe5|s<¥§ﬁﬂ§ﬁ%m¢m a
slurry body whi conprises said catal yst, hydrocarbon slurry Iiquid and
gas bubbl es, under reaction conditions effgctive to form

15 said hydrocarbons fromsaid synthesis ghs, at least a portion of which
are liquid at said reaction conditions; (b) passing a portion of
said slurry fromlébydﬂo@thmsﬁom@dg'snnﬂlew%,alwamﬁmﬁ“é@bamlmﬁg@&galﬁg zone
to renove at §§§W% ; |on of said particulate catal yst and gas bubbl es
to forma SO|Id ‘%ﬂg PBduced slurry, (c) passing said solids
and gas reduced slurry through a gas di sengagi ng zone to di sengage

addi tional gas bubbles and forma second gas and soljds reduced slurry, and

(d) passing said secOPeswngaportignet sud slurmeien gaid iumry bodythrough 4 salideandondui t

by which it is | @nm are in
fIyw d comuni ca ?%ﬁﬁg%#‘rgg’f’ﬁ&?é. sof)%hgﬁxgoggggﬁ en taag=| %g‘ll);z}‘o%@rggg
upstream of sai dulbhies talfosmgalidsnand gasweducedshrs n sai d gas and solids

di sengagi ng.zone has an outer periphery which is not separated from and is
in direct contact with, said slurry body, wherein sai d fluid conduit

depends from gas di sgp ' Qmﬂ@ﬂﬂsaﬂ'ﬂs‘fé’dﬁé@l hriduglod |df5@,@ggg&,eztgne S
wi thin an encl osure an i n direct contact W|th said slurr

6. A process acé&%ﬁ@@@"@%‘ﬁﬁﬁ“@ m&ww ﬁ#@@sﬁ"h@de $@Tm@w

slurry is

(d) passing said second solids and gas reduced slurry into a fluid conduit by
which it is passed to a desired location, wherein both said zones are in fluid
communication, wherein said solids and gas disengaging zone is upstream of said gas
disengaging zone, wherein said gas and solids disengaging zone has an outer periphery
which is not separated from, and is in direct contact with, said slurry body, wherein said
fluid conduit depends from gas disengaging zone, and wherein said gas disengaging zone

_is within an enclosure and not in direct contact with said slurry body.

6. A process according to claim 5 wherein said solids and gas reduced shurry is
passed to the lower portion of said slurry body.

7. A process according to claim 6 wherein said zones and conduit are immersed
in said slurry body.

8. A process accofding to claim 7 wherein said catalyst comprises at least one
supported Group VIII metal.

9. A process according to claim 8 wherein at least a portion of said synthesized
] hydrocarbons are upgraded by one or more conversion operations to at least one more
valuable product.
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passed to the | ower portion of said slurry body. 7. A process
according to claim6 wherein said zones and conduit are imrersed in said
slurry body. wosesiseses 8. A process according to claim7 whetruUsys/exsd

catal yst conprises at | east one supported Goup VIII netal. 9. A
process according to claim‘8 wherein at |egst a portion of said synthesized
hydr ocar bons are upgraded by one or nore conversion operations to at | east
one nore val uabl e prgglu . . . syt

16 10. A pr g@eéi?r%cgsgg?%){dﬁtbg ttoéﬂa(l: gi"v%ergl “\%leerasetiaﬁJ oa{onlofe'%aé sofl;{dsp%nrd tion

of said solids #asiredaced slenty iseessed tora fitration emede drhich said fiquid & s¢pacatedtone | n
which said i quisgidisgﬁdgepar ated fromsaid solids.
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