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(54) Title: THREE STAGE HYDROPROCESSING INCLUDING A VAPOR STAGE
(57) Abstract

A three stage hydroprocessing process includes two liquid and one vapor reaction stages, with a hydrogen containing vapor effluent
produced in both liquid stages. The second liquid stage vapor effluent comprises part of the first liquid stage feed and the first liquid stage
vapor effiuent is the feed for the vapor stage. At least a portion of the hydrogen for the first liquid stage and vapor stage reactions is
respectively provided by the hydrogen in the second and first liquid stage vapor effluents.




products, with respect to such undesirable conponents, are continually
becom ng tighter. Consequently, such feeds and product streans require nore
upgradi ng in WO 99/ 57224 '

PCT/ US99/ 09640 99/57ead4der to-reduce the content of such undesPCaise/09642
conmponents and this increases the cost of the finished products. In a

hydr opr ocessi ng process, at |east a portﬂon of the heteroatom conpounds are
renoved, the nolecular structure of t he feed |s chanoed or both occur by
reacting the feed with hydihgis 3 [ SING t abl e

hydr opr ocessi ng catal yst. WWMINGWQAPORJS’FA@drogenat I on,
hydr ocr acki ng, hydrotreating, hydroisonerization and hydrodemaxrng. and
therefore plays an inportant role in upgrading petroleumstreans to neet
nmore stringenf, & RS ~yFo&y APl e, there is an increasing
demand for i rproved et ot j Fommati ¢ saturation and boiling
poi nt reduction. In order to achi eve these goal s nore econonical Iy, various
process conf i RIELD ORTFHERINVENTIONVel oped, including the use of multiple
hydr opr ocessi ng stages as Is disclosed, for exanple, in European patent
publication 0 553 920 Al and U.S. patents 2,952,626; 4,021, 330; 4, 243,519;
4,801, 373 and 5, 292, 42'§hePISPWKWeGF°fFFﬂ feRERIIORFOFR®IRGvent i on rel ates to

fhe foed i o RelioBERoRacelon RS BERERO Tl e e o0F REORBRRIS L S ng "
catal yst in ¢¥RtisR AL, quoké patticulaAfche QWcﬁhéﬂ?@la&@ tPEREIYEiSalRy
hydr opr ocessed hydr ocar bonaceous product liquid

hydroprocessing a hydrocarbonaceous feed in two hquld reaction stages with

liquid and vapor separation after each stage and one vapor reaction stage, in
which both liquid stages produce an effluent comprising a liquid and a hydrogen-
containing vapor, with the hydrogen-containing first liquid stage vapor effluent
hydroprocessed in the vapor stage using the hydrogen in the vapor and the
second liquid stage vapor effluent providing the hydrogen for the first stage.
Most of the hydroprocessing is achieved in the first stage, with the first stage
liquid effluent comprising the second stage feed, and with fresh hydrogen used in

the second stage to produce a hydroprocessed product.
BACKGROUND OF THE INVENTION

As supplies of hghter and cleaner feeds dwindle, the petroleum
mdustry will need to rely more heavily on relatively high boiling feeds derived
from such materials as coal, tar sands, shale oil, and heavy crudes, all of which
typically contain significantly more undesirable componenis, especially from an
environmental point of view. These components include halides, metals,
unsaturates and heteroatoms such as sulfur, nitrogen, and oxygen. Furthermore,
due to environmental concerns, specifications for fuels, lubricants, and chemical
products, with respect to such undesirable components, are continually becoming

tighter. Consequently, such feeds and product streams require more upgrading in



hydr ocar bonaceous vapors contai ni ng unreacted hydrogen, w th vapor and

| i quid separation after each liquid stage, wherein the vapors fromthe .
first liquid reaction stage are hydroprocessed by reacting with hydrogen in
a vapor reacwoo#sraigage and wherein the hydrogen in the vapagrgdobbdsgnts i s
used for the hydroprocessing. A mxture of the hydrocarbonaceous feed to be
hydroprocessed and the hydrogen cont at$i ng second stage vapor effluent '
conprises the first stage feed, with the partially hydroprocessed first
stage | i quiotdegttd fdd&éﬁth&ﬂdnténﬁﬁhuﬁynh@gm&blbmmgmehs ahd ¢luis irereakses thecond
stage. The first sta WO 99/ 57224 '

PCT/ US99/ OQBSIZ)f\ﬁ?PpﬁﬂlS fPrQAUEES- cont ai ni ng unr eact ed hydrogen i s passed into
t he vapor stage in which it is hydroprocessed with the hydrogen in the
vapor. The hydroproc Jo on (e.g.,
[err] material) as Il?'qw rﬁB&f}ss@?rﬁ&s..%’ieﬁﬂd& }ISb rﬁl gﬁtg Kg{esl%(t:égﬁ%b?t age

product | i goindouslsfdré edredied thesholbstdarcgmioturaiof the féat ischangeidt tebothydr ogen or
a hydrogen-containing treat gas is introduced into the second stage to

i nsure thatoccln'émmtmathhﬁﬂﬁdd’é@iubyfltawmém pigsenice of asuitable second and first
liquid sta contai.n s ffIC dr oge unr h ogen) to provide
at qI east a%b'am?ﬁ?s%’?g%?lyﬁﬁ‘ I?’H% Pﬁé&?‘% ﬁ(‘ 6%?%3&% ag&%egf i Zst I Pqui d
stage and 408qbAR f trE'Mﬁ{gOH %ﬁ%ﬁieﬁlaﬁo%dtlﬁrdmdem&ir@ﬁﬁﬂ as used

herein refefs to rogen gas. re particularly the invention conpri ses a
hydr opr oc eslsera@)rnpplaysaas imgrortant role injegrading pttrojevni streams Memaaqcmorer eaction

st ages and which conprises the steps of: v‘&ﬁ% react i n g%m ﬁcar bonaceous
feed conpr |S§1ﬂﬂ§meﬂ‘-'|ﬂn8trﬂﬂ‘ére&e’ﬁ Jiar §xampple As W’c’\‘f“fﬁ gon fir st

hydr opr Ocesg'l'ppogve h%r&térg?‘gﬁlBQﬂ stbffifc sftufafbn and boiling point reduction.

In order to achieve these goals more economically, various process configurations

have been developed, including the use of multiple hydroprocessing stages as is
disclosed, for example, in European patent publication 0 553 920 Al and U.S.
patents 2,952,626; 4,021,330; 4,243,519; 4,801,373 and 5,292.,428.

SUMMARY OF THE INVENTION

The invention relates to a three stage proces.s for hydroprocessing a
hydrocarbonaceous feed in which the feed is reacted with hydrogen in the
presence of a hydroprocessing catalyst in two separate, liquid reaction stages to
produce a hydroprocessed hydrocarbonaceous product liquid and
hydrocarbonaceous vapors containing unreacted hydrogen, with vapor and liquid
separation after each liquid stage, wherein the vapors from the first liquid
reaction stage al:e hydroprocessed by reacting with hydrogen in a vapor reaction
stage and wherein the hydrogen in the vapor effluents is used for the
hydroprocessing. A mixture of the hydrocarbonaceous feed to be
hydroprocessed and the hydrogen containing second stage vapor effluent
comprises the first stage feed, with the partially hydroprocessed first stage liquid
effluent and fresh hydrogen being the feed to the second stage. The first stage



presence of a hydroprocessing catalyst to forma first stage effl uent
conprising a partially hydroprocessed hydrocarbonaceous |iquid and a

hydr ogen- cont ai ni ng hydr ocar bonaceous vapor,. wherei.n said feed vapor
conpri ses hydr¥g8%5722bnt ai ni ng second st age hydr ocar bonaceouPCTa}s9/09642

ef fluent which provides at least a portipn of said hydrogen for said first
stage reaction and for said vapor reaction stage and wherein said first

stage vapor effluent contains unreacted hydropgen; (b separating said
first stage MARMYicIUEM cvaﬁﬁmmmqeagﬁé !ely‘éregen F%ﬁ‘?‘ff&%‘%‘é‘féd’ag?"r H1e&age
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vapor effluent w nydrogen 1 n vapor 1 presence of

hydr opr ocesskefflient! fabiithe setofdand it fiuidatdics @On@iP@Titient Bydivgen .
hydr opr ocessed hydrocar bonaceous vapor. wherein at |east a portion of said

hydr ogen f or (waeaptedhdrpgen)ite pravide atdeasby poastibnogreal! ofithe hydrogen sequiredge
vapor effl ue%r‘the first liquid stage and the vapor stage hydroprocessing. The term -

“hydrogen™ as used herein refers to hydrogen gas. More particularly the
invention comprises a hydroprocessing process which includes two liquid and

one vapor reaction stages and which comprises the steps of:

(a) reacting a hydrocarbonaceous feed comprising a mixture of liquid
and vapor with hydrogen in a first hydroprocessing liquid reaction stage in the
presence of a hydroprocessing catalyst to form a first stage effluent comprising a
partially hydroprocessed hydrocarbonaceous liquid and a hydrogen-containing
hydrocarbonaceous vapor, wherein said feed vapor comprises hydrogen-.
containing second stage hydrocarbonaceous vapor effluent which provides at
least a portion of said hydrogen for said first stage reaction and for said vapor
reaction stage and wherein said first stage vapor effluent contains unreacted

hydrogen;
(b) separating said first stage liquid and vapor effluent;

(c)  reacting said first stage liquid effluent with hydrogen in the
presence of a hydroprocessing catalyst in said second hydroprocessing liquid
reaction stage to produce a second stage effluent comprising a hydroprocessed

hydrocarbonaceous product liquid and vapor, wherein said vapor contains



The hydroprocessed vapor may then be cool ed to condense out the higher
boi I i ng hydroprocessed material as liquid which nay then be separated from
gaseous contam nants and | ower boiling material by sinple separation neans,
such as a drwowsiensy ator. The three reacti on stages may bepdpushonsdis)! €
reaction vessel or in two or three separate vessels. The catal yst used in
each stage may be the same or differeft, depending on the feed and the "
process objectives. Further enbodi nents include stripping the recovered

hydr opr oc eamreactpd hyldrogen and wherein saidisesiond stage reaation bydrpgenmisprevidedbndensi ng

t he hydroprocessed_vapors and stripping the resulting condensate and,

opt i onal | yby &8fbhydragenine condensate with the hydroprocessed product

| i quid. The condensate conprises the lighter or |ower boiling feed

fraction. Wil egyn : ' ed. i hat st age vapor

ef fl uent contaﬁﬁ alﬁﬁg¥m§ﬁ%§ﬁ§ §§EEE&§EQEP¥% ngaﬁﬁgﬁﬁﬁggg i quid stage
hydr opr ocefebringesaid hpdropidedsbdpradaet liquiditandi qui d st age vapor ef fl uent
contain all of the hydrogen required for the vapor phase hydroprocessing

reaction. this js not always, possible. Therefore, in so casea]fresh
hydrogen or a H§dr odesrtng saiddyygingsn-pontaming first stage vapor ettluent wi

PCT/ US99/ O = B- i el o] :nto either or
both the fll%?ds}ﬁg?rll iglusl G‘P ﬁp%geﬂ @%3}{S§@ev%@§%@g%gwg'%€ ﬁ@gﬁgscdt@ce of the

i nvent i on, vigee rédceidh stage t@farihoRvi6rdcest €y drocarbdridedidevabor,st st age -
reaction zone is nostly liquid and typically conpletely |iquid. During th_e

hydr opr ocewberein atdeast e portian ofsaid yrdregentfhesaid graction isrprpvided by

hydrogen in said first stage vapor effluent.

The hydroprocessed vapor may then be cooled to condense out the
higher boiling hydroprocessed material as liquid which may then be separated
from gaseous contaminants and lower boiling material by simple separation

means, such as a drum separator.

The three reaction stages may be in a single.reaction vessel or in
two or three separate vessels. The catalyst used in each stage may be the same or
different, depending on the feed and the process objectives. Further |
embodiments include stripping the recovered hydroprocessed product to remove
undesirablé reaction products, condensing the hydroprocessed vapors and
stripping the resulting condensate and, optionally, combining the condensate
with the hydroprocessed product liquid. The condensate comprises the lighter or
lower boiling feed fraction. While in many cases is preferred that the second
stage vapor effluent contain all of the hydrogen required for the first liquid stage
hydroprocessing reaction and that the first liquid stage vapor effluent contain all
of the hydrogen required for the vapor phase hydroprocessing reaction. this is not

always possible. Therefore, in some cases fresh hydrogen or a hydrogen-



boiling feed conponents are vaporized in each liquid stage. The anount of
feed vaporization will ‘depend on the nature of the feed and the tenperature
and pressure in the reaction stages and may range .between about 5-80 wt %
Thus, by |iquiYOP¥# on stage is nmeant that some of the feedCHAISHRY09642
hydroprocessed is in the liquid stage. 141 nost cases the hydrocarbonaceous
feed wll conprise hydrocarbons. In an enbodi ment in which the process is a

hydrotreatin rocess for a sulfuyr and nitrogen c i ni.ng.distillate or
o esol fuel  FoulERfE Tea as W&PFS&S&%‘%“HQ‘% O%h%%hﬁ%@ﬂuweof whi ch
i s di ssol vedgidqunkeRapbydsspr ocessed product |iquid and vapor condensate.
Sinple stri p%llll ng re veséb?hese species fromthese liquids. BRIEF

DESCRI PTI ON OF THE DRAW NGS Figure 1 schematically illustrates an
enbodi nent of the i nvdntheopraviicehofithe inviegtion the fresinbydragarbohactoupfesedessi ng

[ I .ngl ' sel . Fi 2.1 h [ f
embodi ment 1 IFAAIothe B2t iagg avesgon cese IsTiosbiid and Rab e bes el .
embodi ment i FPA4AICHES piPBEeas rgoshaie el .
Ct ages ar e i Rait DRt bABIAtAR, ittt R o e R AR Do Ve

DESCRI PTI ON Byilihy fcdrionspfonentd Gred Saptiized irﬁed&hqmﬁfsthgb.m&&nbﬂnﬂﬂﬂﬂ@éﬂ reacts
W th a hydrocarbonaceous feed to renbve one or nore heteroatominpurities
WD 99/ 57224 vaporization will depend on the nature of the feed and the tempeP@ut< U8B0/ 09642 - 6-

such as sulf lerre'ssuT'tia }nr t?xg Fedction %ta?;)e(g/ gnec{' r’na;[z ?ancgg ré eee%rab%?nn g—%r()twtt ‘Q»e 'HPuls,e cul ar
by liquid reaction stage is meant that some of the feed being hydroprocessed is in
the liquid stage. In most cases the hydrocarbonaceous feed will comprise
hydrocarbons. In an embodiment in which the process is a hydrotreating process
for a sulfur and nitrogen confaining distillate or diesel fuel fraction, the
hydroprocessing forms H2S and NH3, some of which is dissolved' in the
hydroprocessed product liquid and vapor condensate. Simple stripping removes

these species from these liquids;
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically illustrates an embodiment of the invention

with two liquid and one vapor hydroprocessing stages in a single reaction vessel.

Figure 2 is a schematic of an embodiment in which each

hydroprocessing stage is in a separate vessel.

Figure 3 is a schematic flow diagram in which the three

hydroprocessing stages are in two separate vessels with gas cleanup and recycle.
DETAILED DESCRIPTION

By hydroprocessing is meant a process in which hydrogen reacts

with a hydrocarbonaceous feed to remove one or more heteroatom impurities



structure of at least a portion of the feed, or both. Non-limting exanples
of hydroprocessi ng processes which can be practiced by the.present )

i nvention include formng |ower boiling fractions fromlight and heavy

f eeds by hydwoowsrki ng; hydrogenating aromatics and ot her poagekdsfoddses;
hydr oi soneri zati on and/or catal ytic dewaxi ng of waxes and waxy feeds, and
denetal | ati on of heavy streans. Ri ng-opening, particularly of naphthenic ¥
rings, can also be considered a hydroprocessing process. B

hydr ocar bomieamlﬁnaeﬂtwgmm@xmepm@mgwmwmﬂmonlméeri al obt ai ned
or derived fromcrud etrol.eu i1, fro an.sands. from goal .

|'i quef acti SW,’“EWaHfg‘t g‘iagt %W‘ﬂ?g} ﬁ‘fafFffI)r?r%&’r R} ml%e’f@ﬁ o stages used
in the pragt,i . i ' tabl e

t erper at ur SLERrRes e pRCES Tl AR b prackiort O MeTnEsta I THISED 1 pi ca
hydr opr ocesgsdlude foarfifngriatver Bsiling filactiazdorh fight atichdavi BieelsbyC t 0 about

450[err] C at pressures from about 50 psig to about 3,000 psig, preferably
50 to 2, 50bysgrocrpckingebivdrogenating arampatics gad pthes ypsatwptesiens i ncl ude t hose :
rangi ng fromthe naphtha bgili tange to heavy f ; gas oils and
Fea s’ Nofto TR b Aaty S e A Tes R Sl N B 72 e
‘practice ol BRIIRMGS S Meak VRBIhL RingGDpefigy paticilaflp OF HaplithefRs Blags,i ¢ resid,
vacuum gas 81?1I %V(';%S ae’ta%spheri C ggs lJ('Slzﬁl g(g%%) hgavy %t m)sphegi c gas oil
(HAGD) , ' st eammalso be kenbidgred o hiydiopfaeelsingipraseisa Bydyydoddaryanachousifeefht cat
cycle oil (LCCO, natural _andaqiynt het |, eeds, de i.v'eéj fromtar sands, shale
oi I, coal MsHeaRadrimilyhydrosatbor mater aderidegiyed from S xt ure of H2
and CO via i ype . of Tfe]o) ' urposes of
hydr opr oc ef gtlr&r?lﬁﬁénmé{ F%’Wﬁg ga{c}lodr‘b’n‘t fg%p%g? n?(ﬂ%?i&?l]\?gh{ e n(m %&ﬁghfder?é;@ﬁqr?r esh
hydrogen” gpsthediy dTIRORACtidN Htddes ubét in'tRe pragficé ofthe prasenipventionairel may be
ei ther pure hydrogen or a hydrogen-containing treat gas .

¢ operated at suitable temperatures and pressures for the desired reaction. For

" example, typical hydroprocessing temperatures will range from about 40°C to
about 450°C at pressures from about 50 psig to about 3,000 psig, preferably 50
to 2,500 psig. -

Feeds suitable for use in sqc_h systems include those ranging ﬁ'qm
the naphtha boiling range to heaQy feeds, such as gas oils and resids. Non-
limiting exarﬁples of such féeds which can be used in the practice of thé present
invention include vacuum resid, atmospheric resid, vacuum gas oil (VGO),
atmospheric gas oil (AGO), heavy atmospheric gas oil (HAGO). steam cracked

 gas oil (SCGO), deasphalted oil (DAO), light cat cycle oil (LCCO), natural and
synthetic feeds derived from tar sands, shale oil, coal liquefaction and
hydrocarbons synthesized from a mixture of Hp and CO via a Fischer-Tropsch

type of hydrocarbon synthesis.

For purposes of hydroprocessing and in the context of the
invention, the terms “fresh hydrogen” and “hydrogen-containing treat gas™ are

synonymous and may be either pure hydrogen or a hydrogen-containing treat gas
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-7- which is a treat gas stream contai ning hydrogen in an anmount at | east
sufficient for the intended reaction plus other gas or gasses (e.qg.,
ni trogen and IWQB¥5M3Adr ocar bons such as nethane) which will RET/USH6Rel y
interfere with or affect either the reactions or the products. These terns
excl ude recycl ed vapor effluent from another stage which has not been
processed to Ewgove contam nants and ai_l | east ,a ortlon

d

hydr ocar bona¥ s g Apsat gasteam Rontainipg hydrogen ina ?G‘OPW&‘?R?@‘ sé?%f‘ﬁ’épt hydr ogen
or a hydrOge@rﬁ?@ﬁx@n@eﬂgezﬂ:ﬁﬁn&)ﬁﬁ@tﬁ& aQBPg Eﬁggo.% SQioEén and fightdi N9 the

hydr ogen- contai ni ng gas co ogen~recovered from

hydr oproces Sl@diru@d@eénses‘nichtagmemaa&; whichi Wil ndtQdDersél§ isterieRasith ar pffedti on and
preferably nost of the hydrocarbons (e.g., [err] or hydrocarbonaceous

mat eri al andelﬁnytlmmetmnsmttbe products. FhesertpsientlvdeIpcyaleshvapos eiflysot | to
produce a cI nri trea as. The. treat as streamin roduced
into a react "é‘f’ﬁ{fé S%EF IWIB&Qhaér%i’ﬁgWQsﬁdéﬂr t°°HB‘HH’c‘a‘§§) t o nore
preferably r ch
unreacted hy rog &PBﬁLn ﬁ% m@%%@%oréﬂé}-egegx?t?fg %"3@ I's used
for hydropr omenﬂe reﬁheﬁm&irag&imwd&ogdna@mﬁﬁmgtgagmm hﬂ}edi(mvmht be

sufficient hydrogen present in the fresh treat gas introduced into that
stage for t hisuesincleding thehydsegenieentainingegas comprising wnseacteddivérageny dr ogen

for the subsequent r sta The _Lnv on. can be. fur her under st ood
with referern® quSec'i_-? B?EY‘% $ga T gﬁ ﬁii“r&lﬁf%{\xﬁﬂa"‘&s aéi |
hydr opr ocessjdifion3h pl'bcf&faﬂly BstloP PRIt bedr 6o (e.g.. C44-Csa) or

hydrocarbonaceous material and any contaminants (e.g., H2S and NH3) from the

vapor, to produce a clean, hydrogen rich treat gas. The treat gas stream
introduced into a reaction stage will preferably contain at least about 50 vol.%
more preferably at least about 75 vol.% hydrogen. In operations in which .
unreacted hydrogen in the vapor effluent of any particular stage is used for
hydrdprocessing in a subsequent stage or stages, there must be sufficient
hydrogen present in the fresh treat gas introduced into that stage for the vapor
effluent of that stage to contain sufficient hydrogen for the subsequent stage or

stages.

The invention can be further understood with reference to Figure 1
which is a schematic drawing of a hydroprocessing unit useful in the practice of
the invention. In this particular embodiment the hydroprocessing process is a
hydrotreating process and the reaction stages hydrotreating stages. For the sake
of simplicity, not all process reaction vessel internals. valves, pumps. heat
transfer devices etc. are shown. Referring to Figure 1, a hydrotreating unit 10
comprises a reaction vessel 12. a heat exchanger 33, a simple drum type of gas-
liquid separator 24 and, optionally, a stripper 26 for interstage stripping shown in

phantom. Vessel 12 contains three reaction stages or zones 14. 16. and 18. each



the invention. In this particular enbodi nent the hydroprocessing process is
a hydrotreating process and the reaction stages hydrotreati.ng stages.. For
the sake of sinmplicity, not all process reaction vessel internals. valves,

punps. heat woayshsy devices etc. are shown. Referring to jigbsosodss
hydrotreating unit 1 O conprises a reaction vessel 12. a heat exchanger 33,

a sinple drumtype of gas- liquid seplrator 24 and, optionally, a stripper -
26 for interstage stripping shown in phantom Vessel 12 contains three
reaction iy a ikedbedldf hylifotreatiflg tatalysomiy each Waving kespedtive

PCTI US99/ 09642 conprising a fixed bed of hydrotreating catal yst and each
havi ng r estovesirgamdiasnliquidsenargtion megng 20.22pad 24 withidangd 22docatednd 24, with
20 and 22 Jqcated.in the r tion vessel and 24 externa the vessel, as
shown. Eac‘ﬂ(%ﬁ‘? reafiion Wsagggﬁﬁcf&yeana\égi O\ ‘ﬁ’ Hehgwn (?%5*’ é’gh\entwt e reaction
vessel mMay,Rq;dd;fp! | t ol vis§d) niviBeld sihipley of chi meys
or hol | ow %asgg@ugié[ﬂét |0Egﬁévag$ﬁc?§fllléﬂ%éhtg$§tﬁroagh-, g?;is vvep?l known. Not
shown ar e ieivental tray eorgainirgywipluratity df éHimaeys ot liollowt fubes extemdingbove each -

catal yst bed for distributing |iquid onto and horizontally acrgss the
catal yst pRegtigpdlydherethieughyasissvell knopm. | Netbein:ase some of theigas@ddi n t he ‘art

and may inclu for, .ex le, trays such,as.siewe ft. . e cap trays, .
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hydr ocar boghed 8@ héizdnealPVar&is kiRPdAalydt beR BeRAE Sich thidifs adSwellkowassel 12
above the first liquid stage 16 and down onto and across the catal yst bed
bel ow. | n toltheseskilleddutierart aridupay nclusie, fofr examplentrays sush assisve fraysl s a

petrol eum derjved distillate or diesel fyel fractjon containin heteroatom
conpounds lﬁ&’b apd?%ysmylsa*agwa%n% o 9&%&%@&?{’% &Cn aﬁ)'/%l?’b‘?j’gh or a

hydr ogen- Gﬂ{g}@d%&gb&f o8 tcgﬁ’éhydroneated is passed via line 28 into vessel 12 g -
above the first liquid stage 16 and down onto and across the catalyst bed below. -
In this particular illustration of the invention, _the feed is a petroleum derived
 distillate or diesél ﬁiél fractioﬁ éontaining hetcrdétofn com_po_uhds of sulfur,
nitrbgen and pérhaps oxygen. Fresh hydrogen ora hydr_ogén-containin g treat gas
| _is passed into the top of veSsel 12 above the seéond Stage via lines 30 and 32,
| .with_ partially hydrofreated ﬁrst stage liquid. ¢fﬂuentlr.ecycled via line 34 from the
 first stage into the top of tﬁe reactor via line 32, as part of the second stage feed.
R ~ The miXture of treat gas and feed pasées down through the second liquid stage
“hydrotreating catalyst bed 14 in which a portion of the hydrogen reacts with the
second stage feed to produce a second stage effluent comprising a hydrotreated
ﬁroduct liquid and vapor, wherein the vapor comprises a mixture of unreacted
hydrogen, some of the lighter or lower boiling feed components, and gaseous
reaction products such as methane, HS and NH3. Most of the sulfur and other
heteroatom compounds are removed from the feed in the first stage. In two stage
hydrotreating processes, it is not unusual for 60%, 75% and even 2 90% of the
heteroatoms (S, N and O) to be removed from the liquid in the first stage.

Therefore. the second stage catalyst can be a more active, but less sulfur tolerant



I's passed into the top of vessel 12 above the second stage via lines 30 and
32, with partially hydrotreated first stage liquid effluent recycled via
line 34 fromthe first stage into the top of the reactor via line 32, as
part of the sewomgseeage feed. The mixture of treatgas and freadisosrenses
down t hrough the second |liquid stage hygl;_otreati ng catal yst bed 14 in which
a portion of the hydrogen reacts with the second stage feed to produce a

second stage effluent conprising, a hé.dro_t reated product |iguid, Eg]d_vapor,
wher ei n the watgbst fos@pematics satusabiqn wvBichy in fhisearbadimentfomprives BiSKE:-of t he

i ghter or |ower, boiling.feed component 'Rrﬁ roduct s
such as neth Yb M?r%"‘élﬁcgg 5 ‘]‘a.?arlxﬁ%{“%%& “'?ﬁ‘z’ggﬁﬁ? é&ggtﬁl o Eer '

het er oat om cg _ .dﬁnea{e%oﬁ&%g@_daﬁdr%@ﬂﬁé?ﬁii ﬁ%ﬂraitééi fr&@ thé hfdrofreagg. | n two
stage hydrotreating processes, it is not unuSual for 60% 75% and even

[err] 90% of stdvndivetgepraduntiiq@id efBuantdyOjapooarubliquadseptatioromeatse20.i qui d in
the first stage. Therefore, the second stagf _calt aI3y63t can be a re active,
but |ess sul Mith thghydepicated ppesluph ligyig-removed via line 36 and sent to a product

PCTI US99/ 09642. - 9- rar i r.atd ' ' .S
embodi ment c§ | é‘?gﬂf()%l% S{f& %@ﬁﬁks@eéﬂﬁe@?tlﬂﬁa%ﬁ@gcaﬂngls;tl{gcc met al
conponent s ORaRék 1l RBnfIHIRS Uhreadie@ hy@fopefl padsed Bowa Birou tﬂetg?astanas
separ at ed froﬁ?‘g}he hydro?reatgd lrsecond§stagepproduct quwg](ﬁj ffluent by

vapor and |i diquill s:paratartZ0cs indigated by thevtwdhanrons,liptrtbe fissttiquidoreactin | i qui d

renoved via line 36 ,and sent_to roduct stripper, ,not, shown, to strip out
any di ssol ved'38fap FS‘”&N&‘%SK’Q??%SP%@%@SFRPG&% hergib comtpets theyy

contal ni Ng_URLRARKE fectl HRITARAIRAS WP EALGE LGe, 37 Reall K ipdrtiB

separator 20 a [WO arrows, 1In rs qui d reaction
the unreacted hydrogen in the second stage vapor effluent reacts with the fresh

feed containing the sulfur, nitrogen and other undesirable compounds to form a
first siage effluent comprising a mixture of partially hydrotreated liquid and a
vapor comprising unreacted hydrogen, lighter feed components containing
heteroatom compounds, H2S and NH3. This mixture then passes down to the
first stage gas and liquid separation means 22, from which the partially
hydrotreated liquid is withdrawn via line 34 and passed, via lines 34 and 32 into
the top of the reactor and through the second stage catalyst bed with the treat gas,
to form the hydrotreated product liquid. Most (e.g., > 50%) of the heteroatom
compounds are removed from the feed in the first stage, so that a relatively
cleaner feed is recycled back into the second stage. The vapor effluent from the
first stage reaction includes unreacted hydrogen, heteroatom-containing
hydrocarbon vapors and H2S and NH3 formed in the first and second stages, and
passes down through the third or vapor stage reaction catalyst bed 18, in which at
least a portion of the unreacted hydrogen remaining in the vapor reacts with any .
sulfur and nitrogen compounds in the gaseous feed components to form
additional HoS and NH3. The third stage vapor effluent passes down and out the

bottom of the reactor vessel via line 31 and through a heat exchanger 33. in



stage and down through the first stage catal yst bed 16, where it contacts
the incomng feed to be hydrotreated. In the first reaction stage, at |east
a portion of the unreacted hydrogen in the second stage vapor effluent

reacts with {jofstgsh feed containing the sulfur, nitrogenpapfisshindén
undesi rabl e conpounds to forma first stage effluent conprising a mxture

of partially hydrotreated |iquid and d0%vapor conprising unreacted hydrogen, *
| i ghter feed conponents containi ng heteroatom conpounds, Herr]S and

NH err]. Th;btﬁcmﬁetrg;deo&daedm RAlsSREboIs \are chdemsedfto ligtids vipahgasixmrel | i qui d
separation neans 22, fromwhich the partially hydrotreated liquid is

wi t hdr awn \afdiguidand3smaining gasspagsing ino thesepaztpr yiesseb24 viglina}x t op of t he
reactor and.throu he second stage catal yst bed. w t reat. gas. to
formthe h rpbﬁaﬁé‘grg%h%‘r(gﬂu&‘ﬂ??aﬁ%.ar%%'fd%('%e.dté.‘)?’qw%g%eh@f&r?tﬁ%atw er oat om
compounds iFPitie t itdble i leksihg He@Dfeed 16 e tRhctdr
relativel y%éf%'l@ésﬁer gg?@ﬂ'@%;%ﬁggﬂb@%t&?ﬁ%dggth% second stage.cThe vapor
ef fl uent f rich hss Kighatlewdlagfsul fur thanche foed|to thessevondstages dTe/moregen, _

het er oat om cont ai ni ng hydrocar bon vapors and H2S and NH err] foyned in the-
first and subfonresistangeatalystin theifestandithisd stages wall txmiealbygomprise cpBybr st age
reaction catglyst, bed 18. in l.ch at | east a ' t eact ed

hydr ogen réﬂai"x‘?%xg&wmt wgta@,g?}%\&h? 83‘@?@%% ngﬁﬁgi%'{l ? fl'}rrrﬁ Ié%‘d?ﬁ? rogen
conpounds | peRRG MM 0 Qfth Sefafatbl) WRIAME shifenald didSgand NH3.
The third é@ggd;&vapor eff%ﬁgﬂgggg@ses doev\In;ﬂ a:’;mc] out tﬁe bottom of the

react or vegsdicediliguid remoSd siadirtetitoasgdight progact ligihatbe fingid2$and WO

99/ 57224 » : - . PCT/ US99109642 - 10-
whi ch the RVd3 sentainingieasisreaneyedsialing &7 andsaoh LOROCEsSINESSi&t. with the

m xture scrubbing with an aqueous amine solution) for sulfur and ammonia removal.

.The. liquid effluent from the first stage which is withdrawn via line
34, .v;'ill contain smali amounts of dissolved HyS and NH3. This liquid is sent to
" the second stage which operates in a relatively clean reaction environment (i.e.,
the feed to the second stﬁge is relatively low in heteroatom impurities relative to
the first stage and the fresh hydrogen or hydrogen-containing treat gas to the
second stage is éssentially' free of heterdatom species). In some cases it may be
advantageous to further clean the liquid feed (the first stage effluent liquid) to the
second stage by removing the relatively small amounts of H2S and NH3 which
may be dissolved in it. A cleaner feed to the second stage will boost the second
stage kinetics, particularly if the second stage uses a high performance catalyst |
which may be sensitive to higher levels of H3S and NH3. In such cases, at least
a portion of the first stage hydrotreated liquid is optionally passed into stripping
vessel 26 via lines 34 and 38, in which it flows down and meets an uprising,
countercurrent stripping gas such as steam entering via line 40, which strips at
least some of the dissolved H2S and NH3 out of the treated liquid before it enters
the second stage. The stripped liquid is removed from the bottom of the vessel

via line 42 and passed into the top of the hydrotreating vessel 12, via lines 34 and



of liquid and remai ning gas passing into the separator vessel 24 via |line
35. Typically the C4+-(err]+ hydrocarbons are condensed to |iquid. The.

" hydrotreating catalyst in the first stage must be suitable for processing
fresh feed towdews7ezmct or whi ch has higher |evels of sulfur pbposisesizeed
to the second stage. The nore sul fur resistant catal’yst in the first and
third stages will typically conprise cobalt and nol ybdenum netal catal ytic
conponent s supported on alum na. The gas- liquid separator 24 nmay be a

si npl e dr um 3% pEheastrippernvdonininsmitabie mediwndunh ts paeking, enksheutays anatiberr enoved
via line 36 as_ |ight prodyct liquid, The final Herr]S and NH3 contai ni ng
gas is renmov¥ef! l%wn rhgans forngre the soptagtaxea brtyeen e SrRpINgS A8dwi t h an
aqueous am ' f | . Laui.d ef fl uent
from the f1 e iauith a® Rwiibkad The RS AUTEH) SohRURHE Pt ges Bk T
amount s of %mwkm@p@&l@ﬂﬂfﬁkﬂgveﬁm vialling W4chridsis Séito fitthidh provesangl st age
whi ch operates in a relatively clean reaction environnment (i.e., the feed
to the seconbhusi agthis embedimentafithe progessofithe inventiomtherbydrogeres rel ative to

the first stage.and the fresh dr ogen or, hydr ogen-c aining.treat gas to
Lhe Second SPATISRG 1AL et paghe JoNPIB R tag HAGEF SRHChLL als, Whigh car 980 LS
1 b _ e : st

ot 1 oent 1 | AARE thonde (b Glieflive IetEeh i corbbétdlon CHIH thEGnly) . ) 20

amount s of Hisgere&yde deitlgtheliquid reoyylelfeortliths fikst ethge Peaction 2owd bavkasp feed t o,
the second stage will boost the second stage kinetics, particularly if the
second st agdoikesecand siggeresimplarndaelatiyely inexpepnive liguid pusap raishewik to

hi gh | l.s qf, H2S N . I h I [ f th
Fi st st age RPQRaRASTRREA; b8 Ui o Gpbr SHer yareling FEc BeR: ppi ng vessel
26 via |i neswiforpduts i sulflir #H diltopdn édn%ﬁin%%oﬁ?éﬁ fR&omPBndtig,| Si NY,

countercurrent stripping gas such as steamentering via |ine 40, which
strips at | gesmits thechyafrotréatedihgirotarbeh Viper chfipanenthiiddbocindehsddte tr eat ed

liquid before iit enters the second stage. The stripped quui,dd i-[ﬁ renoved
fromthe botliasyyhich maythenpe blended directly into the final product liquid without
further treatment. : ’

Figure 2 is a brief schematic of another emb_odimeht of a process of
the invention similar in many respects to that of Figure 1, but in which the two
liquid and one vapor hydrotreating stages or zones are in separate vessels _and
wherein the first liquid stage gas and liquid separation means is in the bottom of
the vessel containing the third or vapor reaction stage. Thus, a hydrotreating unit
50 comprises first and second liquid stage reaction véssels 52 and 54 containing
respective fixed catalyst beds 56 and 58 within, fbr hydrotreating a distillate or
diesel feed. A third vessel 60 is a dual function vessel containing a gas/liquid -
separation zone 62 at the bottom and a vapor stage catalyst bed 64 in its upper
portion for removing sulfur and nitrogen from the hydrocarbon vapors present in
the vapor effluent from the first stage. Also shown are a liquid circulation pump
66, a heat exchanger 79 and a simple drum separator 68. A treat gas comprising
hydrogen enters the second stage reaction vessel 54 via lines 70 and 72 and

mixes with partially hydrotreated feed entering via line 74. Most (e.g.. > 50%)



via line 42 and passed into the top of the hydrotreating vessel 12. via
lines 34 and WD 99/ 57224 ' , _
PCT/ US99/ 09642 32. -The stripper contains suitable medi umsuch as packing,
mesh, trays woeshy wel |l known neans for increasing the CQE#’%;’Q%%&&I
bet ween the stripping gas and the liquid, as is well known. The and NH3
containing stripping gas exits out of1¥he top of the stripping vessel via *
line 44 and is sent to further processing. Thus, in this enbodi nent of the
process of of the feekydrbweatingtie atvothipighdd iaahé Arstistage hyddtregiise vdsees down
through the reactor vessel -12 once, which elimnates the need for expensive
i nt er - st agé2.c dhp second stagey atip highergagsputerthan thefirsigéageapgdmast pétheg t he
liquid rec e fromthe first stage,reaction ne back,up.tq the second
stage. o SHilfrand HfoSR comtpbyas RS Her rerRa R el toe Bettouny o al

that is neaﬂgéh! -somﬁ althbrethefiVe, 4l Wss SGIRSt ol aﬁ,q{igﬁ&?réwuﬁone Wwhi.ch.

hydrotreats e sulfur and nitrogen containing vapori zed feed conponents,
perm'ts thbydrpteatingeentadyistivanbe asedianhe/sgeond stapgpoThaliquit anth reatogadensed t o

liquid, which may then be blended directly into the final product Iiquid

V\n'mtj hgut f uP%ﬂﬁé’P“%/‘rtBWBrﬁlﬂ‘? catalysthed and thehydrogen reagte withithe feddoot her
o A e oY ]
of P gure. EyRSIRF ERFuftoptl EodbORR b oril b3 Bha MITRMESPPEED, L0 ¢ Mages

-0r zones apgirbftefiedproduét 'cﬁ_ﬁé%@t}ﬁ%{:maéﬂﬂ-&]ﬂtﬁé{eé&nd $tflgd ghsSingge gas and
liquid separation neans is in the bottomof the vessel containing the third
- or vapor ' reetchiayigh shesbpstonT hfithe vgsdel wiadined 8 heas enchang&07Tolines®ls first and
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~ heat exchanger 79 is optional and may be used to cool the mixed effluent down

to a temperature sufficient to condense the heavier (e.g., C4+-Cs+) hydrotreated
hydrocarbon vapors, if desired. If nfecessairy and if desired, the reaction
conditions are sufficiently severe to saturate aromatics present in the feed. The
hydrotreated product liquid is removed from the separator via line 80. The vapor
phase, containing vaporize_d.hydrocérbons, unreacted hydrogen, gas reaction
products, H2S and NH3 is removed via line 82 _and p_asse_,d into line 84 where it
mixes with the -fresh incoming feed from line 86. The feed and vapor mixture
passes down into vessel 52 and cocurrently down through the catalyst bed which
contaiﬁs a more sulfur tolcrant catalyst as in the embodi_mént above in Figure 1,

_. in which the hydrogen reécts with the feed to remove sulfur and nitrogeri
compounds as HZSland NH3 and also saturate oleﬁr_ls and aromatics, to form a
partially hydrotreated liquid and a v_apbr containing vaporized feed components,
some unreacted hydrogen, HS and NH3. The vapor and .liq_uid effluent from the
first stage is removed from the bottom of the vessel via line 88 and passed into
the gas and liquid separation zone 62 in véssel 60. The liquid is removed from
ihe bottom of 60 via line 90 and pas.sed up into the tbp of the second stage

reactor vessel 54, via pump 66, line 74 and line 72. The vapor phase passes up



diesel feed. Athird vessel 60 is a dual function vessel containing a
gas/liquid separation Zone 62 at the-bottom and a vapor stage catalyst bed
64 in its upper portion for renoving sulfur and nitrogen fromthe

hydr ocar bon vaWwomwspeesent in the vapor effluent fromthe fipgrasba@esz Al so
shown are a liquid circulation punp 66, heat exchanger 79 and a sinple
drum separator 68. A treat gas conprisfﬂg'hydrogen enters the second stage
reaction vessel 54 via lines 70 and 72 and mi xes with partially

hydr ot r eat edifte bydtreating eptolyst badrfid ingvhigh the remaiping sulfigoand nitrgggno9/ 57224

PCT/ US99/ 09642 - 12. - of the feed hydrotreating i lished in th
fi7st stage RPBURISAY rrnoled JBr g Vapguiod Tl douboReiP BY seactia e,

pressure thagedKiRirbdenSh thé 8452020HvéP ity Rindimifg StlfhtdndittoBéd EQAFSufaMPOUNdS
have been renoved fromthe feed 1n the first Stage, so that a re active,
and | ess sul into HxS axddbH3 whigihere remesed fremhthd tapi oftheivesset aitadinesd2.can be

.. The liquid and treat gas pass_down through the

used in the second stage |
catal yst bed2long W‘%‘%ﬁ%%@ﬁtm&@%W@H@W@E@%~ r Eiphxdiogreated and

ni trogen co t NH3, i he h reat ed product
l'iquid and'F%gﬂég%%lr&g%%%%gfﬁgﬁﬁ“g% aé‘&%%%ﬁ?"%’?%"ﬁég%g@gﬁ%a“‘o t through the
bot t om of t hgepaftfonl drinqnbt SHOW as ERIgufe £ MAGRE recdvéred hydRfiredfed and into
drum separator 68 in which the gas an(¥ul i qui d phases are”separated. The

heat exchanglighteghydrocarbomlighidaoptionally blendebwtith thehaavidrihydrotreatedef f | uent
down to a tegﬁ%ature sufficient ,to_condense the heavier (e.g., [err]

hydr ot r eat ed e geroyersd vda ling 8%esi red. I f necessary and if desired,
the reaction conditions are sufficiently severe to saturate aronatics

present in the feed. Hgure 3 is a schematic illustrating yet another embodiment of the

process of the invention which, as with the illustrations above, will be explained
with specific reference to hydrotreating a petroleum derived distillate or diesel
fuel for simplicity. Thus, in Figure 3 a hydrotreating unit 100 is shown which
comprises first and second liquid stage reaction vessels 102 and {04 containing
respective fixed catalyst beds 106 and 108 within, for hydrotreating a raw |
distillate or diesel fuel feed. Also shown are a heat exchanger 114, gasand
liquid separator 116, product stripper 118, gas scrubber 120, gas compressor 122
and liquid transfer pump 124, Below the fixed bed of hydrotreatiﬁg catalyst 106
in the first reaction stage vessel 102 is a gas and liquid separating means 110,
followed by another fixed bed of hydrotreating catalyst 112 which comprises a
vapor reaction stage for hydrotreating fractions of the liquid feed which have
been vaporized to form part of the vapor stream during the reactions. Instead of
a separate separator, the gas and liquid sepérating means for the second stage
reaction effluent is the space 114 at the bottom of the reactor 104 under the
catalyst bed 108. Alternately, a separator vessel could be used to separate the
second stage vapor and liquid effluents. In operation, fresh feed is passed into
102 via lines 126 and 128, along with hydrogen-containing second stage vapor

effluent from line 130 recovered from the second stage reactor. as shown. The



hydrotreated product liquid is renoved fromthe separator via |line 80. The
vapor phase, containing vaporized hydrocarbons, unreacteéd hydrogen, gas
reaction products, H2S and NH3 is renoved via line 82 and passed into line °
84 where ‘it Wo@mmth the fresh incomng feed fromline 8@(:1';[}3?:9/6(93’49(1 and
vapar m xture passes down into vessel 52 and cocurrently down through the
catal yst bed which contains a nore sulfdur tolerant catalyst as in the

enbodi nent above in Figure 1, in which the hydrogen reacts with the feed to
remove sul fishFest dlidivaporpass LERRENAY ddSvnhhfough thefifst 'Na%e gadlys! S ipat urat e
olefins and aromatics, to forma partially hydrotreated |iquid and a vapor
cont ai ni ng whiph thiededrégeadeatswith ¢ine hstercatom compawxde dndhydsavgrates t¢2S and

NH . Th d |igui £fl t fromthe first st ' d f

he bot { omTEmopREastde > SP4) pf e okans BoRveanRaindtas BaS i |1 ui d
t _ )P e B B Jiquid
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vessel 54, efflenpdomphiSes d mbeurésbf padially hgdrotreattddiquabaid Ripas.eThesses up
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13 - into hWppeokongins viyeeciedbydrogane alosg with HpS.INHphand kydspedrbenp sul fur and
it . f he ized feed. ts b |
Feact ' ng wBRORNd T PO EFeF Cornb i st B8R ol Sepgratou 1IPRE RFace (e anc
'“'”099“'CQﬁ@quH%dnE‘&Eddb&‘.fﬁﬁgﬁd?ﬂalN‘ﬁ rbireatél fluidirenfdVRY $onk M the top

of the vessel via line 927 along wth t'he hydrotreated hydrocarbon- vapor
conponent s seffdrator Wiadinet I32aind ppasped to Hquidaransfes pemp\li24. Thedydebgehr ough a- heat
exchanger and knock-out or sep%[iation drum (not shown) .as in Fi ?ure 1, and
" the recoverc@atafyiag Brst siage yapor eftluent passes from the gas and liquid separator 0. - o

down through vapor hydrotreating catalyst bed 112, in which the vaporized feed

components are hydrotreated with the unreacted hydrogen in the vapor to further
remove sulfur and nitrogen to form hydrotreated hydrocarbons and additional

- H2S and NH3." The hydrotreated v#pd_r is removed from the bottom of vessel
102 via line 113 and then passed through a heat exchanger 114 in which it is
cooled to condense some of the hydrocarbons (e.g., C4+-Cs+) to liquid. The

- resulting gas and liquid mixture is passed into gas and liquid separating drum
116 via line 115 in which the gas is separated from the condensed hyvdrocarbon
liquid. The hydrocarbon liquid is removed from the separator via line 117 and
passed into a stripper 118 in which the downflowing liquid is stripped by an
upflowing stripping gas such as steam or nitrogen entering via line 133. The
stripping gas removes HpS and NH3 dissolved in the gas, with the heteroatom
laden gas removed via line 135 from the top of the stripper and the stripped
liquid removed from the bottom via line 134. The stripped hydrocarbon liquid
may then be combined with the second stage stripped (not shown) product liquid.
The gas phase is removed from separator 116 via line 136 and passed into the
bottom of a scrubbing towef 120, in which the uprising gas contacts a |

downflowing, aqueous amine solution entering near the top of the tower via line



| i ghter hydrocarbon liquid optionally blended with the heavier hydrotreated
product liquid recovered via line 80. Figure:3 is a schematic illustrating
yet anot her enbodi ment of the process of the invention which, as with the
i lustrati ons wbowsz24v || be expl ai ned with specific referengerhfRoonoss2
hydrotreating a petroleumderived distillate or diesel fuel for sinplicity.
Thus, in Figure 3 a hydrotreating unit 160 is shown which conprises first
and second |iquid stage reaction vessels 102 and I04: contai ni ng respective
fixed cat al y338.b¢lie afirfe soivtididemaveshthe H3S andi N pfromathe gas andrpassediaatti | | at e
or diesel fuel feed. Alts'g‘Fshown .are a heat exchanger 114, gas_and liquid
separator 1 %‘,heg?‘)&?m: tOWeretia ling 440 and sent te, r prosessing Etpressor 122

and liquidt Efgglﬁécf%%sp%%%?g ?gdu%ﬁ Ié{ﬁa%'fﬁ:da gu—gf'\,q:omai ﬁgil%tbice%}d %gFeat al yst

106 in the frr Lt e Vvess gas and T1quid separating
neans 110. f pjdroges dad passdsidat of thy esh HEfe WwEyHh Wnk 932 @ isSpissddinto 112

whi ch conprises a vapor reaction stage for hydrotreating fractions of the
liquid feed esmpressani@2bekich vaigesithe gab pressuce highaenbuglf faor littobegecycdded eam
during the reactjons. lnstead . of, a separate arator, the gas and liquid
separat i ng %i%‘“f% ettlﬁét Sé%%%‘ﬁﬂilg?sag‘é?ié&epﬁiﬁ 8f e Br&eﬁﬁleslﬂﬁce 114 at
the bottomo r tharfd NS . n ly, a
separ at or Veérsegéﬁtgggﬁé&%g%e useé_lmtuo s5;@93?%?@@%%@%gpétgglbeeﬁbg%%‘r %ﬁd
l'iquid effl usioktly hydropearedhydrocafbon digquiciuntpeddanatle top of thogecond | i nes 126
and 128. along w th hydrogen-contai ning second stage vapor effluent from
line 130 rec#¢es ractor yia kings 128a8Ad 031 Kershrhwdregen oradiydragen-comiaining WO

99157224 treat gas is also fed into the top of the second stage reactorp\%;lz_ /hgg.? % loe%?dA'?OB_ . 14-

The hydrocarbon liquid and fresh treat gas pass cocurrently down through
second stage hydrotreating catalyst bed 108 in which the hydrogen reacts with
and hydrotreats the hydrocarbon qulﬁd to convert most of the remaining
heteroatom compdunds to H7S and NH3 and safurate any remaining unsaturates
to produce a hydrotreated product liquid whiéh, in this example, is a light
distillate or diesel fuel fraction. The vapor and liquid effluent from the second
stage catalyst bed pass down into the bottom 114 of the reactor in which the
vapor separates from the liquid. The liquid is removed from the bottom as
hydrotreated product via line 115 and sent to product stripping (not shown) to
strip out dissolved H2S and NH3. The hydrogen containing vapor effluent is
removed from the reactor via line 130 and passed back into the top of the first
stage reactor to provide at least a portion of the hydrogen for the first stage
hydrotreating. This hydrogen containing vapor effluent in line 130 may also be
cooled down to condense out some of the vaporized hydrocarbons in the second
stage vapor effluent. As is the case for the embodiments illustrated above in
Figures 1 and 2. the pressure in the second stage reactor in this embodiment is
sufficiently higher than that in the first stage reactor to avoid the need for a

compressor to pass the gas from the second to first stage. In all cases, and as



fresh feed and vapor pass cocurrently down through the first stage catal yst
bed in which the hydrogen reacts with the heteroatom conpounds and
unsaturates to renove nost (e.g., > 50% of the sulfur and nitrogen
conpounds as and NH err], and saturate at |east a rtion of the
aromatics. T?\Jgd?{sﬁsz? stage reaction effluent conprises a n?%f’ﬂf??’o(g%z
partially hydrotreated |liquid and vapas- The vapor contains unreacted
hydrogen, along with H2S, NH3, and hydrocarbon vapors. This vapor passes
down into t ; L QU , ts %paq he liquid fromthe
vapor. The lggsrn?i?e?llﬁw%rg?bit:éggglte%gg l@_l{e%ulpécaliagaerlgt v_eﬁiﬁ(gtrﬁet he separator via
i ne 132 arhydppsscessihg pracessi ifldesired of éf nepessaryl 4.a stitlefulther @glesdiment ai ni ng
first stage vapor effluent passes fromthe gas and |iquid separator 11 O
down t hr oudh tRecpraress phthsr ipventiongHz 8 ppd I3 eangbescpubhed aphpEthevapor apor i zed

feed conpo . [ R u t drogen_.in the vapor
to further gr&g%r?)?/aghgﬁ Eygéﬁgﬁﬁaaﬁlﬂ;}?‘gﬁl% atsg)%ftoogr%ﬁﬁfle&rﬁg? p%aéasteg%"%}ﬁeoc arbons and
addi tional 1ifdid reBetiohFone,inStehd 6f @ithe fitst Stag@ HGhid readtRARORE. ThRMptids bottom
of vessel 102 via line | 13 and then passed through a heat exchanger 1 14

i n whi ch i ppkiestoallad theembodirweste desoribedhereie hydr-ocarbons (e.g., [err]. to
liquid. The resulting gas and liquid mxture is passed into gas and liquid
separating drum 116 i a |j 115 in i ch the gas . s. separated fromthe
condensed hydr ocar bo ‘Tsle(ﬁtﬁlliil@flmrﬁ’@ %%ﬁio%pé’f%% e?}rﬂa&edmivglﬁ}om § fromthe
separat or ¢kRnléd'® nkdré (RAPWAPBGAE ahd bRe apor SiaBBE " THLS chdmihiafd t he .
downflow ng liquid is stripped by an upflow ng stripping gas such as steam
or ni t r oge empiayethresgprmaerellignil stages i whicht the ppitial]y peccesseddigasd H err] S and-
'NH3 di ssol vgﬁi in_the %%s with the heteroatom | aden gas renpoved via line
135 from t REYeahiem the drststagp isthe serpndistage feqd, fieseroifftags idided from t he

bot t om vi a ki : rd ' [ o N conbi ned
- with the sgk(‘:%dr% “’sk'ﬁg%tgysatesrtf%p%%ﬂ -n%?ygﬁ’ggwﬁll; Q%%é&hﬁtﬁq%f (%%%%Ib{b%ﬁse S phase is
- renoved fr giosepaneteapdd feavticn stages. B@E‘rem@nmﬁdnﬁeaﬁmumt one

c.atalytic reaction zone in which the liquid, vapor or ﬁlixture thereof reacts with
hydrogen in the presence of a suitable hydroprocessing éatalyst to produce.an at

- least partially hydroprocessed effluent. The catalyst in a reaction zone can be in |

* the form of a fixed bed, a fluidized bed or dispersed in a slurry liquid. More than
one catalyst can also be employed in a particular zone as a mixture or in the form
of layers (for a fixed bed). Further, where fixed beds are employed, more than
one bed of the same or different catalyst may be used, so that there will be more

- than one reaction zone. The beds may be spaced apari with optional gas and
liquid distribution means upstream 6f each bed, or one bed of two or more
separate catalysts may be used in which each catalyst is in the form of a layer,
with little or no spacing between the layers. The hydrogen and liquid will pass
successively from zone to the next. The hydrocarbonaceous material and
hydrogen or treat gas are introduced at the same or opposite ends of the stage and

the liquid and/or vapor effluent removed from a respective end.



bott om of a scrubbing tower 120, in which the uprising gas contacts a
downf | owi ng, aqueous arine solution entering near the top of the tower via
l i ne WD 99157224 - '

PCT/ US99/ 09643ye 3%15722438. The ami ne sol ution renoves the H2S pgdisheismrom
t he gas and passes out of the bottomof the tower via line 140 and sent to
further processing. The cleaned gas, subdtantially reduced in H2S and

NH[ err], contains val uabl e and usabl e hydrogen, and:passes out of the top
of the tower via |ine THteand'hydromating’ dsntsed herzjnr eefarsto pAitesdes ch r ai ses
the gas pressure hi %h enough for, it to be recycled back into the first
stage via |i Ndreing hydragencantasming treat gagds ysed in the presencs of aguitahleyent s

excess net ha ' nLs..fr Lldj ' The

most iy hyar obReleEuRic3’ ety bl B ol trerdeblS. EBIEIRE"C o o
stage react Oand hitrdgeR Sfonlaoniiigs Jdhtratibh aAd, JpHGhAYE Raikation of aromatics.

hydr ogen-containing treat gas is also fed into the top of the second stage

react or vi a Suitalsie hgdromeatiigcatalyhts foryubedn ahlydrottcating dmbodinient ofithter eat . gas
pass cocurrently down through second stage hydrotreating catal yst bed 108
i n which the Wﬁ?‘%%‘?@ﬂ§%ﬂ?%hﬁ¥£&f€ﬁtmé’@@¥%EH%@P?F@A?%B&F liquid to
convert nost ol 1.‘{'1336 GRP [err] and
saturate anyc{rﬁellr})gilgerﬁong u%@a%g%gao @ﬁgduceﬁg[}ﬂi%‘%%???{@&qgwwct liquid
whi ch, in thpgefersBlyifie; Col #hdaNi, ntie pebiferablyl @6 andVor Ni,end/mdbst preferadBiCon. The
vapor and liquid effluent fromthe second stage catal yst bed pass down into

the bottom 1and afleastone Saewp V1imetalnatalyticeompgyent, pesferablsellofandriVi he | i qui d.
T O RS RNE T SE p BRSO Eleeth Rue S il ' 1 228

and sent to
Other suitable hydrotreating catalysts include zeolitic catalysts, as well as noble

metal catalysts where the noble metal is selected from Pd and Pt. As mentioned
above, it is within the scope of the present invention that more than one type of
hydrotreating catalyst may be used in the same reaction stage or zone. Typical
hydrotreating temperatures range from about 100°C to about 400°C with
pressures from about 50 psig to about 3,000 psig, preferably from about 50 psig
to about 2,500 psig. If one of the reaction stages is a hydrocracking stage, the
- catalyst can be any suitable conventional hydrocracking catalyst run at typical
hydrocracking conditions. Typical hydrocracking catalysts are described in US
Patent No. 4,921,595 to UOP, which is incorporated herein by referencc. Such
catalysts are typically comprised of a Group VIII metal hydrogenating
component on a zeolite cracking base. Hydrocracking conditions include
temperatures from about 200° to 425°C; a pressure of about 200 psig to about
3.000 psig; and liquid hourly space velocity from about 0.5 to 10 V/V/Hr,
preferably from about 1 to 5 V/V/Hr. Non-limiting examples of aromalic
hydrogenation catalysts include nickel, cobalt-molybdenum. nickel-
molybdenum, and nickel-tungsten. Noble metal (e.g., platinum and/or

palladium) containing catalysts can also be used. The aromatic saturation zone is



strip out dissolved H2S and NH3. The hydrogen contai ni ng vapor effluent is
renoved fromthe reactor via line 130 and passed back into the top of the
first stage reactor to provide at |east a portion of the hydrogen for the
first stage Qs ating. This hydrogen contai ni ng vapor in line
130 .may al so beggz%Fed down to condense out sone of the vag’%ﬂ"g§@5“’

hydr ocarbons in the second stage vaporiseffluent. As is the case for the
enbodi nents illustrated above in Figures 1 and 2. the pressure in the
second st aggef Ay Speralbddl iieRPRAMROM dbdubsdC @ Bl J00°CORRKe t han that in
the first stage reactor to avold the need for a conpressor to pass the gas
from t he seprefedatily fifom sbout 26QGRC ta aboat 350°85 ey pressire from abiit 900 psig24

PCT/ US99109642 -16- illustrated in Figure 3, recycle gas cleanup can be

i nt egr at ed tPribeut Ha0G psiedpetssably from shoyt 2QQ psig tojabout d209psig: apdakdsary. I n
a still fur i . f L t S and NH err]
can be scr u%@gg} hglgxiff%}a@? &%‘%g/{a%&l?ﬁg?iggﬁﬁg‘a%ﬂ“%ﬁ%g‘é@y’g? 'ftb(égﬁ?tl?and recycl ed
as part of yhgHreed to the second stage liquid reaction zone, instead of to
the first stage liquid reaction zone. This option applies to all of the

enbodi nents descri bed herein. Those skilled in the art wll appreciate that
the invention can belldguadersigod thatyadousratheriembadimgents anghmodificatiopbr st ages.

Thus, one nay, al sq..e .three ot re Liquid stages in.which.the
partially JrenéuBBusyRURY pmvEndtn Bin BF pipmrel oamB B BF s bt e ong
stage feed,hbfSkARAAAThS hrt 9AthbhidbpdrtRis frot ke dcopk Bfd SPikf 8f @eage feed, and
so on, with attendant vapor stage processing in one or nore vapor reaction
stages. By ineentionalesaritwgaboyve.ndecurdingly, éads noointended that the scope of the -
‘claims appended hereto, be limited to the exact description set forth above, but
" - rather that the claims be construed as encompassing all of the features of -
- patentable novelty which reside in the present invention, including all the
features and embodiments which would be treated as equivalents thereof by

“those skilled in the art to which the invention pertains.



catalytic reaction zone in which the liquid, vapor or nixture thereof
reacts with hydrogen in the presence of a suitable hydroprocessing catal yst
to produce an at |east partially hydroprocessed effluent. The catalyst in a
reacti on zone w@4¥s4i N the formof a fixed bed, a fluidi zedpbegheina vy

di spersed in a slurry liquid. Mre than one catal ySt can al so be eﬂi‘l oyed

bedy. "rurtber - viore 1 xed bade are enpt oved: Crore | NNIFUIAIMRMENNEC ..

or different ClaA\BMIS§st may be used, so that there will* b& nbre"than one
reaction zone. The beds may be spaced apart with optional gas and |iquid

di stribution nmeans upstream of each bed, or. pne bed of two, or, nbre separate
catal ysts may be bsed MY E‘?Feésé%pW&?sél‘Vé'ng‘%dPﬁ?FstWQ lyquid,and oog | oy er |
with little i . hydrogen and liquid wll
pass successiga\{/peq??/ei’f%?gﬁnsg%ﬁggl%dé\@tﬁﬁgtcﬁglftk’gxﬁ}%sﬁe foclj'car bonaceous material and
hydrogen or treat gas are introduced at the sanme or opposite ends of the
stage and the |iquid da)/ oreactinga hytlfdcacbunaceus\fect ¢conprising & spigtmre o€ end.
WD 99157224 . ) ) . .. .. PCTAUS99/09642 -17
- The term " Howdand yaponyith hydioger ing figst By dropgecessing hiavidgsadionfiagednn
hydr ogen- congai_nj | | f I tabl e

cat al yst whi %:hn ﬂu}é&%ﬁ hﬁ?h@%ﬁg{clﬁ%ﬁ%}d l?%égr?%l?rﬁoggﬁ&o%?a%%eet@%gt ons. such as

sul fur, and gk ﬁﬂﬁga PAR TR HYARdpréces Sl Hyfdréd aPorfiedousdRjui® Bad linreagtad ur at i on
of aromatics. Suitablé hydrotreating catal ysts for use in a hydrotreating
enbodi nent ohydrhgen-nontainingvapos,| whieeinsgidcfeed vapirmoeniprisesia second siagg _

es.include cata ri si.ng of at st one Goup VIII

ﬁg{ 2: yi;i a%ﬁ%ﬁ%ﬁﬁ%ﬁ?ﬂ?s vapor € use%ts wﬁx%ﬂpcontam reacted fxyedal"ogen in an
amount sufficient to provide at least a portion of said hydrogen for said first

reaction stage and for said vapor reaction stage;
(b) separating said first stage liquid and vapor effluent;

(c) reacting said first stage liquid effluent with hydrogen in the
presence of a hydroprocessing catalyst in said second hydroprocessing liquid
reaction stage to produce a second stage effluent comprising hydroprocessed
hydrocarbonaceous product liquid and vapor, said vapor containing unreacted
hydrogen, and wherein said second stage reaction hydrogen is provided by fresh

hydrogen or a hydrogen-containing treat gas;

(d) separating said second stage liquid and vapor effluent and

recovering said hydroprocessed product liquid, and

(e)  reacting said hydrogen-containing first stage vapor effluent
with hydrogen in said vapor in the presence of a hydroprocessing catalyst in said
vapor reaction stage to form a hydroprocessed hydrocarbonaceous vapor,
wherein at least a portion of said hydrogen for said reaction is provided by

hydrogen in said first stage vapor effluent.



\

preferably Fe, Co and NI, nore prewwmm Ni , and nost preferably
Co; and at |east one Goup VI netal ﬂmﬂmnent,' preferably Mo and .
W nore preferably M, on a high surfate larea s rt material, such as :
alumna. Oh hiy@bl € hydrotreating catal ysts include zegldfi al ysts,
as well as ngrlg)lﬁéwr,r%?al catal ysts where the noble netal is gg:l.h’k@éng rom Pd
and Pt. As nentioned above, it is witt#n the scope of the present invention -
that nore than one type of hydrotreating catalyst may be used in the sane
reaction stage QI ZOAGrodéskaéctrding 6 Blait atwiRdeihWWRALEL poréion ofs4g from about
100[err]C to about 400[err]C with pressures from about 50 psig to about
3,000 psi g hygrapreceassidyhyidrenarbonaceous Yapoeri ig cordeasasito 1iué®0 psig. If one of
the reaction stages is a hydrocracking stage, the .catal yst can be any

sui tabl e conventi onal, hydrocrackin talbyst r.un at typical drocracki ng
conditions. Typftal Wﬁ%@é%%ﬁlagg%gﬁmgﬁhcglﬁa&ggétrqyﬁ O?RP Pat ent No.
4,921, 595 tcand&dEed WidroBarbendB68Y RipopistledtRUShith Siid hpdrdpRiRERed SUCh catal ysts
are typically conprised of a Goup VIII metal hydrogenating conmponent on a

zeol i te cr proéducyligeide. Hydrocracki ng conditions include tenperatures from
about 200[err] to 425[err]C, a pressure of about 200 psig to about 3.000

psig; and liquig hourly space velocity. fromahout, 0.5 to.10 V/ V/Hr,
preferably frontabouft F%O‘fegs %Wf‘%f‘ﬁ?‘? °]%HH-1I"Y lPﬁE;"’é%ﬁﬁﬂ’BQ“B sald ot i ¢
hydr ogenat i rered! | =K e : -0 -

ol ybdenumﬂ?gatn(%qﬁia?k%%g-%t’ E %# gﬁﬂl\fégbﬁ}ebor%?%% h%%.ﬂg@,bggfat | hﬂgrﬁs%#or

pal | adi um) hydrugan or abhydwizeh-gentainimmtredt gas.be used. The aromatic saturation

zone is WD 99/ 57224

PCT/ US99109642 5. 18 A process according to claim 1 wherein éaid reaction hydrogen for

all three stages is provided by said second liquid stage fresh hydrogen or

hydrogen-containing treat gas.

6. A process according to claim 1 wherein said second liquid stage is

operated at a pressure higher than said first liquid stage.

7. A process according to claim 1 Wherpin said second stage vapor
effluent is cooled to condense a pdrtibn of said vapof as liqﬁid which is separated
from the remaining vapor, with the remaining, hydrogen-containing iiapor then
passed into said first liquid stage to provide at least a portion of said reaction

“hydrogen for said first stage.

8. A process according to claim 1 wherein said hydrocarbonaceous

feed comprises a hydrocarbon liquid.

9. A process for hydrotreating a feed comprising a hydrocarboh liquid
~which contains heteroatom compounds and unsaturates which comprises the

steps of:



PSS

preferably operated at a tenperature from abeut—40[err]C to about
400[err] C. nore preferably from about 260[err \““‘mvrr]c, at a
préssure from about 100 psig to about 3,000 m rom about 200
psig to about woaHPRnsig, and at a liquid ho pace"'veFomtyUgggmm of
fromabout 0.3 VVV/H. to about 2 VVV/H. It is understood that various

ot her enbodi nents and nodifications in tHe practice of the invention wll
be apparent to, and can be readily made by, those skilled in the art

wi t hout departi ng fron(at)he 1eactirg salrdifeeﬁlw:tlthyﬂrogéiﬂnlmﬁxsnhvdmtrdamg| bed
above. Accordingly, it is not intended that the scope of the clains
appended her émlda@apmqﬂ stegp ﬂrbtherme@)aa%@f abx@pns@uw%@ystfa@dtwmm but
rather that the cl.ai ns b tures of

pat ent abl e nd’x?BW%}“%vﬁ‘?cc?H %"%ﬂ% °§f“§§gﬁ? reipoi rH‘P%r?%F‘WDT"ﬁ?J"%S"‘al | the

features and ghudh M&Meyﬁamah?f&ae@r&&@ﬁ@%gwmm thereof by
those skilled in the art to which the invention pertains. WO 99157224

-19- CLAI M5: cbhmprisihgipadtially Inarstseated iquid and vapore whereit said se¢ond staggui d and

one vapor reaction_ stages and which conprises the steps of: é)a) reacting a
hydr ocar bonad@pekeffluent Rreviges a1get a neryaneidhe hydrogen ﬁoraﬁaui fimbefagti t h

of 2 Pydr opr SeAstioR s ¥eRth SHETEaas Bl plriR hlhid} RGaliba bifroBREng 2
partially hydroprocessed hydrocarbonaceous |iquid and unreacted
(b)  separating said first stage liquid and vapor effluent;

(c) reacting said first stage liquid effluent with hydrogen in the
presence of a hydrotreating catalyst in a second hydrotreating liquid reaction -
stage to remove additional heteroatom compounds and unsaturates to produce a
second stage effluent comprising hydrotreated hydrocarbon product liquid and
vapor, said vapor containing unreacted hydrogen, and wherein said second stage
reaction hydrogen is provided by fresh hydrogen or a hydrogen-containing treat

gas;

(d)  separating said second stage liquid and vapor effluent and

recovering said hydrotrteated product liquid, and

(e) reacting said hydrogen-containing first stage vapor effluent
with hydrogen in the presence of a hydrotreating catalyst in a vapor reaction
stage to form a hydrotreated hydrocarbon vapor, wherein at least a portion of

said hydrogen for said reaction is provided by said first stage vapor effluent.

10. A process according to claim 9 wherein (a) at least a portion of
said hydroprocessed hydrocarbonaceous vapor is condensed to liquid and (b) at
least a portion of said condensed hydrocarbonaceous vapor is blended with said

hydroprocessed product liquid.



hydr ogen- cont ai ni ng vapor, wherein said féga_VEEBT—EBﬁﬁTTses—a second stage
hydr ocar bonaceous vapor effluent which contH'M”M' drogen in_an
amount sufficient to provide at |east a porlth TMRﬂW ogen for said
first reacti quéjsastg and for said vappr reacti én $tage;§ b-_§ﬁﬁgg@%%ng sai d
first stage liquid and vapor effluent; (c) reacting said firs J e
liquid effluent with hydrogen in the ptesence of a hydroprocessi ng catal yst
in said second hydroprocessing liquid reaction stage to produce a second
stage effl uent cnrrpri@bﬂﬁeéwémmma%m¢wﬂé&ﬁa§ab@§a@ﬁa@5aﬁewp&ct l'i quid

and vapor, said vapor containing unreacted hydrogen, and wherein said
second st ageffluenids coeled yaleangense aspqstion ofisaid vgparrag diquid whishdnseparased

hydr ogen- copt ai pi ng _t.reat gas; . separaf i sai d second stage liquid
and vapor  oRPRyBR e G EN ARG itihe sorieih ey By BE R CLUN R ReD! VUl 0. and
(e) react i asapioth LNAFRG HipRAMER B Roibd iibast h BORIOARYGilchbiant Wi th
hydrogen in said vapor 1 n the presence of a hydroprocessing catalyst in

sai d vapor lwr#6gdnofor sdiiddestistageor m a hydr oprocessed hydrocar bonaceous vapor,
wherein at |east a portion of said hydrogen for said reaction is provided
by hydrogen in said first stage vapor_ eff]uent, WO 99/ 57224

PCT[ US99109642 -120- zxprocwsap%aréw tgclamd wherem atjleash portiopafisgidat | east a
portion of i r r I.S.: sed to
Frauia 5. GRb a8 ASEORRY ke RpLr pRBRER SRR Lo BuEQHRICRY, D

~ said hydrogen or a hydrogen-containing treat gas.




condensed hydrocar bonaceous vapor is blended with said hydroprocessed
product liquid. 4. . A'process according to claiml|l wherein at |east a
portion of said first or liquid stage, first vapor stage, or both reaction
hydr ogen conpwassgs7izaesh hydrogen or a hydrogen-contai ni ng t PERUSTING6425.

A process according to claim1l wherein said reaction hydrogen for all three
stages is provided by said second |ilduid d stage fresh hydrogen or

hydr ogen-contai ning treat gas. 6. A process according to claim 1l wherein
said second liquid stage is operated at a pressure higher than said first
liquid stage. 7. A process according to claim1l wherein said second stage

vapor effluent 3® cooled to condense a portion of said vapor as |liquid
which is separatled fromthe remai ni ng vapor, with the remaining,

hydr ogen-contai R ng v r then pas into said first liquid stage to
provi de at | east poryi on of said fNeaction hydrogen for said first stage.
8. A process accorh T ™ sai d hydrocarbonaceous feed
conprises a hydrocarbon |i gud320. A progess for hydrotreating a feed .
conprising a hydrocalBon |iyqui d which contgi ns heteroat om conpounds and .
unsat urates whi ch conpri steps of: WO 99/ 57224

. US99109642 -21- (a) reacting daid feed With hydrogen in a first
hydr ot reati ng
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liquid reaction stage, in the presence of a hydrotreating catal yst and a
hydr ogen- contai ni ng second |liquid stage vapor effluent; to renove nost of
sai d het eroat om conpounds and unsaturates fromsaid feed to forma first )
stage effl ughbofedeari sing partially hydrotreated |iquid angrieebessivherein
sai d second stage vapor effluent provides at |east a portion of the
hydrogen for said first stage reagtipn and wherein said first stage vapor
ef fl uent contai ns unreacted hydrogen; (b) separating said first stage

|l iquid and vapor effluent; (c) reacting said first stage liquid effluent
wi th hydrogen in the presence of a hydrotreating catalyst in a second
hydrotreating liquid reaction stage to renove additional heteroatom
conpounds and unsaturates to produce a second stage effluent conprising
hydr ot r eat ed hydrocarbon product |iquid and vapor, said vapor containing
unr eact ed hydrogen, and wherein said sgcond stage reaction hydrolen is

provi ded by fresh hydrogen or a hydrog®n-containing treat . ()
separating said second stage |iquid andq vapor effluent and redovering said
hydr otrteated wllf‘f Li ﬂllli rl1 : : r ogery nt ai ni ng
first stage vapor effluent with hydrogen in the presence|of alhidrotreating
catalyst in a Japor reaction stage to forma hydrotreated hydrigsar bon
- vapor, whereinjlap | east a portion of said hydrogen idrgaction is
provi ded by saildTfijrst stage vapor effluent. 109%™ Ajprocgss agcording to
claim9 whereinp (\p)| atwl east a por®i on of said hy roce
- hydr ocar bonacequs is condensg¢d to liquid an at least a portion
of said condendged | =1\ en with sggd
hydr oprocessed |pr od ul o
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WD 99/ 57224

1AJS99/ 09642 -22 - 11. ' A process according to claim9 wherein said second
st age vapor effluent -is cooled to condense a portion of said vapor as
l'iquid which iwosesraated fromthe remai ning vapor, w th thepteussvusey,

hydr ogen- cont ai ni ng vapor then passed into said first liquid stage to
provide at |east a portion of said ggaction hydrogen for said first stage.
12. A process according to.claim9 wherein at |least a portion of said
first liquid stage, first vapor stage, or both reaction hydrogen conprises
fresh hydrogen or a hydrogen-containing treat gas.
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