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FIG. 2 is a simplified process diagram showing a vertical reactor with fixed catalyst beds and

30 major flow streams in connection with another preferred embodiment of the present invention.

FIG. 3 is a simplified process diagram showing a vertical bed having a single fixed catalyst bed
and major flow streams in connection with another embodiment of the present invention.

FIG. 4(a) - 4(d) schematically illustrates comparative flow configurations for the same
hydroprocessing reaction system for use with a simple kinetic model.

35 In accordance with a preferred form of the present invention there is provided a hydroprocessing
method in which a liquid feedstock is reacted with a predominantly hydrogen gaseous reactant in a reactor
having upper and lower reaction zones, each reaction zone havirig a hydroprocessing catalyst bed therein.

The liquid feedstock is introduced at the top of the lower reaction zone for downward flow through the
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liquid separation and liquid collection zone 26 for separating the gas effluent from the liquid which has just
passed through catalyst bed 16 before the liquid is coliected and pumped up to the top of reactor 10. Both
gas-liquid separation zones 20, 26 have as their purpose to coliect the liquid exiting the catalyst bed and to
35 allow the gas exiting the catalyst bed to pass through. For this purpose, chimney trays 42 with V-hats 44 of
the type commonly used in fractionation towers to collect liquid in the presence of upflowing gas are
believed to be suitable. These same trays will work in the presence of downflowing gas although the
overhang of the V-hats may, in some instances, have to be extended to assure that alt downflowing liquid
is collected. Other devices which collect liquid while allowing gas downflow could also be used in this
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Typical hydroprocessing conditions in which the reactor and process of the present invention may

be advantageously employed include a temperature range of from 5500° to 9500°F and reactor pressures
35 of from 100 to 5,000 psig. The liquid hourly space velocity (LHSV) may be in the range from 0.1 hr' to 10
hr'. The total hydrogen to the reactor (fresh hydrogen feed plus recycle hydrogen) is in the range of from
300 to 5,000 standard cubic feet of hydrogen per barrel of feedstock. It will be appreciated that, generally
within the aforementioned ranges, different preferred reaction conditions will apply for different types of

hydroprocessing reactions.
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bed sees maxlbedﬂive@fnompumg@nsrahdtarw@ary srilgnatusdl denesits| i qui d which is
punped- up fr Ofhe numerous advantages of the present invention, particularly in terms of increased yield at
constant throughput and/or increased throughput at constant yield, can be demonstrated through the use of
a simple kinetic example. One reaction is considered in the example:
35 R+2H, —> R + H:S + G
wherein R' is the desulfun'zed form of the feed R, and G represents a mole of light hydrocarbon gas
byproduct. The rate of conversion of R is proportional to the amount of R and to the partial pressure of Hy,
while the partial pressure of H,S inhibits the conversion reaction. The rate expression is:
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“the reactor bottom Thus, the upper bed catal yst need not be as resistant
to foulting since it will not encounter the highly sul fur-contam nated
hydrocarbons. This ability to utilize different catalysts in the 20 various
. beds of tNeD9%40t6%r enabl es a new range- of processing possPEIMUSIYUEBY h a
single reactor, including the ability to conduct different hydroprocessing
reactions in different beds of the reactor. The process of the present
invention is adaptable to a variety of interphase catalytic reactions,
particularly for treatnent "of heavy oi | with hydr ogen- cont ai ni ng gas at

el evat ed tenperat ug@as and¢ 1y ggsures. For this reason, depending upon the
hydr opr ocessi ng reaction to be used, any nunber of |liquid 25 feedstock
materials are suitable. In particular, feedstocks which may be treated in
accorlédance with thét presdnt 1Pyesess i ncl ude, in gener aI any mneral oil
stoclk havi ng an end boil|ng int_in cess of 5000F use of such

f eedst ocWRe'e i HAEY Of %ﬁ@gywﬁqoy%%mof Ly}fagm&s P, 995 PERSP- ¢ 'B?é‘gle'apﬁ%fsurﬁg Hangi ng
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vapori ze 1! , Hirof
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30 ker osbmpgmsswp W"?‘ﬁ%?%@wﬁéﬁvaﬁﬁ?ﬂ?wygﬁg@w& corpmergiaf reedion-£ o) o |
fracte ons anéefehﬁg ta FiguresTdia)s @(d themkase saaryiatioallydistratesicfodridiffergnefawodoefigurations
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t he prese I'nventi on In terns of i1 ncreased yield at
const ant -3Han 58QHBRIES: and/ or i ncreased t hroughput at constant yield, can be
denonstrat ed {dyr oughaighethivagh. 0R., & i mples ikdicatitg thabX3aedf ehe Gined feaastockomasi S

considered in the ex'%?%ae, th$s§] E&Mﬁamg +H2$+G wherein R is the

desul furized form OF Fepresents a nole of |i
hydrbZarbon g&8 byyrigbiderpughmia spit fese Q@n%éﬁ’%‘i’e@r{eﬂmwth queReh Xﬁ"tgPQ)ff’&P) to

the amount of R ang.f o 1 Bendka! ihdicdingdth@SIy\2¢Eof@e lidid feeabdkavasufirepaed ih &is flow
pressure of H2S inhibjts the conversion reaction. The rate expression is:

WO 99/ 40165 PCTI ussfr@’/"]@i@%%" 9 dn, (-1) ri Yfrz dt 1+10yWs 5 where n, =
mol es of R andoyH2 Tandegdmmaaeeesmlhenterstam gasrrempyal pirkinigestaop b deed. e =t 0€al

pressure is some  GRYks! MBicating!thi 10.6%CorttRe RjuiddieBaRiock @ad GEractediSih diEs A& tormg- | N
the bed is 5 units, qq.nd the total nolar feed ratio of hydrogen (including

recy% e and quench) Ris 6. This nodel captures sone key features of
hydr oprocessi @) ki rkenfigusation ohthe tprasen drvention | includisg ractwe hed Racton with Bguid RUMPYP

comrer ci al reactlOrrmn{hﬁeaﬂi‘oﬁwﬂnagomb&i@wea&p&(x qgﬂr%d)a&heﬁew@ree indicating

conversi ons Tor  t hahaBavker e daud srsiek B yresticd o Ao Splien ™ oo 1o
600 nol es and If isedtewoiiy2thatnthe pE@essharidereact¢ragoniuratipn lof thehpresegh mvm@pn provigdes
mol eg | %h %IMOM&%UU a/ﬁd?ifof ma*'ﬁqm& Wé&ﬁoc&%ﬂ%tsﬁﬁ knt (¥Rsu h%b"c@a(étg%judoan\fehécﬁ
flowconflguratlo ral%i“&& actog&ﬁ% 'ngﬁl |—|;20 P@&m% %two
bed react¥o /M"EQ‘?“Yﬁﬂ‘éﬁ’?@ﬁ 931‘ BYERgeR treye 4npo b d 727 HRCNERERY
17. 2% of substantialig vutperforrasisd o keacassystemantt intaistage gahmowlmwi splibmfdiogern feed ©19%
unconverted v. 10.6% unconverted).
Another way of comparing flow configurations is at constant conversion rather than constant
30 throughput. For example, the throughput for the process and reactor of the present invention could be
nearly doubled to feed R = 185 moles and feed H, = 1110 moles and still maintain a better conversion
yield than the straight through flow configuration shown in Figure 3(a) (12.9% unconverted v. 13%
unconverted).
it will be appreciated from the foregoing description of the process and reactor of the present
35 invention that its adoption and use could confer significant benefits as contrasted with conventional
hydroprocessing operations. One major advantage is the ability to increase the throughput at cumrent
levels of conversion (e.g., desulfurization). Another advantage is the ability to obtain greater conversion at
constant throughput levels. in addition the manner in which the beds are staged in the procéss of the
present invention allows the use of more active yet more sensitive or selective catalysts, at least in the
40  upper bed, in applications where they normally cannot be used. Moreover, the pumping-up of liquid from
the bottom of the lower reaction zone typically means that the heavier components (e.g., above 5000 to



(c) Two reactors in series with interstage gas renoval and interstage H2
feed. Ra,,, = 10.6 noles, indicating that 10.6%of the |iquid feedstock
was unreacted in this flow config- 20 uration. (d) Configuration of the
present i rwor®Meresi ncl uding a two bed reactor with liquid pBFEUPYO¥BDM the .
bottom of the lower bed to the top of the upper bed. R = 6.9 noles,
indicating that 6.9% of the liquid feedstock was unreacted in thls f1 ow
configuration. It is noteworthy that the process and reactor configuration
of the present invention provides 25 st@nificantly nore desul furization of
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unconvert ed an%&trﬁ%%nm%e%&daescmetphﬁsnuw ré?érerfe@ 'fa)ﬁ;dr&ﬂsJuL,%.on of liquid
confi gur a conver han const an
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of the psebfods# therddaimeact or of the present 35 invention that its adoption
and,igse coul d confer significant benefits as contrasted with conventional
hydroproceSS|ng operations. One nmajor advantage is the ability to increase
the throughput at current |evels of conversion (e.g., desul furization).
Anot her advantage is the ability to obtain greater conversion at constant
t hroughput levels. In addition the manner in which the beds are staged in
the process of the present invention allows the use of nore active yet
nore sensitive or selective catalysts, at least in the 40 upper bed, in
applications where they normally cannot be used. Moreover, the punping-up
of liquid from the bottomof the |ower reaction zone typically nmeans that -
t he heavi er conponents (e.g., above 5000 to WO 99/40165 PCT/ US99/01983 10
above 7000F cuts) will be recycled to the upper reaction zone for further
processing. This allows nore focused processing of heavier conponents

whi ch often, as in hydrodesul furization and hydroi sonerization, need nore
i ntense processing w thout overconverting the |ighter conponents. Wile the
i nvention has been described primarily by reference to hydrodesul furization
cof liquid 5 feedstock having a high sul fur contam nant level, it wll be
appreci ated that the process is applicable to a |arge nunber of

hydr opr ocessi ng reaction systens and to a wide variety of hydrocarbon
feedstocks without regard to their origin. Accordingly the scope of this
invention is intended to enconpass functional equivalents of the specific
enbodi nents descri bed above and is not intended to be limted other than as
set forth in the clainms. 10 WD 99/40165 PCTI US99/ 01983 11



"CLAIMS: 1. A nethod for catal ytic hydroprocessing |iquid hydrocarbon
feedstock at el evated tenpera - tures and pressures for producing a liquid
hydr ocar bon product, conprising the steps of: 5 (a) introducing the

f €edst ock WX%9/48165eact or system having first and second rea®CTBi*%8RE%,
each reaction zone having a hydroprocessing catal yst bed therern—the _
feedst ock being introduced at the top of the second—reaetion zone for
downward flow t hrough the catal yst bed therein; (b) collecting a partially
reacted liquid effluent fromthe secondifteaction zone; (c) directing the
partial | graemeted liquid effluent to and introducing it at the top of the
first 10 reaction zone for downward fl ow through the catal yst bed therein;
(d) introducing hydrogen gas at the top of the first reaction zone for flow

downwar dly and- sedueethedipn catalylie deprroserging liauid hydracagen fpegeiockigbelevated termeera -
first angraameprsiufiGripfidudiy Eifuid Rydiecafodh prodict, eafiprisig the $iepdloft he 1 iquid in

t he reaction nes,. .t he. hydr n reacti i the |Lquid in the r i_on
zonesf’e vvhereby%?c;he "P‘Pg'fﬁ'“& te"af&' VT 'rﬁorénr%g‘ﬁg@'y%{arrns'{‘l’wp é:g'gf%ngnse%'trqerg%%ﬁfpﬁ%nsegs a
| i qui d hgashoeagtibozenghadng @ hyderiocessingecatalysf| tied thereirny therfepdsteekoeingi intepduded at thgui d

hydr ocar s ik lsbdshd teallioR SbHetfordoRiardifow thibsgh theolystdad theRie. 2. A nethod, as
claimed in claim1, erein.t reacd[al on zones are

{Pe fi rﬁ.t ignﬂg S f(:on(g }

vertical |y spd®ed RGN Rafady{gaqedigyid ¢ ‘éeé'ﬁoght 8 SRUBEPR 8 second
reaction zone.20 3lireqingdtchmadiallyarsaged liquisceffuenicto sannintroduging ritedt nnet fop of thepfirgtf
di 1 ecd i Nebalchi AL fol @WnWaki 6K tnRfigh indlehslyst Bidthatgnt to the top of the first

reacti on zone conprises . UTTBI n%bt he | ctw d effluent. fromthe second
reaction zonddto MG yHPEFL05s; 3t e PR althe JFt Badian zone far flow fowrwagly apd

clai med isequehtiliyrthdpuginirelrosenthd ¢atalyst isxds ifthediirst @od secondireretigeaonesoih by cuneatcdostdct
l'iquid g@ﬁ E#?{Mm inthel BSctib P& *ne%rédea Sdackng ¥h ihe mq@ogg ﬁmteﬁé’éa?é}d KRS e B

the liquid. uent fromthe second reaction zone e top of the first
react i on ligyiheffuest from the firFhrgactign,zaop gPRRATeS Hiapid Jydrearbon predysiAdly t he st ep of
coolimg the liui d cofiddingeiid recuverinigehd tiquid3Qdiobetbdni effisbntrpeaintti foim the fiest réactioh
met hod, %necl aimed in claim4, wherein the reaction between the Iiquid and
the hydrogén in the second reaction zone produces a gaseous effluent
conprising unreacted hydrogen, |low boiling hydrocarbon vapors and reaction
product vapor . colA esdticdgad baingase @lasn af whereintthd fismadd)econT esadtiodSzanesiatei on
zone, pr i n / en-rich gaseous
stream a(r?{g'%ré%lé?%%gpaq?ﬁg91%35?%5&5%??(}"8%9%%?%%&:"8ﬁetaﬁégtE %%’ of the first
reac2Pon zone. THI S SHEET HAS BEEN REPLACED WD 99/ 40165 PCTI US99/ 01983 12
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syst em haonelg the topef thafilst sagigndoneeact i on zones, each reaction zone having a

25 4, A method, as claimed in claim 2, wherein the step of directing the partially reacted liquid
effluent to the top of the first reaction zone comprises pumping the liquid effluent from the second reaction
zone to the top of the first reaction zone.

5. A method, as claimed in claim 4, including the step of cooling the liquid effluent enroute to
30 the first reaction zone.

6. A method, as claimed in claim 4, wherein the reaction between the liquid and the
hydrogen in the second reaction zone produces a gaseous effluent comprising unreacted hydrogen, low
boiling hydrocarbon vapors and reaction product vapors, collecting the gaseous effluent from the second

35 reaction zone, processing the gaseous effluent to recover a hydrogen-rich gaseous stream and recycling
the hydrogen-rich stream to the top of the first reaction zone.
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hydr opr ocessi ng catal yst bed therein, introducing hydrogen gas into the
reactor systemfor flow through 5 and over the catal yst beds in contact
with the liquid in the reaction zones, the hydrogen reactin

liquid i n WR@HM&Et i on zones for producing a |iquid hydroca?’ HJS@?/?'IglgPent
product in at |east one of the reaction zones and collecting and
recovering the liquid hydrocarbon effluent product fromthe at |east one

of the reaction zones, the inprovenent which conprises: (a) introducing the
feedstock at the top of the second reack4on zone for downward flow 10
through the catal ygt afénddh@r eataitic hbropbéssing igd ehyp@edrbanl Fepdstarcat exleviied ui d

effluent fromthe econd rea ted
liquid ePPERENES Y g{ﬁﬂ‘"{eﬁ (¥ E%l%clm %P ggf(ér@ﬁ 8%“1; '}ﬁ ﬁ&J}% tﬁ%%éés?defa%w%ﬁs
zone f orthel deedstockdntd amctonm@wam ﬁ@h!@lsygqﬂdﬁéﬁﬂ;) igrhzongs, gach @gRctioh zens @G 3

t hg h{ gr ncﬂ@s%t m?‘tcathl bb@ﬁlﬁl%fn i&uh@dtfcahé & drégéaf[bbs sm; mg eacfop isystdn® vor domheaughl| y
an sequent | a qve e, .ca st be e

secord r%’ﬁ’g‘i"iebtﬁe fﬂﬂé "?:g’ Eﬁ{] é%ﬁt"éw re %/ “PFa ﬂ} 'ngjmégh reLJt: hi&mﬂ?\g
react i onliquiniaghe teaetiohyzdnesgemprodugiog ianiguidinyéirocaeon| ¢fiuentiprogudt fifeal et O Af Yenes

wher eby ganon L b il &Jll&éhH&Eﬂd rfaéd@@ﬂnbrt\?e Ilﬁbnﬂ fijdré@fioh iefilent PRBuE ABIIthe R Jeadt one
| i qui d hydrocar ogwgro uct; an \?(ﬂe }fng'?eCtl ng and recovering the liquid

hydr ocar Bdh BPFIPY s. fedmpreyenienty ¥t reaction zone. 20 8. A nethod
for catal yti c(@ydr opwpdicing Shenfpedistagkiati theytdp of thebsasonde prastio caene tforedoupwang dlow

t emgy at{ﬁ;&%ﬁgqatg,wwﬁggmfor produci ng a liquid hydrocarbon product,
conpri sing

e st nt roquci dstock into_a reactor
syst em havi ng®ul t |°‘H|e9'"§l§ %g'b egﬁ%’ﬁ]ﬁg%ﬁm?gﬁggsecg% 'RaFRL2on zone
havi ng a hydr @pr oc ekadinmgthe aadibllystadeddiquiti effigen, to ahe intreduging dcat theelopf the first
introduc%qahog%@etmrt g,r‘kmﬂ(ﬁjta,top%tﬁp&qm %e(. m reaction zone for downward

fl ow t hroug e cat erein; | nt roduci n en\gn t the
top of the modd upﬂ@@&%ﬂ@dﬂ?%%ﬁﬂé"eﬂeﬁ’ ofithe,fifst 'Bﬁﬁ\ﬂ'aé‘?% (fone y and
sequpt i aédu)énttahv 1AM 0gh A verue catalyst bead inthgditst betkecond resotion mnes:uese-pwmr@atam on
zone in %ﬁ%%b’ .mneco%{%cz%?é@ 1&95%?0@ {n‘egéhhg Iantﬁmf ifi e rb o SHAESwheldd§ the.

hydr ogen I qui zones: 30 (c) collecting
t he par t Hiauid sfivetiomethe fitslqeAconsTone eRPrses AYAYIY Wé’%@?“ et 8P¢am r eact i on

zone; (c) dirggti Nngoficdfrglmt trécdlérig tRARGLIE Kydrocirtiod efffubht feaduct foonathe first reaction
introducing it at the top of the second nost downstreamreaction zone for
downwar d??Tow t hr ough the catal yst bed therein; (d) collecting a partially
reac2@d liquid effluent from each successive reaction zone fromthe second

most downstr eqyn I eac tnhdibdZ AR Cataftid IGdrerRsceashgigild Ipdrbeaem feeasidckoat Eevated 35
(e) dlrectln eachthe artially react f reaction
zone in 9‘1‘?{'}5 “1“8 i Pros aﬁl 'Fﬁydé?ca?ﬁegmg e #’ﬁ%'{g g?a y
precedi ng upst(a)eamintedaedingothe zmaommtwomr @ystmvbavmmwgqlﬁ mee%ue apaptign
bed therghiie @ rdablon®8hd ffvinh AhydirBsrodebsitd ciaybeaardrln, flh&feﬁd’d&fbﬁ‘belﬁg Mtotubed
fro ng he atrrt[t)lz ttop%?t?rte E’n%gtrgoar?s?rggr}\ Omgdﬁa(r:\) rz]c(?ne for downwart;r ﬂol_v!/'afl?rougﬁ\l':lhle ca-{ s?' bechlﬁerem
(b) introducing hydrogen gas at the top of the most upstream reaction zone for flow
downwardly and sequentially through and over the catalyst beds in each successive reaction zone in co-
current contact with the liquid in the reaction zones, the hydrogen reacting with the liquid in the reaction

zZones,
30 © collecting the partially reacted liquid effluent from the most downstream reaction zone;

(©) directing the partially reacted liquid effluent to and introducing it at the top of the second
most downstream reaction zone for downward fiow through the catalyst bed therein;
(d) collecting a partially reacted liquid effluent from each successive reaction zone from the
second most downstream reaction zone to the second most upstream reaction zone;
35 (e) directing each the partially reacted liquid effluent from each reaction zone in step (d) to
and introducing it at the top of the immediately preceding upstream reaction zone for downward flow

through the catalyst bed therein; and
(4] collecting the liquid hydrocarbon effluent product from the most upstream reaction zone.
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- REPLACED WD 99/ 40165 PCT/ US99/01983 13 9. In a nethod for catalytic

hydr oprocessi ng |iquid hydrocarbon feedstock at el evated tenperatures and
pressures for producing a liquid hydrocarbon produgt, |ncIu€€ﬂg &nﬁ9§§eps
~of i ntrodW@MY401éhe feedstack into the top of aggactor sys ﬁaV|ng a
reacti on zone, the reaction zone having a hydroproce55|ng catal yst bed

t herein, .i ntroduci ng hydrogen gas into the top of the reactor systemfor 5
downward flow with the feedstock throug{ and over the catalyst bed in
co-current contact with the liquid in }he reaction zone, the hydr ogen

reacti ggl Wit h%lt Ee Ini ﬂldriléglohrfoﬁ biﬂalﬁi&a“ybioﬁmce‘saﬁ@ lifutid hgdrochtson nigedstopkarat ietevated
reacte I qul ocar po e

Col T eot i EPRTTAren ) meeinae g Boptit ol AfbEarR broBydARARYD 1 qeltBl oy |
i pr ov enthefeebldakhintooip tops efsa f(fi&'f’f p‘xﬁpm ﬁg""!ﬁhé 'E%ﬂ"?’bé?'@d hsafepstion Iz9"er B3R
l'iquid QIyBJon%Béssuh@ cﬁaﬁsﬂb@& ﬁr%&ﬁl:rﬂ@dmdngaiydufoba\ axDinf thé e of 1t rexaiot bysteny Gne

I ﬁ;r %?\rl]m%warﬁ ga\ﬁc Flll;rg)lﬁ Vaeg%ocﬁ/ Ngmﬁn 8n gver }‘\g rcgtg B bgélﬁ\ t%—u M&&&?mﬁﬂh@llm in bed

rogen cing a nore conpletely
react ed the qesctibnhzode, dbahmeprfmﬂmt wntraﬁe |'9‘B9 in 6]96‘8@‘?"?@ Z%‘leefﬁr pRyuiEL3 partigiiy

hore cong é&éoeﬁ .drrﬁf%t:aﬁﬁon' defilléhdp rbduétr 8154 Ess@mfsf éfhaeanrancpwrdumg theC pamyialy Sexted
| i qui d hydrocarbon react or system for

catal yti “HM’B@WBé@E?%B’%"P‘PI"?ed'UPravwa %T%ar f edst ock at el evated
t errper atures @nd ppasping thecoliecis padiakygeacted|liguid efflugnbtoasd intreducing it ahihe tog of the

cat glyst beds ﬁgﬁef fbln&dMWHrB Qﬁ-rcurré‘\f‘ﬁbwi Qm'f»‘fhe rh?@&ée'n%s 20O thd TBAdNst b&Y therein and

I ntroducing t feedstock into the rea f ar |nt ucing

hydr ogenreg@ion wit 'Be PW% a?ﬁfgrp’%ﬂﬁn%@ﬂ@ °?'BP'et8l¥I"I’ FTE“&J]'%YHE?C? ver ghgdd

liquid hydr ocm) bon repkdting step (apmtﬂmmt moretcbmplelqyrremqlﬂnwdwmrmmomﬁwe@@@dugo

(a) neans for trgggo%cgﬁo Hil&feedstock at the top of the | ower
oW t‘f'1r

react i on“ZHN sesfa e n and reaction within the catal yst bed
therein; (b) neans for collecting a partially reacted liquid effluent from

the j@wer reagpi on ¥ @aneactdr Gystem T catatyie agsroprocessing et tiquity hydmsampan feedstbek at
reacted lel %%ﬂd @%&r%ﬁ%t cf,;ae Frgs w[lh:ﬁnﬂguﬁée;&g otve}u@éll? sxraécg@cgtgﬁt Bédstdgﬁldbqw

reacti on®$ X
bed t her endhlowerzgacliaf)zopgsameans §ir intrpducise Feilint ﬁﬁﬁ%é‘ﬁ?‘@%\?a%f %“S f%’b"‘%’f’
upper r eagdrbgaﬁ g;@iﬁ@ teQBadidr @id sleans vaecllepting a0d eonesny liqailinydrodarten gFiuem aros!v%r
t he catal yst beds * e ugi%%r and | ower reaction zones in co-current
cont act Wet"RPPHE" ‘g‘ﬂ?h R the reaction zones, the hy dro?en reacting with

the 20qui d i n(@he meesos fasrintrogusingstheyiaics fRRASIORk 3titheitap off 1F [RYeT reactinm, £978 for
upper re%@&ﬁf@ﬂt%&]&ﬁaﬁ&mbﬁﬁﬁw:rﬁnémsdbdwﬁ&amar bon product; and 30 (e)

T e Conu o ol SHRHS} ekt DU R ks orocuc
© pumping means for directing the partially reacted liquid effluent to and introducing it into
the top of the upper reaction zone for downward flow through and reaction within the catalyst bed therein;

25 d means for introducing hydrogen gas at the top of the upper reaction zone for flow
downwardly and sequentially through and over the catalyst beds in the upper and lower reaction zones in
co-cumrent contact with the quﬁid in the reaction zones, the hydrogen reacting with the liquid in the reaction
zones whereby'the liquid effluent from the upper reaction zone comprises a liquid hydrocarbon product;

and
30 (e) means for collecting and recovering the liquid hydrocarbon effluent product from the

upper reaction zone.
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