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;noedetstp"p6TJO _ .. 10 OCT 2Q02 COVBI NATI ON COCURRFNT AND COUNTERCURRENT
STAGED HYDROPROCESSI NG W TH A VAPOR STAGE The present i nvention re,lulfbgﬁ 6?
hydr opr ocessi ng hydr ocar bonaceous feeds using a comnbi nation of coc £00

and countercurrent |iquid hydroprocessing stages m i

hydr opr ocessi ng reaction stage. Mre phrticularl y?lm mmlm“umn relates to
catal ytically hydroprocessing a hydrocarbonaceous feedgg«a first liquid
reaction stage in which the feed and treat gas flow cocurrently to produce
a liquid and vapdfOMBINAKIONI RRIENTT ANEY( ! RENT hen
hydroprocessed i nSTAGEDH POROPROCESSINCG' WELTHUA 'CAPORISTAGE t r eat gas
to produce a hydroprocessed product Tirquid at the bottom of the second
stage and a vapor effluent at the top, with both vapor effluents conbi ned
and hydroprocessed in a vapor stage. As supplies of lighter and cl eaner
feeds dw ndﬁ&lﬂﬁ%mm#ﬁﬂg industry will need to rely nore heavily on
relatively hig olf1ng Teeds derived fromsuch materials as coal, tar
sands, shale oil, and heavy crudes, all of which typically contain
significantly nore unddeiprasent invemioneelates mslﬂgebbp;ldcysg‘ing)m an envi ronnent al
poi nt of view. These conponents include halides, netals, unsaturates and
het er oat onshydmicarbonaoedus feeds usingencombinatiay g€ cocEwentandnanumterdurrento

envi ronnent al concerns, specifications for fuels, lubrjcants, and chem cal
product s, whgwid kygdreprocessingstages aadiongblapor hyidropeoressingreaction stagel | v

e O e T AR R T AT
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removed, thga{gég%vécﬁreaglgﬁg;dg&ﬂuég?ﬁgﬁicf Gfflvd r%{?ﬁﬁ&ﬁ%hﬁéﬁ@é’%éb&%ﬂf by

reacting th nin presence of a suita

hydr opr ocesgjifithediquid $hen w&bg%mg&ﬁnrwsdcaﬁh $ehpe o téretirrently

hydr ocr acki ng, hydrotreating, hydroisonerization and hydrodewaxi ng, ‘and

t her ef or e pteathe tacatigap oo paoduced kydropropgssedi prodpett liqpdid wtrtlsd bettora of thereet
more stringent quality requirenments. For exanple, there is an increasing
demand for saqﬂng\ﬁé@gmmdaa vaponeifinent at thedep,ieitth bothvapen ¢fBuentsreomhined ng
poi nt reductign. .In order to achieve these goals nore economcally, various
process conP‘i‘@g‘Vﬁ’EQ%ﬁ%esﬁﬁ@én BY@ROHER8S-oped, including the use of nultiple
hydr opr ocessi ng stages as is disclosed, for exanple, in European patent
publi cati onmmm%t ents 2,9S2,626; 4,021, 330; 4,243,S 19;
4,801, 373 a : ) X tion relates to a process for

hydr opr ocessi ng a hydrocarbonaceous feed in which the feed is reacted with
hydrogen in the presengespplias BY HpRief ar€ skhné feadsdwaidle, thépétpslenment flow
liquid reaction stage to produce a vapor and a liquid effluent which are
separ at ed, widustriyiveill negditd relyf iorertieaivily tonerelatiydlydpgh bedargifess derdvdd ng wi t h
countercurrent flow ng hydrogen in a countercurrent flow liquid reaction

stage to pr fivnesuch materists acecnd dtar panslsushale oidyand heavy ssudes; albef whichhe
e e St S Bk AT
uent's
d hyd .. F hyd . t . i-Si
var ogen | s CHEERERELRYRY BF 4ist- Sheg erhranAafadeRahafe b or ' o age
. ; .
react | on My Bt &Y d PR BmsUIER 8¢ bR fur WA ad ok ifen! BRfhefhble) oMt S

or both. I's preferredt or a ast porti o "the vapor st age
reaction hygdpeesenHtonthentaPeshdeynsy SpEIREATHNE Yo R hibtidahts, eAdrbheéiiéal apor

effluent fromthe two Iiquid stagéeés. The hydroprocessed
products, with respect to such undesirable components, are continually becoming
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tighter. Consequently, such feeds 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.
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1 00CT 2002 3 vapor conprises hydroprocessed hydrocar bonaceous feed
*material, at least a portTon of which (e.g., C4+-Cs+ faterial) may be
recovered as additional product liquid by cooling. If the remainif@0CT 2002
uncondensed vapor is rich in hydrogen, after being cleaned up to renove any
contam nants present, it may be used as fresh treat gas to provide all or a
portion of the hydrogen for the cocurrem or countercurrent liquid reaction
stages. Sufficient fresh hydrogen or hydrogencontaining treat gas is

i ntroduced into eitheln ohydroptodebsing peodessnit least agoitid® b€ the Beteroat@aes to
I nsure that the conbi ned vapor effluents contain sufficient hydrogen

(unr eact ed coptraages jare verpovad, dke aol¢mdat steugparetdfthe deednis thahgedyortbodh ogen
requi red for the vapor stage hydroprocessing. The term "hydrogen" as used
herein ref é}cgutbymgantb@ethegw withrhy dsegen uuﬂ?arprysqme of asuttablen conpri ses a
hydr opr ocessi,ng process mhich |.hcludes two Jiqujd and one vapor reaction
st ages and THRTORTOLETHIS S&ld!)ishe daﬁ%ﬁsswlmﬁﬁ@ﬁi gregemaignconpri si ng a

ek b e oE o S A HSEiag =1
ffl t ks ) f ti A
LS SO R ol TR SR e

reacting S%Ih-%éein"t ﬁhgmgttjilréxﬂé'ﬁ@. &bt Ekﬁﬁ%le‘,"&ﬁe'?e Wégfwﬁﬁgé&rsg%rdéiﬁarm fsience of

"a hydroprocessing ¢ I n a countercurrent ocessli ng

reaction stimgeoved hetegbmemaemodabpiromeatis egunisn eadiwilee puint REdsition, | | qui d

effluent at the bottom of said stage and a hydrocarbonaceous vapor effl uent
at t he top,Inanden(td)achiuvieithésegdatst horef econbrhivalhgvasbis process eonfiguestidrisng
them w th hydrogen in the presence of a hydroprocessing catalyst in a vapor
hydr opr ocedavadeer developedtingjuding the ysrieEmaltiglahydraprecassing stages as is

age 1 eact IO AT 30 Fyrepenn et b catin By s DA MlthHy B ogen at
| east one of, S5l d OB ETENT S50, £548395! 5801 A% §308Liage varor

effluents. P

Summary of the Invention
The invention relates to a process for hydroprocessing a

hydrocarbonaceous feed in which the feed is reacted with hydrogen in the
presence of a hydroprocessing catalyst in a cocurrent flow liquid reaction stage
to produce a vapor and a liquid effluent which are separated, with the liquid
effluent further hydroprocessed by reacting with countercurrent flowing
hydrogen in a countercurrent flow liquid reaction stage to produce a
hydroprocessed product liquid at the bottom of the countercurrent stage and a
vapor effluent at the top, with both vapor effluents combined and hydroprocessed
in a vapor hydroprocessing stage to produce hydroprocessed vapor. Fresh
hydrogen or a treat gas comprising hydrogen is used for both liquid stages. The
hydrogen for the vapor stage reaction may be fresh hydrogen, unreacted
hydrogen in the vapor effluents or both. It is preferred that all or at least a
portion of the vapor stage reaction hydrogen be provided by unreacted hydrogen

in the combined vapor effluent from the two liquid stages. The hydroprocessed



The hydroprocessed vapor may then be cool ed to condense the higher boiling
hydr opr ocessed hydrocar bofaceous material present in the vapor as 0.0C]
additional product liquid which is separated fromthe renaining uAco%% H@%d
vapor by any suitable neans, such as a sinple drum separator. The
uncondensed vapor will conprise the |ighter hydrocarbonaceous materi al
(e.g., ~ C4: C3.), depending on the tenpérature and pressure), unreacted
hydr ogen, gaseous contam nants, and hydrogen treat gas diluent, if present.
Further, usi#bracdiRstisdseiifdropreesstd fydreddrbenfebly féddahaterial, 8¢ fedsat han the
countercurrent stage elimnates the need for a hot liquid punp for passing
t he cocur r eportiomef whadlf (euenC,i-C1 matartalnmay bermeeotersd agadditionahproduct
enbodi ment, sufficient hydrogen for the vapor stage reaction will be
present in ligeiddeyrbooking.vHhe remainingupcondenstbd vapaeris richdnrhydnogemafter
countercurrent stages. In a preferred enbodi nent, there will be a

suf ficient bong«sleanad uintoremereanyt eentapdnasie prasant, emay baused as frssh vapor
stage effluent to conpl efely hydroprocess .the conpined vapor effluents in
the vapor 882391 ROy allipT A EPrRmBEIIIHATORHLIGE (O FPCUSEERE @F i ci ont
unreacted h

\éagor react %‘E{‘qg{ecglgreé%ﬁl‘@ﬁ&] &glgﬁoilg?%%%s $§gﬁ§ggﬁs§§sj} ﬁ’g rgrg?ﬂ%hy&rggtcﬁéom t he
ydrogen r e%tﬁfg{?gég{eﬁsgag EQﬁ&oﬁﬂ@ecanthﬁﬂﬁg% ﬁclﬁ}ﬁ tﬁﬁg bjﬂ o gﬁgnd e

countercurr roprocessing, as s

in detail begh@Werclitfen?sRERS %o Msutd that BYEEdhBhedSyapaf effiiéndy Eohthimef ul for
hydr opr ocessi ng hydrocarbons to renove undesirabl e contam nants. An exanpl e

i s hydrof i r sufficientdydyogaramreactéd Apdtogen) to povideeatslehst arpaation eirtatlagfen. | n
this process, the sulfur and nitrogen conpounds in the feed liquid are
converted tthedsiragen Kedprivdd for thewvaponstage hydroppanessing! dhg tewmah vapori zed
1 00 C1 20025 hydrocarbons, and, gaseous hydrocarbons, such as nethane.

Because of tmedrogeRl as predhersin eatars torhydeesiesas: More partiqulasty thepor
effluents in the tw |iquid,tages, the vapor ase. cont ai.ns .s0 sul fur
and it ogeltiEaonRmRsRS A NP BiechaiRe Froess RS TS BR BBHE AR | ' ¢ ne
vapor stage i ﬁﬁ"rﬁ he heavi er

hydr ot r eat egn%ggb%{g%ragﬁﬁgE%gg%sﬂg%%sgﬁ%@ge e %\%{l}%ional hydr ot r eat ed
product liquid. If the remaining vapor contains sufficient unreacted
hydrogen, the H2gynd rdhRingonfeed domibidsiipy B/rséarbonaeonsliqhnd with known
nmeans, such as am’ne scrubbl ng, and the fenmai ning, hydrogen-rich vapor used
as part of hiédropealinraacdcusteagéloor reaotion stagerin ¢ peesenee of ehydppsoceshing
countercurrent and vapor reaction stages may be in the sane reaction vessel
or in separ aatelyst e Eorn atirst stage effhient semprisinge mixtugg of pastially t he sane or

different, depending on.the feed and the .arocess objectives. In sonme cases
fresh hydrogﬁ&wo‘é&ﬁ%hﬁgﬂ}?ﬂi a&Fﬂ‘i‘%Gq lﬁ@é’? 29T may be passed into

(b)  separating said liquid and vapor effluent;

(c)  reacting said first stage liquid effluent with hydrogen in the
presence of a hydroprocessing catalyst in a countercurrent flow hydroprocessing
reaction stage to produce a hydroprocessed hydrocarbonaceous product liquid

effluent at the bottom of said stage and a hydrocarbonaceous vapor effluent at

the top, and

(d) combining both of said vapor effluents and reacting them with
hydrogen in the presence of a hydroprocessing catalyst in a vapor

hydroprocessing reaction stage to produce a hydroprocessed hydrocarbonaceous



either or both the cocurrent and vapor stages. In the practice of the

i nvention, the fresh hydrocarbonaceous feed fed into the cocurreEL %tgq 7
reaction zone is nostly liquid and typically conpletely I|iquid. ping e
hydr oprocessing, at |least a portion of the lighter or lower boiling feed
conponents are vaporized in each liquid stage. The anmpbunt of feed

vapori zation 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 | ivgpor wherein atleastageortionedsaid vaper stageweasftianeydregen ki ng

hydr oprocessed is.in the Iig;id stat?. In nD%t,cases t he hydrocar bonaceous
feed will ®sepdeddyinreactsd hydrogen at leasppne pf prid CONBIETGHTEIL QIIFOCHITENS ng The
Figure schematjcally illustrates an enbodi nent of the 10 0 C T 2002

i nvention ir?ﬁm%ﬁagﬁzam&fﬂ@% rent and vapor hydroprocessing stages are
in a single reaction vessel. By hydroprocessing is neant a process in which

ot er oat oh]e?ﬁ%ﬁr 't 1 os RO HRORBRRTEE ‘,‘?*‘%Ln*’?Ff’%ﬁ@'ﬁ?’%ﬁ?@?@&%‘?ﬂ@?%ﬂﬁge or
convert t ﬂéﬁ%xrgfrgip*gg hg#iﬁ?ggb'és@e&’Eg&fochﬂﬁﬂac@o&%ﬁieﬁ%ll @f}esEHﬁngﬁ@%ng. ot h.

Non-limtin I opr oceéssi ng processes can be practiced

by the presgadditiotlpredudt HguidiehicH i3 separtaetbfroROthe iregaidifg tunebaddrsed | i ght
and heavy feeds by hydrocracking; hydrogenating aronmatics and ot her

unsat ur at evapby y anyeuitableaneans, auch as a sanhpleydruim sbpasaton gThé uneoredensed! waxy
feeds, and denetallation of heavy streans. R ng-opening, particularly of

napht heni ¢ vapaywill cemprisecthp dighterdiydeecagbondogduomaterial {e.89 PLacCsd. By
hydr ocar bonaceous fee%s nmeant a pc{i marily hydrocarbon material obtained
or deri ved dependiag ibthsdemperatiesnd Pressie), areastreshy drogan cgaseous

| i quefaction, shale oil .and hydrocarbon.synthesis. T eact.on stages used
i the. pr agOPEA BRI, and FSCaTRen L gar QUL e B tod XD bR
t enper at ur . i i ypi cal
hydr opr oce<or SePEAERS U EuliichlPhigRet bRSekeaa B cchferRAER! RaghtP |
pressures folipiinaethe peed@Fbida hot BRHUputaP B frstide the ebaiméntliqid e#lden?00
psig. Feeds suitable for use in such systens include those ranging fromthe
napht ha boitbithg commgrcurreaeage. f eeds, such as gas oils and resids. Non
limting exanpl es of such feeds which can be used in the practice of the
present invention include vacuumresid, atnpspheric resid, vacuum gas oil
(VRO , t In one embodiment, sufficient hydrogen for the vapor stage
reaction will be present in the combined vapor effluents from both the cocurrent
and countercurrent stages. In a preferred embodiment, there will be a sufficient
concentration of unreacted hydrogen in the countercurrent vapor stage effluent to
completely hydroprocess the combined vapor effluents in the vapor stage. Ina
yet further embodiment, there will be sufficient unreacted hydrogen remaining in
the hydroprocessed vapor effluent from the vapor reaction stage treat gas, to
provide at least a portion of the hydrogen required for at least one or both of the
cocurrent or countercurrent stage hydroprocessing, as shown in the Figure and
described in detail below. The process of the invention is particularly useful for
hydroprocessing hydrocarbons to remove undesirable contaminants. An
example is hydrotreating a hydrocarbon fraction to remove sulfur and nitrogen.

In this process, the sulfur and nitrogen compounds in the feed liquid are

converted to H,S and NH, which pass into the vapors, along with vaporized



7100 CT 2002 atnospheric gas oil (AG, heavy atjmspheric gas oi
(HAGD), steamcracked gas oil (SCE), deasphalted oil (DAO, |ight @ﬁt 0
cycle oil (LCCO, natural and synthetic feeds derived fromtar saﬁh , Lﬁ%?e
oeil, coal liquefaction and hydrocarbons synthesized froma mxture of HZ
and CO via a Fischer-Tropsch type of hydrocarbon synthesis. For purposes of
hydr opr ocessi ng and in the context of the invention, the ternms "fresh

hydr ogen” and "hydrogen-containing treat gas" are synonynous and may be

ei t her pur ehydrdcadpens and gabgairsdyairocarhons, sioky as nedhangasBedause of shea t r eat
gas stream contai ni ng hydrogen in an anount at |east sufficient for the

i nt ended r esitnle fHaph Gepasetien betrseesy thgdiguid and vapor effluentsan thetwoilignid

hydr ocar bons such as net hane) which mﬁl%@ggal versely interfere with or

af fect ei t NEpBESENG BARATRAIRSC SPNIAMS STy $LO8ER CRBIANIBEUde recycl ed
vapor effluent frem another stage ,whch has not been processged to renove
Cont an nant S UIREARP Bara L wHH S Y P Proteose an SRS Bt < ook e
present. T ! i r n-cont ai ni ng
a1 rom any Bk Sebae bl etV RS MR R BlomeBtoR BERp 6 as
conpri sing QRO Apr : fluent,
after first llérlafe)ﬁ%@lt &;%hg%éﬁpggg{al 2?por t |a§ %’?gﬁgﬂgﬁi@?ﬁﬁ@% n‘%g'%‘%?’%?f?@%;

hydr ocar bongort&ing suffideéntGerreaéted oot BHS ang NHJ esntamimdifls Aty be
contam nants (e.g., H2S and NH3) fromthe vapor, to produce a clean

hydr ogen risthippedaut bpany knevtr meangasch as earine scrubling; dnd theremaiang, i on
stage w || ﬁreferab[ contain at |east about 50 vol. % nore preferably at
| east about hydrogen-rich vaper aged as partefdhecoeursent stagei arrcountesaenrent st3gh ogen

in.the vapor effluent of any partnﬁglar staqe is used fQr ,hydroprocesstng
in a subseqe#t8ast GunderagEgnt IMLVEPIRISACURN SHAEES BAKDC 1RJRS 841BA pr esent

in the fresh hydrogen,or.hydrogen-cont aiknin tlr at gas introduced.,into that
stage for tHECUSRIFSE PF iLFPaRte esrels, 156 RVl Moa IY cah REC AV Rt gen
for the S“béa%%’SPhif?ért@ﬁg d%f}%ﬁ&iﬁg%%the.fegd dnduf Slsﬁoles’so@cﬁg Jibésf‘%%ﬁﬂﬁd' ment

shown in the Figure, roprocessi ng proce 'S a rotreating process
and the re?@és'e@'i’r_e%h%gﬁﬁoél’xp&oé h§ddogefl-contdRm ,mt?agmb@pmed%ﬁure, a
hydrotreating unit 10 conprises” a cocurrent [1quid reaction stage, downflow
reaction vesisigdr crdoththeacodureem aadtvappsstagesi 14 within, and a reaction
vessel 16 containing a countercurrent liquid reaction stage defined by

catal yst bed 18, above which is a_vapor reactjon stage defined by catalyst
bed 20. Flash space oin thseragticeef theinveridomithe dresh paydraserbpnacaoys deed uent

from 12 to separate and vapor-|iquid separatio ang 2 ernj,ts the

separ at ed I? thegrAcrsrens sigge gragtiq n@ds&%s:tﬁyﬁewlaépﬁl&@?ghﬁd 18 bel ow
and, at the_sa {4l perm t 1 -cont ahnl , n the
count or our r &EPErydRuife Dlelng (& Y AbRREEToF B dhelt pLRfSH oF ARG O
reaction stage. Al EMPoRérs AR vaistiZealifl AER1iqRITNARACTRe Abhcund 30,
along with attéﬁggkﬁé %?pand 80Idssin%le dru&1f§pe EEpor-Fiquig separators
28 and 32 f of faedotdpatization dlldizpend @ntthe nbhaay of thdfeddaind the tadpsapaes,

am ne scrubber 40 and conpressor 44. Not shown is one or nore sinple
strippers fand pressye inghengactionsshagescndasaynahgeHztiveomabhat H80adwt ! i qui d

and condensed vapor. The hydrocarbon feed to be hydrqtreated is passed via
lines 50 andhBs, hnkiguidgsaetion stageis meant bat &mﬁ@? dhe ?e&ﬁcbetnr»s ough t he

catal yst be 4 below ,)n this particular illustration, of the invention,
Che fved i shudperecsesshisdaro gl sefs) moscaipe i FRiBparbpBédbls Ted
cont ai ni ng heferoatom,c ou of sulfur, nitrogen and perhaps oxygen.
Treat gas c&H@FPEHHECH9§$§ﬁKﬁg$% passed into the top of vessel 12 via |lines
54 and 52, and passes cocurrently down through the catalyst bed with the
feed which reacts with the hydrogen in the presence of the hydrotreating
catal yst to renpve nost of the heteroatominpurities fromthe liquid as
gases including, for exanple, HzS, NH3 and water vapor, as well as formng
| i ghter hydrocarbons. At the sane tinme sonme of the heteroatom containing
feed liquid is vaporized. Mst of the sulfur and other heteroatom conpounds
are renoved fromthe feed in this stage. By nost is neant over 50 % which
could be 60 % 75 % and even > 80 % rr. 910 00G T 2002 Therefore. The
subsequent countercurrent stage catal yst can be less sulfur tolerant, but
nore active for heteroatomrenoval, and also an aromatics saturation

catal yst which, for the sake of illustration in this enbodi nent, may
conpri se nickel - nol ybdenum or ni ckel -tungsten catal ytic netal conponents on
an alum na support. The m xed liquid and vapor effluent is passed via line
56 into flash zone 22 in vessel 16 in which the vapor separates fromthe

_______ ] T N S - —



[ 10 10 OCT 2002 separators pernits better overall separation than if only
* a single separator is used. The |iquid-vapor mxture produced in 30Q 6ﬁ

passed into another drum separator 32 via line 31 to separate the 10 0CT 2002

additional liquid fromthe remaining vapor. The |iquids renoved from 28 and
¢ 32 are respectively passed via lines 25 and 33 to liquid product |ine 60 as

addi tional product |iquid. The remaini ngbvapor which now conprises a

m xture of unreacted hydrogen, light (e.g., C4: Cs.) hydrocarbons, HZS and

NH3 is pas%Eﬁﬁli?ﬁhﬁﬂﬁﬂi5&U&h9&ﬂu&ﬁﬂybber in which it is scrubbed with an
aqueous am ne solution to renove the HZS and NH3 to produce a cl ean,

hydr ogen-rich gas. This clean, hydrogen-containing gas which is now a treat
gas, is passed via |iTheFigimetschematicabsillustrdtesntl émioadintent of thet o t he
cocurrent first liquid stage reactor via |ines 54 and 52. This gas can al so
be passed iinventi¢re i vinichetheurouatercerrantaand vapor iy dssprog¢ssingsitagas dre i hi s
enbodi nent i,s a self regul ati ng vapor bypass tube 61, which is a holl ow

t ube or corﬁ!%lleréﬁ‘étiplh‘t’eﬁéﬁh ends with the upper portion curved over and
down and termnating in a liquid well 63 in tray 24 as shown. This serves
to prevent £l oodi of .catal yst bed 18 in the event the pressure or flow
rate of thJi#éﬁ%ii&ﬁﬁpgﬁ%“tercurrentIy fl owi ng hydrogen or treat gas
becomes too great. The liquid head in the well over the opening in the

upper portion of the gﬁcﬁéﬁ&’ce“%i &rﬁémraggrogk%seﬁrwgﬁpgﬁggﬁér{%gdsn t he

art will appreciate t i nventtY on can Xt ende n two
liquid and QiR aaRocEbRAGSeousTEed tRMEPYord SEmMRFPheérddibRanturifese | i quid
stages in which t'he partially processed liquid effluent fromthe first
stage is thmchesonlfus] sigogencshd oxypene cwokangeagedniveartitie afdlecidat is the
third stage feed, and so on, with attendant vapor stage processing in one
or nore vapdruatezgcef asdeast agustiompf thafeedpor bothgNons-linwting examipdessaf one

tal yti ti i n which l'iquid, . i Xt t f
Feact & it HOTEPERERSIAG PrPeSHFo BIGCoy DEPERGHiFall P thy BRSPRIJBESRATTY cat al yst
t d . t ti,al.l. dr. f t h tal yst i
oact oz oRE e fopBine Rk Flife SckioRs Hoi REht Sud hibifesdthen o T |
di sper sed iy oSl Ao dbnalBE Srirdafis adfofieCulsdiififed 1 one catal yst can
parti<Tu

al so be enployed 1n ar°zone as a mxture or tn'the formof |ayers
(for a fixegdiglomdridatidaanddiedatalitiy dewariiy 6f WardPAmy fexy FU®, 4Mpn one
bed of the sane or different catal yst may be used, so that” there will be
mor e than odfemeétatiationof hesey stftambeRingrapemiagspatiedlaalyasf naphthendptingsal gas
and liquid distribution neans upstream of each bed, or one bed of two or
nor e separ atan ase heyonsidersd »bydreopdodassingi pracessc By hydnogarbonac¢austfhed f or m

i qu gjzf{ ii;é%é%&éé@%e?&oﬁﬁéé’én;‘n%aé%ﬁ%@%ﬁwi SRV rgmcand bonaceous
ends of t ndtaigaTeitn tFong o Binct Ref SvdtspRREER, Phant 0P R BRbogRER" ' ©
respective s%ﬂhesﬂ‘.eTh@rréﬁéif&\ﬁds&%és%%&'?ﬂ?h@ﬁrak!ﬁgéobﬁ{ sérftiffVéhtio dtocesses

wherei n a hydrogen-containing tteat gas I1s used In the presence o

sui tabl e cagpdrifed iufhbleSteRipef@tutdsiandireystrésofor the désirsdvbctidn, hE6€r oat ons,
such as sul fur, and nitrogen, non-aromatics saturation and, optionally,

sat ur ati on efample[ttpics hydroprabessity tenopereturesyilt aangeyfsom dbout 46 ito a
hydrotreati ng enbodi ment of the invention include any conventi onal

hydr ot r eat i aliput #SQ° Csat pressungs| feemi abouti §0 psig i ghaut 3 sigi prgfesablyt5Q east
one Goup VIIl netal catalytic conmponent, preferably Fe, Co and NI, nore
preferably t0c2,4RB/PSIE-Ni , and nost preferably Co; and at | east one G oup Vi
nmetal catalytic conponent, preferably Mo and W nore preferably Mb, on a

nyarotreati ng cat arySrecasunims Rl st eyt Witse HAdEBiFom o o
chove, 11 1 SE et PG sBREIq hond b Tch R By BIgRAg R ddNERE, Y one

t f hydg ot & { t : i i
ype o yqﬁ@ﬂ@%&%@gggﬁéi d;]Fg%tEg nfg@dé WRICHSRR B udeldn IREBrachids bf gt peasst or

zone. Typica eratures range from about 100C to about
400C wi th pretaHHR ndlHa8VaaRIK r88dPaintspherld 9exid SvAAnPgasoil PVEEY, abl y from
about 50 psig to about 2,500 psig. |If one of the reaction stages is a

hydr ocracki ng stage, the catal yst can be any suitable conventional

hydr ocracki ng catal yst run at typical 12 1 0 0 C1 2002 hydrocracking
condi tions. Typical hydrocracking catal ysts are described in US Patent No.
4,921,595 to UOP, which is incorporated herein by reference. Such catal ysts
are typically conprised of a Goup VIII metal hydrogenating conmponent on a
zeolite cracking base. Hydrocracking conditions include tenperatures from
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in the practice of the invention will be apparent to, and can be readily

»

made by, those skilled in"the art without departing Tromthe sco?ﬁ @ﬂg@
spirit of the invention described above. Accordingly, it is not ANt Q}
that the scope of the clains appended hereto be limted to the exact
description set forth above, but rather that the clains be construed as
enconpassi ng all of the features of patedtable novelty which reside in the
present invention, including all the features and enbodi ments which woul d

be treated amosphériaganvll (AGOYHeaby athosshesici gdsasil (HAT®), atdani eraskegh t he
I nvention pertains. 100C1 2002 13 Al MS: 1. A hydroprocessing

process whigas aih(S8UCG€EY, deasphalied dil{BxA Ohdighteat cydeoil (ACCOXgesumbdndhi ch
conprises the steps of: (a) reacting a feed conprising a hydrocarbonaceous
liquid w t symthetisgfeads derved fiom tartsands,whaleail,iconl Kquefaction and presence of
a hydroprocessing, catalyst to . forma first stage effluent, conprising a

m xture of Cfavdfsa%trbam; §YW§‘SF1§E¢£@<§%§é@xﬁVGer M&@éﬁ@sﬂ FlsﬁhﬂdTmcgapor;
(b) separat,in id liguid and vapor effluent; (c) reacting said first

st age Iiquitéfpgf’?ﬁéfamcaa??ms}@g?’ﬂ&en in the presence of a hydroprocessing
catalyst in a countercurrent flow hydroprocessing reaction stage to produce

hyd d hyd essi ! e 10 :
2 hydlr opr ocessed hydr pGaghoiaacear dArueleibk Wt 14 LBk ghaghe bot tom o

aceous” vapor e uent op,

conbi ni ng BaLEntedn, 1R CernePNMresH hydiopés” @xﬂﬁ“ﬁﬁﬁﬂgé@%ﬁhia’i‘ﬁngm ghi’ha ydr ogen
In the presence of a hydroprocessing catalyst in a vapor Aydroprocessing

reaction Stmenquuscaddcmaﬁbh;e@hheppmq@&hdgmdf @hgdhsgmcmuain%?oﬁéat gdger ei n
r

sai d vapor stage reaction hydrogen is provided by unreacted hydrogen in at
| east one owhichtib adfeas gas streamtcamtainingrhydrogerotnuan emoust atleastgudficient
effluents, r{g};) condensjing at |east_ a portion of said hydroprocessed

hydr ocar borf®s dsintendss regetion plus othexgasongasses (el Bitrageasandlighit age to

port 1 on of wilecubabe ASkeh TR cugL et ACuFRERACES teb BT fEeCai d
10010 2Rl B¢k prosh el SR, o B BSBRaF BT lTS,
in a singl epyRSaf)ther stage which has not been processed to remove contaminants and at
least a portion of any hydrocarbonaceous vapors present. They are meant to
include either hydrogen or a hydrogen-containing gas from any convenient
source, including the hydrogen-containing gas comprising unreacted hydrogen
recovered from hydroprocessed vapor effluent, after first removing at least a
portion and preferably most of the hydrocarbons (e.g., C,,-Cs,) or
hydrocarbonaceous material and any contaminants (e.g., H,S and NH;) 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
hydroprocessing in a subsequent stage or stages, there must be sufficient
hydrogen present in the fresh hydrogen or hydrogen-containing treat gas

introduced into that stage for the vapor effluent of that stage to contain sufficient

hydrogen for the subsequent stage or stages.



3. A process according to_claim1l wherein said reactiqn hydrogen for said
‘countercurrent stage is provided by fresh hydrogen or hydrogen-com]adﬂiiﬂ@
treat gas. 4. A process according to claim1l wherein said cocurre
reaction stage is operated at a pressure higher than said countercurrent
“and vapor reaction stages. 5. A process ﬁccordi ng to claim1 wherein said
hydr opr ocessed vapor contai ns hydrogen im an anmount sufficient to provide
at |least a portion of the reaction hydrogen for said cocurrent reaction
stage. 6. A process adBdhelembodimentzshona intbe &igureathe hydtoprocessisged vapor

cont ai ns hydrogen.in aﬁ? anmount sufficiﬁn to Provi de g;lé of the reaction
hydr ogen f oPTQES i3 BYdratisating presess apd dhereaption staggs bydrofreatingistageso cl ai m

wh ' id hyd feed.. g hyd bon liquid. 8.
o ocess. acoRETHEE Y F SRS RRVALALERAG AT P BRrben s o i one
f §il ' am ' Said feed
by oai d vapkrcueHSEAe, BOMTIdh CRAARJOY T2 ot ERTRNEB 1Ny T °°

e " ) S A LR A RSO e

count er cur r gicatdlp&tbedar®)abvE wifioh $s a vapdt réaction £8P€ défined by catalyst bed
20. Flash space or zone 22 permits the mixed vapor and liquid effluent from 12
to separate and vapor-liquid separation means 24 permits the separated liquid
from 12 to be distributed over the catalyst bed 18 below and, at the same time,
permit the hydrogen-containing vapor produced in the countercurrent stage to be
swept up and out of bed 18 and into the vapor reaction stage 20. Also shown are
hot and cold heat exchangers 26 and 30, along with attendant hot and cold simple
drum type vapor-liquid separators 28 and 32 for cooling and condensing the
heavier hydrotreated vapors, amine scrubber 40 and compressor 44. Not shown
is one or more simple strippers for stripping any dissolved H,S and NH, from the
product liquid and condensed vapor. The hydrocarbon feed to be hydrotreated is
passed via lines 50 and 52 into vessel 12 and down onto, across and through the
catalyst bed 14 below. 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. Treat gas comprising
hydrogen is passed into the top of vessel 12 via lines 54 and 52, and passes
cocurrently down through the catalyst bed with the feed which reacts with the
hydrogen in the presence of the hydrotreating catalyst to remove most of the
heteroatom impurities from the liquid as gases including, for example, H,S, NH,
and water vapor, as well as forming lighter hydrocarbons. At the same time
some of the heteroatom-containing feed liquid is vaporized. Most of the sulfur

and other heteroatom compounds are removed from the feed in this stage. By

most is meant over 50 % which could be 60 %, 75 % and even 2 80 %.



10. A process for hydrotreating a feed conprising a hydrocarbon |iquid

whi ch cont ai ns het er oat om conpounds and unsat urates whi ch conpri Sesl[}ﬁ'l?l 2002
steps of (a) reacting said feed with hydrogen in the presence of a
hydrotreating catalyst in a cocurrent flow liquid hydrotreating reaction
stage to renove nore than about 75% of said heteroatom conpounds and at

| east a portion of said unsaturates fron?said feed to forman effl uent
conprising partially hydrotreated |iquid and a vapor which conprises

het er oat omTwrt furei Tige betndquentuouardreurrtiiStadd-Eatalyst dundb© e sulfin
separating said liquid and vapor effluent; (c) reacting said cocurrent
st age | i quitdlesdrit, baehmaeietdctivg dooheteroatomrenuval andelsyf amatomiatidsr eat i ng

catalyst in a cqountercurrent reaction stqﬂe in which said |iquid and
hydr ogen f Isatiraboncatabyst mdrieh,for thesake ofiiflustration mnthbiscembadimentamay

nyar ot r eat GATIRORAK HOROIVBRILIn 1 Biskal-BESiEn ARy oA CompRrenison
het t t ai.ni h b . H2 H3 hydr. A{d gl
cai o vapor S AR PpEiEy TH HRER g nd e R UERS B Eied Vi ERR ™ "
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het er oat oMK Qs h(é SO QF BABIR NESWs tH g v VORIPEY; a vapor
stage effl uent %o?r%l?iﬂgi ng hydgot ?gz’?g%ghydr oct:}gpggﬁ??yms, rﬁ%%&aﬁg‘%

hydrogen, ahebughetheicatalyst/edsl8 Belpor. t Tl dewnflaiving Heid mixdandeRaéisOin
hydr ogen i s provided by unreacted hydrogen present in said conbi ned

cocurrent dhepresenceof the eatalyst, agéh thepapflefingusmregenldr hydmogeness accor di ng
to claim 10 wherein said vapor stage effluent contains unreacted 100 C

ﬁzgoz 16 hf@mﬁagghlgaﬁﬁergiwé@@o?gpedggmﬁ&einm Ymalswlhfe\w catelyspbed 484 |

(fom't e vt Peodises aasuffested prognd ot et b ?ﬁgisf‘%hﬂﬂéﬁsvmffﬁ%%imaé?ei n
var ogen- 1 1R eERe Coie Vit Eivts Sg 0, R ePitog renBlfg MO 511 e
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accordingtoca|m1_2 relrn _ en 1s I ntrodl I'nt o sal _
count er cur rsgstificendy 168 hetaregton? contanifftied tontPoudd®oThisvapdr aldtecdiftaimki On

hydrogen for said countercurrent reaction stage. 14. A process according to

cl ai m 13 whereacted hiydragenrfrenche hydtogendntragucedvtiadoe 58.eThe
countercurrent vapor passes up through the bed 18, through and above means 24
where it mixes with the vapors from vessel 12. Not all of the vapor effluent from
the countercurrent stage is hydrotreated or hydrotreated to the same extent as
would occur in a cocurrent flow stage. The hydrogen-containing, combined
vapor stream then passes up through the vapor reaction stage indicated by
catalyst bed 20 in which the hydrogen reacts with the hydrocarbon vapors to
remove heteroatom compounds. These hydrotreated vapors are removed from
the vessel via line 62 and passed to heat exchanger 26 in which they are cooled
down to a temperature typically in the range of 400 - 600°F to condense out the
higher boiling hydrocarbons in the vapor as liquid, which is separated from the
remaining vapor in drum separator 28. The remaining vapor is passed to heat

exchanger 30 via line 29 in which it is further cooled down to a temperature of

about 100°F to condense out more hydrocarbons. The use of hot and cold



present in a single vessel. 15. A process according to claim 14 wherein

sai d countercurrent vapor _effluent contains hydrogen®i"n an anount

sufficient for said vapor stage hydroprocessing. .AFN .AY.Aa. A .A 0 0CT 2002
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hydrocarbons, H,S and NH; is passed via line 35 into a scrubber in which it is

scrubbed with an aqueous amine solution to remove the H,S and NHj to produce

a clean, hydrogen-rich gas. This clean, hydrogen-containing gas which is now a

treat gas, is passed via line 42 into compressor 44 and from there into the

cocurrent first liquid stage reactor via lines 54 and 52. This gas can also be

passed into the countercurrent stage via line 58. Also shown in this embodiment

is a self-regulating vapor bypass tube 61, which is a hollow tube or conduit open

at both ends with the upper portion curved over and down and terminating in a

liquid well 63 in tray 24 as shown. This serves to prevent flooding of catalyst

bed 18 in the event the pressure or flow rate of the upward and countercurrently

flowing hydrogen or treat gas becomes too great. The liquid head in the well

over the opening in the upper portion of the tube acts as a pressure relief.

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
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one catalyst can also be employed in a particular zone as a mixture or in the form
of layers (for a fixed bed). Furth.er, 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 of 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
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
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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.

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 feed comprising a hydrocarbonaceous liquid with hydrogen in a
cocurrent flow reaction stage in the presence of a hydroprocessing catalyst to form a
first stage effluent comprising a mixture of a partially hydroprocessed

hydrocarbonaceous liquid and vapor;
(b) separating said liquid and vapor effluent;

(c) reacting said first stage liquid effluent with hydrogen in the presence of a
hydroprocessing catalyst in a countercurrent flow hydroprocessing reaction stage to
produce a hydroprocessed hydrocarbonaceous product liquid effluent at the bottom of

said stage and a hydrocarbonaceous vapor effluent at the top, and

(d) combining both of said vapor effluents and then reacting them with hydrogen in
the presence of a hydroprocessing catalyst in a vapor hydroprocessing reaction stage
to produce a hydroprocessed hydrocarbonaceous vapor, wherein said vapor stage
reaction hydrogen is provided by unreacted hydrogen in at least one or both of said

countercurrent or cocurrent stage vapor effluents,

(e) condensing at least a portion of said hydroprocessed hydrocarbonaceous vapor

produced in said vapor hydroprocessing stage to liquid, and then

(f) forming a blend consisting essentially of at least a portion of said condensed

hydroprocessed hydrocarbonaceous vapor and said hydroprocessed product liquid.
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2. A process according to claim 1 wherein said countercurrent and vapor reaction

stages are present in a single vessel.

3. A process according to claim 1 wherein said reaction hydrogen for said

countercurrent stage is provided by fresh hydrogen or hydrogen-containing treat gas.

4. A process according to claim 1 wherein said cocurrent reaction stage is operated at

a pressure higher than said countercurrent and vapor reaction stages.

5. A process according to claim 1 wherein said hydroprocessed vapor contains
hydrogen in an amount sufficient to provide at least a portion of the reaction

hydrogen for said cocurrent reaction stage.

6. A process according to claim 5 wherein said hydroprocessed vapor contains
hydrogen in an amount sufficient to provide all of the reaction hydrogen for said

cocurrent reaction stage.

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

hydrocarbon liquid.

8. A process according to claim 1 wherein said cocurrent and countercurrent stage
vapor effluents contain contaminants which are removed from said feed by said vapor

stage hydroprocessing.

9. A process according to claim 1 wherein said countercurrent stage vapor effluent
contains hydrogen in an amount sufficient to hydroprocess said combined cocurrent

and countercurrent stage vapor effluents.
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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 hydrogen in the presence of a hydrotreating catalyst in a
cocurrent flow liquid hydrotreating reaction stage to remove more than about 75% of said
heteroatom compounds and at least a portion of said unsaturates from said feed to form
an effluent comprising partially hydrotreated liquid and a vapor which comprises

heteroatom-containing feed components, H,S, NH3 and hydrogen;
(b) separating said liquid and vapor effluent;

(c) reacting said cocurrent stage liquid effluent with hydrogen in the presence of a
hydrotreating catalyst in a countercurrent reaction stage in which said liquid and
hydrogen flow countercurrently to each other to remove additional heteroatom
compounds and unsaturates to produce an effluent comprising a hydrotreated
hydrocarbon product liquid and a vapor which comprises heteroatom-containing

hydrocarbons, H,S, NH3 and hydrogen;
(d) combining said vapors formed in steps (a) and (c), and then

(e) reacting said combined vapors with hydrogen in the presence of a hydrotreating
catalyst in a vapor hydrotreating reaction stage to hydrotreat said heteroatom-containing
hydrocarbon components in said vapor and form a vapor stage effluent comprising
hydrotreated hydrocarbons, H,S, NH3, and hydrogen, and wherein at least a portion of
said vapor stage reaction hydrogen is provided by unreacted hydrogen present in said

combined cocurrent and countercurrent stage vapor effluents.

11. A process according to claim 10 wherein said vapor stage effluent contains unreacted
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12. A process according to claim 11 wherein said uncondensed vapor is treated to remove
said H,S and NHj to form a hydrogen-rich treat gas which is passed to said cocurrent

stage to provide at least a portion of said cocurrent stage reaction hydrogen.

13. A process according to claim 12 wherein fresh hydrogen is introduced into said
countercurrent reaction stage to provide all or a portion of the reaction hydrogen for said

countercurrent reaction stage.

14. A process according to claim 13 wherein said countercurrent and vapor stages are

present in a single vessel.

15. A process according to claim 14 wherein said countercurrent vapor effluent contains

hydrogen in an amount sufficient for said vapor stage hydroprocessing.



