fe3e. **+t-(4-.6:.T.nms" THREE STAGE HYDROPROCESSI NG L.NCLUDI NG A VAPOR STAGE
BACKGROUND OF T FI ELD OF THE | NVENTI ON *166166* The present

i nention rel at m‘&\ ocessi ng hydrocar bonaceous feeds usi ng W] 2007
.Iiquid and one ok oprocessi ng reaction stages. Mre particularly,
the invention relates to catal ytically-lhydroprocessing a hydrocar bonaceous
feed in two liquid reaction stages with |liquid and vapor separation after
each stage and one vapor .ct|on staoe in mhlch both liquid stages
produce an effluent conpr DROPROLIEIMNGNt ai ni ng vapor,
with the hydrogen-contai ni ndN(ELI;Iﬂ)lINGuAd/APﬁHéSTmaE ef f | uent
hydr opr ocessed in the vapor stage using the hydrogen in the vapor and the
second |iquid stage vapor effluent providing the hydrogen for the first

st age. Nbséﬁﬁkakﬁﬁiﬁﬁﬂiﬁﬁéﬁﬁs | ed in the first stage, with the
first stag } > f econd stage feed

fresh hydrogen used in the second stage to produce a hydroprmmgmmmmmmwm"
product. B Eugigé#ﬂyiﬂﬁéfN As supplies of ter and ¢l eaner

f eeds dmnnéﬁgﬁﬁﬁﬁgigg f ry will need to rely nor e heaVL y on

rel atively high b0|I|ng feeds derived fromsuch materials as coal, tar

sands, shale o | andTheskkef tigfiof tiah Wb aferkusiep! v contai n

significantly nore un e conmponents om an environnent al
poi nt of V'Wﬂro&?ﬁ%ﬂa@éﬁiﬁ%@tﬁh&ﬂ@ﬁb@ﬁ@uﬂﬁéﬂcﬁ@ﬁe vaRsralydroprosédsiHgat es and
het er oat ons such as sul fur, nitrogen, and oxygen. Furthernore, due to

envi r.onment @actiomsRgas, Mme@aftmﬁmﬂy;rthe iroventioalrslatdsubreatayticallyand chemni cal
products, with respect to such undesirable conponents, are continually
beconi ng tul@mr@prowgquéfmgar enasgons feed ianwodipud seactionsiages vatui re nor e
upgradi ng i 00 CT 2002 -2 order to reduce the content of such

undesi r abl él%%ﬁe\fﬂp@r SSRATENOT AN ACANARA 41 QR YaRSR TERFAION; S1R8GN &Y

Rt or oat om BBbOB RS SBERD fu0F AR SrpRn s RHarB Rl ¢ iltazes- o
changed, or o b%lfhetﬁg%gtﬂgcr%eﬁ?ccfrﬁﬁg ot 5 DNEIRRER: | dihgaRegoence

of a suita rocéssin rocessin

hydr ogenat i Wurobywegﬁd%kthe gap&yﬂﬁgé 08k tROhy dBER s eV dpbahh@fhand

hydr odewaxi ng, and therefore plays an inportant role in upgradi ng petrol eum

streans to seeehd liguéd stage vgport efcﬁlunaht providiggithehpdriogen EarrthexXaspdtege.t here i s

an increasing demand for inproved heteroatomrenoval, aromatic saturation

and boi | i nglvgxst pf thedejidroprasessing oy aphievied iadhe v starg@sén@dap dirpipitage

economi cal I%%Hvarl ous process configurati onfs have beelrtl gel oped, incl ud| ng
! ) issh

the use of dissluent,cnroprivne ds srg0nad staes faed.iandayil S aRfen s g
4 001 - 330, WEBhaBaEE e Bodisg iteptags i groduc P €1 2 55 05

! BACKGROUND OF THE INVENTION

As supplies of lighter and cleaner feeds dwindle, the petroleum
industry 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 components, 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



SUVMARY OF THE | NVENTI ON The invention relates to a4hree stage process for
hydr opr ocessi ng a hydrocarbonaceous feed in which the feed is reacted with
hydrogen in the presence of a hydroprocessing catalyst in two sepklt &€& 2002
|l iquid reaction stages to produce a hydroprocessed hydrocarbonaceous
product |iquid and hydrocarbonaceous vapprs containing unreacted hydrogen,
with vapor and |iquid separation after each liquid stage, wherein the
vapors fromthe first liquid reaction stage are hydroprocessed by reacting
wi th hydr og¥hes g rad e CPpisaE phinchundesisanic apmpenents Rad Hisinsgeases tet he
vapor effluents.is used for the hydroprocessing. A mxture of the

hydr ocar bon éégﬁ@eﬁﬁﬁﬁkpd”8guﬂ§droprocessed and the hydrogen cont ai ni ng
second stage vapor effluent conprises the first stage feed, with the

tially hyd fi MR ‘
el ng the foed Lot ha SomaraPiocedaE ghockih i ode) PG r fledRdarDygisR o=
vapor ef f| ugsipdiRis akd kdfowy @H&hﬁﬂ'eé&‘!ﬂ*s@ﬂ@ﬂu&%f@l@é&%‘éiislahﬁ)ngéigl?_ﬁ)elggﬂf st age

inwhich it is hydroprocessed with the hydrogen in the vapor-.

hydr opr ocessedr bapeactimgythb deabwiitbchyideogerciove peeseacé oba siralgie, CA+- CS+
material) as liquid which may be blended into the second stage product

| i qui d. Suflfyidropnocessies bathlyst.obleydroprocdssinfganoludes iy dtogenatjoim,ogen or a

hydr ogen-contai ning treat gas is introduced into the second stage to insure
that the hytidsecrapkingcbpirotieating, afdrpisemesizatiomandbydedsmaxingl ahdrst | i qui d

stages contain _sufficient hydrogep (unreacted hydrogen) to provide at |east
a portion c}ﬁerg{qred;la){q.@ HS}H&S%HOP%’&LHR% IPSrPefr%/?ge“F‘%?@?amﬁ &EWGEP’&@% and

Lo hyar oger Geert P ASHBERERPRs: FOF il MR W npPRclig ool "ot ers

hydroproce Wevéﬁ RERERtR x‘éﬁdvﬁﬁ'a‘ﬂ&%ﬁ?{: \é?ggdtﬂﬂ %@Mliﬁgﬁ)ﬂf?%ﬂu%ﬁﬁﬁt I on

st ages and ch conprises the steps o reacting a ocar ponaceous

feed conprilgidrdertorickieve ghdfe doaliinBreat@nymiellyW atoldystoegstonfigarationst
hydr oprocessing liquid reaction stage in the presence of a hydroprocessing

cat al yst t chdverbeem develeped; iagedimizftheiase oftrmnftipls hpdroprqrasdingktages as is
hydr opr ocessed hydr ocarbonaceous |iquid and a hydrg%gn-cont ainin

hydr ocar bordisaesed, {erpxempltdn &unopeandaterd publipation 88 &A1 and U.S.

hydr ogencont ai ni econd age hydro bonac S vapo | uent whi ch
provi des atpqt%f%gmi%&ib&@iaﬂ\(g‘l-’h%{’b‘bg&l’Sgg @9%52553&% stage reaction
and for said vapor reaction stage and wherein said first stage vapor

ef fl uent C%MWAﬂFS@;ﬁ?ﬂ ﬂ*%ﬁ@?&) 1q(b) separating said first stage
liquid and : said first stage liquid effluent
wi th hydrogen in the presence of a hydroprocessing catalyst in said second

hydr oprocessi ng |i quiThd paehiion rélaRE o hAheReLeepracéRaBNHy &lopaseetbink e nt
conprising a hydroprocessed hydrocarbonaceous product |iquid and vapor,

wher ei n saildydragarboraebas fised inh®hidhEhd fAAR reattethwathdtyellopardimothen and
wherein said second stage reaction hydrogen is provijded by fresh hydrogen;
(d) separ atpragensaiod adusibeprosessieg Fatglystinaive sepavate diquidapdctmdstagasder i ng

sai d hydroprogesse roduct |iquid, and (e) reacgting said
hydr ogen- cGNO4HER ﬁgygxqu?ceéﬁ%%@ywﬁ Oéﬁéq%‘éri’tm&#ttﬂ%l’wg?%en in said vapor
in the presence of a hydroprocessing catalyst,in,said vapor reacti.on stage
to form a nparopPBeButll’ RIRTScTPBRnE R Rt i horoGhe LR Vap O AR 80
portion of s%gh&ti%nd#g?%ecﬁ RGuRAifgd, SR EANDE SapsR AR EYirdMfggen i n said
first stage vapor e uent .

reaction stage are 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



The hydroprocessed vapor. may then be cool ed to condense out the higher

boi’l i ng hydroprocessed material as liquid which may then be separated from
gaseous contami nants and |ower boiling material by sinple separatil@)0TeRgs.
such as a drum separator. The three reaction stages nmay be in a single
reaction vessel or in two or three separate vessels. The catal yst used in
each stage may be the sane or different, depending on the feed and the
process objectives. Further enbodinments include stripping the recovered
hydr opr oces%#®r ﬁffimtwﬂ@m'@me%m%bw%% 1§ passed iophe yapesstagoifdensi ng

%Bf | Qﬁi[ f’%’f%%ﬁx@??ﬁ i rSE%c%‘Q%&Z\%»EL\E@ ﬁ?@rtﬁ@%ér? ﬁijﬁ:d%?og%g?@ ?Séréa%{é?a
fraction. HIOR Y A ngS BaRe 5 e AR L e v 8 mBHaD SR cpor
ra _ rease _ 2+ <BESHA <ttt

Pycr opr oces o ke tier R RFIRAERAEIMEE odilt julf, SRkic el L n0°

contai n al | hafrob8e ilhier foaano freathiet hgérJg@h Jr A \RESEN-BERBMiRY BePERCESSI Ng
reaction, this I's not always possible.” Therefore, in sonme Cases fresh

hydr ogen orin&rodudédgro the dédofd Gtdlge20Q@surs thatahé Ay dioegrionastogamprry al so be
passed into either or both the first liquid stage and the vapor stage. In

t he practi cefflantshHzomnthenedand, antchiirst tiguid stggesoumtaiosatiiciest iydrdgéred i nto
the first stage reaction zone is nostly liquid and typically conpletely

y :
li qui d. Dur(uaieacted hydregpredyovids, atdeast aportien poakl iobmhehydieaen repitirad or
| ower. boil i feed co nents arge vapori zech}iﬁﬁ each Li qujrf‘i1 stage. The
amount of fBEADG HEYI page anfl theLEaTe 148 hYHORREGs NGl THAETBed and t he
t enper at ur e 8s i . ty . I et ween about
emer at U e AR PR S R NS B R RS BV AR YRS oo 20
bei ng hydroﬂ%@ﬁﬁ%@&ngﬁsﬁq? hggﬁgrﬂé{%sgiﬁ? rSEeSSIWhi@H%clﬁ@e%eﬁv&n uid and

hydr ocar bonaceous fee rise ocarbons. In an enbodi nment in

whi ch the pogeegsorirsadionydlagds' &Rl Whlkhiodsssses e sepsvfif ur and nitrogen
containing distillate or diesel fuel fraction. the hydroprocessing forns
H2S and NH3, sone of which is dissolved in the hydroprocessed product

| i qui d and vapor(aondeastng a hSidnpdagbenacepps fegdrcomprising hesistwpediliguid r om
these |iquids, BRIEF DESCRI PTION OF THE DRAW NGS Figure 1 schematically

i || ustr at esanthvanfioithrikdragendna firstBydroprrogsing {iggid regation siage o apor

T OB O S Ry oAl S b Pl B BEA™ ©
vessel . Fi g4l Giafly 1y dfopt60&TBE hdfd b HaBSR M duld WRa Ghy dSedd b SR aining
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;

(¢) 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



hydr opr ocessi ng stages are in tw separate vessels wth gas cl eanup and
recycl e. DETAI LED DESCRI PTI ON By hydroprocessing is neant a process in
whi ch hydrogen reacts with a hydrocarbonaceous feed to renbve one or nore
heteroatominpurities 100 CT 2002 -6 such as sul fur, nitrogéd,(ENH0?
oxygen, to change or convert the nol ecul gr structure of at |east a portion
of the feed, or both. Non-limting exanples of hydroprocessing processes
whi ch can be practiced by the present, invention include formng | ower

boi | i ng fr abRicasisdiyseeinypnd yﬁar%a@lﬁ seeenft stage readtion hydkogey: is provided
hydr ogenat i arﬁnatics and ot her unsaturates; hydroisonerization and/or
catal ytic d&ﬁéﬁ? GYEFO8fxes and waxy feeds, and denetallation of heavy
streans. Ri ng-opening, particularly of naphthenic rings, can al so be

consi dered a hydfgpro I J° : rocar feed is neant a
primarily hydr ocgcﬁbongﬁ#é&%%‘@(é?éﬁ?qgegx%@‘lglé@i %&#ﬁgﬁ@?ﬁ%g‘nget rol eum
oil, fromt Hr I Qn: | e oil and hydrocarbon
synt hesi s. l%ﬁﬁégggﬁlgn%rgg@ge%s?ggﬁ{)%kllfeal%bc}’zd@?i ce of the present
invention are operated at suitable tenperatures and pressures for the
desired reaction(e)For rexcainplsaid liypdroged-coxaimng fieasstadedyvdporeefl@dnt veith W | |
range from about 40C to about 450C at pressures from about 50 psig to about
3, 000 psi g, hydregen abkgid5@poo iiR{heqire paicg .of Rdgdisopnoicessim g cdtalystigesaidh such
systens include those ranging fromthe naphtha boiling range to heavy

f eeds, suchVapprgaaction stagetp rassl abydrapioeassed hydrecarbonaecoys vapen f eeds

whi ch can be used ip the practice, he present invent.ion inclyde vacuum
resid, atnmo¥PREHRAEL Pf‘é'éi %lPW&E%%@ELV@F%EP\?@UQIBa?%@ﬂﬁépr%“g%é Bkﬁi | (AGD),
heavy at nospher.i as_.qi HACO) , st eam cracked gas oil (SCE0), deasphalted
oil (DAO, FY‘E’%EEE‘? S%@cflllrég SPEe %’E&@%ﬁuﬁ% ural and synthetic feeds derived
fromtar sands, shale oil, coal |iquefaction and hydrocarbons synthesi zed

froma nmixture of H2 gpd hg@m«rac@ssga%g@rm&m&& cH@d%c&Yd%rn@?%PEg{b

synt hesis. For purposes o oprocessing and In the context o

invention, hiphef BoiTg Hyd@ePrdtesHeddRieriaPalliqiiddyPigR inHothenibei segatatept gas”
are synonynous and nmay be either pure hydrogen or a hydrogen-containing
treat gas frBm-gaseouskof@arihants andibwehboiting rhatesial gasingile separation ai ni ng
hydrogen in an anount at |east sufficient for the intended reaction plus

ot her gas omegassash@s aglrumsepaggien and |i ght hydrocarbons such as net hane)
which will not adversely interfere with or affect either the reactions or

th ducts. Th t I | ed ffl . f th
Stage whi ch has not baoh ipiebdsaios Tedeanoy b abhcTialn ERELoRNE R T blet

portion of ghy oPWcQ%%%Q&%Q&? ﬁB%ﬁ?aéypsgglgg@ﬁn eadheNa I%ag?;)i%QBe k@mk gl ude

ei ther hydrogen or a rogen-containin romany tonv ent source,

i ncl udi ng t BEfdrval AeEndiRRbAItRE MR’ BeHRhEEE @g{&nw@@cpmhéwdr ogen
recovered from hydroproceSsed vapor effluent, after first renoving at |east

a portion assibpdiherdtaimoludestripping the reyeveredhbdrprécessed produeGoienmmve
hydr ocar bonaceous material and any contam nants (e.g., H2S and NH3) from
t he vapor, tndgsimatlecreaation geoducksydpodensing die hydeoprogessed Vaporsrasadt gas
streamintroduced into a reaction stage w | | Hr eferably contain at |east
about 50 voSlgpirg thegesslengiopdensatead, optigna W,acqv%bm%&iﬁarcagéwsar%

oper 1 0m LRy Oh A T Do S BRS R g
o TR S P AT WY SIS PSSR ot SR S0
sufficient kygeQapsr é@luchhEoHRSANYLHe 18RO PFeqalrddesr 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-



The invention can be further understood wth reference to Figure 1 which is
a schematic drawi ng of a hydroprocessing unit useful in the practice of the
invention. In this particular enbodi nent the hydroprocessing procegi]g§[gm2
hydrotreati ng process and the reaction stages hydrotreating stages. For the
sake of sinplicity, not all process reacijon vessel internals, valves,
punps, heat transfer devices etc. are shown. Referring to Figure 1, a
hydrotreating unit 10 conprise reactjon vessel 12 a heat, exchanger 33,
a sinple erﬂ%ﬂtﬁlymﬁ BratEasI M Oz’éﬁléﬁsﬁﬂdﬂt%ﬂ%cﬂrmit%wﬁt quid $8g¢ pper 26
for interstagge,stripping shown in phantom Vessel 12 contains three
reaction st '%‘eo"rapgg gem, 16, and 18, each 10 0 C T Z002 8 _
conprising a fixed bed of hydrotreating catal yst and each having respective

downst ream gas- | i qui dléﬁ%zgg(’gi&%fgﬁg%e%ﬂonﬁ%eafg%hf@drﬁérgoﬁgce%ﬂg fi

| ocated in the reaction v exter e vesse as” shown.
Each of thefelhWRtdodS-firsflith a6ALbRA] i i cﬁﬁ}ﬁl | vessel
may be a sinple hori zﬂgﬂ%}(a?e fﬁiﬁgybgggl?gpﬁﬁgt%hgﬁﬁﬁrﬁQ[y?l@oafil‘l@cc{]i g@ﬂor

hol | ow t ubdiquad: Endimgthedttdroprocyssitg aeldasou pbrticsof thevighiterkdrdvwer Not  shown
are sone of the gas and liquid flow distribution means above each catal yst
bed for di shailibgtfeedycompanentsatcovapodizhdin zactt hfuid stageosEhe armount of festi bed
bel ow. Such neans are well known to those skilled in the art and may

i ncl ude, f ovapexigaiipe willrdapend garthesatyreobthe fgpd ang thdiempeapiure agd, trays

w th spray nozzles, chim etc.,.as is knOV\g. The y_g ocar bon

, eys or tubes, ,
feed.to be MHGeFUSE F%Qiee@aF%g‘bé@S%anie may raagoBetweaes abeut 21801t ¥holhus he

first liqui . Cross. th at t _bed bel.ow. In
thi s parti oy BRERieAuRE S YOmRRAnRIDAAE PR fead oy EbarEEsididih,
derived di skl di ] [, Al conpounds
of sul fur, sﬁr}ibtlirqgtgg?\@ ﬁ'dihger Sé%@éi%@%@"@%’?ﬁ%@é{g ofgg%ugl? %gﬁﬂ}r%@

hydr ogen- caintdboarbens.r Bebn @abodimeass echithtife plrelOR adiydreaefinggroabeyve the
second stage via lines 30 and 32, with partially hydrotreated first stage

| i quid efflioeatsulfacpot exitrogen ¢omainiy distHatetor diesed fudtfeagtionnthe t he t op of
the reactor via line 32, as part of the second stage feed. The m xture of

treat gas awndlrppegepung der StanddNidp, saree o vdneh IS dissadved wgihe
hydrotreating, catal yst. bed 14.in which a portion of . the hydrogen reacts

Wi th the sddBiEPECESedrRe uetﬁubvéauéé{aaorséfw@ﬁasa;f:-aémfefa%eamgcrsmﬂv@i ng a
hydr otreat e roduct ligquid and .vapor, wherein the vapor conprises a

m xt ure of tﬂﬁgee%e[c&? %ﬁﬁb&%eﬁl,'qlgéﬁe of the lighter or Iower boiling feed
conponent s, and gaseous reaction products such as nethane, H2S and NHS3.
Most of t hegRYEFUD ERTR PP TEONOFET AR PRAWINGRIS are renoved fromthe feed
inthe first stage. Tn two stage hydrotreafl ng processes, it is not unusual
for 60% 75% and even >_ 90% of the heteroatons (S, N and O to be renoved
fromthe liquid in thBigure $tsch¢rmgticallhidustfraes an eheoimontdo tSthagevemiom yst
can be a nore active. but |ess sulfur tolerant 10 0 C T 2002 _9_ catal yst
f or ar omat i wghgwodiquifl andwineatapor hydriepeocsssingisiagas it asingleegaction vessel.

ni ckel nmol ybdenum or ni ckel -tungsten catal ytic netal conponents on an

al um na support. The second.stage vapor.effluent is.separated fromthe
hydr ot reat ed second s?‘%‘ée pridageRemat ?%arb?mgeamefﬁyn\)‘ﬁ%‘?e liquid

separati on n A\ . product liquid renoved via line
36 and sentﬂgfagogr%gg%ﬁ%%&sg%??b%%?éﬁ%%{gg%g%\}m to strip out any dissol ved
H2S and NH3. The second stage vapor effluent containing unreacted hydrogen
passes down through tP%@@;i@ﬁ@dﬁérﬁ&ﬁc‘jﬂ&@ﬁﬁﬁgﬁaﬂ{ iP@hfh thedheat ed by the two
arrows, into the first 1Tiquid reaction stage and down through the first

stage cat allysiropatedfing whgee ard inaomt ephmté hesselsooith pgs tadup andeecycle.
hydrotreated. In the first reaction stage, at |east a portion of the
unreacted hydrogen in the second stage vapor effluent reacts with the fresh
feed cont aiﬁEﬂ.‘gﬂlﬁE&ﬂﬂﬁﬂBﬂhﬂQﬂgen and ot her undesirabl e compounds to
forma first stage effluent conprising a m xture of partially hydrotreated
i quid and a vapor coppr,ising unreacted hydrogen, .lighter feed conponents
cont ai ni ng heter oatonggwémﬁg?ss%séﬂ@‘%ﬂ?rgmsénNﬁu?lﬂjflzéd‘i%éﬂ rﬁ%&%es down
to the first.stage, gas;and |iquw d separation ne f . Wh he
partially h‘(}’&ﬁ&al%'éggg%fbppﬁ?ﬁoalg;f%e%otrﬁ%'rog\?ﬁ? i4 rﬁ?%el@gogﬁgﬁnbrﬁggggeé Vi a
lines 34 and 32 into the top of the reactor and through the second stage
catal yst bed wth the treat gas, to formthe hydrotreated product |iquid.
Most (e.g., > 50% of the heteroatom conpounds are renoved fromthe feed in
the first stage, so that a relatively cleaner feed is recycled back into

t he second stage. The vapor effluent fromthe first stage reaction includes
unreact ed hydrogen, heteroatom containing hydrocarbon vapors and H2S and

mwrs o . o




34, will contain small amounts of dissolved H2S and.NH3. This liquidis
sent to the second stage which operates in a relatively clean reaction
environnment (i.e.. the feed to the second stage is relatively Iowﬂlhc 0
heteroatominpurities relative to the first stage and the fresh hygrodew r
hydr ogen-containin g treat gas to the second stage is essentially tree of
het er oat om species). In sone cases it may be advantageous to further clean
the liquid feed (the first stage effluent liquid) to the second stage by
Fomovi ng ¢ ARS8 SR ik Gieet hRd Rsfrer 16 hapke s v GRMASEE ve drssol ved
init. Acl C | < age
sfrdftire ngﬂ;&%& {a‘ﬁg@% e 7 gr\%lﬂ. ﬁ89§h%ﬁgee§§§§mgs St

ki netics, parti second stage uses a hig rmance cat al yst

whi ch may pgggfgagi?é%sﬁg @&céésewhiér?ﬁ&{ Be Pac'fi%@d%p%é\'ﬁbschtnin%ﬁth‘oﬁases’ at

| east a po irst stage hydrotreated Fiqu I's optionally passed
into strippdladey eseeingd6wet BollinBSPacstbnd Frbra ight BndvResR fdeds bows down and
meets an uprising, countercurrent stripping gas such as steamentering via
i ne 40, whiydtocsacking; lydrogasdtingarenmatics had dilss anssdrdtesS and NH3 out of the
treated liquid before it enters the second stage. The stripped liquid is
renoved fr dydrdisomerizathernind/pecatekysicldewaxing nbwazesnand pasgdecdsnand t he t op
of the hydrotreating vessel 12. via.lines 34 and 10 0.C T 2002 32. The

stripper cOfmstallation efhnaxy stigamsm Kiesopsnpigs Rarisularbsefl naphihenigringgner

R

exits out of g ) BRudliil 1 XdakR ARKER S8laiNl ol kR aaRred.ge SNt L0

further processing. Thus; is e I'men € process © he

nvent i on, pEligIdiSlbAIRGNE RS, Morh BRI ARTa RS SBalE A hrid WG arbB

reactor vessel 12 once, elimnates the need for expensive Inter-stage
conpr essi oRynifiEsik. tThe reattyor stagésStiskden tRe pricicO O fiee priegentiifivertdioneagcl e from
the first stage reaction zone back up to the second stage, a sinple and

rel ativel y opestgidassuitablé tpmperptungs gndopreshwenforitbe desiradwaciign.nBeded. The
third or vapor stage hydrotreating zone which hydrotreats the sulfur and

ni trogen c&XeEPIE, (Epicablaydroprporsung sanperates wilhsange kommpbony AP Y teat ed
hydr ocar bon, va d onents t.o be c ensed t.0 | i,gui .whi ¢ en be
bi ended o PRERt §505E BT RRES P EP AR CO Ay iR Boa! e bsitr oottt ot
Figure 2 i§ Q#ﬁdﬁﬁ schemati c of anot her enbodi ment of a process of the

i nvention stimla |%'nany respects to that of Figure 1, but in which the
two |liquid and one vapor hydrotreating stages or zones are in separate
vessel s and wherei n tfhedb khigdble it ilsaek sgﬁémaﬁﬁclhuamdéemp@hgtﬂ@ﬂ means
is in the bottomof the vessel containing the third or vapor Teaction
stage. Thushe aapintia doilésd range wohtax8eedsysuch@s ghs s and dessds.oNdnd i qui d
stage reaction vessels 52 and 54 containing respective fixed catal yst beds
56 and 58 Wimiting exaoipley df sicheigedhyhichoiasnt be wseddndhe grastiee of dedpresenthi r d
vessel 60 i,s a dual function vessel contai.ning a gas/|iqui, rati on zone
62 at the b@)YQernaWBI"éieWé‘ﬁBPmsrteé@ea%?sﬁ gf rﬁgﬁ BAUHEAL gft%smﬂbg@ portion for

renoving sulfur .and nitr. rom.the hydyocarbon esent_in.the
Vapor ettt danponiiaih S RGO, BN RmRSRhERE R LRAR O BIERE MlackPd, 'on
punp 66, a ) : NS\ : . f gas
conprisinggﬁggpégen ezgg%%&?ﬂgﬂgggg%hﬁgtgégk#ﬁgi§?§%pgggggﬁJ¥ﬁu%¥gﬂ ines 70
and 72 and syhReic Heédy daheddarom thyshnels! saledilf ard ligatriiiog avda | ine 74.
Most (e. g.. > 50% 10 0 C T 2002 of the feed hydrotreating is

acconpl i shégdracarbens synshesizeslgfeotnyrimixtuenof Hg anddsOlvisa Fidtherdeopsuh st age
is at a higher pressure than the first stage and nost of the sulfur and

ni trogen caoypoohbgdicsedbonsanthesisoved fromthe feed in the first stage, so
that a nore active, and | ess sulfur tolerant, higher pressure hydrotreating

catal yst can be used in the secqnd stage. The ljquid and treat gas pass
down t hrough the cat ﬁ%ﬁu%ﬁfsﬁ@ygwrgwwdﬂg;{h§°Wef"%10fﬁ'l§ feed to
renmove sul f.ur_ and nitrogen t.Q_fio é NIV h

hydr ot r eat é‘&‘%ﬁb"dﬁ@ﬂe {elr%’gi ﬁgﬁg‘%{ké \rlla%ggi @%@H%ﬁ%ﬁnﬁﬁﬁg%gg%n%eﬁ age
passi ng out,, ; [ ' Y4 ger 79
and |ine 8%?hgﬁgﬂgg%gﬁﬁpﬁﬁf%ggg?g#%gggggﬁﬁﬁgﬁygﬁu¥%2§g%§mgﬁgﬁ$%gﬁ? phases
are separated. The heat exchanger 79 is optional and nmay be used to cool
the m xed effluent down to a tenperature sufficient to condense the heavier
(e.g., C4+-CSt+) hydrotreated hydrocarbon vapors, if desired. |If necessary
and if desired, the reaction conditions are sufficiently severe to saturate
aromatics present in the feed. The hydrotreated product liquid is renoved
fromthe separator via line 80. The vapor phase, containing vaporized

hydr ocar bons, unreacted hydrogen, gas reaction products, H2S and NH3 is

o ~ ~ o o




| 10 OC1 2002 - 14 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 squuTUﬂﬁ&ZMl
ni t,rogen conmpounds as H2S and NH3, and saturate at |east a portion of the
aromatics. The first stage reaction efflyent conprises a m xture of
partially hydrotreated |iquid and vapor. The vapor contains unreacted
hydrogen, along with H2S, NH3, and hydrocarbon vapors. This vapqQr passes
down into tW l‘gw ket §a§ sirgadiegeataintie ydyogen Hegnameunt adepstguiiicientom t he

. Th ially hydrot. d liquid i d f th t [
The. 152 anfbribe Suatae Fadlind Bhicorbr Qs st e e ogah OB oot a i ng

down ¢ hr ougl PSEEERYSHEN be ARERER s WIR g8 82 er G e SR e e
feed conpongpd& RE ?e%}%(l‘%@to? ??e%]?rg)d%fsh 'ﬁﬂ:‘g? (‘g@%ﬁ%ﬁﬁjehr\ég{/@gﬂ &aé@r LiHfuepPor

to further renove sulfur an rogen to hydr ot rea ydrocarbons and
addi tional #3f &Mh%a%ér R&idlY BasOh Gt R Bri@ROEd ioSrehRNRVE@MtAth BEnt P t om
of vessel 102 via line 113 and then passed through a heat exchanger 114 in
which it isleastod pdrtion eftamensdrosaonadecub & apydipresenbolhey argmeakto- CS+) to
liquid. The resulting gas and liquid mxture is passed into gas and |iquid
separ at i ng uhcludelditherihydrogen dr 4 hglrogemieputaining gga frons agye panwtrdentf r om t he
condensed hydrocarbon. liquid. The hydrocarbon liquid is renoved fromthe
separ at or viQHIPenachigmgihe hslsegen-rontainng gas ppraprising ynseagied Ry diegen

e e T R
6 ol eS| bl P eI LSS e ey e
bottom via h%%}?c&%na é&s%ﬁﬂeﬁﬁ?ﬁ'nd‘ﬁ@*}@@ﬂﬁmﬂadék b Y ad ORI efr&rﬁgﬁé ned

with the sec stage stripped (not own) product~lidquid. The 'gas ase is
removed frovag@pes pxtdalmé&@l@ﬁr@hkﬂﬂgei:?rﬁ:hamhtrgas.sE@le itaogiderd@it om of a
scrubbing tower 120, in which the uprising gas contacts a downfl ow ng,
agueous am mércehiced imto serenetiomstage avilltpreferalyy ebntaireat leastraboua S0iviek% 1 0 0
CT 200x - is 138. The am ne solution renoves the H2S and NH3 ti-omthe gas
and passes Bwre preferably et teash about 78 vobke hydiogen; ke operatigns isehich o f urt her
processi ng. The cleaned gas,  substanfjally.reduced jn H2S and , contains
val uabl e aanﬁ?gﬁﬁfi}W%%b’é’ﬁpeé’ﬁHobﬁét'@y éh?nyoPa‘?‘ﬁBfaf Siesfs Pﬂgj\l Eo‘gwer vi a
line 142 ang_ | i.nt o r i i thes pressure

i gh enough TP a3 ORISR ke O FrplPhdier R i8R Pl ha 16,
130 and 1281 B8rolobR PreRAB in fRer & tde ghé‘ﬁxt%cﬁn‘é@@h%o%&t%%%é%ﬂ‘ﬁ@@gﬁ&d ot her
diluents frombuilding up in the process. The nostly hydrotreate

hydr ocar bonefflugmt df tisat gtigeed contadn sifician hgtirdden foetruhbséqomt segetodr vi a
lines |25 and 103. Fresh hydrogen or a hydrogen-containing treat gas is

al so fed instagehe top of the second stage reactor via lines 1 Ol and 103.

The hydrocarbon liquid and fresh treat gas pass cocurrently down through

second stage hydrotreating catal yst bed 108 in which the hydrogen reacts
with and hydrotreats thHE IBYRILEEGARE ﬁl"ﬁ‘ﬁf ynderstagdvaith r?fﬁ@?cncéftg F\%ureal

remai ni ng heter.oat om conpounds.to H2 nd NH3 .and sat urat.e any renmai ni ng
Unsat ur at es WD PR E TRy P BT oal & By BB RS PR o SRndR BF HrAdice of
exanpl e, isga Light  di 8fiy: : sl f i : r:.and

e d e 11 LRV PRioR, ﬁ*e“s‘%e@%‘ﬁ‘&?ga{%ge Rl B B s Phe
bottom 114 R{didiRafifdpr&éess AndMhEFeatlin YRRES hdiodkalins stapedn FbetHeisaed. The
liquid is renoved fromthe bottom as hydrotreated product via line 115 and
sent to prodfisimpslicgityppongl! pradess eavipntvessd intprmals, vdlves opwegs, H@Gt and NH3.
The hydrogen containing vapor effluent is renoved fromthe reactor via line
130 and pastrensfeadivicas otct hrg shopvrof Refeering taFigiradea hpdiotsating upitoM de at

| east a portion of the hydrogen for the first stage. hydrotreating, This
hydrogen coRPBPFiSAY2 vegstionaessqldas aihgal rdangty Fag SéIPEE? “g‘éméb‘ﬁﬂeé% #own to

d . f th i.zed, hyd b inth d_st
o 1 uont SR sepgrage £t KR TrioTeN i ies 2P ot Bioraied SEBB0RE A% it os 1

and 2, the, re. ldgt : : i i i §,S
Ui ci ent i §HORGr ehah eRanr frdl RREIHF A of ket 1. TEM PEVac® oy
for a conpressor to pass the gas fromthe second to first stage. In al
cases, and as 1 DOC zZzOU - 16 illustrated in Figure 3, recycle gas

cl eanup can be integrated into the hydroprocessing process if desired or if
necessary. In a still further enbodi ment of the process of the invention,
H2S and NH3 can be scrubbed out of the vapor stage reaction gas effluent
and recycled as part of the feed to the second stage liquid reaction zone,

o,y Y b o, o, o . o o - v



extended to nore than twe |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 second1%t 2007
liquid effluent is the third stage feed, and so on, with attendant vapor
stage processing in one or nore vapor regction 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 oces§Pm@risitea {ised bed pif bydeaireafingcatadysitang fach hryipgrgspessivecessed

effluent. The catalyst in a,reaction zone_can, be in the for a fixed
bed, a f 1 ui APHOATERY 835-1 SRR IO meass 3P o2 Ev@laadwtﬁéﬂeaa%il d
catal yst can gl so be enpl oyed, in a panticul ar zone as a mxture or in the
Cormof 1 aydh BieiRartor PR@iLof eRielfilinrihe frasfl B shRufo i h At dE P oyed.
nore than o . . I . so t hat
Tor e e, RS e Lok hRIGAREAR! | SIS r BRI e SRl L1

wi t h opti ongbrigastapitdy k;bﬁfaarqnglasmma@w bPEhiFBRS RN TSARILRS ,eﬁﬁe%i, d, or
one bed of two or nore separate catalysts may “be used in which eac

catal yst i sveftidaflg thevethrofigia dsdiy evell dwin.| NotlsBowh af@ seipa@ifiige pgd avgen t he
| ayers. The hydrogen and liquid wll pass successively fromzone to the
next. The hjidnuotHowolisicibation m¢ansiabovarachyatalyyehed fort distaibugiag 1ayued

i ntroduced at the sane or opposite ends of the stage and the quuid and/ or
vapor ef f | uénto ardrbouzpiitalbypeross diseeatalyst kadibelows Juch mens aye welkkmpent er m

"hydr. ing" d herei f wher ei .

nydhr 6gen- cot B19%¢ Al KAda(hG a8 And THSLNSIMIE 1er FHATRDIRe Bals SHECH s 6ays.

cat al yst mh%cp i s primrjl aﬁhive for:%he enoval of, het eroatons, such as
sul fur. - and PAPPICEBIr Rolrats Btk sPRey Boaisss ehtnieyicor tohes st 13 Koot at i on
of aromat| CgpetféﬁﬂgfrééyrﬁoﬁYéérd%rb%q{jéﬂ&r%&@'ié’@&sﬁeé Ha ﬁﬁfzs thip JaxgHqbr eat i ng

enbodi nment I'nvention 1ncl any conventional hydrotreating

catal yst. Expowé ofe fiReligeiel @il & ah doAMILLS laRE aBfosalthd eaalysobed Gelewn VI I |
netal catalytic conponent, preferably Fe, Co and Ni, nore preferably Co
and/ or Ni, &mthispattiquiafinstbdtyorCof thendveitidne ést feedas Gpetrplevim detiae¢d

catal ytic conponent, preferably Mo and W nore preferably M, on a high
surface ar edistiliggoer digsgldpeliractiancepriainingih¢tarpatansompnyinda i sulfur,

hydrotreating catal ysts include zeolitjc,catalysts,, as well as nobl e netal
cat ol yste WHFAGAG RSP Xkgen: & Teg BE4I4eh ob MU Gaea- SNt R G AR BHled
above, it is within .t co of resent invention. that re an one
Cype of  hycrobrht g e BEy el EeRhEaRe e Eabe D B AR 2ge o
zone. Typi cgl; e ' f QU t t
300C wi 1 pr ol R B e i ] PRt ia S BB ¢ o
about 50 prifgsttagbmus the topd B¢ Beactdr A Eine32} Aepae @€ theosecdohagesel foed

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

hydr ocr acki Agpeaaixilinesdf traan gas and fitedapaskgsid@en duoiply thosationd digsiid Ipge cal
hydrocracki ng catal ysts are described in US Patent No. 4,921,595 to UCP,
whi ch is i nbyerurestiag catalystbepyl 4 iarwhishaeporign 1ot dhe Aydreesn seasts yithdhe | y

Cr acki ng basBeON, T IeRELP REP Bt 15°ONG ??a%ig%%ﬂéé’%&%%%?rése@ e%yﬁ?@h%a&%gut 200
425C; r 20 ' : Mo [ QUi
hour 1y _spacarouibLe o as BReBT e Sl rstntisee d b Ml oo

to 5 VIVI H N%g it qﬁmﬁ' WV i sts

i ncl ude ni cl?g , egbgi?r%l_eggltk%lg ntl?ren§r lr:ﬁv% el no %ge(fgn‘ﬂim an Hﬁ?gggﬁgt?du%gsten.
Nobl e met al réftidn, proli@dts Bu¢h anffetianealh8dHndMVHEONMaktb e galfar xsd stiean al so
be used. The aronmatic saturation zone is ~ 0 Ot 200Z ,s_ preferably
oper at ed at hatdreatpar edmpeuridsaare abmoved GOnt theafeod in 40iGst sage. [m &festigey
from about 260C to about 350C, at a pressure from about 100 psig to about
3, 000 psi g, hydedtegasinEproeessesatioinop ooupkil dor @%b to arl,dzwnp%B@% ahdreat a
liquid hourly space vel ocit LHSV) of fram ahout Q.3 VW Hr. to about 2
VIVIH . It ih§tet§%F€Ff§t(§0&C@‘ngg\9%gF6%‘08‘? g’P"’éﬁﬁ’g‘&ﬂ%h‘B eaﬁ’éft A8&Ff i cati ons
in the practice of the invention w,l| be.apparent t nde neadily
made by, t hglé‘ér%fﬁf‘i-|“é%|s‘?cr?“?ﬁgagfr‘iaw%!ﬁth‘:&&tbegfgﬁ%?ﬁ %%‘5‘9? P@R?ﬁsgg‘”é“g‘gb"ég%ﬁﬁ
spirit of the invention described above. Accordingly, it is not intended
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 patentable novelty which reside in the
present invention, including all the features and enbodi ments which woul d

be treated as equivalents thereof by those skilled in the art to which the
i nvention pertains.



10 OCT 2002 -19 CLAIMS: (1. A hydroprocessing process which includes two

|l i quid and one vapor reaction stages all in a single reaction vessel and
whi ch conprises the steps of: (a) reacting a hydrocarbonaceous feelil 0CT 2007
conprising a mxture of liquid and vapor with hydrogen in a first
hydroprocessing |liquid reaction stage i.g.the presence of a hydroprocessing
catalyst to forma first stage effluent conprising a partially
hydroprocesseg@gidrocarbonaceous i quid and a hydrocarbonaceous vapor which

cont ai ns ufR?@ Qf HOHIABIGE SAUFRIIEVAIainthR: embpd paent comprises digkekecond

o Smount | Sty panant of BiokeRlingten tlyut R SaRMERs SARE Myttggen for
said riror SUREL' PHeSEARG GRGe LBoraBhetIP epd BRAI AR 4 BOGG e} P e’
liquid ef fLuenly geaﬁé;%mqapmdi dtbOf B ERRRARdquid SfARSIPRRAR B9, Ccatal yst

in said second hy rocessing |1 qui ion stage to produce a second

stage eff| ugm thediylirbtpéaied prédidt BRLRFREEREARN S 1ige AchmdaRAPHSa BFRReEt |1 quid
and a hydrocarbonaceous vapor, said vapor containing unreacted hydrogen,

and wher ei strijppied, s choons tasteipr@aany aissojrdddgded and NiHov Thedebond stegh

hydrogen or a hydrogen-containing treat gas; (d) separating said second

st age | i quiapereffiugpoeorsiningnnrcacied hydeegearpasgesdowin yrongh thrgassadl product
cond stage,vapor .eff]uent into said

Tage | : .
f : ?glt s]E %lgﬁqﬁx%f S)Sépgg?éél? '%§ a§ iﬁ’cﬁié‘%éiwiﬁ@awo B MO ARG fiBst lianed FeaclPn st age

t int i 10 0.C T 2002 -2 dr. i t
éﬁg"z 0y reSo8F AR Bt oo e St RpaP cRahBoRR aBL e BORRERIRRL wi ch
o Sanor hRiite f8ERTo b nbBfLRAETEINE il UAIGRRAGESS IOt ERbAISF T

R s R A

accor di ng feedcdatitaininghersai fur atitogas hnd oftet unddsifdbl & abthpbyad LY foemses ed
first stage effluent comprising a mixture of partially hydrotreated liquid and a
vapor comprising unreacted hydrogen, lighter feed components containing
heteroatom compounds, H3S 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 H»S 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 H»>S 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



hydr ocar bonaceous vapor és condensed to liquid. 3. A process according to
claim2 wherein at |east a portion of said condensed hydrocarbonaceous
vapor is blended with said hydroprocessed product liquid. 4. A pr?%ﬂiﬁ
according to claim2 wherein said condensed vapor conprises a C4+ 2002
Cs+hydrocar bonaceous liquid. 5. A procegg. according to claim1l wherein at
| east a portion of said first |iquid stage reaction hydrogen conpri ses

fresh hydrogen or a hydrogen-contajning treat gas. 6. . A process according
to claimil %héhqqhbéfrrwréa%@ /A5OGAPORS HE Cé’aaﬁnsﬁgﬁerh%‘!‘bg’élﬂf‘éléf‘c't“i”étﬁr%ydrogen

conprises fresh. hydrogen or a hydrogen:- cont ai ni tre as... 7. process
cccordi ng. £bIRH Hrbr AR GTE, oS EaR TR PR e 208 it on
hydr ogen i ' sai d.s e f f t 8.
ancor di ng TSPAINR TR hagPcaBoRt RROrRRLd AR T8 nRr SO 1
provi ded byagyd s BtOfnekt 'sta%'é'rﬂus"‘ttlﬁ%itﬁbl%stﬂr byslieQ@IRP fR¥sh T¥Ed ROMR r€Q&bAI Ni Ng
treat gas. 10 OCT 2002 -Z21
which has higher levels of sulfur than the feed to the second stage. The more
sulfur resistant catalyst in the first and third stages will typically comprise cobalt
and molybdenum metal catalytic components supported on alumina. The gas-
liquid separator 24 may be a simple drum separator, with the sulfur and nitrogen
reduced liquid removed via line 36 as light product liquid. The final H7S and

NH3 containing gas is removed via line 37 and sent to processing (e.g.,

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

The liquid effluent from the first stage which is withdrawn via line
34, will contain small amounts of dissolved H7S and NH3. This liquid is sent to
the second stage which operates in a relatively clean reaction environment (i.€..
the feed to the second stage 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 essentially free of heteroatom 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 H2S 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 H»S 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



9. A process according to claim1 wherein said second .liquid stage is
operated at a pressure higher than said first |iquid stage. 10. A process
according to claim1l wherein said second stage vapor effluent is co Igodc to
condense a portion of said vapor as |iquid which is separated from f B)CT 2002
remai ni ng vapor, with the renaini ng, hydnogen-containing vapor then passed
into said first liquid stage to provide at |east a portion of said reaction
hydrogen for sajd fjrst stage. 11, A process according to claiml wherein
sai d hydr octrbbhasEHhpsT cap@insoinmableagediumy geeitas pasking. dues. trays onofiescess
according to @gﬁiml wherein said fresh hydro eB or hy rogen.treat s and
sai d hydr ocAFbSASEEIUSANS i"&crﬁﬁgg%‘fﬂr}%ﬁqrgﬁ HMESHHNG ST PPLRE 8RY2E age.

ani ch bont Akl i AR HACRILOT, ThE SR ARTRAE HARaBY BRI B 6180 one
Uhe st ope ol e Rl s e [ e e e e o

l'iquid reacthe)istidgembodihbgt & the PAGRsOOf thdentibLahé n?dﬁfgeﬁl yst and a
hydr ogen- cont ai ni ng second |iquid stage vapor effluent, to renove nost of

sai d het er caintamargpeatrgss passtsudosat thran gts tHer eactoavesseb &2l ohoe,fwhicha fir st
stage effluent conprisi ng a partially hydrotreated |liquid and a hydrocarbon
vapor whi creltomagsribe ngee den expengide dujen-stagesomipressionl Yathothe enlggetevapor
ef fl uent provides at |east a. portion of the hydrogen for, said first stage
reacti on andaghiscyrls beang the iquidgecysde ﬁ&ﬂthf‘e%fSF sl@ae reasHeniZzeae back 48t ed

hyd (b i i.d fi t Liquid. A ffl t: 10 O
RN ST R R RIEERT T A SR,
(he presence oy SO PRRS ON vk BASRRRAMISHREL LIS, Lo,

produce a Bée%gﬂ‘ﬁsﬁfﬂﬂ i hin® Eﬂkbﬁﬂaﬂﬂng v\%@ﬁi’éd AU RBnIPHieREsar bon

product liquid and ydrocar bon vapor, sal por containi'ng unreacted

hydrogen, gignmihahehydedtchieEhoddcsibagerapopedbmponents t®@beBohderzeds ded by
fresh hydrogen or a hydrogen-containing treat gas; (d) separating said
second st adéquidgwhéchamdy vigrobe biehided direatiy intedbe éinahprodacidlidqyidrwith@#t ed
product |iquid;

further treatment.

Figure 2 is a brief schematic of another embodiment 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 vessels 52 and 54 containing
respective fixed catalyst beds 56 and 58 within, for 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%)



(e) passing said separated second stage vapor effluent into said first
stage; (f) passing said separated, hydrogen-containing first stage vapor
effluent into said vapor hydrotreating stage, and (g) reacting SaijDCIZMH
hydr ogen-containing first stage vapor effluent with hydrogen in the
presence of a hydrotreating catalyst in_gaid vapor reaction stage to forma
hydr ot r eat ed hydrocarbon vapor, wherein at |east a portion of said hydrogen
for said reaction is provided by said hydrogen in said first stage vapor

ef f1 uent. 19fthg fspdhxdeotepatingds aecanaplishgdrin thee Girsdistage hydroteeatingaveseelt i on of

sai d hydrotgeated hydrocarbon vapor is condensed to |liquid. 15. A process
accor di ng téf cll&FHegan g%;snata}a}ﬁ)lgégrspreasggrtlgqrb egfrsg%{pge @%H@%@HP}W
hydr ocar bon i s.. bl ended

' i d hyd d ljqwd. 16. A
process acc%ﬁﬁ'ﬁ%ldt%ltrglgﬂ ﬁPTA’Vg\Hh& g‘%‘# ke re%v%a@%%gg%r%tng&h%ﬂrges a C4+
Cs+hyd |4 - ' chai in said
second ot agageials e o6 DE. IR ALREA R Refsul o 0L 0 53
portion of godidianRp catlyst @hh Be W& th iR EHRY %gé. fmemthf@aﬁ&%h@%m

vapor, w th the remafning, hydrogen-containing vapor then passed into said
first |iquigasstdagen tHronsloicleatallyst inabindthediyldrogerofeat@iviithi @clee@io hydr ogen

for said first stage. 18. A process according to claim 13 wherein at |east

a portion ofensevasiflfursind nitrogen sompeundsitet foom Hylrandeé¥Hg owithitkes fresh

hydrogen Orh)?drg)t/r%ratoe epI}E)gScr]ttl?(;ur;Ll rzllgdtt}rlee S;por effluent from the second stage passing
out through the bottom of the vessel via line 78, heat exchanger 79 and line 81,
and into drum separator 68 in which the gas and liquid phases are separated. The
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+-C5+) hydrotreated
hydrocarbon vapors, if desired. If necessary 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 vaporized hydrocarbons, unreacted hydrogen, gas reaction
products, H2S and NHj3 is removed via line 82 and passed 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
contains a more sulfur tolerant catalyst as in the embodiment above in Figure 1,
in which the hydrogen reacts with the feed to remove sulfur and nitrogen
compounds as H7S and NH3 and also saturate olefins and aromatics, to form a
partially hydrotreated liquid and a vapor containing vaporized feed components,
some unreacted hydrogen, H7S and NH3. The vapor and liquid 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 vessel 60. The liquid is removed from

the bottom of 60 via line 90 and passed up into the top of the second stage

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



gas. 19. A process according to claim13 wherein at least a portion of said
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er hydrocarbon liquid optionally blended w1th the heavner hydrotreated

product liquid recovered via line 80.

Figure 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 104 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, gas and
liquid separator 116, product stripper 118, gas scrubber 120, gas compressor 122
and liquid transfer pump 124. Below the fixed bed of hydrotreating 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 separating 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 stége 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
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remove most (e.g., > 50%) of the sulfur and nitrogen compounds as H>S and
NH3, and saturate at least a portion of the aromatics. The first stage reaction
effluent comprises a mixture of partially hydrotreated liquid and vapor. The
vapor contains unreacted hydrogen, along with H»S, NH3, and hydrocarbon
vapors. This vapor passes down into the gas and liquid separator 110 to separate
the liquid from the vapor. The partially hydrotreated liquid is removed from the
separator via line 132 and passed to liquid transfer pump 124. The hydrogen
containing first stage vapor effluent passes from the gas and liquid separator 110.
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
H»>S and NH3. The hydrotreated vapor 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+-C5+) 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 hydrocarbon
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
uptlowing stripping gas such as steam or nitrogen entering via line 133. The
stripping gas removes H»S and NH7z 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 tower 120, in which the uprising gas contacts a

downflowing, aqueous amine solution entering near the top of the tower via line
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138. The amine solution removes the HS and NH3 from the gas and passes out
of the bottom of the tower via line 140 and sent to further processing. The
cleaned gas, substantially reduced in H7S and NH3, contains valuable and usable
hydrogen, and passes out of the top of the tower via line 142 and is passed into
compressor 122 which raises the gas pressure high enough for it to be recycled
back into the first stage via lines 146, 130 and 128 as treat gas. Purge line 144
prevents excess methane and other diluents from building up in the process. The
mostly hydrotreated hydrocarbon liquid is pumped into the top of the second
stage reactor via lines 125 and 103. Fresh hydrogen or a hydrogen-containing
treat gas is also fed into the top of the second stage reactor via lines 101 and 103.
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 liquid to convert most of the remaining
heteroatom compounds to H7S and NH3 and saturate any remaining unsaturates
to produce a hydrotreated product liquid which, 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
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illustrated in Figure 3, recycle gas cleanup can be integrated into the
hydroprocessing process if desired or if necessary. In a still further embodiment
of the process of the invention, H7S and NH73 can be scrubbed out of the vapor
stage reaction gas effluent and recycled as part of the feed to the second stage
liquid reaction zone, instead of to the first stage liquid reaction zone. This option

applies to all of the embodiments described herein.

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 reacti;)n 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.
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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
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
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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 all in a single reaction vessel 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 hydrocarbonaceous vapor which
contains unreacted hydrogen, wherein said feed vapor comprises a second stage
hydrocarbonaceous vapor effluent which contains unreacted hydrogen 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 effluents;

(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 a hydrocarbonaceous 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 effluents and recovering said

hydroprocessed product liquid;
(e) passing said separated second stage vapor effluent into said first stage;

(f) passing said separated, hydrogen-containing first stage vapor effluent into said
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vapor hydroprocessing stage, and

(g) reacting said first stage hydrocarbonaceous 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 said unreacted hydrogen in said first stage

vapor effluent.

2. A process according to claim 1 wherein at least a portion of said 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 2 wherein said condensed vapor comprises a Cy.-

Cs. hydrocarbonaceous liquid.

5. A process according to claim 1 wherein at least a portion of said first liquid stage

reaction hydrogen comprises fresh hydrogen or a hydrogen-containing treat gas.

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

reaction hydrogen comprises fresh hydrogen or a hydrogen-containing treat gas.

7. A process according to claim 6 wherein all of said first liquid stage reaction

hydrogen is provided by said second stage vapor effluent.

8. A process according to claim 1 wherein said reaction hydrogen for all three
stages is provided by said second liquid stage fresh hydrogen or hydrogen-

containing treat gas.
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pressure higher than said first liquid stage.

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

first stage.

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

a hydrocarbon liquid.

12. A process according to claim 1 wherein said fresh hydrogen or hydrogen treat

gas and said hydrocarbonaceous liquid pass cocurrently through said second stage.

13. A process for hydrotreating a feed comprising a hydrocarbon liquid which
contains heteroatom compounds and unsaturates in two liquid and one vapor

reaction stages, all of which are in the same vessel, which comprises the steps of:

(a) reacting said feed with hydrogen in a first hydrotreating liquid reaction stage, in
the presence of a hydrotreating catalyst and a hydrogen-containing second liquid
stage vapor effluent, to remove most of said heteroatom compounds and unsaturates
from said feed to form a first stage effluent comprising a partially hydrotreated
liquid and a hydrocarbon vapor which contains unreacted hydrogen, wherein said
second stage vapor effluent provides at least a portion of the hydrogen for said first
stage reaction and wherein said first stage vapor effluent contains unreacted

hydrogen;

(b) separating said first stage liquid and vapor effluent;
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effluent comprising a hydrotreated hydrocarbon product liquid and a hydrocarbon
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

hydrotreated product liquid;
(e) passing said separated second stage vapor effluent into said first stage;

(f) passing said separated, hydrogen-containing first stage vapor effluent into said

vapor hydrotreating stage, and

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

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

14. A process according to claim 13 wherein at least a portion of said hydrotreated

hydrocarbon vapor is condensed to liquid.

15. A process according to claim 14 wherein at least a portion of said condensed

hydrocarbon vapor is blended with said hydrotreated product liquid.

16. A process according to claim 14 wherein said condensed vapor comprises a C44-

Cs+ hydrocarbon liquid.

17. A process according to claim 13 wherein said second stage vapor effluent is
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cooled to condense a portion of said vapor as liquid which is separated from the
remaining vapor, with the remaining, hydrogen-containing vapor then passed into
said first liquid stage to provide at least a portion of said reaction hydrogen for said

first stage.

18. A process according to claim 13 wherein at least a portion of said first liquid
stage reaction hydrogen comprises fresh hydrogen or a hydrogen-containing treat

gas.

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

reaction hydrogen comprises fresh hydrogen or a hydrogen-containing treat gas.

20. A process according to claim 13 wherein said reaction hydrogen for all three
stages is provided by said fresh hydrogen or hydrogen-containing treat gas

introduced into said second liquid stage.

21. A process according to claim 13 wherein said second liquid stage is operated at

a pressure higher than said first liquid stage.

22. A process according to claim 13 wherein said fresh hydrogen or hydrogen treat

gas and said hydrocarbon liquid pass cocurrently through said second stage.



