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HYDROPROCESSI NG W TH VAPOR- LI QUI D | NTERSTAGE CONTACTI NG FOR VAPCH
HETEROATOM REWE% ield of the Invention The invention relat

mydr opr ocessi ng ﬁ%ggocarbonaceous feeds using two hydroprocesE?ﬂ@8$gQ%5ion
stages, with interstage vapor-liquid contacting for vapor inpurity renoval
Mre particularly the invention relates to catalytically hydroprocessine a
hvdr ocar bonaceous feed in two consecutive reaction stages, both of which
produce a liquid and a vapor effluent. Inpurities such as heteroatom (e.g.,
sul fur) conponents. are renoved fromthe First stage vapor by contacting it

wi th hydropr ocesspehd s d e WYPROFRORIEANG AUITH 9 AFSRSEAQOIDSt age f of
hydr opr ocessi ng € ITnpurity-reauce TSt stage vapor 1S conbined with
the second st age INITERETAGEoCONDAGTIN GdOORr VA PR HGETHRIOAT O Me

I nvention As supplies of lighter and cl eaner feeds dwi ndle. the petrol eum
industry will need to rely more heaviREMEAVALL atively high boiling feeds
derived fromsuch materials as coal. tar sands, shale oil, and heavy
crudes, all of which typically contain significantly mare undesirable
conponents. esN8Grdhé Yn¥d@iPran environnental point of view These
conponents i nclude hali1des, netals. unsaturates and heteroatons such as
sul fur, nitrogen, and oxygen. Furthernore. due to environmental concerns.
speci fications folh¢irMestiohudlries aphzydropnecessiogihydrocarinanacess fagdshusing pect
to such undesirabl e conpanents.. are continually becomng tjghter.
Consequent | y W& RFropERRSsIGR e gt Eteest il ierstags vaporuruid b aingdor n
order to red t: n f : iy ; ol

“ner cases ¢ herasarbaf ey [ERpvll Mghatiha Al o ERBPRANLE RONE T 1573
PCT/ US991203R%dropraceksing apivdoeashomgcpnsciess in ato teastutyvpmatiianstagest he

het er oat om conpounds, are renoved. the nol ecul ar structure of the teed is

changed. or BeyPiowkigh PEYAYCEACiIUiE apfe \rpeyeiueRt: niyapwYEs suph 8he presence
f i tabl | i
o oL 20! G AR0e ST oAl vah, HCARARSSANG FASL e Sor

hydr odewaxi ngontagtithd hevigf vdroplogyssedniguihaviianis theh @assedupgrtdesau@ndet r ol eum
streans to neet nore stringent quality requirenments. Far exanple) there is
an i ncreasi n§age Mty drerropersi@sy thet@peeboraduepr st StaReHrReYT & CoBIRSS i on

and boiling i reduct i on. rder [ eve these goal s nore
econom cal | y?’?@gﬁl‘? Sﬁcgongr%ac%sesfhg%rﬁt ?Oétpfé??cg%géﬁg{eﬁé been devel oped. i ncl udi ng
the use of multiple hydroprocessing stakes as is disclosed. for exanple. in

U.S. pat ent sBacRGunibof theJAedB@6n 4a43, 519 and 5a22, 983. SUMMARY OF THE
| NVENTI ON The invention relates to catalytically hydroprocessing a

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

cost of the finished products.
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hvdr ocar bonaceous feed in two consecutive reaction stages. both of w&hﬁqmm
produce a liquid and a vapor effluent. Inpurities. such as het er oaf 3R
(e.g., sulftur) conpounds or other undesirable feed conponents. are renoved
fromthe fir%@081H¥de vapor by contacting it w th hydrocar bonaB€buso92085i d.
to transfer the inpurities fromthe vapor into the liquid. After

contacting, the vapor and liquid are separated. and the inpurity-|aden
contacting liquid is passed into the second reaction stage. along with the
first stage liquid effluent. for further hydroprocessing. The second stage

effl uent conprises _hvdroprocessed vapor and |iquid i ch have an inmpurity

l'evel | ower than%? ﬁgt\_g%ﬁ Pre g ReC a‘blele%sgfllpt?gﬂ?gP%ejtrhe“frﬁéwgécond st ake

liquid effl ugpipoGRIPAleSERBVRY HhARHOGESHEL I QRUS thE itedd d-chahgeSBFRRY St age
and contacting stage vapor effluents. both of which have an Tnpurity | evel
| ower than bbeair of renbieng eedieaddvith hgdrogemgethefifresemnt 1 aanealsleol ed to

condense at |east sone of the hydrocarbonaceous material in the vapor to
i quid. Thi $YATQRIPeEsHay B S nisi rapifcess B chides Ay dErggation-qui d ef f 1 uent .

as hydroprogcessed prodyct, |iguid.  The. t ing. i i din ~ 1 MAR
2003 . b0/ 15358 RREES At IR AL bR dpb & BRI o o
contacting $iaeRrOpiaz oA iporht ol Reuy@Ren of dcomtteih sirdiias €@ MedChbRy zone
conprises |iquid-vapor contacting nedia. Theé hydrocarbonaceous contacting

liquidis pseingeabquality tpaudemehisudinr eparopigcddraig anhecieasogslemahd tire
i nvention, that ha been at |east partial I%/%hvdrg# ocessed, as. is. explained
in more det NPTHELAGETIHEM [9ReVEledomabis safusgjion C{)P%’ IBERONRF TEANHODy ¢ ent

gas and |1 frde Y4 HARINCIYdds hdfe SRRBROASAGLAAN HHAGE EATbGidest el 8
cocurrent or a countercurrentgas and l'iquid ffow stdge. In one enbodi ment.
t he cont act hage beeth deeclopdd shelgdingahe usedf mukiplshadrepeesisinedagsads ¢ool ed to
condense and, recover the hydraoprocessed hg/dr ocar bonaceous material present
in the vapofisclospd.dAveraRpIanBddiSmPaiENtsth@d 2840 ¢bP? hg St hdd3vaPerdef f | uent

i s conbi ned vg7t7h98t3he second stage vapor and |liquid effluents and the

m xture sents~ t0'a separator. to separate the vapor fromthe hydroprocessed
| iquid. The separated vapors are then cooled to condense and separate the
vaporized. BYIMOARG ST HE AINGCENGIOA eous material as liquid, which is

t hen conbi ned. as additional product liquid, with the second stage liquid
effluent. If deslrgled. the inmpurity-reduced contacting stage vapor effl uent
may be processed [§8HRERIIEN yelRISHOt R HECON I VOrRJOCESSHIE @ ef fl uent. Single
or mul t1pl ey5hageaeldond @i hLAiUaRNe SEBRALLON. BB DERAD. Using a
| i qui d-vapor- contacting stage or zone for renoval of Tnpurities or other
conponent s prauct heiquagand aivapsi gffliehc aimhpuritigsechdi ascheéreanae.§or a third
reaction stage. which would be a | arge vapor reaction stage. for renoving
the inmpuri tﬁ\%@mﬂ COMPELNES o Piher ypagsarallepised spmpgaents. arpaempyed tremdde | i qui d
and vapor ekﬁ%ﬁé?{&tesva@gﬁb%@oﬁﬂw'k&‘?J»bh‘%%}o'& 300 c?otu@‘?{qéué(!"zsgra%ﬁ%logq%t to the
inpurity level T mea pnhase. Ace or'di ngty. fherérore. y ‘hydrocar bonaceous
contacting i ded SomBADE apohids aeAldRaargRYSohiadth gl weivapohast Iafuid mpurity
| evel no greater. and preferably less. than that present in the first stage
li quid ef fl eeengeparafed: had itmpumpurytv-ledert corftagting dawitlag passgd intqubeisdcong he same

as that in the .first fs,tla e L q[(lgliﬁ.effl ueﬁt.. tgﬁn th? lj@klji d is cooled prior
to contact WAFHOR [¥efare githybe fifsiyaes Hayd gHusy- 1r AR i npurities
ti-omthe Vﬁy&rogrocjeésih@RT%Qgécd&Ql QQée}éf?}%%nP&ér%{;ﬁ&%%%@@p%%ges%_e& Digort he

liquid. Preferably the inpurity level in the contacting liquid is |ess than
that in theafd tigtidsviaigh havgan dmefutitwkene! bedr tnor eiapoethertaist stagd s al so
cooled to a nper at yre bel ow that of the first stage vapor, prior to the
cont acti ng. eéfﬁ‘leéusaé"é‘tl};‘r[g% SREANE RS Eﬂ‘é‘ﬁte.fﬁ%‘ﬁﬁ COFERALSET h}ﬁ‘ﬁ'ﬂPi'qcﬁESteFiansf er.

from the vagaiytote. biQUedon dYEa or bR, £OLASLLAL MLAHL oM LY

conprise either or h iTSt~and second Yeat n stage [ qui
effluents. hidhieaveemthipiriglaggsowtin@ahyidh of didpracaaulsf aeg ¢ffluemact ed
wi th hydrogen in the presence of a suitable hydroprocessing catal yst at
reacti on cofrdiqOotasstonehtipriearitieass samhiodviee hydrodarbonaatony dradpnialdedsi ng. The
hydr ogen i s_hydrogen. . which may or may not be m xed or djluted with

ot her gas aﬁﬂXQdeg‘H”tﬁg?%}é)‘ﬁéWéd %tbeo@%%e‘ém@@&s?c%%%e #Edr eact i on.
product s Orem&ﬁﬁ%?hyhifoptrg'@esg'é’djﬁﬂﬂﬁ@t Qaﬁd.cqweaeop&cgha% QHehecqarponents. it
is often referred to"as hydrogeh treat gas. If fres “hyglrogen or
substantially pure hydrogen is available, it is preferred that it be used
at least in the second reaction stage. At |least a portion, and nore
typically nost (e.g., > 50 w. % of the hydrocarbonaceous nmaterial being
hydr opr ocessed in each stage is liquid at the reaction conditions. The
hydr oprocessing results in a portion of the liquid in each stage being

o M. g, o " o o o o o,




WO 00/15"r35 (b) separating said lust stage liquid and vapor effluebﬂﬁ (ﬁl
MAR 1003 PCT/ US99/ 20325 (c) contacting sand vapor effluent. in a chitMl
stage, with @, QMﬁngarbonaceous | i quid. under conditions SUCht}Dﬁ&mnmvs
tnpurities in Sald Vapor transfer to said liquid, to forma cont act |

stage effluent conprising a hydrocarbonaceoous |iquid of increased |npur|ty
content and a vapor conprising hydroprocessed hydrocarbonaceous feed
conponents having an inpurity content |ess than that of said first stage
vapor effluent. and (d) reacting said first and contacting stage |iquid

ef fl uents mjthMmdumgmnkaoEmsecmmﬁnhydnmpﬁmgemabmgzoeaUthnhahagepmin t he
presence of a hydroproceSS|ng cataly to.faorma second, stage, effluent
conpri sing a wardaprébé@@e&uﬁgdpa@a@r@@ﬁawg MapuF AR SMedigor! he

dro d h d
Taui d has a0 RRUPE e Bhn CR e B S R BB T A BB B °St ge
liquid effl uﬂetproaé*aeomeqadeaﬁagehdtlrﬁslbelereﬁtf1Leg§rbtamm SV UrBBOCEREYI d58s
stripping. conprises hydroprocessed product liquid. I'f desired, with a

cocurrent f lemecd)ndmoeadtuadrbem\agé”he dwstireagbn stqgn g mnhtrakaporcoerﬁxfmrUent S
may nerely be pas on zone. for separati n he vapor and

liquid phasa&%ﬁ 5§Pﬁo$a %d? the $peordersactiqn a%%ﬁﬁ} ﬁ%@ﬁa whi ch may
be either all, Y

conbi nati on ocggro?h&oﬂgb@gggf#g@ %&S(t%lr?ﬁ ?218%‘}5?%& \%ggrg)ergr%blég&r%eﬂgrgheco | ed
to condense @npadtinigaihdafecbivesayevopiraghaats awagunbinad ahi qooldd wwhi ch is then
separated and recovered as additional hydroprocessed |iquid. A specific
exanpl e of tcmngiepwofcrtsisecngerathhwdmr@@ssnghw@wbgnmpw BYRFiah grasentenoat om
impurities ch_as quu and ox oun fromfeeds
sueh as madie ArdR M antieg bpRditheoRE SHHEERESHEE PR eptShel ng

under st ood, hpMEved witthak sthénd m@wm ah8 1Al éﬂﬂﬁeheohnmhanhmmaat ing

process. This is expl ained in detail below, Further. and as a practical
matter. the toaowa@mﬂ L@sﬂparatomaeam@rﬁmmmm@bagﬁeweﬂIhq@@ht’éhfn unr eact ed
hydr ogen. e2115735 PC})’/ Us9 /%10325 203 %0 o _about .3.000 psig,
preferably SSGP? Y HECYICHAROF LS FORGEIEE ABN S %ﬁ%POTéZFf‘1 uent may

contain i ”pq{}ldrbﬁx%c%seﬂ'B‘J@lscicra?gﬂn‘ﬁcé(ﬁﬁqnﬁ@ﬂ?p&q uid, \%Hf‘ch l?‘ﬁ\@?lLHOWIIl&f ot her
het er oat om conpounds, which it is desired to refrove fromthe first stage

vapor. The mchddumﬁad)pmtdemuSqmdnt\amuhagedqnqlwtmgev\hqmdl&éﬂ'tmnanIﬁ‘ depired.ttize
concentratian no. ? ter. and preferably wer . n the inpuri t¥

concent r at | JRAWIYedygeAconiicsng s;abaly'agoree Uﬁétn‘f“a PROGESSG s RATISY bri um
wth the fir o ny

hydr ocar bonat?:%ngzé@ 0\6% s Mﬂj gt Ut}'jr??)t §%@8} hﬁ lél%?{egc‘?tg Cg?%{ grgm?he

process, or ltdmdd/eﬁmrm;bamdrnqawbeasad Ipsmdtacniqdldqupdc candctimg sagehvrch t he
vapor inmpurities wll transfer. it will nore typicafiy conprise either or
both the fi r@peafﬁar%%%efw@aertm%orsqta@recqmweatww Rtv8POPief erabl y it

w Il be cool g0, 1E?QEBEV@$ e neeﬁ%?ﬁ i Poa{EaE{ESn Llabe W RLAIEoMABE", lﬁfefe' uent .

prior to the ontactin ower i npuri ConCcentration int qui d
Will result vapot r@nabﬁrsta@fe &R TembURgrthé iBulinéOlrbin the oM digeel vapst stage
vapor. having the contactlng liquid at a tenperature |ower than that of the
vapor, will o8YeMt in transfer of nore inpurities. than if it was at the
sane tenperature as the vapor Feeds suitable for use in such systens

i ncl ude those rangidng, [ LA {HEAAYNA. BRI G, EINYEABARANN,TgRAS. such

as gas oils and resi g exanples o can be

used in the qhaciteredpect he e iafgRMky 1dWeeH t4h Jhact udecoradum thexeme
atnospheric resid. vacuumgas of 1 ( VGO ), atnospheric gas oil (. AGD.

heavy ato nos myelr]mfoqa@omc:eoemw@yctgo bawrd a$ arekada Qa@rosﬂnbﬁoe@e@fe hqg@az phal t Sd
oi DA cat cycle o L nat a etLc fee erive
from(tar)san B&‘ﬁaﬂa %‘PP”“ EAF‘(‘P? ”{?)éfeacimd;fef ﬁg@?’dﬁ% B]&Hs %Wfiﬁ’ggfnzed from
a mxture ofméﬂ%ra@@hg@@%laem@n%m;]?Trﬁgeﬁﬁhlewlpa Qb cbmmﬁ@n&ma Syt hesi s.

and m xtures thereof pur poses o0 droprocessing and i'h the contest of
t he i nventi cametdsahat in the first stage liquid effluent. then the liquid is cooled prior to

contact with the first stage vapor. in order to transfer impurities from the vapor



terms "fresh hydrogen and "hydrogen-containing treat gas are synonynous and
may be either pure hvdrogen or a hvdrogen-containing treat gas whi h1 MﬁR 03
1 1 MAR Z003 WD 00/t5735 PCT/ US99/ 20325 treat gas stream contai nié
hydrogen in WR ARt at |east sufficient for tile intended r BEEUSHH203} us
ot her gas or gasses (e.g., nitrogen and |ight hydrocarbons such as nethane)
which will not adversely interfere with or affect either the reactions or
the products. These terns exclude recycl €d vapor effluent from another
stage which has not been processed to renpbve contam nants and at |east a

portion of apy tﬂé’@'irqgﬁﬁr dr‘é’t‘éﬁ@l‘_@*{ﬁe‘{ﬁ?ﬁﬁﬁ/l@(fgisiﬁ]ﬂhe cOhe¥iRs ﬁSUﬁﬂ@Hests%érﬁ‘C' ude

ei ther hydrogen or ydrogen-containing gas fromany conveni ent source,

i ncl udi ng t hgathydR@gen-seestiauid BY1EAS ash McleSirbferatly ed el Rocduled egen
recovered from hydroprocessed vapor effluent, after first renoving at |east
a portion anemperfuse i pisgo! die tirse stage v epen bowes (¢ hegontacynaCIH)s or

hydr ocar bonaceous mnat egl al andd any cont am nant ﬁ é& .., H2S and NH3) from
the vapor, t%8SPFoBERCH LFBat ﬁ&%l’%d@ﬂu?‘}yctﬁaqsrﬁ TOS%Q?‘? MO M4t gas

streamintr (?Q;léf/@fdf HHERI R KPEQS ﬁ'a@i?néﬁi gR Wi oﬂ?ﬁ%«?éiﬁ@r%r&%ﬂ@@i&h@@ aA‘fﬁSt

about 50 vol. re prererably at ['‘east abou vol . ogen.

oper ati ons isacord ebctint sragt dduiysiflagss. (miHeheavagmostagdd tient of any
particular stage is used for hydroprocessing in any stage, there nust be
sufficient Wydregerpnseeausieed is tepelel vaghhydregen gagici niesenga ©dd suiablet hat

stage for the vapor effluent of that stage to ntain sufficient.hydrogen
for the subglé/aﬁoevﬁ?cesg?]é’&gcagq?yssttaéﬁ%asc.%oq’ﬁgn%ﬁ\?gﬁt’P hC’ ﬁoﬂghfh?ﬁ}fe&slfﬁéer st ood
W th ref er eng@rdRoddiSinkl IHeas drd tSis Hy%f&greh'ghg, it mbP oF i fotbe there is
depicted a sChematic flow di agram of a hydroprocessing unit "useful in the
practice of nixedionddntedonith brher lgns apd v tpardoarp erehodiaeda nothadversely

hydr oprocessi rocess is hydrotreati process and the reaction stages
hydr ot r eat i hg%& ’E‘Qégqcul@é‘r P’E“%é’céeﬂ{éXB?eséi ﬂgthé]ypngqqogasgppt%xp%gtgggsqq;hacti on
vessel inter, Ll Y es o IR Sred evi.c wn.

Thus. a hydrbgfﬂrpgg%l?{ngl un?t 10 ?:%?rp?c?{}sse@o??gésdts{rgnogdééggggéf?%%ggeéBp

hydr ot r eat i ngbsteatlivopure dygmdgenli? aasithble. 1t isgoafettedithy it Bspsad aneadiiixed

catal yst beds 16 and 18 within, for hydrotreating a distillate or diesel
fuel feed. Mg $ficend yeassion stage. ki leastiaportien. angundra/apisellonedde 8ng 8¢ age
vessel . contai as-liquid di sengagi ng,and separating zone ., ' ' at the
bot tom and & bt B AR bRReteRe Suteri bR Ry dop RS k2885 W
00115735 9 ijqGRf 41598 a03R20hdilichk S THPROAPRELdsOihe EQstinG SATbAGE Y
stage. Also shown in this enbodinent is a liquid transfer punp ' _'6. an
opti onal hediguakiareanheragedeing camyestedde vamparlatmostwessehe 30 wi th hot and
cold separa&li an zgnes 32 and 34. mo‘?{ﬁ wi th attendant heat exchangers 36
and 38 for CYBIAAPONHREOULPUFDAL WHY CPRPESHRY O P08 ar bon teed to be
hydrotreated. enters the first stage reaction vessel 1? via lines 36 and
38. In this partigut8fodd JeHsd 1R 1RRNAbn LHBPHBYEALY &R prdd2esihePebdess for

petrol eum derived distillate or diesel fueF fraction containing heteroatom
conpounds ofemayihgone wirtrnagempandep &ohapsy droggemnabeesHeedmbecht hr ough
hydrogen or a tr.eat gas cogpri sing hydrogen enters via |lines 40 and 38. The
feed and hy8PBRERCHESSI§ANOS vessel 12 and flow cocurrently down through the
catal yst bed 16. which contains a sulfur tolerant catalyst, in which the
feed reacts withfheadil QuefeedRvith By Mo8eRNEC ] Bt KyiRoSBEA Y rehetisienove
oxygenates. sulfur and nitrogen conpounds present ‘in the feed as HAS and
NH , wat er, stagd iis Heurrasancelog¢ hihysireprdcess migataitad gst todofrorrfirat $tagsetfBeaye

ef fl uent coqppri si a mxture of partial ydropr.Qcessed hydrocar bon
liquid and Y)‘H;‘g.arlg/?’vteFl“T‘H‘é”R}'a&?(?llergcS}F\‘“trbr‘fa‘r‘ﬁH ﬁif%véﬂérqtgéﬂ“fcgéfbpri‘b%%ﬁéﬁt s.
unreacted hy B . ski | i h&L;ak Lin

hydr ot reat i n%rggﬁg r&p E@‘?S%ﬂ?-‘?ﬁ?%ﬁ:‘@?’s‘%éﬁgﬁglﬂg‘g’?si@g? b%ﬂeﬁé%uﬁﬁao hydr ogen
passed i nt ohadivpescepseaciesizoci@botaebiofeed lcagonenisn wvaxees soof saidifiuainount
theoretically required to achieve the desired decree of conversion. This is
done to mai ARGVAPY edflpenteicenipirhyald ogenripes tY1d spdevgurees Hr enghdigmt he
reaction zope, Therefore. the vapor, effl|uent from each hydroprocessing
reaction zoﬁgtwvﬁeplsa%iolmlﬂfjr{i‘“?ﬁ&pﬁrﬁ‘? é]éféf“éd hydr ogen. Mst (e.g., >_ 50 ,9% of
the teed hydrotreating is acconplished in the first stage. In tw stage
hydrotreating processes, it is not unusual for 60 % 75 % and even >_ 90 %
of the heteroatom (S, N and O conpounds in the feed to be renoved fromthe
liquid in the first stage. by converting themto H2S NH3, and H20
Therefore. the second stake catal yst can be a nore kinetically active. but

| ess sul fur tolerant catalyst than the first stage catal yst for heteroatom
removal, and in addition can also achieve greater aronatics saturation. In

I Y L N - . T o 1. 1



'61 MAR 100 WO 001 15735 PCT/ US99/ 20325 10 and the second stage catal yst may
conpri se nickel - nol ybdenum or ni ckel tungsten catal ytic netal conp q SIR"
an al um na s&ﬁfort; The first stage liquid and vapor effluents hg

equi librium %”Vé?pect to the inpurity concentration in eacﬁcﬁ LE%4d
arc renoved fromthe bottomto the vessel 1 ' ', and passed via |line 42,
into gas-liquid disengagi ng and separating zone 22. in the bottom of the
contact stage vessel 20. Tile partially hydrotreated |iquid separates from
t he vapor effluent, is renmoved fromthe bottom of the vessel and passed.
via lines 44 and 48y séi@ifd1nd OPsiQfagk NRuRLEANdaidraghuégact i on vessel 14.
In this enbodinent. the first reaction stage is operated at a higher
pressure than the second reaction stage. Therefore a liquid transfer punp
may not be requir dd) cattectdi sendaged eiiderseipar atraactfrig gagstagea vapor passes
up through the |iqujd-gas contacting bgg,neans 24, in which it neets with
downf | owi ng HEFeaPeRATePi R Y dt pader saadigaahsugh thabyppwziqs; 1g spid vapor

hydr ot r eat ed, i i - el ! i i npounds i s
no greater tHgﬁgﬂgﬁgSg@@ﬁﬂ?%ﬂ?ggﬁﬁgégkpﬁghg?ﬁ%%eﬁﬁﬁ?thPﬁ#§¥“§$age l'iquid
effluent in eguirbddbonbitevbisnidiie ofifgtased agpuMapeint@ifdndentapoPrior to
contacting, the liquid is preferably cooled to a tenperature | ower than
that of the fdomsprisn@ahedreapmesied hvdeoorracedusgiesd agRIpoTRRis bavingdni ng neans
conprises any. known |iquid-vapor, contacting neans, sugh as rashig rings,

ber | saddlesf”“??%yﬁ%%tPth%gﬁﬂfh%ﬁ’ﬁaﬁJHE %Bﬂ%ym§§§¥ﬁPaﬂiﬂ“gontacting
trays. such as bubble cap trays and other devices. etc. In the enbodi nent
shown in the Figur@preachfe 9a8Mae: ddd@niRawRtAS IIi6d ¢ oMiched WhB hvBRREn 4.
represent gasliquid contacting trays. Optional” heat exchanger ?8 cools the
hydr ocar bon linguiedond hydreptisdssin g rauctiempiagatiorthe prasence diambydraprostssine
vapor. The liquid tenperature i s determ ned bx the vapor tenperature and
the relative Hﬂ%%n¥$ETWdH§FOE%FESFFﬁ%F@écgﬁH‘é@ﬁ&@h PP ¥Efper at ures of

t he het eroat OIS0 d T i i nper atures and
concentratioggwﬁggguch g%hggﬁﬁggﬁgggﬁﬁgﬂgﬂ§%§?$§%Hgﬁgﬁﬂ?&%?&fhese conpounds
to the |iqui dhbyoablseraotownfieed conhposaits.onharamh sddilifiiirhasnndompoent r at i on
differentials, to achieye the desired vapor purity.Hﬁs is shown. in this
enbodi ment t HEN f%%%lit 80 thad ip spidse st iage HONE SHNGR: 1 i quid effl uent
that may or may not be cool ed prior ~ ~ MAR ~00~ WD 00/ 15735

PCT/ US99/ 20325 to | Ao : C ; abs ,ﬁfygyise
contacting stage eﬂﬁaﬁ?gﬁd ?g’é? h%‘é“ﬁ%@?f%ﬁéﬂﬂgﬁ g%ge[qé}éxfe %?M%@g't &)exckllarslger

?8. to a tenpedatprpesshed pwedubatiqut]. {héesired stvitktaageumapotloefsttashteacmon he
contacting stage. It may also be a mxture of these two liquids, with or

i
wi t hout cool iSHEES: fRIPPIER liakithand vamewilyentsmgy racrely B3 Pastﬁf"‘?éo DERFYHof t he
condensed, h t - aid. : - L hRG & second
ctage vapor SPPFuShSuRat Sl o EP P S php o Rl b e 20l £
W t hout firstsepaeedndpanghae. canthathy bgeshage! bi gpodioaf dl (Uethe secbine
contacting liquid, now containing nore of these inpurities than before it
cont act ed t hé'dger@posphgh acsabinatien pkbath thyseesddsfhitoPHCHNE RBLS EPBYHEL i ng

and di sengagi: Q 22, 1 i.ch it mxas wth fr t, jquid

o1 uent, wtthagh R s orceRalledpdrtioB of B M O bt PhaB R aBuld 1" e
same tine, fnesbhydeagefirefdanByYedRARM dsr RRATtI GRS hiv8rodpasesskd Iduedt e top of
the second stage via lines 40, 48 and 46. In the second reaction stage, the
hydr ocar bon Ispgtifid capapreyelr higarrobesshs phsdrotuseting gradeys HowamoRMgugh cat al yst
bed 18. During the second. stage,reaction, nost of the renaining fged

het er at om cor%b%ﬂﬁgfn VPR HICSr SR SEUPF (rrogid Md PogERTE STPEANELS: TR

removed fromeae dibhys thiddeldisetiNRe i FUEH SR aRl hEAGENfdeBE MiNGiddAS and NH, .
The HAS and NH3 pass into the second stage vapor. Both the contacting and

second st age undpmstocsif ibwentrs thao ttcainme@bn €510t hydredaarddoniroapoms pacess.
normal | y gasequs. 4. - C5.  hydrocarbons. The heteroat om reduced hydrocarbon

li quid and ot BABIAIRGhA G §E\PRD JFUTHSE rAskass? BIGRHCH HPILRGhI"E 2P bot t om
of vessel | al [ [ er t oget her La l.ne 50. and

conbi ne mﬁth%gﬂggﬁg%%$gg oﬁgﬁéﬁﬁggéeSﬁ?é@%PEH%PFgﬁe%ngﬁgﬁépor removed from
vessel 20, via line 52. The conbined |liquid and vapor effluent is then
passed i nto heat exchanger 36. via line 54. and cool ed to condense nobst of

t he heavi er hydrocarbon conponents in the vapor. with the resulting vapor
and liquid mxture then passed into the first, or hot separating zone 32 in
vessel 30, via line 56. In zone 32, the vapor is disengaged and separat ed
fromthe liquid. with the hyrotreated liquid renoved via |ine 58 and sent
to a product stripper. The vapor is renoved fromzone 3'' via line 60 and
passed t hrough a second. or cold heat exchanger 38. in which it is further

VALS A ] A ==—r AT 1 1\ /NS A~ N o -



Referring to Figure 2. in the hydrotreating unit 10U the teed is passed
'via lines 36 and 38 into the top of first reaction stage vessel 12. At the
same tinme. fresh hydrogen or hydrogen-containing treat gas is pass&d 2603
the vessel vﬁbmyﬁﬁé% 40 and 38. The feed and hydrogen pass cdﬁﬁW#%ﬂ?q down
t hrough the catal yst bed 16. in which heteroatom conpounds are renoved and
sone conponents are saturated, as in the enbodi nent of Figure | . The

het er oat om conpounds are renoved primarily by conversion to H2S, NH3 and
water. This produces a first stage effluent conprising a partially

hydr ot r eat esh) béigubdbamd . UeP kg, phat@bly $Me Y3POmhsEMHd 83 r@rlibh dlaky
hydr ot reat ed and vapori zed feed conporients, hydrogen, H2S. NH3 and|ighter
hydr ocar bonsapomesiignt metvhegradin iThparities) or dnderirabipmed ebfripgoanis. prbisdown
into the bottom of the vessel from whjch t ey,are.r%nnved. viia line 42, and

passed int _osuf“é’éd)riomeét CHIREEPEY B PR PG jedesre ea.rerve%éqonswecom ai ns
both the |igu gfatﬁgpgé?r‘?glgﬁf%drgg?rg\%c oaéltchf?tﬁcﬁlk‘;?ugwatmtMﬁ% dﬁ)age and a

hydrotreating ca or e second stage treating.
The first shaagidicabtshieiionuenirepesses ertablangwthendnydieagpnriand vapor
effluent pass up, through the second hydrotreating reaction stage. defined
prinmarily byonegdiraiyrei thadirsbitage/Bquidedilusnt Wihak is mreguilibyisra vetthy dr ogen
fIOM/countetcurrentlé tqﬁ%acg otheE hn ?hek%eco d reaction itage. The
second st ag&Shy@EotPESt e VESBE OPactBR{IGDREY B 3V HABLE RH RIS nt o
contacti ng 134AdSvHEN 8o ot AvefieGNafflct CARBE HRSHr¥ELSS. dihe liksisdd St age vapor
effluent. The conbined first and 'second stage vapor effluents flow up

t hr ough bedhy2#opiotesskil phodimeyiqoahtad intdomhich eké maporhyguaties atik transtecond

stage liqui, wﬂich enters above the bed. via line 23. As in the enbodi nent
in Figure 1it WB{BEAYRIFREY APBRFES SHBSRATRAY thshtitsh ane sFANALE G I ALear e

renoved by IR {1 uji Lt bri | L &l
ransrer. (onRsTbaRy ARTERRE ISP RS B pus B T PSR P ng
l'iquid. Thesiggnvanriefffusiaggomanhe ceftattignt Wik £ owwwmearitai ns H2S, NH3
and substantially reduced I n heteroatom feed conponents. is then passed
into |ine s®NcaRERon i the AUk wikhresnlttipdrapyter of semed@PyEEShINQ ftefEem| j qui d
effluent fr ' t tage. | iquj f down ?4
and into caraerpiaphlhdh A ddifhcnddRg b orSrEr fobarit ot
stage |i quiaedf theeapor, Wifirreganinoiam dysiaerinigieies d@an iSitpassecheup i nto
the second stage hydrotreating zone via line 85 and reacts with the feed
het er oat om ¢BHPGUPEEALREE asHae ¥emdrt- | owi ng |i qui d, thereby renoving them from
the liquid by converting themprimarily to H2S and NH3. The hydrotreated
second stage |iqu : 1S ia:lin ' ith the
contacting stagg%%gﬁgihggfPﬁé%%fﬁgggygﬂ%&h?%#ﬂ¥é:?émbggggg?ﬁépghFine 54.
through a haiphbteatoidke kangeab,heet ¢ feedassuch dshas oasand esidheNenogitingnt shown
in Figure 1. Hydrotreated contacting |iquid may be derived fromone or nore
of (i) the ¥esures atagh fmfu\rarcéfc]ungpémseémxdlnei prpctigediohe @sgsedt hydr ocar bon
vapor conponents th have been condensed.to liquid and rec d. This is
shown by tHEV%B#¥HH§PdFﬂa%FWHé 51 o@”?ﬁ?ﬁ?icgﬁHig§F”%£=ﬁ§°ﬂﬁ§%§g-e for the
enbodi ment a'iﬁl@\éghdrﬂz Hs@ir ea GOt hdRyhidoosiert &d dil QUAGD) Rehinescked and 64
will typically be sent to a strippér and the tontacting liquid may al so be
derived fr qgastohe(SiGOpplsdsphiadigd il (Thdee lsgtitichedydle oflieCAXQ). wiluralapgr eci at e
that the invention. can, be extended t re t.han two reaction and,one

cont acti ng %7 é@ﬂe@ﬂ%&ef"Sﬁgrc?fﬁ)}araﬁaggs'gﬁﬁ{%o‘g}htCﬁP{eléq‘ifrjaWe%?'grz%?ribBHS st ages
in which t als r P 4 £ r fé et stage is

t he secondhﬁng%E%gég#n?Hgﬁgéggﬁétgggﬁgcﬁ%gSﬁﬁggg?ﬂﬁgﬁ%hﬁgﬁ%Eg third stage
feed, and dovdoocarbert fvrahd¢sndadimixkapes tistrege contacting in one or nore

| i qui d-vapor contacting stages. Bv reaction stage is neant at |east one
catalytic reaction zone in which the liquid. or mxture of liquid and vapor
reacts with hydr i ; ita var I cat al yst
to produce an aJQ%§§§¥ﬂﬁgpfpgﬁﬁ§ﬂﬂ§g?§%Fggzgy%ﬁggﬁ?PﬁbH??“$%§§@§?%Tyst in a
reaction zasgneafledehidiopdie” frl Myvako@ntdorR@inRRtired dab Ubidi szadnhraduor

di spersed in a slurry liquid. Mre than one catal yst can al so be enpl o~~ed
in a particuldanay baeitherpurRBRIREDES o1 YADO¢erbI@Ba PR WSIY203ReN IsS as a

m xture or in the foc-mof layers ( for a fixed bed). Further. where fixed
beds are enployed. nore than one bed of the same or different catall st may
he used. so that there will be nore than one reaction zone. The beds may be
spaced apart with optional gas and liquid distribution nmeans upstream

of each bed. or one bed of two or nore separate catalysts may be used in

whi ch each catalyst is in the formof a layer. ~ith little or no spacing
between the layers. The liquid will pass successively fromone zone to the

—— M o . Y - v o



PCT/ L' S99/ 20325 typically conmposed of a Goup VIII netal hvdro~enat ml‘ﬂ\
‘corponent on a zeolite cracl~.ing base. |-1~~drocracJcing conditi ohd MAR 2003
i ncl ude tenperatures from about 200 to 25C. a pressure of about 200 psig
‘to about 3. 080 0ps$@5s and |liquid hourly space vel oc~tv from abmgtushoresxs 10
VIVIH, preferably fromabout 1 to ~ V/V/H. Non-limting exanpl es of
aromati ¢ hydrogenation catal ysts include nickel, cobalt-nolybdenum

‘ni ckel - mol ybdenum and ni ckel -tunesten. pNoble netal (e.g., platinum ancL~or
pal | adi um) containing catal ysts can also be used. The aromatic saturation

.zone is prefer ablgl operated at ﬁ tenperature from about 40C to @bout 400C.
more pref er dHY) 285 YRTAUBSAPAYERENY ErOghB it AmBHEUNEAL 53 SBELIFY 1PF B about 100

i b iq, b ? L g ?00
bt 2, ona at s PO TR oI SUSLEE YRR GV sty “ah R SRt Op: 5

VIVIHr . to apeHhs hevhafiehi hith wiils ndnsBresdePpthitiate Wik bouffeatdi@er grebodi nent s
and nodifications in the practice of the invention will be apparent to. and

can be readirbgctimaderhle prasoses. sitiest sdmis gxclvde aeeyolid yanor edidyemt tiony from t he
scope and spirit of the . H\[{renti on descri lé&ﬂ above. ‘Accor.dil?r;lg[\é. ,i% i S not
“mended t hatAPCHET SEE5VIYEN AR NEY BERPragss e iod CRAVE N EENNANF ABH af F3Fhe
exact descripti K a j strued
e anconpasd PaT DT apY TR oo e PR TIPS [
the present ditheehydrogen ionalhydidp@naldnidimiagipaatitoreanaodnembadisoenes ~~- hi ch
woul d be treated as equival ents thereof by those skilled in the art to

whi ch t he i rvelngdingrthp&veeqges-containing gARCOMOBISIVG WOLaBTBBYdrpeen Al VS;

PCT/ US99120325 | . hydr oprocess~n~ process, for renoving at |east one
Tmpur i vy fraerergsioRL LS RRREET R el SRR oBfp FRLRRP Rt IS8R, C )
reacting saigbrfigeandvbidtefBir #8681 tHe BvaidcaiboRY & QRIMCESS) g reaction stage
in the presence of a hydroprocessing catalyst to forma first stage

ef fl uent hahydgoarbewseousmpaterial andaeenntamaransaiedz.f Bed ang &) dfonh tent
conprising a first st cessed, hvdrocar ceous liquid and a

e hvdropr E n
vapor whi ch @BREAP REOTF O Bt B JERESR T JtER Bomal BoNEAT &80 E B ponent s,
wher ei n bot b, 88dkeliifty Aratdoy ARge will fptéff%&tbgyn e«gxgr{agf f1eRk dbduTBeridli &S,

~.vith said Inmpurities in equi rium bet we i quid and vapor
ef fluents: (yregepleratilyngleai abolit 7§vokt’adedtdgeui dnapdraviapoim whichuents; (c)

contacting said vapor effluent. in a _contacting stage, with a
hydr ocar bonaP&easied hygdipgen imidge aBBh?fﬂPF@)‘r&faéﬂd??rE‘ﬁ‘ggr FABLIS USFLLOn n sai d

vapor transfigf. 59,8k eliinqllllliv@tage?)tﬁe% ﬁ:]ugtfB;é)ﬂ}t‘?igfén'f'gyétioﬁgﬁpﬁgs@hqﬁr?f'xe

conpri sing a hvdrocar bohaceoou I qui I ncreased 1npurity content and a

vapor conpr ifedsigrcay daoiptedasstigthit oaas banaeeapsr éffladncotithonendes thavi ng an
inpurity content less than that of said first stage vapor effluent, and (d)
reacting saic@ntain s¢fligirnt dydragenifpgthsstbEequpRLTaR%PT 118885t s wit h hydr ogen

The invention can be further understood with reference to the Figures.
Thus. referring first to Figure 1. there is depicted a schematic tlow diagram of a
hydroprocessing unit useful in the practice of the invention. In this particular
embodiment the hydroprocessing process is a hvdrotreating process and the
reaction stages hvdrotreating stages. For the sake of simplicity. not all process
reaction vessel internals. valves, pumps. heat transfer devices etc. are shown.
Thus. a hydrotreating unit 10 comprises first and second stage hvdrotreating
reaction vessels 12 and |+4. containing respective fixed catalyst beds 16 and 18
within. for hydrotreating a distillate or diesel fuel feed. A third vessel 20. which
1s the liquid-vapor contacting stage vessel. contains a gas-liquid disengaging and

separating zone 22 at the bottom and a bed of liquid-gas contacting material 24



in a second hvdroprocessing reaction stage, in the presence of a
"hydroprocessing catalyst. to forma second stage effl uent conpr|5|ﬂd MAR 2003
hvdr opr ocesged hvdrocar bonaceoous |iquid and a vapor conpris
'hydroprocesggﬁoHva?ocarbonaceous feed conponents, wherein safﬁgﬂpa%%ﬁm%as
an inpurity content |lower than that in said feed and first stage liquid
~effluent. 1 1 MAR 2003 WD 00/ 1573S PCT/ US99/ 20325 18 ''. A process
according to claiml| wherein said second reaction stage liquid effluent
conprises product liquid. 3. .4 process according to claim?2 wherein said
first and s@aeehpeeaottian (st hgeonaicahy stage ardsd bieovsaneths cdbbdietants 4. A
process according to claim3 wherein said feed and hydrogen fl ow

cocur r ent | ya tipvisiignséesi pemp 2etar @mmabhe@teagl@angr 7}3\ pheesvge SRR ng t o

cl ai m 4 wher ei one sai d contac secon e _vapor
effluents i \éeSé@jO;gltﬁgn%Sﬂﬁgﬂglesegﬂ@npg&g%sr%Jf‘ 3aﬂ8?$ ivé@‘ ‘H&Haﬁlﬂfr ocessed
hydr ocar bonggeeush etk TOMRPDS RS ScRFinBY TheMeRG859GH colidinith h D@BLABoAN
impurity content |ower than that of said feed and first stage |iquid

ef fluents. fee6.toBepvdoesateaceored thg ftrsx whgd muetiovheesseinl Saiadies3Hantdi ng

l'iquid conpri ses at | east one of said (i) first reaction stage liquid
effluent. (3%) rs@&om'ﬂrc@aa it@ﬁragpa@éthq 1&MF’M'Q§T fhe &5 is g ipeirpleagheengdd

hydr ocar bonacaRus of S5kl ARPEOIRRORANTL RULASAN ARULRLY o YRl | over ¢ han

t hat of sai ure reo cess cordrng claim®6

wherein sai ﬂt&)@@ﬂ@ﬂ&9€rHAﬁ§|6QGé’érDOM§l‘?Q}ﬁ§e-ftﬁz%@gﬁqméﬂfh%ﬂtor'al @eHt@akavi ng an
inpurity content |ower than that of said feed and fiTst stage |iquid

ef fl uents. ¢anphsiag hegdrdgeorentass Miasslaead ddomdabd. i e fasd as;édlo'lddogﬁnagies vapor

ef fl uents. ccordl t.o cl ai rein sa ing liquid
i s cool ed t@t%v?g gf ‘hﬂ@‘vl TR PH&H%&.‘H@&%& Cﬁtag"éf he%gg @'t ?"ng zone
prior to Saééi']tﬁﬁE‘B%ﬁFﬂlP?oler%m APIVOC EF W hARCRE FOrehBs it ReShWSE&I A sai d

transfer conditions 1 nclude said contacting liquid having an 1 npurity
content no feeatsenct hhthetdastlyafiosandvd oxpdenneacsulfin antl ageogdrqui d ef f | uent .

~ ~ Ma ~~0a3 CVO OO 1S73S PCT/ US99/ 203 ocess accordi to
clai m 6 whetUPPOWSS Preseqhingthg r{jﬁech%\/’l @?PSW%VVN@E?%‘E S@E}FF‘%‘% fng pp geh sai d
second react4ist 89%omt a LirsARECEARSNASHAPILRG 2tRixElRioPphRliayer ei n sai d

condensed
hydroprocessed hydrocarbon liquid and vapor. with the vapor containing

vaporized feed components. unreacted hydrogen. H,S and NH;. As those skilled
in the art know. in hydrotreating and other hvdroprocessing processes. the
amount of hydrogen passed into a hydroprocessing reaction stage is in excess of
that amount theoretically required to achieve the desired degree ot conversion.
This is done to maintain a sufficient hydrogen partial pressure throughout the
reaction zone. Therefore. the vapor effluent from each hydroprocessing reaction
zone will contain the unreacted hydrogen. Most (e.g.. 2 50 %) of the feed
hydrotreating is accomplished in the first stage. In two stage hydrotreating
processes. it is not unusual for 60 %. 75 % and even = 90 % of the heteroatom
(S. N and O) compounds in the feed to be removed from the liquid in the first
stage. by converting them to H,S NHj;, and H,O Theretore. the second stage
catalyst can be a more kinetically active. but less sulfur tolerant catalvst than the
first stage catalyst for heteroatom removal, and in addition can also achieve
greater aromatics saturation. [n this embodiment the first stage catalyst may

comprise cobait and molvbdenum catalytic components supported on alumina.



hydr ocar bonaceous |iquid having an inpurity |level |ower than th?;é@% @id
"feed and first stage liquid effluent. is obtained fromsaid con Jg
stage vapor_ effluent. 12. A process according to claim1 1 wherein said
‘contacti ngWYQ M55 s cooled to a tenperature |ower than sai &CFAREP243% sai d
contacting zone prior to said contactine. 13. A process according to claim
12 wherein said transfer conditions include said contacting |iquid having
‘an inpurity content no greater than thaf of said first reaction stage
liquid effluent. 14. A process for hydrotreating a hydrocarbon feed which

-cont ai ns i ARYiid {@8nE SAREIcaiaNG: RS ARt N HORBAMES ot ensat ur at es,
sai d process conprising the steps'o f: (a) reacting said feed with hydrogen

in a first timgsthnatatad@tic nuptaleantpanentstoage alnntihe syppesentie bfst ataggdr ot reat i ng
catalyst to forma first_stage effluent, having a | ower inpurjty content
than said figu anshyaPosEf iRt A msANISIORY MR Wi TEEPEt iy EHTRUBKY eat ed

hydr ocar bonold AafloR e R ARSL WA LclroGaNA P hNEE0kEE Sy drogay bon feed

_corrpo_ne_nt S, ! erel n_ _ Id _ an_ ya QI’ uents cpnt a!“'h _Sal d
| mpuri ti espaydeli Vi RhEl4D MpEs bhd-BEuidni RALE binkrindBepgbhuReRos@R Y nigei d and

vapor effluents: (b) separating said first stage |liquid and vapor

ef f | uent s: bottdmInINARCANBE! R OVIsEE 285 HETpasgady hgdasreated liquid separates
from the vapor effluent. is removed from the bottom of the vessel and passed.
via lines 44 and 46. into the top of the second stage reaction vessel 14. In this
embodiment. the first reaction stage is operated at a higher pressure than the
second reaction stage. Therefore a liquid transfer pump may not be required.
The disengaged and separated first stage vapor passes up through the liquid-gas
contacting bed means 24. in which it meets with downflowing hydrocarbon
liquid that has been at least partially hydrotreated, and in which the
concentration of the impurity compounds is no greater than, and preferably less.
than that in the first stage liquid effluent in equilibrium with the first stage vapor
effluent. Prior to contacting, the liquid is preferably cooled to a temperature
lower than that of the first stage vapor in the contacting stage. The contacting
means comprises anv known liquid-vapor contacting means. such as rashig
rings. berl saddles. wire mesh. ribbon. open honeyvcomb. gas-liquid contacting
trays. such as bubble cap trays and other devices. etc. In the embodiment shown
in the Figures. the dashed lines shown as the contacting means 24. represent gas-
liquid contacting travs. Optional heat exchanger 28 cools the hydrocarbon
liquid. if needed. to a temperature lower than that of the vapor. The liquid
temperature 1S determined by the vapor temperature and the relative
concentrations. solubilities and condensation temperatures of the heteroatom
compounds in each phase. The combination of temperatures and concentrations
is such as to transfer the desired amount of these compounds to the liquid by
absorption. condensation and equilibrium concentration differentials. to achieve
the desired vapor purity. As is shown. in this embodiment the contacting liquid

may comprise second stage liquid effluent that may or may not be cooied prior



?0 (c) contacting said vapor effluent. in a contacting stage, wita R
“hydrocarbon |iquid under conditions such that inpurities in said aﬁm 2003

transfer t%ﬁ?ﬁ&/ﬁﬂs. quid. to forma contacting stage effluent, qaisishLhg a
*hydrocarbon Tiquid of increased inpurity content and a vapor conpri sing

hydr ot r eat ed hydrocarbon feed conponents having an ~nmpuritv content |ess

. than that in said first stage vapor effluent, and (d) reacting said first
and contacting stage liquid effluents vi't h hydrogen in a second
hydrotreati ng reaction stage, in the presence of a hydrotreating catal yst,
to form a secondcshade lefd kxeningeodir tahagalac kypdipotse eatt@aduhy eimaear bon

| iquid and a _vapor conprising hydrotreated hydrocarbon feed conponents,
wher ei n saicdiIReRjund ihaee Y& 4 pPH00I8H. S¥MEaNEXINBNEST 15 2 {4TRPCTANIGai d f eed

and first stage |liquid effluent. 15 ..A pr. ' t I 4

therei n' sartsaacetia s Bt oEEYapd s e RRERS FoRRFOIEHER SRaTh U B et e
product | i qiingkrudelot tedelQeLSsuias aoiilbNitheutt Mgl FuMkeF. eind ssahewhagd and
hydrogen fl ow cocurrentlv through said first reaction stage. 17. A process

accor di ng tfogeteali. mlis awerien nf dudéanidensed., py dndureatedilpuidirdcovelsddrered by
condensi ng tEydr ot reat ed, vapor effluent from at | Sast one of said contacting

and second %8%‘?‘?6‘9\“%%%%?9”@8@3%VﬁP%‘cggé‘e%‘é(%?yd S HASAORIIDE wher ei n
sai d first l%@?d%?tg@{‘@itﬁto?%u%{%.rff?%tf Eh %8R Ab¥ Rk in @5 ot MAuRARLRA:

different. rocess accordin arm rern at |'east one of said

cont act i ng Edcsneneingd |Rludggovapeitaidifd mené sf ingse dap@stidsahgobefppst and
recover said vaporized hvdrotreated hydrocarbon feed conponents as

hydr ot r eat e@ntactadi e tinssitags apor afflient.passastdomn ingaehe sepatistinBandof sai d
feed and fiyst stage liqyid effluents. . 00/ 15735 ,.PCTI US99/ 20325 31 ?0.
A process é@%"'&ﬁaﬁlﬁ Zf’BegtLja'inrﬁVE@kv\b@?’éqsnwglggbe @%ﬁftﬁéﬂlﬂﬁldﬁ HFY- &dWpri ses at

| east one gQfhieRiids bhiseliifidthé €acInldIBaciicMIRadd. AN the@binleUpAE, frdshi 1) second
reaction stage liquid effluent. (iii) condensed hydrocarbon feed vapor

conponent s Hyavogeg cars liytdnpgan-rgatigas é pdseedinto Hentophdithosecoail diagesds or
B A A T RN R T
R e o p b D s AN
t o cl ai m 22cudret gage actibre omesa of thregreliaguing feed bayetagam tcompourdpertachir e | ower
than said Va?ggcr)wisglﬁsnaingd gﬁpc}g%gtci)pn%oﬁggg aFr)é i'e?rﬁm;e% t%cz)irinqhgﬂgﬁi ?uit?lgthe

sulfur and nitrogen torming H,S and NH;. The H,S and NHj pass into the

second stage vapor. Both the contacting and second stage vapor effluents

contain C,.-Cs. hvdrocarbon vapors and normally gaseous C,.-Cs. hvdrocarbons.

The heteroatom reduced hvdrocarbon liquid and heteroatom containing vapor

both pass down through to the bottom of vessel 18, from which they are

removed together. via line 50. and combine with the heteroatom reduced first

reaction stage vapor removed from vessel 20, via line 52. The combined liquid

and vapor effluent is then passed into heat exchanger 36. via line 54. and cooled

to condense most of the heavier hydrocarbon components in the vapor. with the

resulting vapor and liquid mixture then passed into the first. or hot separating

zone 32 in vessel 30. via line 56. In zone 32, the vapor is disengaged and

separated from the liquid. with the hvdrotreated liquid removed via line 38 and

sent to a product stripper. The vapor is removed from zone 32 via line 60 and

passed through a second. or cold heat exchanger 38. in which 1t is further cooled



23. A process according to claim20 wherein said transfer conditiqg@m _
‘include said contacting liquid having an inpurity content no great tM@n
that of said first reaction stage liquid effluent. ?4. A process according
‘to claim20VRP&&E1A said |iquid and hydrogen fl ow count er cur PERPF220325r ough
said second reaction stage. ?5. A process according to claim 24 wherein

. said condensed hydrocar bonaceous teed conponent |iquid having an inpurity
Tevel lower than that of said feed and flkrst stage liquid effluent is
obtained fromsaid contacting stage vapor effluent. 36. A process according

to claim ?5d8‘@ﬁr18ic8n§éHgQ o‘ﬁ%rsEI‘EMd?gnéxjqud#otiréattE@ﬂ{/&%c&‘BoﬁsF@EP@C?—‘EE.QE | over

than said vapor 1n sald contacting zone: pnor to said contactine. 0z adw
~ ~ 1 1 NMRRe 280BinZie 2ahorAopipeises moadeonethmge fied ki droger? @lovirewrh masai d
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with the liquid removed via line 64 and sent to the product striper. The
remaining vapor is removed as tail gas via line 66. and sent to further processing
for removal of the H,S and NH;. Since either or both the first stage and second
stage liquid effluent may be used as the contacting liquid for the contacting
stage. the recycle lines for these streams are shown as dotted lines. Thus, line 68
is a tie-in point for recycling a slip stream of the liquid recovered from the
bottom of vessel 20 and passed. via liquid pump 26, through heat exchanger 28.
which cools it to a temperature sufficiently below that of the first stage vapor
effluent, for the impurities to transfer from the vapor, into the contacting liquid.
This cooled liquid is then passed, via line 29, back up into the top of vessel 20.
Lines 70, 72 and 74 are shown as optional transfer and recycle lines. for passing
hydrotreated, second stage liquid effluent and/or hydrotreated liquid recovered
from the second and/or contacting stage vapors. back into pump 26. optional

heat exchanger 28. line 29 and into the top of 20 as all or part of the contacting

liquid.

Figure 2 schematically illustrates another embodiment of the process of
the invention. in which both the liquid-vapor contacting stage and second
hydrotreating reaction stages are located in the same vessel. with the first and
second reaction stages being cocurrent gas and liquid flow and countercurrent
gas and liquid flow stages. respectivelv. As is the case for the embodiment
shown in Figure 1. this embodiment will also be explained with particular
reterence Lo hydrotreating a heteroatom-containing fuel distillate fraction.
Accordingly. the same vessels. heat exchangers. lines and pump shown in
Figures | and which have the same function, have the same numbers in both

Figures | and 2. There are also substantial differences in the embodiment shown
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which they are removed. via line 42, and passed into feed inlet and vapor space

82 in vessel 80. Vessel 80 contains both the liquid-vapor contacting means 24
for the contacting stage and a hydrotreating catalyst bed 18 below. for the second
stage hydrotreating. The first stage liquid effluent passes down. and the
hvdrogen and vapor effluent pass up, through the second hydrotreating reaction
stage. defined primarily by hvdrotreating catalyst bed 18. Thus. the liquid and
hydrogen flow countercurrently to each other in the second reaction stage. The
sccond stage hvdrotreated vapor effluent flows up from bed 18 and into
contacting stage zone 24. in which it combines with the first stage vapor
effluent. The combined first and second stage vapor effluents flow up through
bed 24. in which they contact downflowing. hydrotreated. second stage liquid
which enters above the bed. via line 29. As in the embodiment in Figure 1.
heteroatom compounds remaining in the combined vapors are removed by

absorption. condensation and/or equilibrium differential transter. to the
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downtlowing liquid. The contacting stage vapor effluent. which now contains
H,S. NH; and substantiallv reduced in heteroatom feed components. is then
passed into line 86. where it combines with the hydrotreated second stage liquid
effluent from line 84. The contacting stage liquid effluent flows down 24 and
into catalyst bed 18. in which it mixes with the downflowing first stage liquid
effluent. Hyvdrogen or a hydrogen treat gas is passed up into the sccond stage
hydrotreating zone via line 85 and reacts with the feed heteroatom compounds in
the downflowing liquid. thereby removing them from the liquid by converting
them primariiy to H,S and NH;. The hydrotreated second stage liquid effluent is
removed via line 84, combines with the contacting stagé vapor effluent. and the
mixture is passed. via line 54. through a hot heat exchanger. etc.. as s the case
for the embodiment shown in Figure 1. Hydrotreated contacting liquid may be
derived from one or more of (i) the second stage liquid effluent and (i1)
hydrotreated hydrocarbon vapor components that have been condensed to liquid
and recovered. This is shown by the optional tie lines 70. 74, 72 and 68. As s
the case for the embodiment shown in Figure |, the hydrotreated liquids in lines
58 and 64 will typically be sent to a stripper and the contacting liquid may also

be derived from the stripped liquid.

Those skilled in the art will appreciate that the invention can be extended
to more than two reaction and one contacting stages. Thus. one may also
employ three or more reaction 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 contacting
in one or more liquid-vapor contacting stages. By reaction stage is meant at
least one catalvtic reaction zone in which the liquid. or mixture ot liquid and
vapor reacts with hyvdrogen in the presence of a suitable hvdroprocessing catalyst
to produce an at least partially hydroprocessed effluent. The catalystin 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 emploved in a particular zone
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as a mixture or in the form of lavers (for a fixed bed). Further. where fixed beds
are emploved. more than one bed of the same or different cataly st 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 laver. with little or no spacing between the layers. The liquid will pass

successively from one zone 10 the next.

The term “hyvdrotreating” 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. preterably Fe,
Co and Ni, more preferably Co and/or Ni. and most preferably Co: and at least
one Group VI metal catalvtic component. preterably 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. The Groups referred to herein
are those found in the Periodic Table of the Elements, copyrighted in 1968 by
the Sargent-Welch Scientific Company. 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 {rom 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
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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 trom about 0.5 to 10 V/V/Hr. preferably from about | to 3
V/V/Hr. Non-limiting examples of aromatic hydrogenation catalysts include
nickel. cobalt-molvbdenum. 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. 1o 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:

|. A hydroprocessing process for removing at least one impurity from a

hydrocarbonaceous teed which comprises the steps of:

(a) reacting said feed with hydrogen in a first hydroprocessing reaction
stage in the presence of a hydroprocessing catalyst to form a first stage effluent
having a lower impurity content than said feed. said effluent comprising a first
stage hydroprocessed hydrocarbonaceous liquid and a vapor which contains
hydroprocessed hvdrocarbonaceous feed components. wherein both said liquid
and vapor effluents contain said impurities, with said impurities in equilibrium

between said liquid and vapor effluents:
(b) separating said first stage liquid and vapor effluents:

(c) contacting said vapor effluent. in a contacting stage, with a
hvdrocarbonaceous liquid. under conditions such that impurities in said vapor
transfer to said liquid. to form a contacting stage effluent comprising a
hydrocarbonaceoous liquid of increased impurity content and a vapor
comprising hydroprocessed hydrocarbonaceous feed components having an

impurity content less than that of said first stage vapor effluent, and

(d) reacting said first and contacting stage liquid effluents with hyvdrogen
in a second hvdroprocessing reaction stage. in the presence of a hydroprocessing
catalyst. to form a second stage effluent comprising a hydroprocessed
hydrocarbonaceoous liquid and a vapor comprising hydroprocessed
hydrocarbonaceous feed components. wherein said liquid has an impurity

content {ower than that in said feed and first stage liquid effluent.
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2. A process according to claim | wherein said second reacuion stage

liquid effluent comprises product liquid.

3. A process according to claim 2 wherein said first and second reaction

stage catalysts are the same or different.

4. A process according to claim 3 wherein said feed and hydrogen flow

cocurrently through said first reaction stage.

5. A process according to claim 4 wherein at least one of said contacting
and second stage vapor effluents is cooled to condense and recover said
vaporized hvdroprocessed hydrocarbonaceous feed components as
hydroprocessed liquid. having an impurity content lower than that of said feed

and first stage liquid effluents."

6. A process according to claim 5 wherein said contacting liquid
comprises at least one of said (i) first reaction stage liquid effluent, (ii) second
reaction stage liquid effluent, (iii) condensed hydrocarbonaceous feed vapor
components having an impurity level lower than that of said feed, or mixture

thereof.

7. A process according to claim 6 wherein said condensed
hydrocarbonaceous feed component liquid having an impurity content lower
than that of said feed and first stage liquid effluents. is obtained from both said

contacting and second stage vapor effluents.

8. A process according to claim 6 wherein said contacting liquid is
cooled to a temperature lower than said vapor in said contacting zone prior to

said contacting.

9. A process according to claim 8 wherein said transfer conditions
include said contacting liquid having an impurity content no greater than that of

said first reaction stage liquid effluent.
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flow countercurrently through said second reaction stage.

11. A process according to claim 10 wherein said condensed
hydrocarbonaceous liquid having an impurity level lower than that of said feed
and first stage liquid effluent. is obtained from said contacting stage vapor

effluent.

12. A process according to claim [ 1 wherein said contacting liquid is
cooled to a temperature lower than said vapor in said contacting zone prior to

said contacting.

13. A process according to claim 12 wherein said transfer conditions
include said contacting liquid having an impurity content no greater than that of

said first reaction stage liquid effluent.

14. A process for hydrotreating a hydrocarbon feed which contains

impurities comprising

feed heteroatom compounds and unsaturates. said process comprising the steps

of:

(a) reacting said feed with hydrogen in a first hydrotreating reaction stage
in the presence of a hydrotreating catalyst to form a first stage effluent having a
lower impurity content than said feed, said effluent comprising a first stage
hydrotreated hydrocarbon liquid and a vapor which contains hydrotreated
hydrocarbon feed components. wherein both said liquid and vapor etfluents
contain said impurities. with said impurities in equilibrium between said liquid

and vapor effluents:

(b) separating said first stage liquid and vapor effluents:
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(c) contacting said vapor effluent. in a contacting stage. with a
hvdrocarbon liquid under conditions such that impurities in said vapor transter to
said liquid. to form a contacting stage effluent comprising a hydrocarbon liquid
of increased impurity content and a vapor comprising hydrotreated hvdrocarbon
feed components having an impurity content less than that in said first stage

vapor effluent, and

(d) reacting said first and contacting stage liquid effluents with hydrogen
in a second hydrotreating reaction stage, in the presence of a hydrotreating
catalyst, to form a second stage effluent comprising a hydrotreated hydrocarbon
liquid and a vapor comprising hydrotreated hydrocarbon feed components,
wherein said liquid has an impurity content lower than that in said feed and first

stage liquid effluent.

15. A process according to claim 14 wherein said second reaction stage

liquid effluent comprises hydrotreated product liquid.

16. A process according to claim |5 wherein said feed and hydrogen

flow cocurrently through said first reaction stage.

7. A process according to claim 16 wherein additional product liquid is
obtained by condensing hydrotreated vapor effluent from at least one of said

contacting and second reaction stages.

18. A process according to claim 17 wherein said first and second stage

hvdrotreating catalysts are the same or different.

19. A process according to claim |8 wherein at least one of said
contacting and second stage vapor effluents is cooled to condense and recover
said vaporized hydrotreated hydrocarbon feed components as hydrotreated
liquid. having an impurity content lower than that of said feed and first stage

liquid effluents.



110% & ()-.10% & ()-9-10% & ()- +310% & ()- ) 10% & () - ZbC7s! 10S#10%
U& ()- 9F10% U& ()-&Z10% U& ()- 10" 10°

10" >10% & ()wésfié&s () - Z<[ dEbC7s! 10L&10% U&' () - $10% U& () - ps+RAdMREd - 3
10% U& () - #10% U& () -, $10% U& ()- 6dEbC7s! 10#10%

21

20. A process according to claim 19 wherein said contacting liquid
comprises at least one of said (i) first reaction stage liquid effluent. (ii) second
reaction stage liquid effluent. (iii) condensed hydrocarbon feed vapor
components having an impurity level lower than that of said feed. or mixture

thereof.

21. A process according to claim 20 wherein said condensed
hydrocarbon feed component liquid having an impurity content lower than that
of said feed and first stage liquid effluents, is obtained from both said contacting

and second stage vapor effluents.

22. A process according to claim 22 wherein said contacting liquid is
cooled to a temperature lower than said vapor in said contacting zone prior to

said contacting.

23. A process according to claim 20 wherein said transfer conditions
include said contacting liquid having an impurity content no greater than that of

said first reaction stage liquid effluent,

24. A process according to claim 20 wherein said liquid and hydrogen

flow countercurrently through said second reaction stage.

15. A process according to claim 24 wherein said condensed
hydrocarbonaceous feed component liquid having an impurity level lower than
that ot said feed and first stage liquid effluent is obtained from said contacting

stage vapor effluent.

26. A process according to claim 25 wherein said contacting liquid is
cooled to a temperature lower than said vapor in said contacting zone prior to

said contacting.
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28. A hydroprocessing process for removing at least one impurity from a hydrocarbonaceous

feed which comprises the steps of:

(a) reacting said feed with hydrogen in a first hydroprocessing reaction stage in the presence of
a hydroprocessing catalyst to form a first stage effluent comprising a first stage hydroprocessed
hydrocarbonaceous liquid and a vapor which contains hydroprocessed hydrocarbonaceous feed
components, wherein both said liquid and vapor effluents contain said impurities, with said impurities

in equilibrium between said liquid and vapor effluents;
(b) separating said first stage liquid and vapor effluents;

(c) contacting said vapor effluent, in a contacting stage, with a hydrocarbonaceous liquid,
under conditions such that impurities in said vapor transfer to said liquid, to form a contacting stage
effluent comprising a hydrocarbonaceous liquid of increased impurity content and a vapor comprising
hydroprocessed ﬁydrocarbonaceous feed components having an impurity content less than that of said

first stage vapor effluent, and

(d) reacting said first and contacting stage liquid effluents with hydrogen in a second
hydroprocessing reaction stage, in the presence of a hydroprocessing catalyst, to form a second stage
effluent comprising a hydroprocessed hydrocarbonaceous liquid and a vapor comprising
hydroprocessed hydrocarbonaceous feed components, wherein said liquid has an impurity content

lower than that in said feed and first stage liquid effluent.



