'CNCE-TH ELD OF THE | NVENTI ON *166166* The present %ﬁgﬁ@Mz
rel at es to ng hydr ocarbonaceous feeds using two |iqui ne
vapor hydroprocegsbomg reacti on stages with no hydrogen transfer between the
liquid stages. More particularly the ihvention relates to catalytically
hydr oprocessing a hydrocarbonaceous feed in two liquid reaction stages and
one vapor reaction stage, in which both I|oU|d staoes pr oduce an ef fl uent
conprising a |iqui dH 1D ANELVAR : ' DEESSING | i qui d
stage, with the first Ii UISIING(HQEE\@@OQTG}DHMDROICEDDU onal ly al so the
second stage vapor effluent, hydroprocessed in the vapor stage. The

partially hydroprocessed fi r st stage liquid effluent is the fe ﬁmm‘ l"|| Iﬁ“l

;‘uve3e} $" ~6TSXnoon @M! ICUID AND VAPCR STAGE HYDROPROCESSI NG USI NG

second stage. Fresh hydrogen is used for both liquid stage r

BACKGROUND KEITBEOFPHENIMNONEMNTHONpP! 1 es of ighter and cl ean

dwi ndl e, the petroleumindustry will need to rely nore heaV|Iy Ort166166*
relatively high boiling feeds derived fromsuch naterials as coal, tar
sands, shal e oil, andThepregentrindentjomtdlates tanhyddoptogessingl y cont ai n
S|gn|f|cantl nDre undesi rabl e conponents, especially froman environnental
poi nt of vﬁé@roqarbgéaqg@np&ﬁéﬁt%mgqtmmhquudamddw vapor Vdronm@@ssmgat es and
het er oat ons such as sul { uthernDr due to
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hydr opr oc esmg*eg mr@ﬂﬁ@@ BothAliqui€ 3tiged pRATUce @R THlubMecohgpridin@hafus@aR@ynds are
renoved, the nolecular structure of the feed is changed, or both occur by
reacting t hapbesvhich ie ﬁ’repdral)@bmﬁermachdlqmésmge,ewuh the §insttlmfulid stage vapor

hydr opr ocessi ng catal yst. Hydroprocessing i ncludes hydrogenati on.

hydr ocr acki qfﬂuelhmcbppaanalhgalswhﬁ soondwstageanapon efhaenbyhjrdsdprosgssed,inand
therefore plays an inportant role in upgrading petroleum sireans to neet
more stri ng}LﬁtvaHQ’éﬁ?E%f Ib@; aarft@ilgrh@romr&ce%%@arfgﬁ@ta% igwdi esfhblﬁmi ifdh@asi ng

poi nt r edudEFOOF PR SO SRe akioB s arda® gont forarh TR BaBliatfontar ous

process configurations have been devel oped, including the use of multiple

hydr opr ocesg gggggggggg g: r exanpl e, in European patent
publi cation BoFk ﬁES{N@Eﬁd@Z 952, 626; 4,021, 330; 4, 243,519;
4,801,373 and 5, 292, 428. SUMVARY CF THE | NVENTI ON The |nvent|on relates to
a three st age processAﬁ supplied o6 fighee and olpanehfeddodwindde) altepetsolewad i n whi ch
the feed is reacted with fresh hydrogen in the presence of a

hydr opr ocessdusircwilhhget toi nalyt moreshgsartlsitan, relatiyelychigh dotlingnfesdsadgrsvedbot h of
whi ch produce a vapor and liquid effluent which are separated after each

liquid stadeompneh matenials P@CWd@bﬁr@éemoﬁﬂ %@th@t’)ﬁﬁ@lqeﬁfﬂ“ ‘élf\é(mqhuent is
the feed tq th d t I d effl th
hydr opr oceSXRGEIY SaRAIN §EBRAT miots pRdeaplSdt e et dF g "
hydr opr oce %ﬂro%em@bm%fmw e ?‘rgk%dn%n% ierae Blgé’é%t | §tage to

produce hydroprocessed vapors. Fres ogen or a rogen cdnta|n|ng
treat gas iymshRpstel An®afeterbatBHisdush ﬁg%lﬁﬁhﬁltmgéhoﬁﬁf&@g%ﬁe@uﬁhéﬁﬁéret o be
hydroprocessed is introduced into the first liquid stage in which if is
partial | y hiudrtophoiressedtabochdeles) sperifieationstfor filets, hdeivants] aglicteensicabe t o
conpl ete the hydroprocessing and forma hydroprocessed product |iquid. The
hydr ogen f qrodiets,suitivrespeetdge snetaundesirable qameppaneats, grewnontingalédbegomniagen

present in the first stage vapor effluent. However, if desired all or a
tighter. Consequently, such teeds and product streams require more upgrading in

order to reduce the content of such undesirable components and this increases the

cost of the finished products.



10 OCl 2002 portion of the vapor stage reaction hydrogen may cone from
fresh hydrogen or a hydrogen-containing treat gas introduced intP hE@ por
stage reaction zone, In the preferred enbodi nent, sufficient fres% yg gen
~or a hydrogen-containing treat gas nust be introduced into the first stage
to insure sufficient unreacted hydrogen 4n the first stage vapor effluent.
All or a portion of the vapor stage effllent is cooled to condense and
recover hydroprocessed carbonaceous material as additional product liquid
whi ch may be bl ended ia BYdnearasesdng Procgss it deasha pertgRiLet the hier@atmp | uent .
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hydr opr OCesi%c{?g%Mcgé‘ﬁﬁg cmlﬁﬁeklgtﬁtcggs(éﬁs%ﬁ%a@bﬂweg h?&ﬂ)g@ﬂ jygpor reaction

st ages and conprrses 't reacting-a hydrocarbonaceous

feed with fHykEbchA¥RINGYBNdiotreatih idroMEnRPIZaG6S ahddyliicliehhxiBAGhidon st age
in the presence of a hydroproceSsing catalyst to forma first stage

ef fl uent cahprefstengaps prairmpetthnt roledinapgradinggetdojalmo saedian e ames nidrgqui d and
vapor; (b) separating said first stage |iquid and vapor effluent; (c)
reacting satungent spaktyangquirements. Eof examplewihere fsransheregsinggiemend fohe
presence of, a hydroprocessing catal yst .in a second hydroprocessing liquid
reaction stiguoved pelsmatemyeaysharematie saiuratighandlpifne Poiy rgduction.

o2 0 SecondnETdgI Ao UE ek EPARARoR sepremCH n 4 ey RBSi RGO r ot
stage vapory SEHE Nbvdibhly HALAASIN sd BERBIEREREEBloA INILAREOGERST O
catal yst in'said vapor tedction stage to forma hydfoprocesse

hydr ocar bongg@ests!, YaiSfample, i FirépeandifientpublRhisn 0Y5531920eA$tand W t1 on of
t he hydroprocessed vapor will be cool'ed to condense out the vaporized

hydr opr ocegsrehts@t9572,626:a5021d830;i 43,5 p9 041801, 378 amd $,29h#28. i s separ at ed
fromthe remaini ng uncondensed vapor. I n one enbodinent, the first liquid

stage and the vapor stage nmay both be in the sane vessel. |In another
enbodi nent ,W&Mﬂﬁ@ﬂ&ay each be in a separate reaction
vessel . The catal yst used in each stage may be the sanme or different,
dependi ng on the_feed and the pr ocegs obégggé_i Ves. FEr her enbodi nents
i nclude strippi nENg HEYEPEEBVEAI, 10 AyBISSHARRIOEESIPb BYLIOPFOSHiSF e renpve
undes r abl @ EREbSHALATYEFin fich e REGRK 688l WIS R l i B T oo

presence of a hydroprocessing catalyst in two separate, liquid reaction stages,

both of which produce a vapor and liquid effluent which are separated after each

liquid stage. The partially hydroprocessed first stage liquid effluent is the teed to

the second stage and the second stage liquid effluent is the hydroprocessed

product liquid. The first stage effluent vapors are hydroprocessed by reacting

with hydrogen in a vapor reaction stage to produce hydroprocessed vapors.

Fresh hydrogen or a hydrogen containing treat gas is used in each liquid stage.

The hydrocarbonaceous feed to be hydroprocessed is introduced into the first

liquid stage in which it is partially hydroprocessed and then passed into the

second liquid stage to complete the hydroprocessing and form a hydroprocessed

product liquid. The hydrogen for the vapor stage reaction is preferably unreacted

hydrogen present in the first stage vapor effluent. However, if desired all or a



fed into the first stage reaction zone is nostly liquid and typically
econpletely liquid. During the hydroprocessing, at |east a portion of the
lighter or |ower boiling feed conponents are vaporized in each Iih&ﬂETZmﬂ
~stage. The anount of feed vaporization will depend on the nature of the
feed and the tenperature and pressure i% the reaction stages and may range
bet ween about 5-80 wt. % Thus, by liquid reaction stage is neant that sone
of the feed being hydroprocessed is Ln the liquid stage. I n npst cases the

hydr ocar borP¥EenOf thsvargr stagegispstirehydrager araygipime from freahbydragentorian

con ai i g HREVRY a5 aELES IR LERS e onbrRnae sy Bl 5T e
contai nin IR . _
Tqur . ana U8 BBreE S el AR o Secti AR BRBRAOPBURRE™ o
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illustrates a Iagram of an e e invention in i ch each

hydr opr ocewdma%éﬁ ROBeiffrst flage SANF eTl8etE K5I8 br a porfo ofthe Ve shlggure 2 is
a sinple schematic flow diagramof an enbodi nent of the invention in which
the first ldffluent iseaoledan condersesaid rebeveardpyaropreacdsedragiongee@rse bot h

| ocated in the same vessel. DETAI LED DESCRI PTI ON By hydroprocessing is
meant a pr ovatssial as additinnalyprodyeiiquid sthiclwmay be bignded witbahaseoursl feed to
renove one or nore heteroatominpurities such as sul fur, nitrogen, and
oxygen, to lidhgtagspredusidiquid pHluept.c Whearthedeed comprises ixdrpeadens ther ti on

of the feed, or, both. n-limting e | es. h oprocessin rocesses
ohi ch_can (00EH] condepged kapas MR RBYaRiI e albl SRS Ss AR over
boiling fr kO f [ n V, d racking: -
hydr ogenat ?‘fﬁ‘é’“ﬁ%ﬂﬁ%ﬁg&‘%gﬁ“?‘idﬁ ﬁgerr %gs%g%ggf@g %ﬁ%r %8@3 'rrecllrll}ez gfrlnon and/ or
catalytic d | e d I 0 eavy
streans. Ri(ri:l -}(;%ég%i %g,”%??fﬂ?%@%ﬁowa k?t ehilgqﬁggé&ggﬂ%& tshoehbe

consi der ed iavéntibrEIMpASSI M8y dropERESsin Byrdveds adadtbnichergus of lefddiaadmeant a
primarily hydrocarbon nmaterial obtained or derived fromcrude petrol eum

oi |, from tane wgodsgactionrstagealandivhich aomipoises tieadtepsodfi and hydr ocar bon
synthesis. The reaction stages used in the practice of the present

invention are operated at suitable tenperatures an ressures for_ the
desired reacti orld) Forreasttipt éydt%rwcwﬁrfsﬁf Wdﬁsfgﬁﬁgh@'ﬁﬁ%w arfiEet wil
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systens in t r i r ki r eavy

f eeds, sucﬁéaghg%gtatg(fgl gafg}%ggrggéF@%%@ﬁ%@n@%@%ggggﬁ Céﬁgﬁ f eeds
which can b dds@ibbmadebs Bkt aBvaort he present invention include vacuum
resid, atnospheric resid, vacuumgas oil (VG ,6 atnospheric gas oil (A,
heavy atnospheric gas oil (HAGD, steam cracked gas oil (SCE)) . deasphalted
oil (DAO), I|ight(bgat sepstatingishid fisCSage higuid ahd aagbraffinbett i ¢ f eeds 10 OCT
| 002 6 derived fromtar sands, shale oil, coal |iquefaction and

hydr ocar bons synt hesi zed from a m xture of H2 and CO via a Fischer-Tropsch
type of hydrocar(ébn ggaethegssaid first stage liquid effluent with fresh hydrogen in the

presence of a hydroprocessing catalyst in a second hydroprocessing liquid
reaction stage to produce a second stage effluent comprising a hydroprocessed

hydrocarbonaceous product liquid and vapor;
(d)  separating said second stage liquid and vapor effluent, and

(e)  reacting said first stage vapor effluent with hydrogen in the
presence of a hydroprocessing catalyst in said vapor reaction stage to form a

hydroprocessed hydrocarbonaceous vapor.



For purposes of hydroprocessing and in the context of the invention, the
terms "' fresh hydrogen" and "hydrogen-containing treat gas" are syT&ﬂﬁﬁomm
and may be either pure hydrogen or a hydrogen-containing treat gas IchTs
a treat gas stream containing hydrogen in an anount at |east sufficient for
t he i ntended reaction plus other gas or passes (e.g., nitrogen and |ight
hydr ocar bons such as nethane) which will" not adversely interfere with or
affect either the reactions or the products. These terns exclude recycled
vapor effluent from ahtieaty atlgae apereientedsha by diopeocessesteapasavillde enove
contam nants and at | east a portion of apy hydrocarbonaceous vapors

present . TH@)‘/’? {0 GRdRRSg Qut tﬁEI"BH@“é‘?‘{ mé‘?roﬁ Stfdrmaterig ﬁ%ﬂé@@@ﬁalcont ai ni ng

f i ent i ncludi t he .hyd - t ai ni
Conpr i si ng MAPEHIAA YRR Aehaelsd dran s Esiniptieamoudedssd Aosr or 11 went
after first renoving at |least a portion and preferably nost of the

hydr ocar bons (e.g., +s : r ; i

contam nants (e.g., gﬁé”gﬁﬁﬁRﬁ%?ﬂ%@éﬁg?ﬁgqgggggg °§Bgﬁ%%gé%&§9%§£§%¥ _
hydrogen 1 ikgih begathddme VoRel." RAdndIRSr GhbSdMenntdIPHYELEabR sf E?ﬁfag/' on
stage will preferably contain at |east about ~0 vol. % nore préeferably at

| east abouteadh bedh a séphmatt reaetion vessepeTht icatadyst nsedircEachrstegcinad beytle ogen
in the vapor effluent of any particular stage is used for hydroprocessing
in a subseganetorsdififigeenty depeadorg on ther feeduand thepsgess objectivdsy diwthen pr esent
in the fresh treat gas introduced into that stage for the vapor effluent of
t hat . st age emebedimeafsinglude;stiipping e resguaredo hy diopragassehproducsiagé tor
stages. The inventi.on n be further understood with reference to Figure 1
which is argﬁ‘r‘i’é(ﬁé{“idﬁmﬁlar%jwer?&“(?f] péoﬁ‘ﬁf?'opr ocessing unit useful in the
practice of ~00C ~t QO2 the invention. In this particular enbodi nent

the hydroprocessing %Qﬁ@ggatdt@e?)f{ﬂ%ﬁrﬂ}e[gﬁﬁﬁitﬂ&ff&ﬁ?@f@o@&%o@t&gﬁo{u@%&d on

stages hydrotreating stag 0 e sake of sinpli ot process
reaction veggehtol thé Eiritadtfge NeALNGS zomd i¥RAostREBGuilr Ay Bicall§\Corfietelyc. are
shown. Thus, a hydrotreating unit 10 conpri'ses first and Second liquid

st age reactliquidv&ssgigsthe ydreprddessng, at liastha fmimaiﬂthelifghmmrct@\tvat yst beds
16 and 18 within, for hydrotreating a distillate or diesel feed. A third
vessel 20 itwilngfedd damparients areswpbricedimeachrigud gtagel ilhe amswpafdeedn zone
22 at the bottom and a vapor  stage Catal%t,its bed 24 in its upper portion for
removi ng stiaParizatien wilk dgpend on ths nauragiths feshend thedsmpeptaiesaiid i n t he
vapor effluent fromthe first stage as H2S and NH3., Al s howp, are a liquid
Uransfer pdlESSES Mol SFRctian Hipees aidy Zanks Bklyees abay 80 o T BSnger

30. The het . il r ers
the first s alg lg%%?%?t%égeﬁg%qgaa&ﬁﬁnégﬁgzfé %dngagg?fg{dg%rﬁ?égggﬁﬁlcul ar

i 'l ustrati qRe Glquidi@tagVathbRtasés@eh§aebdasbehaprebiisofeet Willeddnysekedi stil l at e
or diesel fuel fraction containing héteroatom conpounds of sulfur, nitrogen
and per hapshydxygebond-riasin emboéintdm drgthicty theqgeoessris a hydeatreayimg proogssi Si ng
hydrogen enters via lines 36 and 38. The feed and hydrogen pass into vessel
12 and cocubpr esulfyr eadwnitrdgeonpntainimgodistallats or deaseh Biohlactios.dheai ns a sul fur
tolerant catalyst, in which the feed reacts wth the hydrogen in the
presence oftydr@ProgesIRgiorms Iflégrﬁ{)é NRygeomg %émw i is dligseivedia the t r ogen

conpounds as HH2S and NH3, . and. al so saturate ol efing. and aromatics, to form
2 TTret ot Ay EmeRet PeonBl Tiobid fad T eBoe e SiriP g Pe s Bt e
liquid and s WM tig,As. vapori zed feed conponents, H2S and NHS3.
In one enbgg?%%ﬁ%?u$ﬁ%§ﬂggggg L?%Be vapor effluent al so contains sufficient
unreact ed hydrogen to hydrotreat the heteroatontontaining hydrocarbon vapor
conponent s BRIEFDESCRIMVEION'QFTHEYDRAWING®g st age below. This is a
preferred enbodi nent. In another enbodi nent the first stage vapor effl uent
will either contain essentially no unreacted hydrogen or unreacted hydrogen
in an anount insuffi diignte t schemiatotatlyatiustratehy dlovcdiageam ofano o a T zooz ¢
conmponent of the vapor effluent. In this |atter case, fresh hydrogen or a
hydr ogen- cembiedimegt of Btinyertion st Whldieash hydfersacessI8,5ta8¢ IS8 447 into the
vapor hydrotreating stage in an anmount sufficient to insure that the
hydrocarboﬁeB@ﬁﬁbﬁgﬁ?Lis hydrotreated in the vapor stage. Myst (e.g., >_ 50
%9 of the feed hydrotreating is acconplished in the first stage. In two
stage hydrotreating processes, it is not unusual for 60 % 75 % and even >_
90 % of the heteroatons (S, Nand O to be renoved fromthe liquid in the
first stage. Therefore, the second stage catal yst can be a nore active, but
| ess sul fur tolerant catalyst than the first stage catal yst for heteroatom
renoval and in addition can also achieve aromatics saturation. In this
enbodi nent the second stage catal yst conprises nickel -nol ybdenum or

e T | . T . o o —— " 4




. The partially hydroprocessed liquid passed into the top of vessel 14 neets
with inconming fresh hydrogen or a treat gas conprising hydrogen whiilc®CT 2007
enters via lines 46 and 48, with the hydrogen and |iquid passing
cocurrently down through the second liquid hydrotreating reaction stage
catal yst bed 18, in which the liquid regﬁts with the hydrogen in the
presence of the catalyst to hydrotreat the liquid to renbve nore

het eroat ons and form a second stage effluent conprising a hydrotreated
product |iquid and a Kigpee 2 i\ simple schemétic flowsdiageany apen eeftfddirmant of he
second sta%e vapor, effluent al so contains a vaporized hydrocarbon
conponent . tBe heventigstingvhichdhe b digaidraactipn stagepnddhe Naporarepstion s8gage and
t he vaporized.second st.a hydrocarbons are also at |east partially
hydrotreatéﬁ?bpﬁbﬁWéF¥#Wa38ﬁ¥E@ﬁF§ﬁR of the second stage hydrocarbon vapor
is very low A mxture of the second stage liquid and vapor effluent is

r enoved fr;gEigggggggggﬁgﬁlﬁﬁgﬁggt14 via line SO and passed into drum

separ at or » . tom of the vessel 14 could serve as a
means for separating the second stage |liquid and vapor effluents. In 28 the

vapor separates from B?%gﬂf(ﬂﬁﬁ@éssid(gﬁ@ in%an‘f‘%?oéé%;@ i@W&PhﬁﬁﬂggHﬁ ‘i'ea{]c"ﬁmve‘j

via line 52 and sent to Stripping ot sho either wt W t hout

having fir syithadiydpbeirtenacoub féddetogmont opeior dndretiectetontonoapadtiéy om t he
hydr opr ocessed vapors fromthe vapor stage reaction vessel 20, to renove
any di ssol \sadh 42 Sufnd nikdger radroxygepy toakhangel os ecvait Sicagelecalaor ef f | uent
is removed fromvessel 28 via line 54 and passed through heat exchanger 30
to cool it shvgtwemdanicasbapoction g3heHvert, o hotonNonvlimiingexamples o€ of
l'iquid and  remai ni ng,vapors passed, i nto drum separator 32 via line 56. The
condensed ITYGEPREOCATNNG BIRSFELFSIYCh oA Depracted hyihe RFsssmy MBSPUOB onpr | se

Som 105 oS TR S s iing et IR RSB BB G 78,71 10

contains s I 5 4N aﬁﬁﬁ ; ,%%%ﬁ- i ed with an aqueous
am ne sol uﬁ)@ﬁgélg%lg#b\r}g t eHaHﬂ%éign NII-C|C§> abgrqi%??nﬁlg@?gg% hydr ogen-rich
gas, Wwhi ch hymlyoisbeRriegtivs afds cRrlyiticdewddng oEdaxesand wakeeéds, ahd! | qui d
stage or, alternately, as treat gas to the second liquid stage after

conpr essi ondentétgllateor?oEbémvyadticaalsl \Rinlgarening, gartanudarieof pafiabememingsf t he
process of the invention, in which the first liquid stage and the_ vapor
stage are |c@paleube ponsidersdmehydsepisicessivg peocehe By dwdraparhonaceonsoigiedent
shown in Figure 1, this.eg?gpinegt mﬁll.@l 0 be exalaiqu_mjth garticular
reference tidHdF BPrERsT WYArpetreR saserd ahtaingd A deived Hog suds: e
fraction. rring.t o Figur in.t - eat | ' eed
liquidis E’:efé@(la%hg/i%él’%or%g%l %Bg%n%&%"ggll Pﬁ%/'géfg%%&?Slﬁglgfolil?/%a&sds%?dr?égrgjgéve t he

first 'iQUisgnﬁ{e@g.e-ﬂﬁé rdabfios 3fiBed L& i_nftBE?)?a&bé@rdNﬁé‘pt%em%/&ﬂﬁfhEx‘ént ai ni ng
treat gas i$ passed into the vessel via lines 104 and 102. The feed and

hydr ogen pasgperates dt seidbly telaperatuireoathpicdsureatfal tistdesiegt ehciion Wibeh

het eroatons are renoved and sone conponents are saturated as in Figure |,
t o produce exafriplgttypical bydfoproeessingdempesiturgs patltramgd fromyabroott 468€Ced | i qui d
and a vapor which conprises vaporized feed congonents unr eact ed hg/dr ogen,
H2 S and NEBOUTAS0IG gLpeessurgs Vapoabeuti 0 psig o phew HNthpsiat preferghlyd>dnd
vapor separ atig&asgace 98 in which they separate, with the |Iiquid passing
down onto A& IFLPSIE2 on which it accunul ates as a |ayer 96, and is
continuously withdrawn via line 106. Tray 92 is a solid, gas and liquid

i mper vi ous r : r vapor
conduits orlj%%fjnb %hg@{l/@keﬁ%{ g%%ﬁ%“béﬁ?@%‘Fg@ﬁ%‘%ﬁ%\ﬁw@‘ gv%;déﬁﬁl%)h%htg%e, 94,
is |abeled PR ' 3R MAPRSids! Norehinifas eRempeREN

t hr ough thegogrtgli]gmeysqgg{b?ﬁ%if%%’egﬁ%fﬁst% arrows and passes tILgl(;‘)lg;downgt hr ough
t he vapor sifagehdeddslwhichaad betudedlinthe pactiee of thesprpsesit évendionhiatludbi s
vapor contain sufficient unreacted hydrogen from 104 to hydrotreat the

het er oat omvagnumi resity atpdspheaicesidc vapane gas ofl (VR ) apoesphenicgagwikases it
may be necessars/ or desirable to introduce fresh hydrogen

hydr ogencor®&iQi.rheavy aamogpliericogasrail (A G stpanpergeked &6 Q)i? ES&@Q‘)ydr ogen
ired. This | ~ ~ ~cg2 introd d.j th t ja li
108 shown ssaapiliederi! (PRD). HER: ey plEaatbirCEOhppatr H0F S¥aefifesds’s |

hydrotreated by reacting with the hydrogen to form additional H2S and NH3,
and the resulting hydrotreated vapor effluent renoved fromthe bottom of
the vessel via line 110. This vapor is cooled by being passed through a
heat exchanger 82 to condense the C4+-C~+ hydrotreated hydrocarbons from
t he uncondensed, heteroatom containing vapor. The resulting m xture of
hydr ocarbon liquid and the remai ning vapor is passed into a sinple drum

== o A-A I~ a2 o o o, o o o a



~extended to nore than two.liquid and one vapor stages. Thus, one may al so
enploy three or nore liquid stages in which the partially processed liquid
effluent fromthe first stage is the second stage feed, the secontl $Lhghll
liquid effluent is the third stage feed, and so on, with attendant vapor
stage processing in one or nore vapor reaction stages. By reaction stage is
nmeant at | east one catalytic reaction zone in which the |Iiquid, vapor or

m xture thereof reacts with hydrogen in the presence of a suitable

hydr opr ocesdsiringdcizem tgs sands, ghadel ggeccmh liguefagtion apdrryidavdagbonsdryophesizesis ed
effluent. The catal yst i.n a reacti.on zone n be in the formof a fixed
bed, a fl uildPPeHMI¥ r%Pfghs%@r@@d‘”?ﬁ és&eﬁ'r rypﬁ(ﬁqmpa.ofﬁwmaﬁe@n one

catal yst can al so be enployed in a particular zone as a mxture or in the
form of | ay8™™™*%r a fixed bed). Further, where fixed beds are enpl oyed,
nore than one bed of the sanme or different catal yst may be used, so that

there will be nore t I T ced apart

wi th optional gas angﬁﬁ@gﬁggﬁ’?@ﬂﬁg@ggsshgﬁgyﬁg&e;@éﬁ%&gfﬁ@?&h bed, or
one bed of jhWEn@én, TRE FerfRPaEhyeIRd &y Hhd “FUrdEenvsGtlai ' a

cat al yst is1 in thne’ formof a Ia;ygr,é’éWth I?ﬁ?t Ir(ggecl)lr noal?gla%\fl?%%rhggt \%geen t he
Xt The I o2ar bonacaote ot or Al and e agen artreat gacsaarekie

i nt r oduced whichte adesat gos stopposontinng hydfogenansinaamountcit ¢ust bufficiehtand/ or
vapor effluent renoved froma respective end. The term "hydrotreating" as
used. her ei nfor dheinsendsdyieaetéans plis\heardan Oa BR§AEs dgen-ibAgen Mhhght eat gas is
{5 oo SraBeRe S Helohe RV bl e Y P S
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preferably |Egst £Gsoréibe dfianyMBideodurBificebhs/vaporapedsent. NTheyaaed et tor ef er abl y
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W nore pr ahehualelepthbb hydrogan hir ghh yslno gaceorstamin g gapfrom amst esrivehjersuch as
alum na. Qther suitable hydrotreating catalysts include zeolitic catalysts,
as wel | as seupte indudingche diygsegenvgnaiainingegasaiainepriging inreacted| wiregerf r om Pd

and Pt. As nenti og?d agove, it is,wthin,the s O‘th of the, pre?ent i nvention
that nore t'REPVEIRE HGFPEYEFOMPERsSed ¥anqr ﬂea%tafiﬁe IFshyeTBRVIRESH (¢35t Bhe sane

reacti on stage or zaone. Typical drot reat in enpetr at yres range from about
100G t o abdtagarl e g st oY B R B R S &R 8t 3. 000 ps1 o,
preferably I+ Gy brﬂﬂl | Gh o | i on
st agesti s g}j %@gﬁg??g%ii%@tg?%?@he ggg’éig%aﬂiéaﬁh%igf;ﬁg(gﬁiawrgﬁ%
convent i onayapty Oloqsirodaed Agleaal Rydtdpert Hioh ateat ¥#d.Che lsgedinng
conditions. Typi cglfr hydr ocr acki ng gat al ysts gre descri bggg in US Patent No.
4,921, SOS tiatrodRcednite la rieactioncoagowal prefembéy coftginr atfleast nbeut Buedl. &at al yst s
are typically comprised of a Grou_? Vi II0 met al hydrogenating conponent on a
zeol i te craBRreprederably aylaas @baekihyok dnbydrages. ilnopaméiopeppeihi¢iur es from

about 200 to 42SC, a pressure of abqyt 200. psig to about 3,00Q psig; and
i qui d hour¥fyeagisd bygeagsaipyhe Vﬁ?ﬁr{fgﬂﬂ?mcﬁf DY PHHCWALS RS ‘Splﬂ%gefgébl y from
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catal ysts can aFso be use aronmati c saturation zone is preferably

oper at ed atefflubf®ethat stagétd b@rﬂhﬁbﬁuﬁciféﬁgqy@ro?m%r tHeQGbsatiet fagé of abl y
from about 260C to about 3SOC, at a pressure fromabout |00 psig to about
3,000 psig,stpgaaferably from about 200 psig to about 1,200 psig, and at a
liquid hourly space velocity (LHSV) of fromabout 0.3 VVV/H . to about 2

V/ VI Hr. 10 0 C 1 2002 14 It is understood that various other epbodi nents
and nodi fications in Theimpeationesanbe fariber wrdaistoed with refereneppak e to, and
can be readi|y.nade , t.hose skilled jn the art w.thout .departi fromthe
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i ntended that the scope of the clains appended hereto be limted to the
exact description set forth above, but rather that the clainms be construed
as enconpassing all of the features of patentable novelty which reside in
the present invention, including all the features and enbodi nents which
woul d be treated as equival ents thereof by those skilled in the art to

whi ch the invention pertains. 10 0 C 1 200 15 CLAI Ms:



1. A hydroprocessing process which includes two |iquid and one vapor
reaction stages and which conprises the steps of: (a) reacting a )
hydr ocar bonaceous feed with fresh hydrogen in a first hydroprocessifigdCl 1002
Jiquid reaction stage in the presence of a first hydroprocessing catal yst
to forma first stage effluent conprisi ng a partially hydroprocessed

hydr ocar bonaceous |iquid and vapor (b) separating said first stage liquid
and vapor effluent; (c) reacting said first stage liquid effluent with
fresh hydr odperinventiote br thseparticofar embodimedntihd hydrapressssing pracedsyisia i n a
second hydroprocessing liquid reaction stage to produce a second stage

ef f 1 uent ~ coRpAONEARNE PFYGSH ARG tissisaetion shegeahydin @@t@n&stﬁg%u&r thegake and a
saPa seconcoLamuicyarahy b paReS R Pn kD iRl Ve Bss P ahrr et 100
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uncondensedsetBRliguld SERRTAIRIYLRIS 3b Al A aihifi e A o(Bled €aCt NG,
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said first stage v uent hydrogen 1n sence of the second

hydr opr ocesgdtRgsEBéd V6 hnd 18 SAtHIn VAR My dFGR&dtinah ikB0felR difdel@dvapor stage
hydr opr ocessed " hydr ocar bonaceous vapof, the second hydroprocessi ng catal yst

havi ng a hi gy vésgelr 2pisacésaifogetior vesstycansining @g@g-liquidpramio@rme t han
the first hydroprocessing catalyst. 10 0 C T 2002 16 2. A process
according t%’l at therhaltomh@ndiarvapor btage icatalysvbed @d infitsapipdr paptm frage
hydr opr ocessed hydrocar bonaceous vapor is condensed to liquid. 3. A process
accor di ng tEmeungsplighandpirogen feemithe hydracagenoyaposs presewdaribe yapor
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stage reactﬁ&gp%gﬂg&% &Bﬁpgeipﬁfaﬁoxfsrﬁ?sg})dqyﬂra%efheat exchanger 30. The
heteroatom-containing hydrocarbon feed to be hydrotreated enters the first stage
reaction vessel 12 via lines 34 and 38. In this particular illustration of the
invention, the feed is a petroleum derived distillate or diesel fuel fraction
containing heteroatom compounds of sulfur, nitrogen and perhaps oxygen.
Fresh, once-through hydrogen or a treat gas comprising hydrogen enters via lines
36 and 38. The feed and hydrogen pass into vessel 12 and cocurrently down
through the catalyst bed 16 which contains a sulfur tolerant catalyst, in which the
feed reacts with the hydrogen in the presence of the catalyst to remove
oxygenates and sulfur and nitrogen compounds as H7S and NH3 and also
saturate olefins and aromatics, to form a first stage effluent comprising a mixture
of partially hydroprocessed liquid and a vapor which contains vaporized feed
components, H>S and NH3. In one embodiment, this first stage vapor effluent
also contains sufficient unreacted hydrogen to hydrotreat the heteroatom-
containing hydrocarbon vapor components in the subsequent vapor hydrotreating
stage below. This is a preferred embodiment. In another embodiment the first
stage vapor effluent will either contain essentially no unreacted hydrogen or

unreacted hydrogen in an amount insufficient to hydrotreat the hydrocarbon



5. A process according to claim4 wherein all of said vapor stage reaction
hydr ogen conpri ses fresh hydrogen. 6. A process according to claim1l
wherein all three reaction stages are in separate vessels. 7. A progdss 1007
according to claim1 wherein said first |liquid stage and said vapor stage
are in the sane vessel. 8. A process accgrding to claim1 wherein said
hydr ocar bonaceous feed conprises a hydroCarbon liquid. 9. A process
according to claim1 wherein said fresh hydrogen in said first

hydr opr ocese¢mgoné¢rjuifdhe vapesr éffluantdda this ledenicases geshshydyegemoan anount
sufficient to provide enough unreacted hydrogen in said first stage vapor
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partially hyfcesdesait @indtd wtiistdalfod 602ROTS % and even > 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 catalyst than
the first stage catalyst for heteroatom removal and in addition can also achieve
aromatics saturation. In this embodiment the second stage catalyst comprises
nickel-molybdenum or nickel-tungsten catalytic metal components on an
alumina support. The first stage liquid and vapor effluents are removed from the
bottom of the vessel and passed via line 40 into gas-liquid separation zone 22 in
the bottom of the vapor phase reaction vessel 20. The partially hydroprocessed
liquid separates from the vapor effluent and is removed from the bottom of the
vessel via line 42 and passed, via liquid transfer pump 26, lines 44 and 48 into
the second liquid hydroprocessing stage reaction vessel 14. In this embodiment,
the second liquid stage is operated at a higher pressure than the first stage.
Therefore a pump is required to pump the first stage liquid effluent into and
through the second stage. Alternately, the second liquid stage can be operated at
a lower pressure than the first liquid stage, in which a pump may not be required
to transfer first stage liquid to the second stage. The vapor stage reaction zone
24 operates at a lower pressure than the first liquid stage reaction zone 16. The
vapor phase passes up into hydrotreating catalyst bed 24 in which most of the
remaining sulfur and nitrogen compounds are removed from the vaporized feed
components by reacting with hydrogen to form H3S and NH3 which. along with
the hydrotreated hydrocarbons and other vapor components, are removed from

the top of the vessel via line 41. This hydrotreated gas is then passed via line 41



(b) separating said first stage |iquid and vapor effluent; (c) reacting
said first stage liquid effluent with fresh hydrogen in the presence of a
second hydrotreating catalyst in a second hydrotreating |iquid rep@gtpq%Z
stage to renove additional heteroatom conpounds and unsaturates and produce
"a second stage effluent conprising a hydrotreated hydrocarbon product
liquid and a vapor phase conpri sing hydrotreat ed hydrocarbon vapor; (d)

cool ing said second stage hydrotreated hydrocarbon vapor effluent to
condense attoladreat exclpoger and biodk-outoonsepdrationhdrdnotroe ahesin hydimowar bon
product |iquid and uncondensed vapor, wherein said uncondensed vapor is
separ at ed fcPBAeRE the fraadGss hyidgesarboms ahadditiprd predeet, ligawd whagh maadia ng

said first stage vapor effluent with hydrogen in the presence of a second
hydr ot r eat ibipgmgeélt‘éﬂatgél?e h}‘grétr\?ﬁﬁﬁérpr%%tll%%g §308819dovipding X vapor st age
hydr ot r eat ed hydrocarbon vapor, the second hydrotreating catal yst having a
greater hydrotreating~acti vi and a | ower,.surfer tolerance than t first
hydrotreating catal yg'{h.e aﬂlaliyBP’@’E?@&CB&E%C{)PHPWQPBISEF%ng? ﬂ?elt@p e"reéﬁﬂeléai d
vapor reac . P se a
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process according to claim 11 wherein” said hydrotreated second |iquid

reaction stdagen thapegh giefseuemd ligaidipairettedtinC radeos etage paralyeibedf1 & he
hydr ot r eat ed 100 CT 2002 1s hydrocarbons present therein as liquid
whi ch is seyhichthalliquidmeadte witnthierdiydgogeicionidie psestnea pbthe dBalyst tor ocess
according to claim 10 wherein at |east a portion of said vapor stage

reaction hyydmfesat tmliquidde remeyn mrghstipspatoms and faracesecond 6388 ng to
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'stages ar %td.g% \%%B?Eﬁiueen\’ﬁﬁg %Ecsdnd stage vapor effluent also contains a vaporized
hydrocarbon component. Since most of the heteroatoms are removed in the first
stage and the vaporized second stage hydrocarbons are also at least partially
hydrotreated, the heteroatom content of the second stage hydrocarbon vapor is
very low. A mixture of the second stage liquid and vapor effluent is removed
from the bottom of vessel 14 via line 50 and passed into drum separator 28.
Alternately, the bottom of the vessel 14 could serve as a means for separating the
second stage liquid and vapor effluents. In 28 the vapor separates from the
product liquid, with the product liquid removed via line 52 and sent to stripping
(not shown), either with or without having first been blended with the
hydrotreated liquid recovered from the hydroprocessed vapors from the vapor
stage reaction vessel 20, to remove any dissolved H»S and NH3. The
hydroprocessed second stage vapor effluent is removed from vessel 28 via line
54 and passed through heat exchanger 30 to cool it and condense out C4+-Cs+
hydrocarbons. with the mixture of liquid and remaining vapors passed into drum
separator 32 via line 56. The condensed liquids are removed via line 58. The
remaining vapors comprise uncondensed hydrocarbons (e.g., C4.-Cs. and mostly

methane). along with some H>S and NH3. If the vapor withdrawn via line 60



16. A process according to claim 10 wherein said first |liquid stage and

sai d vapor stage are in the sane vessel. 17. A process according tf @I ?i,‘m,
10 wherein said fresh hydrogen in said first hydrotreating liquid REET
stage is added to said first stage in an anmount sufficient to provide
enough unreacted hydrogen in said first stage vapor effluent to hydrotreat
said first stage vapor effluent in sai dl apor reaction stage.
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10%& () -3 th(;/s&gr;/(kz)fdl(rr)lenﬁwj/lza%scg e gxl?lamed with particular reference to hydrotreating
a heteroatom-containing fuel distillate fraction. Referring to Figure 2, in the
hydrotreating unit 70, the feed liquid is passed via lines 100 and 102 into the top
of vessel 72 above the first liquid stage. At the same time, fresh hydrogen or
hydrogen-containing treat gas is passed into the vessel via lines 104 and 102.
The feed and hydrogen pass cocurrently down through the catalyst bed 74 in
which heteroatoms are removed and some components are saturated as in Figure
1, to produce a first stage effluent comprising partially hydrotreated liquid and a
vapor which comprises vaporized feed components, unreacted hydrogen, H>S
and NH3. The liquid and vapor eftluents pass down into liquid and vapor
separating space 98 in which they separate, with the liquid passing down onto the
tray 92 on which it accumulates as a layer 96, and is continuously withdrawn via
line 106. Tray 92 is a solid, gas and liquid impervious horizontal tray (as is well
known) having a plurality of vapor conduits or chimneys extending vertically
through, of which only one, 94, is labeled for convenience. The first stage vapor
effluent passes down through the chimneys as indicated by the arrows and passes
on down through the vapor stage catalyst bed 76 below. While it is preferred
that this vapor contain sufficient unreacted hydrogen from 104 to hydrotreat the
heteroatom-containing hydrocarbon component of the vapor. in some cases it

may be necessary or desirable to introduce fresh hydrogen or a hydrogen-

containing treat gas to provide all or a portion of the hydrogen required. This is
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introduced into the vapor stage via line 108 shown as a dotted line. The
hydrocarbon component of the vapor is hydrotreated by reacting with the
hydrogen to form additional H2S and NH3, and the resulting hydrotreated vapor
effluent removed from the bottom of the vessel via line 110. This vapor is
cooled by being passed through a heat exchanger 82 to condense the C44-Cs4-
hydrotreated hydrocarbons from the uncondensed, heteroatom-containing vapor.
The resulting mixture of hydrocarbon liquid and the remaining vapor is passed
into a simple drum separator 84 via line 112 to separate and recover the liquid
which is withdrawn via line 114 as additional product liquid, and the remaining
vapor removed via line 116 and sent to further processing for sulfur and nitrogen i
removal before being burned as fuel. Alternately, if sufficient unreacted
hydrogen is present in the remaining vapor, the vapor may be scrubbed with an
aqueous amine solution to remove the H7S and NH3 to form a clean, hydrogen-
rich gas which may be sent to a compressor and used as fresh treat gas. The first
stage liquid effluent is passed to transfer pump 90 which passes the liquid into
the top of second stage hydrotreating vessel 78 via lines 118 and 120. At the
same time, fresh hydrogen or a hydrogen-containing treat gas is passed into the
vessel via lines 122 and 120. The hydrogen and liquid flow cocurrently down
through the catalyst bed 80 in which the partially hydroprocessed liquid reacts
with the hydrogen to remove more heteroatom compounds, etc. and form a
second stage effluent comprising a hydrotreated product liquid and a
hydroprocessed vapor effluent containing vaporized hydrocarbons which contain
very low levels of heteroatom compounds, H2S and NH3. The hydrotreated
product liquid and vapor effluents are removed from the bottom of 78 via line
124 and passed through heat exchanger 86 which cools the mixture and
condenses a majority of the hydrocarbons, and the liquid and uncondensed vapor

passed into a drum separator 88 to separate and remove most of the C4+-Cs+
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hydrocarbons as liquid via line 87. The uncondensed vapors are removed via

line 89.

Those skilled in the art will appreciate that the invention can be
extended to more than two liquid and one vapor stages. Thus, one may also
employ three or more liquid stages in which the partially processed liquid
effluent from the first stage is the second stage feed, the second stage liquid
effluent is the third stage feed, and so on, with attendant vapor stage processing
in one or more vapor reaction stages. By reaction stage is meant at least one
catalytic reaction zone in which the liquid, vapor or mixture thereof reacts with
hydrogen in the presence of a suitable hydroprocessing catalyst 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 apart with optional gas and
liquid distribution means upstream of 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.

The term “hydrotreating” as used herein refers to processes
wherein a hydrogen-containing treat gas is used in the presence ot a suitable
catalyst which is primarily active for the removal of heteroatoms. such as sulfur,
and nitrogen, non-aromatics saturation and, optionally, saturation of aromatics.

Suitable hydrotreating catalysts for use in a hydrotreating embodiment of the
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invention include any conventional hydrotreating catalyst. Examples include
catalysts comprising of at least one Group VIII metal catalytic component,
preferably Fe, Co and Ni, more preferably Co and/or Ni, and most preferably Co:
and at least one Group VI metal catalytic component, preferably Mo and W,
more preferably Mo, on a high surface area support material, such as alumina.
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 reference. 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 aromatic
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
preferably operated at a temperature from about 40°C to about 400°C. more
preferably from about 260°C to about 350°C, at a pressure from about 100 psig
to about 3,000 psig, preferably from about 200 psig to about 1.200 psig, and at a
liquid hourly space velocity (LHSV) of from about 0.3 V/V/Hr. to about 2

V/V/Hr.
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It is understood that various other embodiments and modifications
in the practice of the invention will be apparent to, and can be readily made by,
those skilled in the art without departing from the scope and spirit of the
invention described above. Accordingly, it is not intended 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.
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CLAIMS:

1. A hydroprocessing process which includes two liquid and one vapor reaction

stages and which comprises the steps of:

(a) reacting a hydrocarbonaceous feed with fresh hydrogen in a first
hydroprocessing liquid reaction stage in the presence of a first hydroprocessing
catalyst to form a first stage effluent comprising a partially hydroprocessed

hydrocarbonaceous liquid and vapor

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

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

hydrocarbonaceous vapor;

(d) cooling said second stage hydroprocessed hydrocarbonaceous vapor effluent to
condense at least a portion of it to produce hydroprocessed hydrocarbonaceous
product liquid, and uncondensed vapor, wherein said uncondensed vapor is

separated from said product liquid and

(e) reacting, said first stage vapor effluent with hydrogen in the presence of the
second hydroprocessing catalyst in said vapor reaction stage to form a vapor stage
hydroprocessed hydrocarbonaceous vapor, the second hydroprocessing catalyst
having a higher hydroprocessing activity and a lower sulfur tolerance than the first

hydroprocessing catalyst.

10 0CT 2007
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2. A process according to claim 1 wherein at least a portion of said vapor stage

hydroprocessed hydrocarbonaceous vapor is condensed to liquid.

3. A process according to claim 2 wherein at least a portion of said condensed

hydrocarbonaceous vapor is blended with said hydroprocessed product liquid.

4. A process according to claim 1 wherein at least a portion of said vapor stage

reaction hydrogen comprises fresh hydrogen.

5. A process according to claim 4 wherein all of said vapor stage reaction

hydrogen comprises fresh hydrogen.

6. A process according to claim 1 wherein all three reaction stages are in separate

vessels.

7. A process according to claim 1 wherein said first liquid stage and said vapor

stage are in the same vessel.

8. A process according to claim 1 wherein said hydrocarbonaceous feed comprises

a hydrocarbon liquid.

9. A process according to claim 1 wherein said fresh hydrogen in said first
hydroprocessing liquid stage is added to said first stage in an amount sufficient to
provide enough unreacted hydrogen in said first stage vapor effluent to

hydroprocess said first stage vapor effluent in said vapor reaction stage.

10. A process for hydrotreating a feed comprising a hydrocarbon liquid which

contains heteroatom compounds and unsaturates which comprises the steps of:

(a) reacting said feed with fresh hydrogen in a first hydrotreating liquid reaction
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stage, in the presence of a first hydrotreating catalyst to remove most of said

heteroatoms from said feed to form a first stage effluent comprising a partially

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

(c) reacting said first stage liquid effluent with fresh hydrogen in the presence of a
second hydrotreating catalyst in a second hydrotreating liquid reaction stage to
remove additional heteroatom compounds and unsaturates and produce a second
stage effluent comprising a hydrotreated hydrocarbon product liquid and a vapor

phase comprising hydrotreated hydrocarbon vapor;

(d) cooling said second stage hydrotreated hydrocarbon vapor effluent to condense
at least a portion of it to produce hydrotreated hydrocarbon product liquid and
uncondensed vapor, wherein said uncondensed vapor is separated from said

product liquid which is recovered, and

(e) reacting said first stage vapor effluent with hydrogen in the presence of a
second hydrotreating catalyst in a vapor reaction stage to form a vapor stage
hydrotreated hydrocarbon vapor, the second hydrotreating catalyst having a greater
hydrotreating activity and a lower surfur tolerance than the first hydrotreating

catalyst.

11. A process according to claim 10 wherein said vapor reaction stage hydrotreated
vapor effluent is cooled to condense a portion of the hydrotreated hydrocarbons
present therein as liquid condensate which is separated from the remaining

uncondensed vapor.

12. A process according to claim 11 wherein said hydrotreated second liquid

reaction stage vapor effluent is cooled to condense a portion of the hydrotreated
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hydrocarbons present therein as liquid which is separated from the remaining

uncondensed vapor.

13. A process according to claim 10 wherein at least a portion of said vapor stage

reaction hydrogen comprises fresh hydrogen.

14. A process according to claim 13 wherein all of said vapor stage reaction

hydrogen comprises fresh hydrogen.

15. A process according to claim 10 wherein all three reaction stages are in

separate vessels.

16. A process according to claim 10 wherein said first liquid stage and said vapor

stage are in the same vessel.

17. A process according to claim 10 wherein said fresh hydrogen in said first
hydrotreating liquid reaction stage is added to said first stage in an amount
sufficient to provide enough unreacted hydrogen in said first stage vapor effluent

to hydrotreat said first stage vapor effluent in said vapor reaction stage.



