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(54) Title: SLURRY HYDROCARBON SYNTHESIS WITH REDUCED CATALYST ATTRITION AND DEACTIVATION

(57) Abstract

A slurry hydrocarbon synthesis process with reduced catalyst attrition
is achieved by injecting a synthesis gas comprising a mixture of Ha and
CO up into the reactive shurry with a gas distribution grid (106) having gas
injectors (10) horizontally arrayed across, and vertically extending through,
an otherwise gas and liquid impervious plate (32). The. injectors (10) have a
throat (20) with a gas pressure reducing orifice (12) at one end, which is the
bottom and gas entrance end, and the other end opening into an open cone
{30) in which the uprising gas contacts the slurry. Flow diverting means in
the injectors prevents slurry from entering the throat (20) and being attrited.
The gas injectors do not protrude above the top surface of the plate and flat

space is eliminated by means such as angular fillers (94), to prevent
accumulation top of the tray.

100 116

102

solids

104 —

o & 0°050 0% # o
A




i~

synthesis (HCS) process, a synthesis gas (syngas) conprising a mxture of
H2 and. CO i%09%20583,bbl ed up through a slurry in a reactor ?P

slurry conprises solid catal yst particles and gas bubbles in a
hydrocarbon slurry liquid at reaction conditions effective to convert
the syngas to hydrocarbons, at |least a portion of which are liquid at the

reaction conditions, and,w qui d HCS
product s. . The cat al ymma{i@qlg§weﬁwm&pr
hydrocarbon synthesis catal CATALYSTRPERIFIONANDDENCHVATOMN a three
phase slurry are sonetines referred to as slurry "bubbl e col ums", as

Is disclosed in U S. Patent 5,348,982. The catal yst particles are
typically kept dispersed and suspended in the liquid by the lifting action

of the syngas _ ., _bubhlj lurry and by hydraulic neans.
The gas is buﬂ@NggdhﬁhmﬁgOFﬁghEEﬁg&i@ y pipe grids, a plurality of

pi pes opening up into the slurry, or by neans of a gas di stribution
grid or tray which the gas injectors conprise a porous or perforated plate,
or a pluralityFielti dftleblngentins, tuyres, risers or other gas injection neans
arrayed across and extendi ng through an otherw se gas and |iquid

| npervi ous, horizontal netal plate or

-2-  tray at the bpd momi‘ontrasté wgmﬁymkoemsng d3ls MidRe PaARALaRY, the
bottom of the reactor. Problens associated with e use of gas injectors

i ncl ude cat al ymVetmamrelaﬂest(aa slunmhgdrocanbpe@ymhespsl mggpssmgl whick thei syngasan of
catal yst settling th st, fal .nrough. t he

i nj ectors int om-le b‘FtB r'iﬁ%’%‘é%% bé? t?kyfﬁqt{fﬁ'ogé’ﬂgﬁgac ‘X?‘é‘?’ﬁ?f"glao%“s
through fines QgAduEsd gH *hkth tcbm‘ﬁnéé%%ﬂlﬁx%lﬂyrbf‘i%ai Midlcon@ gas Mjediops edeidig

units downstream
through and arrayed across an otherwise gas and liquid impermeable tray.

Backeround of the Invention

Slurry hydrocarbon synthesis processes are known. In a slurry hydrocarbon
synthesis (HCS) process, a synthesis gas (syngas) comprising a mixture of H and CO is
bubbled up through a slurry in a reactor in which the slurry comprises solid catalyst
particles and gas bubbles in a hydrocarbon slurry liquid at reaction conditions effective
to convert the syngas to hydrocarbons, at least a portion of which are liquid at the
reaction conditions, and with the slurry liquid comprising these liquid HCS products.
The catalyst comprises a suitable Fischer-Tropsch type hydrocarbon synthesis catalyst.
Reactors which contain such a three phase slurry are sometimes referred to as slurry
“bubble columns”, as is disclosed in U.S. Patent 5,348,982. The catalyst particles are
typically kept dispersed and suspended in the liquid by the lifting action of the syngas
bubbling up through the slurry and by hydraulic means. The gas is bubbled up into the
slurry by pipe grids, a plurality of pipes opening up into the slurry, or by means of a gas
distribution grid or tray which the gas injectors comprise a porous or perforated plate,
or a plurality of bubble caps, tuyres, risers or other gas injection means arrayed across

and extending through an otherwise gas and liquid impervious, horizontal metal plate or



of the reactor. It would therefore be an inprovenent to the art to use gas
I nj ecti.ng nworverudssch reduce or elimnate any of these problrmuss21913
SUMVARY OF THE | NVENTI ON The invention relates to slurry
hydrocar bon synthesis (HCS) process in whichh a synthesis gas (syngas)
conprising a mxture of H2 and COis injectéd up into the bottom of the
reactive slurry from a gas distribution grid which reduces catal yst
attrition. The r { QW : |.S
catal yst and gas {)}%Ib%ﬁm dﬁ iﬂ%rgcar%‘geglls Ia?r &%%@ﬁg\kﬁ%ﬁ%@g%ﬁ% L
products of th(PrdﬂIﬂEns‘ m:atedlwﬁthahe @s“e&aflgaginjedtoraincme citalysii pagticle ftritioni ons.
The H2 and CO react in the presence of the catalyst at_ conditions effectlve
to form hydr ocitesserplugging, dsaqtivationaficatalysbsettiing on the 81d and fatelyst falling down
reacti on condi HBUIH C |y
renoved fromt?\%rgr%’aﬂ%wxé’&t&%?mht gndﬂ%{cgﬁa%fgélg%l ua :Hﬁéaﬁs Q{alggﬁggksone or
mor e conver si othropgh ﬁmdscpmducﬁem awmts results iiri caﬂyst%ssubdpmggmgluhus demseresmby
usi ng a gas di sgrl buti on r|d cong{ Ln aplurality of t hroat and cone gas
injectors arrapbHhede3cas I Brrouidithsn @ysmmsavqmq&amt P AP NERBASANBRNS
distribution g Yo} Miry. That is, the gas
di stribution gH gnécoﬁrrlgfrll%saggég}a ura%i t% g‘?legteng t r%at and cone gas
i njectors horizontally arrayed or distributed across, and vertically
extendi ng through, an otherwi se gas and liquid i rrpervi ous horizontal plate
or tray located at the bottomof the slurry. In one enbodinent, all or a
portion of theggasnvAN @m%ﬁ’ﬁbﬁflﬁﬁﬂ as an integral part of the grid.
The gas injector corrpr%eses a throat or elongated, hollow, first gas
expansi on zone open at both ends, with one end being a gas entrance havi ng
[ h
%Pg;ei tsh,[ ggggx},\?l g&hgas I Smngral?égﬁ%g fﬁ'iH hy tr(')séar eontsyt(:i‘thjesm S}Eroger;s %rvlv llcl'(l: S

synthesis gas (syngas) comprising a mixture of H, and CO is injected up into the bottom

of the reactive slurry from a gas distribution grid which reduces catalyst attrition. The
slurry comprises a particulate hydrocarbon synthesis cataiyst and gas bubblesin a
Hydrocarbon slurry liquid which comprises products of the HCS reaction that are liquid |
at the reaction conditions. The Hy and CO react in the presence of the catalyst at
conditions effective to form hydrocarbons, at least a portion of which are liquid at the
reaction conditions, with the liquid hydrocarbon products continuously removed from
the reactor and upgraded to more valuable products, by one or more conversion
operations. Catalyst attrition is substantially reduced by using a gas distribution grid
comprising a plurality of throat and cone gas injectors arrayed across an otherwise gas
and liquid impermeable gas distribution grid located at the bottom of the slurry. That is,
the gas distribution grid comprises a plurality of the throat and cone gas injectors
hon'zontall}; arrayed or distributed across, and vertically extending through, an otherwise
gas and liquid impervious horizontal plate or tray located at the bottom of the slurry. In
one embodiment, all or a portion of the gas injectors are formed as an integral part of
the grid. The gas injector comprises a throat or elongated, hollow, first gas expansion
zone open at both ends, with one end being a gas entrance having a bore through which

gas is passed from outside the jet, past an orifice which is the exit of the bore, and into
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the throat, with the other, downstream end opening into an upwardly and
outwardly ext endi ng second gas expansipn zone, which may be
cone-shaped. An internal shoul der at the junction of the throat and
cone provides a flow diverting neans, which directs slurry seeping
down al ong t he {edhkodt! with heC NG, dWhsiiehin dnl\Upehing Htd ah DpwaIRE drdlousiardiynd
t he throat, to prevent catalyst attrition and throat plugging. In a

typi cal inj ect exteodinglsecond gas expansion zome, whinh mayrker cone-ghenedr Asy intemia$ shoulder
houl der | bstantial |y .th that .of the . . throat and.t

outer i anst er AbmenpsEenor eTaRR Rud Sareforifes ¢ Ay divsaing B RE ety o

the cone. Mre sﬁ&?%héﬂiﬁéhbx‘ﬂ% big%% eeOWAl of the c@ﬁ@ﬁﬂ&ﬁy Qfwdrd) rtd Theasdk @ Rxiting the

conprises reacting CO gas in the presence of a solid,

particul ate hydhrostatdpreventcatalyst aitritinnaandghroatiplygging. In 2 typical ipjector of the

Fi scher-Tropsch type of hydropcarbo nt hesi s _cat al in a slurr t
reaction coﬁdi t"f"(?ﬁ@o'égli’%@%?r\fgmf‘?)teﬁ &rtﬁ%ﬁ%‘ﬁaﬁr&? BW?‘&#F ﬁ%“?gﬁsst,ﬂata‘ilﬁﬁ%ast a
portion of  thro¥fUrditstduler didihéter priphBRlly Ritmiriabd af Siedhder WA, of WtBcRiom bfhe
slurry conprises the catal yst and bubbl es of the gas in a hydrocarbon

slurry liquid thagsmesiMereshecifidally therefores theanrpenss of the invention easaprisgs reaeting
reacti on and wher ei sy.ngas conpri sing. a m xtur f the H2 and CO.i s
hrected up i nih OB st BARCRereRe of BAviA pyiculiintyBrocaton T uhes Gl e
grid located at,, .. ' ORI | yr.ali of gas
i njectors hori (a)rr% cg‘arlg;%ﬁﬁ%@’%ﬁ%éﬂ%ﬁ@?%&@%@ x’?‘éﬁgﬁﬁg’y \L’/}é}rﬁta?!l’(lzngillt
through, an ot hictibs Colitiorseifeltiviitb doinhndrucabions(forh the gas, at least a portion of

which are liquid at the reaction conditions, wherein the slurry comprises the catalyst and

bubbles of the gas in a hydrocarbon slurry liquid comprising the liquid hydrocarbons
formed by the reaction and wherein a syngas comprising a mixture of the H and CO is
injected up into the bottom of the slurry by means of a gas distribution grid located at
the bottom thereof which comprises a plurality of gas injectors horizontally arrayed
across, and extending vertically through, an otherwise gas and liquid impervious plate.
The injectors of the invention each comprise an elongated, hollow, first gas expansion
zone open at both ends (the throat), with one end being a gas entrance having a pressure
reducing bore through which gas is passed from outside the jet into the throat, with the
other, downstream end of the throat opening into an upwardly and outwardly extending
second gas expansion zone which opens into the slurry and in which the gas contacts the
slurry (the cone). A flow diverting means is located proximate the junction of said first
and second zones for imparting a radially inward flow direction to slurry flowing from
said second towards said first zone. The précess of the invention is meant to include
slurry hydrocarbon synthesis processes which synthesize oxygenated hydrocarbons such
as methane and higher alcohols, ketones, acetic acid, dimethyl ether and the like, as well
as the more commonly synthesized nonoxygenated and primarily paraffinic

hydrocarbons.



The injectors of the invention each conprise an elongated, hollow, first
gas. expansi w99,20583 zone open at both ends (the throat), w tfcwiesendsbei ng

a gas_entrance having a pressure reduci ng bore through which gas is
passed fromoutside the jet into the throat, with the ot her,
downstream end of the throat opening into dﬁ“upmardly and outwardly

ext endi ng second gas expansi on zone which opens into the slurry and

in which th t.s t l.ur r he,caone) . flow divertin
D SRTChhe 935 COrk el ek i g o efek FSASEIED or b ot e
zones for i npargas ifjecior, a4h febblyinl siphficant’ dnd\Wubktiriial disiftebtish Bf fhlé_pfahﬂzma&g from

said second towards said first zone. The process of the invention Is nmeant

to include catalyst, solids iinte fise parbigls sizpnbhattritiony Thesssfines anshiactiedsypraridasit pé

oxygenat ed hydr, I h net hape and. higher .al cohol s, ketones,
acotic act . dHERERTR %‘g(rz"’%\rﬁﬁa‘{shﬁ‘%fﬁ'ﬁ?&“%@‘r%%ﬁ‘q“‘d%‘e_’%_ga’t Seensipagn unis.
conmonl y synt heHiigesulbddn @epHemdus ndbstantidlRiss bf cataystfahd Bis6 forms sludge4 in

hydr ocar bons. ] ) X i _ -4-

|¥ has been f oulewnstieam units whisk panccleg themaits and which must eventuallybe/separated fromans

in the as inj F4e:ngC r ' Lankf.i t.a ubst.ant i al
di si nt eg?at i on tg"f% @ﬁgctpgp}eipgg#%{eéfr %ﬁ%&b&@% % eq?rﬁ}u%eﬁfqmé @ﬁ?ett?rc‘?r@r%qsz es
by attrition. TFbakmalireswhitheis emblier éhhntthatafehetitoadl Thé fpettartd Sid difmbieEof

over heads, and al so pass through liquid filters into downstream units.
This results iﬁﬁ%a’é%tar%ﬂ%ﬁ&‘sméﬂdn%wgbﬁéh@ pepandigs gasiet fewiagypptthrongh thegbroat

fornms sludge i _ | ' I ts,and whi,ch nust
eventual ly be gg%%&é?@%fnﬁmmk h’?l E%PuE:g’a&fﬁéﬂg?%ggﬁrg'éqeﬁftg%c?'ﬁragﬂ’g’ﬂ t he
bore is det er mcombination withdhewrificerdiamieter] (i) achieve the desired gas velocity in the cone

where it contacts the slurry. This wall contacting in the throat is important to obtain a
more uniform velocity profile of the gas stream entering the cone by allowing the
velocity at the outer periphery of the gas jet to fully develop and to prevent flow
perturbations and irregularities at the outer periphery of the jet which might otherwise
result in catalyst particles and other solid patticles weeping down into the throat, where
they will be attrited by the higher velocity gas jet entering the throat through the narrow,
smaller orifice. The throat has a length to diameter ratio (aspect ratio) of less than 10:1
and preferably less than 8:1 to prevent throat plugging by slurry solids. This aspect ratio
must also be large enough for the outer periphery of the expanding gas jet to contact the
inner wall of the throat before exiting it, and preferably make the contact a finite
distance upstream of the throat exit, to provide a margin of safety (e.g., at least 10 % of
the throat length). It is preferred that the longitudinal axis of the bore, throat, shoulder
and cone all be coincident. The angle of the interior cone wall is preferably greater than
the angle of repose of the slurfy solids, to prevent solids build-up in the cone. While in
a preferred embodiment, the bore, throat, shoulder and cone all have a circular cross-

' section perpendicular to their longitudinal axis, other cross-sections may be employed if
desired. A plurality of these injectors, vertically extending through and horizontally
arrayed or arranged across a horizontal, and otherwise gas and liquid impermeable plate

or tray at the bottom of the slurry, uniformly distribute the syngas up into the HCS



sectional area, which is smaller than that of the throat. The aspect ratio
and . di anet eWQ¥205%% t hroat are sized to (i) insure that thePSTASA8?YE gas
jet flowing up through the throat contacts the inner throat wall before it
exits the throat and enters the cone and, ins.conmbination with the orifice
dianeter, (ii) achieve the desired gas velocity in the cone where it
contacts the slurry. This wall contacting in the throat is inportant to

obtain a nore shiry, aith &/ fairlyairifprm pedssire dpdp arteccpasmitirit MATORNEAY ihjaBtidde cone
by allowing the ,velocity af the outer perip hert% of the gas jet to fully
¢

devel op and to ﬁ%ﬁf’%?%%&ﬁ%ﬂ#%ﬂﬁ“&h@ Ffélguﬂ'hhsll?c desermined: Hysheut er
I ph ft | t,icl
Brd bt her sol | cresied sihlgfiu o e\l e ndelSo e SRR AR Moyl it e

attrited by theoftthginfectordore; and/thgaas prdssure upstieam dfhihe infecestbokd)r oug h t he

narrow, snaller orifice. The throat has a length to dianeter ratio (aspect
ratio) of less than 10:1 and preferably less than 8:1 to prevent throat

plugging by slurry s§ gh for
t he outer periphery o#ééj?? g g%%ﬁ,‘é&%%?&ﬁ%&tko cowili aﬁ%ségﬁ%&& g‘ﬁ’gren%a

t he t hroat bef cammmkofﬂatgunfaqe omtde ttfpeéﬁthagha Ipk furtheeerabodimeit, fio par of the

di stance upstream of the throat exit provi de_a margin of safety (e.q.

at |east 10 9% JWectPhextends yppasitheiep °fthF ng PE‘F%f'ElPQS%HW? festures,minimizg theudi nal

axi s of the borghouhtbddad ﬁﬂg,es 0l NG angl e
of the interior cogne p\/\ﬁéal s Jsbe%lrng?e aﬁrcgs r €at ieﬂriéﬁ%%ttfe éxﬁeﬁ%n rtlésli@ﬁes)epose
of the slurry smdmedsat least p pestiontof timd sodids mlthdHﬂZ]S datalysh pagioles ancWHeh@dchd a

preferred errbodl t he hor.e, throat,. shoulder_and cgne all have a,
circular cross® q“?ﬁlr ‘BFSdBFRﬁF eatplyst deactivation. Fgﬁgﬁ%ﬂhmmbsn%xs typicadly

cross- sections 1Wemoeme%xﬁé& réservbfSor r{ﬂg-{upﬁrgé ?t;tgté 'ggéfor?afofttﬁeen%gctép P OF S

vertically extendin hr oug nd hori zo or arrange across a
hori zont al , andyrgas lsgasgaismumlpllemqn mdderrtbegn@whloh sphvat &s ®pressuny dahpdrhe

h he H
bottom of the salncliI Wh}/dh %nc'o];n mryu n wi %ttfle Hiua}n%tetr o?th y'}ﬂi%g mu elggg J%tst thee nu?n%er of
jets and gas pressure, insures that the amount of syngas entering each i injector in the grid

is the same.

Gas passing through the pressure reducing bore and into the throat or first
expansion zone, exits the orifice as a radially outwardly expanding gas jet which flows
through the throat and contacts the inner wall before it enters the cone. This contact is
important, as it results in more energy being directed to the outer periphery of the jet
exiting from the throat and into the cone, or second expansion zone. This provides
sufficient gas velocity and mass (energy) at the periphery of the jet exiting the throat to
prevent slurry from séeping down into the throat where the particulate solids can be
attrited into fines by the relatively high velocity gas jet entering the throat from the bore.
It also reduces the difference in gas velocity between the outer periphexyl and the center
of the jet, which further reduces particle attrition when the gas contacts the slurry. As
the gas jet exits the throat, it doesn’t contact the inner cone wall at the throat and cone

junction, because of the annular shoulder. In one embodiment, the inner periphery of the

shoulder is adjacent the inner wall of the throat at its exit and the outer diameter



-5 - slurry, with a fairly uniform pressure drop and concomtant uniform
gas.injectiwooressdci ty across and through each gas inject orPGIVUS98/21913 ay .
This is determ ned by the desired gas throughput into the slurry, the
nunmber of injectors in the tray, the dianmeter of the injector bore, and
the gas pressure upstream of the injector bore. Cl ose packi ng of
the injectors across the grid will substantially reduce the anount of flat

surface on t e peffhebily!fniifieda thSinied (kBRI £ FROBIGRLr S onBThe Souidhe

i nj ector extends the gri These two Teatures

m nimze the aoctsast flofv divertkr fpesharpseeping dgwn dhef wall of the coneshyl iingharting aset t | e

i or i t he HCS
O e o ol SRS B S350 R b, SBimblet Bova ol G e
catal yst deact iijtafidrQdne Hal r%ae{ehé Shdulder! WhicKfdréhsite &aemcsﬁn{%sluﬂry%aiaﬁ
above the syngas reservoir or plenumarea at the bottomtho the reactor. The
syngas feed i s irppeard ¢ol whetedt megts ¢hrecupflomiley, expanding jedl exiting theshroat sviich carries
pressure danper and which,. in canpi Rat i on, W, t r]@t he diﬁameter .of the orifice
in the gas j et 7°ePRE thrAlaY bagk upmtothe siyrry hedyghove, ,As the expanding gasaet traysls
amount of syngag tﬂ‘r'&hgﬁ tHeCLoREGH At the Slubry ahdl Bredks $h intSbubBfes 3 have a net
Gas passing througr:t r;e pressurg redlgl ng b;rqwaé]fbb{ngao tr&t Eﬂgaﬁ@(}éﬁ;' rst
expansi on zone upwatd velodity goeatéritban can be achiaved| wi pi$ 3nacthe [ ey et
which flows through th hroat and contacts the inner wall before it enhers
he cone. Thi o eBSHREE the Do PR N cqne o SEATHEG O FUHSpMsa B rasp i ofghe
directed to thghdpeloFihd&Hifideaad Yhreht) Whith préveRisiuntddflictedWxpadifon! dFtRSEasd@thsiint O
t he cone, or second expansi on zone. This provides sufficient gas velocity
and mass (ener gytprsethe threatptherghligroventing bask swirlsand eddies frora formingwhich cpm by ent
sl urry from seqpltkofiONQ okl as o aRF st b e S RRIS ML 306 AP, &5

other flow disturbances at the outer jet periphery as it travels up the throat and into the

cone and also cause fluctuations in the jet itself. Such perturbations can permit slurry

solids to weep down into the throat where they are attrited by the incoming higher

velocity gas jet. The cone or chamfer thus stabilizes the expanding gas jet and has also
~ been found to be beneficial in clearing the throat of solids due to reductions in the gas

flow.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified cross—sectional' schematic of a slurry hydrocarbon

synthesis reactor containing a gas distributing grid of the invention.

Figure 2 is a partial cross-sectional schematic of a gas injector of the invention as

an integral part of a gas distribution grid.

Figure 3 is a variation of the embodiment of Figure 2.



attrited into fines by the relatively high velocity gas jet gﬂ,?, i t he
t hr oat fro%otgﬁ@“%gre. It also reduces the difference in gaspve géc’?{z?%:;

bet ween the outer periphery and the center of the jet, which further
reduces particle attrition when the gas coit-acts the slurry. As the gas jet
exits the throat, it doesn't contact the inner cone wall at the throat and
cone junction, because of the annular shoulder. In one enbodinent, the

i nner peri phery of Rigure 4/boeflyiillustratesaaifeplaceable orificerpssamblnfor agpas injestariofdke  at
its exit -and the guter dianeter

-6 - peri ph&AM™t erni nates at the inner cone wall at the bottom of the
cone. The shoul der acts as a flow diverter for slurry seeping down the wall

of the cone by inparting a radi al I% inward direction to the downfl ow n%hg
A

slurry. Slurry whi digure dwehematigallyl shaws thecorifipe OPERIRE UP HERO ALone prehamber at
shoul der, which for he comn urry radially inward to where it
meets the upf %8%??%‘9%@&%‘5%%%@1 né%tfljl ng the throat, which carries

weepi ng the slurry back up into the slurry body above. As the expandi ng gas
jet travels up through the cone, it contacts the slurry and breaks up into

bubbl es whi ch have Eigure 6 (a)jillustaatesan sxpanding gastetexiting theenifiqeand epntacting the t h
bubbl the like. | i QL fi j\nt
cone. or - chant arel did ik tith e bAoA H Tflbce hOBAES UHEFABRIE @Y™ 1 2

throat) whi ch spéwy eieldrifide bpsiing Git@ktoedone o OManifer fo WinfRdte HirifredSexpinsivit er s
the throat, thereby preventing back swirls and eddies from form ng which
can be drawn izapeotFigu§@hdi ng gas jet and disturb or cause perturbations,
such as ripples, and other flow disturbances at the outer jet periphery as
it travels up the throat and into the

Figure 7 schematically illustrates, in partial cross section, of another embodiment

of a gas injector and grid of the invention.

Figures 8 (a) and 8 (b) respectively schematically illustrate a side view and a top

plan view of an embodiment of a disk-shaped gas distribution grid of the invention.

Figure 9 is a perspective of an arcuate, pyramidal spacer for eliminating flat areas

on the top of the grid.

Figure 10 is a top plan view of a portion of a grid showing the location of the

pyramidal spacer.

DETAILED DESCRIPTION

In a Fischer-Tropsch slurry HCS process, a syngas comprising a mixture of H;
and CO is bubbled up into a reactive slurry in which it the H and CO react in the

presence of a Fischer-Tropsch type of hydrocarbon synthesis catalyst to form

hydrocarbons and preferably liquid hydrocarbons. The mole ratio of the hydrogen to



cone and al so cause fluctuations in the jet itself Such perturbatlons can
perit sl uWQo¥HsB¥s to weep down into the throat where they CTUS98AIPY t ed
by the incom ng higher velocity gas jet. The cone or chanfer thus
stabilizes the expanding gas jet and has alLgo been found to be benefici al
in clearing the throat of solids due to reductions in the gas flow.
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-7 - reasons for using other than a stoichiometric ratio as those skilled in the art know and a
discussion of which is beyond the scope of the present invention. In a slurry HCS
process the mole ratio of the H; to CO is typically about 2.1/1. Mole ratios of closer to
1:1 are used in the synthesis of the oxygenated products and dimethly! ether referred to
above. The syngas may be formed by any convenient means known to those skilled in
the art, such as non-catalytic and catalytic partial oxidation, steam reforming and
combinations of partial oxidation and steam reforming, such as autothermal reforming,
and fluid bed syngas generation (FBSG) as is discloséd, for example, in U.S. Patents
4,888,131 and 5,160,456. This need not be further explained.

As mentioned above, the reactive HCS slurry comprises catalyst particles and
gas bubbles in a slurry liquid. The slurry liquid comprises hydrocarbon products of the
synthesis reaction which are liquid at reaction conditions. While the temperature and
pressure in the slurry can vary widely depending on. the particular catalyst used and
products desired, typical conditions effective to form hydrocarbons comprising mostly
Cs. paraffins, (e.g., Cs+-Caog) and preferably Co+ paraffins, in a slurry HCS process
employing a catalyst comprising a supported cobalt component include, for example,
temperatures, pressures and hourly g'as space velocities in the range of from about 320-
600°F, 80-600 psi and 100-40,000 V/hr/V, expressed as standard volumes of the
gaseous CO and Hj mixture (0°C, 1 atm) per hour per volume of catalyst, respectively.
The syngas space velocity is determined primarily by the hydrocarbon production by the
reactor and is typically greater than that required to disperse the solid catalyst particles
inn the slurry liquid. The slurry typically contains from about 10 wt. % to 70 wt. %
catalyst solids, more typically from 30 wt. % to 60 wt. % and in some embodiments 40
wt. % td 55 wt. % is preferred. As mentioned above, the slurry liquid comprises
hydrocarbon products which are liquid at the reaction conditions, along with minor

amounts of other components. While catalyst particle sizes may broadly range from as



Figure 4 briefly illustrates a replaceable orifice assenbly for as
i nj ector ofwﬂ?(g}épment i on. - Figure 5 schenmatically S%%ngts%éms
orifice opening up into a cone or chanfer at the bottom of the throat of

the gas injector. Figure 6 (a) illastrates an expanding gas jet
exiting the orifice and contacting the wall of the throat with a free
expansi on zone proximate the orifice, while Figure 6 (b) shows the orifice
openi ng out i ntsmal as dne aslargdas@F0Srmicmons) 4 typicaltconvéntiohalde orspppostediranone of
Figure 6 (a). .. Figure 7 sch maticr#l |Jlustrates, in partial,cross
section, of an&?ﬁ&st‘é’%l&?dgﬁé?ﬁanmﬁgﬂ??ta 8%&4% “ﬁﬂﬂnﬁl"ﬁ@eéf"a St FARRINEoN .
Figures 8 (a) aNGtdlyldihethFstbR 68 bl bompBRrtvifAbr sippdrtdisdd tafia viff tifcalty EW
and a top plan \r}?ew of %n enbodi nment ﬁ? a di sk-shaggd gas distrib tionygri d
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the pyram dal $RAGSEs in the slurry results in particle size reduction through attrition. This also
~ produces fines having a particle size of from about 1 to 10 microns. It is not easy to
filter out fine particles. The process of the invention reduces catalyst fines generation,
catalyst deactivation resulting from flat surfaces on the tray and weeping of slurry down

through the tray and into the plenum space below.

Figure 1 is a simple cross-sectional schematic of a slurry HCS reactor useful in
the process of the invention containing a gas distribution grid of the invention which is
that illustrated in Figure 8. Turning to Figure 1, there is shown a slurry HCS reactor
100 comprising a cylindrical shell 102 containing a slurry 104 within, which is supported
by a gas distribution grid 106 of the invention of the type illustrated in Figure 8, except
that for the sake of sirﬁplicity the gas injectors are not shown in great detail. The grid
comprises one or more circular metal plates horizontally disposed over the plenum space
108 which supports the slurry above and which contains a plurality of the gas injectors
horizontally arranged across the flat horizontal surface of the grid and extending
vertically therethrough. The outer periphery of the grid forms a seal with the inner
surface of the reactor. The hollow space or plenum 108 under the grid is both a gas
reservoir and a damper to smooth out fluctuations in the feed gas pressure. The syngas
feed enters the reactor in the plenum space 108 via feed line 107 and is distributed up .

" into the slurry 104 through the gas inj ectors extending through the grid. The small
circles represent gas bubbles and the solid circles the catalyst particles. A filtration
means simply illustrated by box 110 immersed in the slurry separates the liquid
hydrocarbon products of the synthesis reaction from the catalyst particles, with the
liquid being withdrawn via line 112 and passed to further processing and upgrading. A

liquids and solids disengaging space 114 in the top of the reactor collects the gas



DETAI LED DESCRI PTI ON In a Fischer-Tropsch slurry HCS process, a
syngas conpwO9deessh m xture of Herr] and CO is bubbl ed uppcmussseivsacti ve
slurry in which it the H2 and COreact in the presence of a

Fi scher-Tropsch type of hydrocarbon synt he_%§ catal yst to form hydrocarbons
and preferably liquid hydrocarbons. The nol'e ratio of the hydrogen to
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conveni ent means known to those skilled in

Figure 2 schematically illustrates a vertical cross-section of a gas injector of the
invention 10 as an integral part of a slurry reactor gas distributor grid 30 comprising a
horizontal, disk-shaped steel plate 32, shown in partial form, which contains a plurality
of gas injectors horizontally arrayed across the tray and extending vertically there-
through, of which only the one, 10, is shown for the sake of convenience. The top and
bottom of the grid or plate are indicated at 34 and 36. The gas injector 10 extends
vertically through the plate and comprises a cylindrical bore 14 defined by peripheral
wall 16 which opens into a throat 20 through an orifice 12 which is the upper end of
bore 14. The orifice opens up into throat 20 by means of shouldef or chamfer 18.

While shoulder 18 is shown as horizontal and flat which means that orifice 12'is a sharp-
edged orifice, in one embodiment it opens upward and outward from the perimeter of
the orifice to the inner throat wall 22 as is explained below. In the latter case, the
angular opening or chamfer extending from the orifice inhibits unrestricted expansion of
the gas jet exiting the orifice up into the throat. Throat 20 is a cylindrical bore defined
by a peripheral wall 22. Gas passes through bore 14 and emerges out of the upper end
of the bore, which is the orifice, into throat 20 as a cone shaped, expanding gas jet
which is illustrated in Figure 6 and explained in detail below. Passage of the gas through
the bore reduces its pressure, so that the gas pressure in the throat is less than that
upstream of the bore (e.g., in the plenum below the grid). The gas jet entering the
throat has an included angle ranging from about 10-20 degrees and more typically 15-20
degrees, as is known by those skilled in the art. The velocity of the expanding gas jet is
reduced as it passes up through the first expansion zone or throat 20, The aspect ratio
or length to diameter ratio of throat 20 is sized to permit the desired velocity reduction

of the jet and, at the same time, insure that the expanding gas jet contacts the peripheral



the art, such as non-catalytic and catalytic partial oxidatign, steam

ref ormi ng AYRIS¥MB nati ons of partial oxidation and steam r EESUSPIRINL ych
as autothermal reformng, and fluid bed syngas generation (FBSG as is

di scl osed, for exanple, in U S. Patents 4,888, 131 and 5, 160, 456. This need
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may broadly r&gpdge {Hr@4P1éskth. As mentioned above, this contacting is an essential feature of the
gas injector of the invention to insure sufficient gas velocity proximate the wall 22 at the
throat exit 24, to prevent slurry weeping down the side of the cone from entering the
throat. This also results in a more uniform horizontal gas velocity profile flow across
the top or exit 24 of the throat. Throat 20 opens into the radially upward and outward
extending second gas expansion zone 30 at the horizontal, circumferential flow diverting
means illustrated as an annular shoulder 26. Zone 30 is a cone-shaped, and more
specifically frusto-conical as defined by the frusto-conical peripheral wall 28 cut into the
upper portion of the tray. In zone 30, the gas velocity is further reduced down to a level
where it will not cause catalyst particle attrition, yet still be high enough to suspend the
solids in the slurry and, in the case of a slurry reactor, provide a gas flow rate sufficient
to achieve the desired reactor output. In the case of injecting synthesis gas into a sturry
hydrocarbon synthesis reactor, the gas flow rate required for efficient hydrocarbon
synthesis is typically greater that that required for catalyst suspension. The expanding
gas jet contacts the slurry in zone 30 and breaks up into bubbles which rise up through
the slurry. Slurry weeping down along the interior of the cone along wall 28 reaches
shoulder 26 which imparts a radially inward direction and velocity to it and, as a
consequence, the slurry is directed into the gas steam flowing up out of the throat exit

24. This lifts the downflowing slurry back up and into the slurry body above, while



-9- small as 1 to as large as 200 mcrons, a typical conventional Fe or
supported iworpeessal yst will have a mean particle size of alrorusdg2mizrons,
while a catalyst conprising a catalytic netal such as cobalt conposited
with or supported on titania will typically,have a mean particle size of
about 63 mcrons. However, such catalysts Wil also include fine particles
as small as 1 mcron and the constant agitation and m xing of the catalyst

particles in thgisl A ded ﬁ‘§Hh‘h |n§Z 'lﬁdoqhéu&sau@ﬁg&ﬁwmbé UG"1t has

attrition. This also pro uces aving a parti size 0 rom about 1
"to 10 mi crons. béen foundthat thaage cbfahé shwkieromtreﬁulnm qsantchcals aswenki folf reduetion of

d { I st deacti vati on
Fesul L1 ng. f 1 oniorGelADSLHiTee SVHIF  FOeiueg that e B SRR cxqsrascion e, hr ough
the tray and i gfificel Hfodtlafd Héﬂeﬁ?@ﬁ&ﬂaﬁeh @H’é%)smble that in sarﬁ:# %EI d trh‘%n&e SFiRkE

cross-sectional schematic of a slurry reactor use rocess of
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the gas inj ectdﬁtm&ﬂmaSMMMQfﬂ;ﬁmmdet ail. The grid conprises one or
nore circular metal plates horizontally disposed over the plenum space 108
whi ch supports the slurry above and which contains a plurality of the gas

i njectors horizont aFigyredifl@staes aﬂ(‘ehf%anﬁelﬁ?of ﬂh@’inv@ﬂﬂidt?ﬁﬂlﬁitosthﬁt o?F%uﬁ{] zthe
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forms a seal viutiditfessinithatdhe Boremand thredt aria singleceylindricafiy shaped end externeallyor
pl enum 108 u ndt‘ﬁfeah@fas%&lﬁy 49 spr%vgd htd 3% mating threaded bore in the tray, indicated by

screw threads 58. The bore 44, bore wall 46, orifice 42, throat 50 and wall 52 are _
identical to those shown in Figure 2. However, the inner portion of the top 54 of
cylinder 40 forms the flow diverting shoulder at the junction of the throat and cone.
Assembly 40 screws up into the tray to where it meets with annular shoulder 56 at the
bottom of the cone. That portion of the top of the cylinder 40 which does not contact
the shoulder 56 forms the annular flow diverting means. Thus, in this embodiment the
orifice and throat assembly are removably or detachably attached to the tray for facile
replacement. Other embodiments will be apparent to those skilled in the art, suchasa
replaceable orifice assembly briefly illustrated in Figure 4 and the like. - Thus, in Figure 4,
a replaceable orifice assembly 58 is screwed up into a mating bore at the bottom of _
throat 20. Figure S illustrates still another embodiment in which the bore 14 of Figure 2
opens up into throat 20 by means of a chamfer or cone shaped wall 15. In this
embodiment, the expanding gas jet.exiting up out of orifice 12 is prevented from freely
expanding out to the throat wall 22 proximate to the orifice 12 as it does in the
embodiment of Figure 3, by the cone or chamfer. This is illustrated in Figures 6 (a) and
6 (b). Thus, in Figures 6 (a) and 6 (b) an expanding, conical gas jet indicated as two
wavy lines having an included angle a, exits orifice 12 and 12’ and contacts the inner,

cylindrical wall 22 of throat 20 at 25. In Figure 6 (a), space 11 surrounding the sharp-



reservoir and a danper to snooth out fluctuations in the feed gas pressure. -
The syngas W%éﬂz‘ﬁf‘& ers the reactor in the pl enum space 108. VPGI/VEW@1913ne
107 and is distributed up into the slurry 104 through the gas injectors
extendi ng through the grid. The snmall circligs represent gas bubbles and the
solid circles the catalyst particles. Afiltration neans sinply illustrated
by box 110 immersed in the slurry separates the |liquid hydrocarbon products
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will be less than 90 degrees.

Referring now to Figure 7, a gas injector of the invention is shown being similar
in most respects to that of Figure 2, except it is not an integral part of a gas distribution
tray. In this embodiment, the gas injector is a separate unit which is attached, by
suitable means (e.g., screw threads) not shown, to a mating bore 72 extending through
the tray from top to bottom. Thus, turning to Figure 7, gas injector 60 comprises a
cylindrical bore 62 which defines orifice 64 at its downstream end. Orifice 64 opens up
into a larger diameter cylindrical bore 66 which is the throat or first expansion zone.
Bore 66 opens up into a second, hollow, conical expansion zone 70 by means of annular
shoulder 68, which is the slurry radial flow diverting means. The angle of the cone is
less than the angle of repose of the solids in the slurry, to prevent solids accumulation on
the inner cone wall. Tn this embodiment, even when a plurality of such injectors are
horizontally arrayed across the surface of the tray, for each injector there will be an
annular, flat surface on top of tray 32 below the cone, indicated at 74 for injector 60. In
the case where the slurry solids comprise catalyst particles which deactivate when not in
contact with the uprising gas, this space and the area 76 above 74 bound at the top by
the cone is a dead space, in which catalyst particles will accumulate and deactivate.

Hence, in such cases an embodiment similar to that of Figures 2 or 3 is preferred, unless



t hrough, of which only the one, 10, is shown for the sake of conveni ence.
The top andvdvessios8a of the grid or plate are indicated at 34 PaTdisds219The gas
i njector 10 extends vertically through the plate and conprises a
cylindrical bore 14 defined by peripheral |1 16 which opens into a throat
20 through an orifice 12 which is the upper end of bore 14. The orifice
opens up into throat 20 by neans of shoulder or chanfer 18. While shoul der
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the desired velocity reduction of the at t sanme tine,” 1 ns
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zone for each injector. Lower plate 84 contains respective concentric mating throat and

orifice cavities, indicated briefly as 88 and 90, extending through it and being coaxial
with the longitudinal axis of each cone as shown. The throat diameter is smaller than the
bottom of each respective and mating conical cavity in the top plate 82, so that the
annular shaped flow diverting shoulder 92 is formed when the top and bottom plates are’
joined to form the completed grid. The top plan view is shown in greater detail in
Figures 8 (b) and 10 explained below. No matter how close each cone is to its adjoining
neighbors, there must be a flat space on top of the tray between the cones which is
indicated as 96 in Figure 8 (b). This space, on which catalyst will settle and deactivate,
is readily reduced and even eliminated by an arcuate, pyramidal spacer 94 illustrated in
perspective in Figure 9 and in plan view in Figure 10. In the embodiment shown, the
top of the spacer is slightly flat and suitable means, such as a rounded top screw (not
shown) is used to fasten the spacer onto the flat spaces. Figure 10 shows more detail

for the spacer and for the plan view of the injectors.

In an HCS process, liquid and gaseous hydrocarbon products are formed by
contacting a syngas comprising a mixture of H, and CO with a suitable Fischer-Tropsch
type HCS catalyst, under shifting or non-shifting conditions and preferably non-shifting

conditions in which little or no water gas shift reaction occurs, particularly when the



inner wall 22 of the throat, before it exits the throat at 24 and enters up
i nto the sowoM20§8% expansi on zone or cone 30. In general, tRE/B8Y8BEN3ratio
will .be at least 2 to insure that the expanding gas jet contacts the wall
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| arger than 8 or 10, to prevent throat plugging by the slurry solids, in
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portion of the,%4%§74.1n zone 30, the gas velocity is further reduced down
to a level where it will not cause catalyst particle attrition, yet still
be hi gh enough to suspend the solids in the slurry and, in the case of a
slurry reactor, propiedfydeoc8dond produdeditsyy MUMICE Prodtks ddtordiig &Y thelilM@ntl6s afecd

reactor output. In the case of Injecting synthesis gas into a slurry,
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whi | e or other coreactants. If hydrogen is present as a reactant, such process steps are

typically referred to as hydroconversion and include, for example, hydroisomerization,
hydrocracking, hydrodewaxing, hydrorefining and the more severe hydrorefining
referred to as hydrotreating. Illustrative, but nonlimiting examples of suitable pro'ducts
formed by upgrading 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.



- 12- m ni m zing seeping of the slurry down into the throat where it wl|l
be attritedyolobrésgs been found that the use of the shoul derpegisdsesstst i n
as nmuch as a twenty fold reduction in catalyst attrition. Wiile it is
believed that the nost efficient cross-section of the orifice, throat and
cone is circular, it is possible that in salfr cases one or nore of these
elements will have a cross-section other than circular. In the case of a

cross-section. otheg.tha ireular. .the di angter is taken.as.the eguival ent
i ameter whi ch i s t HdS SpERtaod fhablarigus cpher aBodiments and midiftations fn Shk racice
pi, and the equfthelfehtiéh RiTEBdppafent!fSdnd Ban Bk e8dilY MAdiby! Hs&SAREE intRE e Of
the throat. Figure 3 illustrates an enbodi nent of the invention

simlar to thawithputrdegagtiog frompthe sgomer andsspirit of thetinvention dessribediaiovecat are a

single, cylindyically sha .an ernally threaded asse 40 ,sGr e

into a mating éﬁ?"g’g‘&‘é% ﬁé?‘g&ilﬁteg$eﬁ?t§§? sq%a io? Heams aggqng% gﬂ?@aﬁf?'@ge‘idt?he
bore 44, bore yiglexakGlesdtiptibh 6& fBrth abbWe)Birt fathep Bifdt ViRl dlaifd babéhnstrighd cal to

t hose shown in Figure 2. However, the inner portion of the top 54 of

cyl i nder 40 f oeneompassing all pfithe featuresofatantable noyelty mhighuesidé isrthepresens t hr oat

and cone. Asse : 40, Ser 0 the t . where it ets wth
annul ar shoul dg‘?g'éﬁ’%a’t“%@ﬁg'\gz%‘# ﬁ%#'%'&% eﬁaf"nlg e(?([)b%éfégf‘ft]sa‘fvgﬁgr qu})u{;‘t?eotfea[t#east op of
the cylinder 48quiletits thersf bpthose skib&d intthears b whiththdlavémioipefthins.annul ar
flow diverting neans. Thus, in this enbodinment the orifice and throat

assenbly are renovably or detachably attached to the tray for facile




repl acenent. Ot her enbodinments will be apparent to those skilled in the
art, such XO8%¥E} aceable orifice assenbly briefly illustrabfCHUEHRPHure 4

and t-he like. Thus, in Figure 4, a replaceable orifice assenbly 58 is
screwed up into a mating bore at the bottomwf throat 20. Figure 5
illustrates still another enbodi nent in which the bore 14 of Figure—2-opens

up into throat 20 by nmeans of a chanfer or cone shaped MWadida: this
enbodi nent, th€LAIMMSNdi ng gas jet exiting up out of O“mwlmﬁuyl&uﬁﬁ t ed
fromfreely expanding out to the throat wall 22 proximate tco LHS)y 12
as it does in the enbodi nent of Figure 3, by the cone or chanfer. This is

illustrated in Fi gu[esAﬁyc{r@éar@&ﬂ??ﬂ%%ng&b@whﬂcﬁcﬁnﬁH§és 6 (a) and 6 (b) an
ed a

expandi ng, conical gas jet indic two wavy |1 nes having an incl uded
angle a, exits orifice 12 and 12' and contacts the inner, cylindrical wall
22 of throat 20 at 25. In Figure 6 (a), space 11 surrounding the_ sharp-

- 13 - edged ori f(*Qdnjacting asymthesiy gascompsisingiagnixtire ghHp apd %&”hgp e ajsglm

F i f.th ' it ifice 12' | t ed he,
or Cchanfor s hapBish amprises & sl it g by rararbeh Sameis sRfREE i prs inkieguch
observed that phRodirEsriheey Ruid »gli%?léln@ﬁd sﬁtﬁaﬁﬁgasw Rydciah g flnﬂﬁthg]’cbb{f.thgﬁof

prevents perturbations inthe gas flow at"the outer " periphery |
expandi ng gas $aid shary by meansofagasdistributipagriddoeatedbatghe bptpom|theveofwhickol i ds

that may have filled up,t t hroat. duri.,ng. a | owerin [ cessation. of the
gas prassure tRRTEs APy bR iR Rt Spal i o ik i mea
experi ment al | yvertigdlly@Rolgh, ahothdiise dab afPh@iidimpdriioué platd) 8aig irféctb@asisied
angle less than the_ angle of repose of the solids in the slurry, to
prevent sl urrycamprising anglongated. bellow dirstrgas expansion senevapen at both ends and having
a pressure reducing bore at one end, which is the entrance end and with the other end
opening into the bottom end of an upward and outward extending, hollow second gas
expansion zone open at both ends, with a flow diverting means located proximate the
junction of said first and second zones for imparting a radially inward flow direction to

liquid flowing from said second towards said first zone, and

(b) reacting said H, and CO in the presence of said catalyst in said slurry at
reaction conditions effective to form hydrocarbons, at least a portion of which are liquid
at said reaction conditions and wherein said slurry hydrocarbon liquid comprises said

synthesized liquid hydrocarbons.

2. A process according to claim wherein said catalyst comprises a Fischer-

Tropsch catalyst.

3. A process according to claim 1 wherein said bore has a diameter smaller than
that of said first expansion zone and wherein the aspect ratio of said first expansion zone

is less than 10:1.

—_—
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General ly, the |nclgdﬁd_arng+we—w—1—l'“b"1 ess than 140 degrees and in sone
enbodi nent VO 9980583 be | ess t gr ees. Ref er PATES992191D
Figure 7, a gas inj emum ﬁ& ﬁﬂkg tion is shown being simlar in nost
respects to that of it is;got an integral part of a gas
distribution tray. kn *thi's embodi ment, the gas injector is a separate unit
which is attached, by suitable neans (e g., screw threads) not shown, to a
mating bore 72 extepdiRfodeds Medhiind'® d1AiRY3 fw'hefaﬂ o agpécbﬁ&fbmmlﬂmyzoﬁgaﬁ' ng
to Figure 7, gas _injector 60 conprises a cylindrical bore 62 which defines
orifice 64 at shidénjensonsds greater than 2:X i fi ce 64 opens up into a |arger

di aneter cylindrical bore 66 which is the throat or first expansion zone.
Bore 66 opens up into a second, hollow, conical expansion zone 70 by neans
of annul ar shoul ders 68§, r&\éb's§5bcb?dlﬁé1ﬁ) Sk 4 vme@m the lédg&mamwss'&stdﬂ}gidra?ﬁqaé
The angle of the cone is less than the angle of repose of the solids in the
slurry, to prendasmdﬁwa&seagcdjmneapfwdmmarmwoamhe wall. In this
enbodi ment, even when a plurality of such injectors are horizontally
arrayed across the surface of the tray, for each injector there will be an
annul ar, flat surfageA@fodesPacebrdiightd ddBdmPSEWhetelnRid-@08nd 2dHdidors st éktendd for
i nj ector 60. In the case where the slurry solids conprise catalyst
particles whi ébovgdhetapsurfacepiesaidiop plate.contact with the uprising gas, this
space and the area 76 above 74 bound at the top by the cone is a dead
space, in which catalyst particles will accunul ate and deactivate. Hence,
in such cases an enmpodi predéss atddrdiag té clainh Stwikeilr Natypase alrﬁlﬁatSrs ﬁre pre8éftioned,

unl ess
flat surfaces at the top of said grid.

8. A process according to any previous claim wherein said hydrocarbon liquids

are upgraded to more valuable product by one or more hydroconversion operations.
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ot her neans Qﬁ”&%gd to block off the dead space or
prevent catalyst aCcumul ati on. Figures 8
respectively schematically illustrate a side view a
enbodi nent of a short cylindrical gas dig}ribution
to the invention, in which the grid cont |ﬁs a plur
of the invention horizontally arrayed across and ex
in a manner simlar to that shown in Figure 2. Howe
the grid is formed of two separate circul grqgor dis
84, assenbl ed and hel 4Q®get her by suitablef mreans s
(not shown). Upper platk 82 of the grid conjains a
cavities 86 extendi ng tgerethrough whic
zone for each injector. Yower plate 84

h
ontains res

mating throat and orifice*.cavit . indicate (ief
extendi ng through it and bei coaxial with the n
cone as shown. The throat difaneter is smaller than

respective and mating conicpl cavity il14he top pl

pass gas through it to
(a) and SPFWS98/21913

nd a top plan view of an
grid or tray according
ality of gas injectors
tendi ng through the grid
ver, in this enbodi nent
k- shaped pl ates 82 and
uch as screws or bolts
plurality of conica
e second gas expansion
pective concentric

ly as 88 and 90,
gi tudi nal axis of each
t he bottom of each
e 82, so that the

annul ar shaped fl ow hser g shoul der—92 is forned when the top and bottom
plates are joined to Tormthe conpleted grid. The tpp plan viewis shown in
greater detail in Figures 8 Ln ow. No matter how cl ose
each cone is to its adjoining ngi ghbors, there nust} be a flat space on top
of the tray between the conesgwhi ch i% Pndi aat®d «as 96 f oFigure 8 (b).
This space, on which catalyst wil? Seetbe %nd deast|i vate( is readily
reduced and even elimnated by an_a?cwate, ram daj spaber 94 illustrated
in perspective in Figure 9 jJand_i n"°plsan %i , Igh Flgwre T0. Tn the enbodi ment
shown, the top of the spac r;ig sbﬁbhbfg flat” pndq %jui t abl e nmeans, such as a
rounded top screw (not shown) ies used to fastep tihg spacer onto the flat
spaces. Figure 10 shows norje getgil_foQ>the ®phcdp [and for the plan view of
the injectors. °o . o, o 0 o 0
o ° o . *
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In an HCS process, liquid and gaseous hydrocarbon products are forned by
cont act i ngWoO ¥2888s conprising a mxture of H2 and CO wi th RCI{ISOBHIE

Fi scher-Tropsch type HCS catal yst, under shifting or non-shifting
conditions and preferably non-shiftingéﬁfnditions in which little or no
wat er gas shift reaction occurs, parti érly when t he

- 15 - catalytic netal conprises Co, Ru or mxture thereof. Suitable

Fi scher-Tropsch reaction types of catal yst conprise, for exanple, one or
nore Goup VIIl catalytic metals such as Fe, Ni, Co, Ru and Re. In one
enbodi ment the catal yst conprises catalytically ive anounts of Co and
one or nore of Re, Ru, Fe, Ni, Th, Zr, , a on a suitable

i norgani ¢ support naterial, pre ORg \ C i%ﬁ? one or nore
refractory netal oxides. B K€ t ot aj’ni ng catal ysts
conprise titania, par r e { r process in which
hi gher nol ecul ar wei ght, ! i FINONG N igut ydr ocar bon products
are desired. Useful catalysts hy epa i e known and
illustrative, but nonlim{ing &xa S YA or exanp in US
Patents 4,568, 663; 4, 663, 305; 548 1202 /4 , 45, 6¥4e

The hydrocar bons produced by-aﬁlHeg prpcess aegyOrch to gge injention are
typically upgraded to suifafle progyctp, smh] ec I<"or ortionto
Be prodycty. B sPoeo 3 ;1—18

fracti onati on N
© 7
Yo

% S =

o
le]

s“
\36

30
%
18
x
L/
14J \-16
FIG-2

30

10
32 \
. -
22
\
v



and/ or convershafBY conversion is nmeant one or nore operations in which
the mol ecul ar structure of at |east a portion of the hydrocar BeHUPS2d¥M3nged
and includes both noncatal ytic processing (e.g., steamcracking), and

catal ytic processing in which a fraction yg;contacted with a suitable

catal yst, with or wthout2Bhe presence o? hydr ogen or ot heg2coreactants. |f
hydrogen i s present as a rfeactant, such process steps are yypically
referred to as hydrocopler sion Pxd i ncl ude, for exanpl g4
hydr oi soneri zat i ocr acki hydr odewaxi ng, hydrforfefi ni.ng t he

nore severe hydr g referfef to as hydrotréd@ing. Illﬁgtra 1 ke, but
nonlimting exanp\e sui t abl g grjoducts forned gKadi ng in e one
or nore of a synthw rugg oi \qui d fuel, ol eNS/ Jsotvents,

| ubricating, indus or edi ¢ oi I, waxy hydr -19i ¢1 gefh and
oxygen cont ai ni ng £opgounds, an e\l i ke. Liquid f ' IFge nor e
of notor gasoline el fuel, |} uel, and kero , { [je rycadi ng
oi |l includes, fo Al o _aut ahnti v jet, turbi d I i ils.
| ndustrial oil i 'Wg%/ ds, agrptc r iV's/ Heat /
transfer fluids ‘\ k

- 16- nger. sJele ft—ay i ous ot

nmodi fications in tB8-practice of the invention will be fappar =@, and can
be readily nmade by, t killgd in the art w thout g fromthe
scope and spirit of t G;e-m-l descri bed above. Acggﬁiéhﬁ- Ty IS not

i ntended that the scope of the clains appended hereto De Timted to the
exact description set forth above, but rather that the clainms be construed
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enconpassing all of the features of patentable novelty which reside in the
present i nveot®aess3i ncl uding all the features and enbodi ment BCWRBe21NGU| d
be treated as equivalents thereof by those skilled in the art to which the
i nvention pertains. - 17 -
1. A hydrocardgien synthesis process whi cl4/clorrpri ses: (a) injecting
a synthesis conprising a mxture of H2 and CO up into a slurry which
conprises a sq@lid, particulate hydrocarbon synthesis catal yst and gas
bubbles in a Rydrocar B6h sl &6y 1 BGui d, Hher eBB sai 96ynt %i s & is
injected up infe th8B8Optt@Opf BB sIBB[Y 1B6 feaBB pf BGas BBIri @i on
grid located at t@R PqtORnyt/n@Redff QR ¢y gRNpriges |y gRuyaf 9y /of 9gas 82
i njectors horizotl ‘f’.‘ ;-A"o .~w.o gxt\enidifng, vierfical | A rqugh, jn
ot herwi se gas ,‘t;o\ qf %yn‘ O3 Y1epg \Sal B {1V £ \r6 LERRIA FOTRI Erhe
an el ongat ed, h{¥Ad 4 %ﬁ- :’o$ g 2 g’“ 40 u”: o" A n

a pressure redu RALEUSI L Nafula¥ g d !
ot her end openi 'lg‘; ;\ow;‘&\{\\lct‘-\‘g 5‘%}:1 "h‘“‘; o\“\:i O}U\\‘(\i!‘\‘% ‘»"l\\s
oo AN AN AN A AR
i nparting a Bdi @jdy e d)w d'dactit 90 90 90

88 88 8

90
8 88 88 88 88 88 88
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|IQUId fJoang fromsaid second towards said first zone, and (b)
reactiing said H2 and COin the presence of 'said catalyst in said slurry at
reatti-on..conditions effective to f orm hydrocarbons, at |east a portion of
which afe liquid at said reaction condltgpns and wherein said slurry
hydrgcarbon Iiquid conprises said synthesized |iquid hydrocarbons.

Tropse,h cata S: 3. A process according to claim1 wherein said
bore has a di'aneter smaller than that of said first expanstm

wherein the aspect ratio of said first expansion zone is | ﬁml m””",
4. A process accoydin wherein ' $ai 8 fhrst «

. ai m ratio
zone of said injebtdt dlr%ca&p Wegsw&.\cﬁcom :

--— {a) injecting a synthesis gas comprising a mixture of H; and CO up into a shurry
which comprises a solid, particulate hydrocarbon synthesis catalyst and gas bubbles in a
hydrocarbon slurry liquid, wherein said synthesis gas is injected up into the bottom of
said slurry by means of & gas distribution grid located at the bottom thereof which
comprises a plurality of gas injectors horizontally arrayed across, and extending
vertically through, an otherwise gas and liquid impervious plate, said injectors each
comprising an cJongated, hollow, first gas expansion zcone op#n at both ends and having
a pressure reducing bore at ope end, which is the entrance end and with the other end
opening into the bottom end of an upward and outward extending, hollow second gas
expansion zone open at both ends, with a flow diverting meaas located proximate the
junction of said first and second zones for imparting a radially inward flow direction to
liquid slurry flowing from said second zone towards said first zone, and

(b) reacting said H; and CO in the presence of said catalyst in said slurry at
reaction conditions effective to form hydrocarbons, at least a portion of which are liquid
at said reaction conditions and wherein said shury hydrocarbon liquid comprises said
synthesized liquid hydrocarbons.

2. A process according to claim 1 wherein said catalyst comprises a Fischer-
Tropsch catalyst.

3. A process ascording to claim 1 wherein said bore has a diameter smaller than
that of said first expansion zoae and wherein the aspect ratio of said first expansion zone -
is less than 10:1.



C5. A pr '0CESS accord| ng to cI aim4 V\,herel n the | ongitudinal axis_of-said
_Oflflce and said first and second zones of said-imjectors are all coaxial.

6.-'A process according to claim5 wherein said S lnot ext end
above the top surface of said top plate. ﬂ“mﬂ ml\ma ccordi ng
to clfaim6 wherein flat space elimnatod¥ are present f"l att slirfaces at
the top of said grid. 8. A process according to any previous

el ai mwherein salfngydroqar.,bog |g| qui ds are th%%%%gtégoo L8 %zlz%%glo?

/7 product by one or
said injectors is greater than 2:1.

5. A process according to claim 4 wherein the longitudinal axis of said bore and
said first and second zones of said injectors are ail coaxial.

6. A process according to claim 5 wherein said second zone does not extend
above the top surface of said top plate.

7. A process according to claim 6 wherein flat space eliminators are present on
flar surfaces at the top of said grid.

8. A process according to any previous claim wherein said hydrocarbon liquids

are upgraded to more valuable product by on¢ or more hydroconversion operations.



