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PCT/ US99/ 09643 THREE STAGE COCURRENT LI QUI D AND VAPOR
HYDROPROCESSI NG FI ELD OF THE | NVENTI ON The invention
relates to hydroprocessing a hydrocarbonaceous feed in cocurrent flow
liquid stages ¥RI”3™Xhpor stage. Mre particularly the inveRCFUR%@4t es
to catalytically hydroprocessing a hydrocgrbonaceous feed in first and
second liquid reaction stages in which the feed and hydrogen fl ow

cocurrently and in a vg Emﬂt oTa age. IR L s the first
stage, wth the fi rst s %9 = e Fe- Sttt e et t he second
stage and the second stage |iqui MMME&-S-MUM liquid. The first

stage vapor effluent is hydroprocessed in the vapor stage and then cool ed
to condense and recover heavier vapor conponents as additional product
liquid. Fresh ond stage, wth a portion passed to
the first and Erl A4 ﬁﬁéﬁc and vapor stages may be in the sane
vessel . BACKGROUND OF THE | NVENTI ON As supplies of

i ghter and cl eaner feedShedhvetition rélbtes pehydrbprovessinghulsydrycasbériacemsdeed
rely nore heavi]y on relatiyvely high boiling feeds derived Irgm such
materials as coicocumentdloyyliquidisiages and a vapar staggy Mere pagiculaginthes whi ch

typically contaj Lgni fi cant | ablk hal ly
froman envir o'ﬁ&%%f reLa(tﬁsﬁg co‘%h{ﬁ%é@y Hg%g@.e({ glcjﬁﬁ%%ggﬁggiﬁﬁéﬁﬁggéﬁgﬁé gles,
nmetal s. unsat Ufigt 8&d feRend HhSIHIBACHIR stiged inwhitH thé/feed Ahd hp@iRigen 6% OXxygen.
Furthernore, due to environnental concerns, specifications for fuels,

| ubri cants, andcashieentdyhnd jwavaper phasgireactionsiaget The feqdoantera shesiinshignge,

components, ar Cwith tté nys?.lstlage Bc%%g et the liquid feed to the second stage and the

second stage liquid effluent the product liquid. The first stage vapor effluent is
hydroprocessed in the vapor stage and then cooled to condense and recover
heavier vapor components as additional product liquid. Fresh hydrogen enters
the second stage, with a portion passed to the first and vapor stages. The second

and vapor stages may be in the same vessel.
BACKGROUND OF THE NTIO

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

cost of the finished products.



tighter. Consequently, such feeds and product streans require nore
upgrading in order to reduce the content of such undesirabl e conponents
and this increases the cost of the finished products.

In a hydroprocessing process at |east a portion of the heteroaton1conpounds
are renoved, tMWOMIIREul ar structure of the feed is changed, PETUBWIOB64dCCuUr
by reacting the feed with hydrogen in the presence of a suitable

hydr opr ocessi ng catal yst. Hydroprocessi ng i icl udes hydr ogenati on,

hydr ocr acki ng, hydrotreatlng, hydr oi soneri zati on and hydrodewaxi ng, and

therefore plays an inportHr %P@OFWSW%RS&@%@#‘@P%W@f?@é}?ﬁfﬁﬁomet
more stringent qy

| it ui r r C ng
demand for mprov%'(?oHi% %5?"(3 r%evrggl%cxg lgeggpﬁ tg?dl l%’nCﬂa IE!bJ(;)l |}>1g
poi nt reduction oc&ﬁrwﬁeémtg%a%vdavmahM% ergmhspf&é&em@ﬁmally, vari ous
process configurations have been devel oped, including the use of multiple

hydr opr ocessi ng hytienpeacessing catalyst| Hﬁdmpromsslmnhnkieﬁ h)rdm@!mabpman pat ent
ublication 0 553.920 ladU.S.. 32952626 021, 330; 4, 43519

7. 801, 373 and 5%’9‘5” & Byioipaticn i soripEm e Hy drodewaxire,

i nvention rel at L F a Qllés f eed
I n which the feggeraﬁ)é %ﬁggg’ggﬁ 8@%%88&%%’?@% p@ﬁ?lggﬁ?:ﬂ{e% :Ft(?gﬁ' reaction

stages, in whi clstririgent qulityrrequitesnents. Fdriezamphi| thgeris am ntchmsmgekmand fof a

hydr opr ocessi ng ,catal yst to produce a vapor and a Ilg%i .effluent which are
separated after l@aweét}ﬁ&éoatvmtrﬁmswhawmp saturatippang be H’tgaﬂqll‘?tr{ﬁ‘suctm“

hydrocar bonaceoyg VaPQ fehieldfhdsE $Hals Tndrf LEABHEERY! Mrfoub Pfockds'ohfighahs

have been developed, including the use of multiple hydroprocessing stages as is
disclosed, for example, in European patent publication 0 553 920 A1 and U.S.
patents 2,952,626; 4,021,330; 4,243,519; 4,801.373 and 5,292,428.

SUMMARY OF THE INVENTION

The invention relates to a process for hydroprocessing a
hydrocarbonaceous feed in which the feed and hydrogen flow cocurrently
through two liquid reaction stages, in which the feed reacts with the hydrogen in
the presence of a hydroprocessing catalyst to produce a vapor and a liquid
effluent which are separated after each stage, with both vapor effluents
containing hydrocarbonaceous vapors. The feed is introduced into the first stage;
the first stage liquid effluent is the feed to the second stage, and the second stage
liquid effluent is the hydroprocessed product liquid. The first stage vapor
effluent is hydroprocessed in a vapor phase reaction stage. The vapor stage and
second stage vapor effluents comprise hydroprocessed hydrocarbonaceous
material, at least a portion of which (e.g., C4+-C5+ material) may be recovered
as additional product liquid, by cooling the effluents to condense the liquid and
also produce a hydrogen rich vapor. The hydrogen rich vapor is separated from

the condensed liquid, cleaned up to remove contaminants and recycled back into



the first stage liquid effluent is the feed to the second stage, and the
second stage liquid effluent is the hydroprocessed product |iquid. The
first stage vapor effluent is hydroprocessed in a vapor phase reaction.
stage. The vapor stage and second stage vapor effluents conprise

hydr opr ocessed"M$2Ear bonaceous material, at |east a porti ccraissuivsdh
(e.g., CA+-err]+ material) may be recovered as additional product |iquid,
by cooling the effluents to condense the |Bquid and al so produce a hydrogen
rich vapor. The hydrogen rich vapor is separated fromthe condensed |iquid,
cl eaned up to rthenbvss stagat Endshdytdeogen or rduyyrdgeu-contakningtreat gas provides the

3 the first stage., Fresh hydrogen or a hyd en-cont ai ni ng.treat gas
provi des the ses(?g?fbd ﬁ?‘ﬁﬁ'ﬁ@%f%g% B&WS&%X@@’%&&@W‘%JW%S‘?’PF&C%%
vapor effluent -l i 1) f t he
hy 8 rocar bonace 053??%2%{3’?“ iéér?teifdt lf}’d_?}ﬁégnb{ﬁ é‘ gﬁﬁ%ﬁésjcg SQ’ é{??‘g ragbg é‘?\’-o ??%%Qgg%%? L
provi des al | orit.aThoutéomdended: hgdivgen-oighvapor prokides all st a porion@f sieage and

t he vapor stage after being_processed to renove contam nants. The second
and vapor st age*y%ﬁ%sﬁnbf@_rm? geidenuid stase prdjthe vaparstagraties Seimg pragessedde m
“hydrogen® as ysg, BeLGhhid °E§rﬁlés%c£\¥<9£8£€@ogaﬁge%ﬁ£ﬁb$% bleGth 8'5ing1d e
i nvention conprises a hydroprocessing process chincludes a vapor

reaction stage raﬁtdidnvw:séeil.qll‘hélta'rﬂﬁﬂiyﬂﬁ)c‘jgeﬁ?w&&d/ﬁﬂr&h réfor¥b hy@ogbhigasst eps of :
(a) reacting a feed conprising a hydrocarbonaceous |iquid wth hydrogen

in a first coclYipeparticyerly thednvemiontcogprises 2 hpdieprnsessing process which
hyd i | yst. to f fi : ff]uent i si ng.
mxture of a paPtiRan 3 vasreshon sBee and bn lASRsrtto test Pl omRse

hydr ogen- cont aitRé ggpgn,gﬂr ocar bonaceous vapor;

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

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

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

hydrocarbonaceous vapor and product liquid effluents;
(d) separating said liquid and vapor effluents;

(e) reacting said first stage vapor effluent with hydrogen in the
presence of a hydroprocessing catalyst in a vapor hydroprocessing reaction stage
to produce an effluent comprising hydroprocessed hydrocarbonaceous vapor.
wherein said vapor stage reaction hydrogen is provided by unreacted hydrogen in

said first stage vapor effluent;



(b) separating said liquid and vapor effluent; (c) reacting
said first stage liquid effluent with fresh hydrogen in the presence of a
hydr opr ocessi ng catal yst in a second cocurrent flow hydroprocessing )
reaction stage to produce a m xture of hydroprocessed hydrocarbonaceous
vapor and pro¥@29/s722qui d ef f |l uents; (d) separ at i ngcsassh/ooésgui d
and vapor effluents; (e) reacting said first stage vapor effluent
wi th hydrogen in the presence of a hydroprécessing catalyst in a vapor

hydr opr ocessi ng reacti on stage to produce an effluent conprising
hydroprocessed hydr ¢Har boodingaail seamml stageeidesaid vapiofl std g eapos efffientsqact i on
hydrogen i s provided by unreacted hydrogen in said first stage vapor

ef fl uent : condense a portion of said hydroprocessed hydrocarbonaceous vapgr as (f)
cooling said s e WY 35 a9 r.effluents to condense
a portion of sg“?ﬁ“ﬂ’;’/’g}r@%ﬁ%‘gg%ggazﬂ@fdgg%%r nag%%%g&v‘gg’gi' as additional
product liquid and produce a hydrogen-rich vapor; (9) separati ng

said liquid from sai(g) hyskpagringsaidHiquidpfrom saidhydrogen-ricH vapor, gadssi ng sai d
uncondensed hydrogen-rich vapor to said first stage to provide said first
stage and sai d vapor, stage reactjion h

r dr ogen ] L L
contaminants are pr &8knt PASSINEFAIGHASPY @‘?ﬁﬂweﬁbmh Y%H%‘Ejs"}‘ﬂﬁrft stage to

provide said first stage and said vapor stage reaction hydrogen.

If contaminants are present in the hydrogen;rich vapor formed in
step (f), they are removed before it is recycled back into the first stage. This
process eliminates the need for interstage liquid recycle and permits the use of
simple flash and drum separation of the liquid and vapor phases, thereby
eliminating the need for more complex and costly fractionation towers.
Separation of the liquid and vapor effluent is accomplished by simple flash
separation zones which can include a flash space in one of the reaction vessels
for the first stage effluent and simple drum separators for the vapor and second
stages, and also following cooling and condensation of the higher molecular |
weight vapors. The uncondensed vapor will typically comprise the lighter (e.g.,
~ C4. depending on the temperature and pressure) hydrocarbonaceous material.
unreacted hydrogen, gaseous contaminants, if present, and hydrogen treat gas
diluent, if present. Further, operating the first liquid stage at a sufficiently higher
pressure than the second stage eliminates the need for a pump to pass the first

stage effluent to the second stage.

In a preferred embodiment, fresh hydrogen or a hydrogen-
containing treat gas is passed only into the second liquid stage, and in an amount
sufficient to provide all of the reaction hydrogen required for the first and vapor
stages, via recycle of the hydrogen-rich vapor recovered by steps (f) and (g)

above back into the fist liquid stage. In an embodiment in which the hydrogen--



step (f), they are renoved before it is recycled back into the first stage.
This process elimnates the need for interstage liquid recycle and permts
the use of sinple flash and drum separation of the |liquid and vapor phases,
thereby elim nyfd ok #2 he need for nore conplex and costly fragfd /dga
towers. Separatlon of the liquid and vapor effluent is acconplished by
sinple flash separation zones which can inckude a flash space in one of the
reaction vessels for the first stage effluent and sinple drum separators

for the vapor aﬁqn%ﬁﬁ@gﬂ)g?&ﬁ%fogg uxﬁﬂﬁn@'@ﬂclfn RhveOWieNFernBOLd f29mARE feed. these

condensation of t ar wei ght vapors. The uncondensed vapor

w1l typically conamisants 4re remgWdprigretoghe re@ﬂcld.epemaanmlcm hyldeotteatimea at ur e
and pressure) h dr ocar bonaceous material . unreacted hydrogen. gaseous

cont ami nant s, ygﬁoéé@ﬁil fraghian kg ERMmRyersul fup and RisoLen.| U'éhts e’ﬁ‘h"‘ﬂb‘?‘%&‘eﬁf’s‘ of

Furt her, operat| [ essure
than the second ?gﬂ"é)@r 8?9 mﬁﬁOéengpﬁgaﬂ@sg@ 1?% Fe%gﬂéii d Eﬁ-tz gmﬂ)‘é@sﬁg Bttgp&?ﬁét

stage effluent N—[%hﬁ‘th%@ﬁﬁrl &dﬁﬁge and pass into the vapor, dlorfy WitBvapérgsd

enbodi ment, fresh hydrogen or a hydrogen- containing treat gas is passed

only into t he s hydrogatbogs;iwireactagidhy dsogen andanormalily gaseous hydrpwbonSoslph@el de
all of the reaction hy en requl.re or, the firs St , Vvia
recycle of the Mgﬁﬁeﬂg‘?g\‘ﬂ‘? Q}éﬂ%?lﬁ}tﬂig}eﬂ}%@Bawogf’gﬁ?ﬁrﬁ)&%ﬂ“(“g‘f ove
back into the fighol defitiidls $h@ @t sta didTeBhtalm s¥RieGlIthPSnd HEHEIC -

S rich vapor contains cont am nantg ﬁ?ch Eave been renoved fromthe feed,

these cont am narbstaiigg hydrovartom materidl avHidteishydsoprecesséd ie Xiznydper stage.
hydrotreati ng a_hydrocarbon fraction to renove sul fur and nitrog ep In this
enbodi ment . nostTh§vaperstagn hydroprRgessing RIGEdeT FSBUMIRE TFROYIRg semE AT thequi d

are converted t ?lﬁ@?&t&ﬂq)r 'gg?ér \cBnfahfindrt caﬁtaldx%hﬁdrﬁéﬁg&aﬁg&s%ﬁﬁ)ohﬂéso the

vapor, along w vapori
from the first stage liquid effluent and condensing relatively heteroatom-free

vapors to liquid which may be blended with the second stage liquid effluent as
additional product liquid. The catalyst used in each stage may be the same or
different, depending on the feed and the process objectives. In some cases fresh
hydrogen or a hydrogen-containing treat gas may also be passed into either or

both the first and vapor stages.

In the practice of the invention, the fresh hydrocarbonaceous feed
fed into the first stage reaction zone is mostly liquid and typically completely
liquid. During the hydroprocessing, at least a portion of the lighter or lower
boiling feed components are vaporized in each liquid.stage. The amount of feed
vaporization will depend on the nature of the feed and the temperature and
pressure in the reaction stages and may range between about 5-80 wt. %. In an
embodiment in which the process is a hydrotreating process for a sulfur and
nitrogen containing distillate or diesel fuel fraction. the h);droprocessing forms
H»S and NH3, some of which is dissolved in the hydroprocessed product liquid
and vapor condensate. Simple stripping removes these species from these

liquids.



hydr ocar bons, unreacted hydrogen and nornmal |y gaseous hydrocarbons, such as
nmet hane. Because of the sinple flash separation of the first stage liquid
and vapor effluents, the first stage vapor effluent contains sone sul fur
and nitrogen contai ning hydrocarbon material which is hydroprocessed in the
vapor stage. WMRYFE3r stage hydroprocessing provides a neaRET/P8#90863pvi ng
sone of the heteroatom or other contam narls{J cont ai ni ng hydrocar bonaceous
conpounds fromthe first stage liquid effluent and condensing relatively
het er oat om f r eg, VaRo. | O I c ended with the second stage
liquid effluen ol‘aumi.#ﬁu. %5 EB%\\&?N&% catal yst used in each
stage may be the sane or different, depending on the feed and the process
obj ectives. In sone casepighfecbis dNiMpRACRerRAticPAWY i8R of @ Ry drolietthd I eat gas
may al so be passed into either or both the first and vaporstages.

I n the practi c@regess énsoidingta the practineof the snvention tcwhish tesesond ambvagoed i nt o
the first stage react i.ogﬁfone I S stly liquid and typically conpletely

o
|i qui d. Duri ngStaBES #ydP Yi5r PEENESSFS, at | east a portion of the |ighter or

| ower boiling feed conponents are vaporized in each |liquid.stage. The
amount of feed vapori zatFighiredi(d) adle Res)dcRémithany atustratetivoldiferefefeand t he
tenperature and pressure In the reaction stages and nmay range between about
5-80 wt. % | nfemcontrolitigtheliquid lewel oh thehiptepistage $ray isepazatinromeansdwtveey
process for a sulfur and nitragen containing distillate or diesel fuel
fraction the h?)tberm?rof)@‘é §?°ﬂ§d?’aﬁ‘ 188e%r ]S and NH3, some of which is

di ssolved in the hydroprocessed product liquid and vapor condensate. Sinple

stripping reno\DETAIEED BESCRIPTIONN t hese | i qui ds.
6 BRI EF DESCRI PTI ON OF THE DRAW NGS

By hydroprocessing is meant a process in which hydrogen reacts
with a hydrocarbonaceous feed to remove one or more heteroatom impurities
such as sulfur, nitrogen, and oxygen, to change or convert the molecular
structure of at least a portion of the feed, or both. Non-limiting examples of
hydroprocessing processes which can be practiced by the present invention
include forming lower boiling fractions from light and heavy feeds by
hydrocracking; hydrogenating aromatics and other unsaturates;
hydroisomerization and/or catalytic dewaxing of waxes and waxy feeds, and
demetallation of heavy streams. Ring-opening, particularly of naphthenic rings,
can also be considered a hydroprocessing process. By hydrocarbonaceous feed
is meant a primarily hydrocarbon material obtained or derived from crude
petroleum oil, from tar sands, from coal liquefaction, shale oil and hydrocarbon
synthesis. The reaction stages used in the practice of the present invention are
operated at suitable temperatures and pressures for the desired reaction. For
example, typical hydroprocessing temperatures will range from about 40°C to
about 450°C at pressures from about 50 psig to about 3,000 psig, preferably 50
to 2.500 psig.



Figure | is a sinple schematic flow diagram of a hydrotreating process
according to the practice of the invention in which the second and vapor
stages are in the same vessel. Figures 2(a) and 2(hb)
schematical ly iy ysthate two different nmeans for controlling the liquid

| evel on the inter-stage tray separation nmeans between the va’b‘ﬁ')l?’u%?ﬂ’ %¢bcond
| i quid stages. DETAILED DESCRI PTI ON 7 By hydroprocessing is
meant a process in which hydrogen reacts with a hydrocarbonaceous feed to
renove one or nore hetero | igies such, as sulfur.- nitrogen, and
oxygen, to change or convgéet%g%%ué am)elft&(,ﬂf%ﬂn sélfpﬁ&tﬂpﬁ"ﬁiddﬁtd’?sgé 818 H8M: i on
of the feed, or {Melduphiarboiling fahgioeddp f&dls Huch %8 BAPSIRCHATEAEs. PUGEESSes
whi ch can be practiced by the present invention include formng |ower

boi | i ng fracti onimitingrexamples efsich &edy whichisantye ised i thegridtivg of the present
hydr ogenati ng aronatj.cs, ag}g{ll ot her unsaturates;, hydroisoneri za.ﬁi on _and/ or

catal ytic dewaxi MycBHORinchide yachum 15519, tmesphsrig repidryasyum easoil BYGRavy
streans. R ng- opgni i , | [ 0
considered a hyd?%?odrgg}cl%pgé ér?goqp %%é?gggg%%%zﬁc%%r%&éé ’esgééﬁ} %rggnggnt a
primarily hydrocgassih(SGGO), dehsphalted oit (DA HEhRcFdlO©si (LOCO) kRtural fidm
oil, fromtar sands, fromcoal |iquefaction, shale oil and hydrocarbon

synthesis. The r®4dksticfeedsdeaived from tan sands, shalgeil,cealiquefastipn asdnt

i nvention are op Lyt er.at ur es,,and ssurges.for th
desired reacti onﬂ(ﬁggﬂg%sn%we}fegﬁé%Fr%g{?ﬂy%%ep?@ééég? g%)e Y’@ﬁpﬁ?%‘?ﬁ?&oé’s%l I
range fron about typ@[ofhidifecaonpnthest®O[ err] C at pressures from about 50
psig to about 3,000 psig, preferably 50 to 2.500 psig.

For purposes of hydroprocessing and in the context of the
invention, the terms “*fresh hydrogen” and “hydrogen-containing treat gas™ are
synonymous and may be either pure hydrogen or a hydrogen-containing treat gas '
which is a treat gas stream containing hydrogen in an amount at least sufficient
for the intended reaction plus other gas or gasses (e.g., nitrogen and light
hydrocarbons such as methane) which will not adversely interfere with or affect
cither the reactions or the products. These terms exclude recycled vapor effluent
from another stage which has not been processed to remove contaminants and at
least a portion of any hydrocarbonaceous vapors present. They are meant to
include either hydrogen or a hydrogen-containing gas from any convenient
source, including the hydrogen-containing gas comprising unreacted hydrogen
recovered from hydroprocessed vapor effluent, after first removing at least a
portion and preferably most of the hydrocarbons (e.g., C4+-C5+) or
hydrocarbonaceous material and any contaminants (e.g., H2S and NH3) from the
vapor, to produce a clean, hydrogen rich treat gas. The treat.gas stream
introduced into a reaction stage will preferably contain at least about 50 vol. %,
more preferably at least about 75 vol. % hydrogen. In operations in which
unreacted hydrogen in the vapor effluent of any particular stage is used for

hydroprocessing in a subsequent stage or stages, there must be sufficient



7 Feeds suitable for use in such systens include those

rangi ng fromthe naphtha boiling range to heavy feeds, such as gas oils and
resids. Non- limting exanples of such feeds which can be used in the
practice of the present invention include vacuumresid, atnospheric resid,
vacuum gas oi | Wo@§1227at nospheric gas oil (AGD, heavy at nospleusms/iogas oi |
(HAGD), steamcracked gas oil (SCE), deasphalted oil (DAO, |ight cat
cycle oil (LCCO, natural and synthetic feells derived fromtar sands, shale
oil, coal liquefaction and hydrocarbons synthesized froma m xture of H2
and CO via a Fi siydeogenrpopssohintthe freslf tréal gas indroducedsiptotthagstage for the vapor

For purposes of dropr.ocessi ng and .in e context of the invention, the
terms "fresh hy#ﬁb%‘ﬁ"’tm Staﬁ?%‘? BRI éBﬁ{]Céﬁ“ﬁ ﬁ}ﬁé{"g"r’bfﬂ the Subsegnent SIAZE N o us
and may be eithegaddre hydrogen or a hydrogen-containing treat gas which is
a treat gas stream contai ning hydrogen in an anount at |east sufficient for
the intended reaction plus other gas or gasses (e.g., nitrogen and |ight
hydr ocar bons such as net himthe emtiodimentishownin Biguesr k ¢hg/hydnopsoéessiog mradessor

affect either the reactions or the products. Thes ernms. excl ude_recycl ed
vapor ef f1uent 1 BYAFRSeRERE BIOSERS AR ths TeASHion Si7ees BUSORFRIne-aess BEIEENE o

cont am nant s andto@ﬁgﬁr@@?&h?dﬁﬂ{eﬁtmﬁ{ L@Wﬁs‘%&ﬁ%&ﬁ&ﬂ%?ﬂﬁuiﬁmﬁén

present. They are ant to inclu ogen or a hydrogen-contai ni ng
gas from any corsiage coniprising ceatalystdied dérig dowaflowdeaztion vesselt B2 rRaagtigras
conpri sing unreacted hydrogen recovered from hydroprocessed vapor ?ffl uent,
after first reno¥fSHg 14icoptainsa sgconst gqcyentliquin Espeliontage romprigingcaalyst

hydr ocar bons (e.yQ.4 - a4+ e .Q,gll::r I

cont am nant s (e.%.d,1%&1‘gﬁ%aﬁ%ﬁ¥ﬁgﬁ%g€§é ,E! {%k%ro glging c@?@’%ﬁ?w
hydrogen rich trratFiggsspadder 20meI feafits tHeqniXel Pagc?dHE Hguidtfuent froartd on
stage will preferably contain at |east about 50 vol. % nore preferably at

| east about 75 \gIseparatgand ageotherwise diquidaandgas imperwious hotiganta dr¥d4hy dr ogen
in the vapor effé

I n a subsequent sotlg‘g%%ingra p??éﬂ@?&ﬁ{oﬁﬁ{wic%@?ﬂ%g icgﬁ(ﬁﬁ% gi:; ]é'%{ﬁcgﬁg E’?t@{’&gg ssing
therethrough (only two are labeled for convenience), permits the separated liquid
to flow through and be distributed over the catalyst bed 18 below, as well as
prevent the first stage vapor from entering the second stage below. Other means
for ensuring this are discussed below with reference to Figures 2 (a) and 2 (b).
Hot and cold heat exchangers 26 and 30 cool down the reépective effluents from
the second and vapor stages and into respective hot and cold drum-type vapor-
liquid separators 28 and 32 for cooling and condensing the heavier hydrotreated
vapors. An amine scrubber 34 and vapor compressor 36 complete the unit. In
this particular design, vessel 16 and attendant peripheral equipment can be added
onto a single stage hydrotreating (or hydroprocessing) unit to convert it to a two
liquid stage unit. Heat exchanger 38 and a hollow gas conduit or chimney 40,
including a baffle over it as shown, are optional. Exchanger 38 is used ifit is
desired to cool the first stage effluent and operate the inlet temperature of the
second stage lower than the outlet temperature of the fist stage. The optional
capped conduit or chimney 40 may be used to bleed a small amount of fresh

hydrogen or hydrogen-containing treat gas passed into the second stage via line



8 hydrogen present in the fresh treat gas introduced into that stage for
the vapor effluent of that stage to contain sufficient hydrogen for the
subsequent stage or stages. In the enbodi nent shown in
Figure 1, the ‘ﬂr [ocessing process is a hydrotreating process and the
reaction stagegw ?2’19@& eating stages. Referring to Figure 1, BfT/US99/09643
hydrotreating unit 10 conprises a first cocsgrrent i qui'd reaction stage
conprising a catalyst bed 14 in downflow reaction vessel 12. Reaction

vessel 16 cont aisrds a second cocur rf@g)t Ii%i d . reaction s_taﬂe conprisj ng_ _
catal yst bed 18,°U2BJ0 BA\VARCTSEACE FRQVG e AY» (pY eRtERB Y a@t@@e"-%oh@_ i sing
catal yst bed 20 ¢ NE2SoRRAE Girlstap@REactor l@eﬁ-éﬁﬂeﬁt,&iﬂg émaﬁena%gé rédBflod | qui d

effluent from 12 to separate and an otherw se |1 qu gas rnpervious
hori zontal tray zade 18 0onlidd allavgng thpd liquad disyritefioh ohte ofttehfinsnstgge Bquidondui t's
23 vertically extﬁ;\di ng therethrough (only two are |abel ed for

conveni ence), p&fieant dOWR intgthe sacend stage ractieon 2ansie feReingalatinelysenstant.

i St but ed” over g GRLA Al orEdhe inBE L ine Aol Bl B, AL SH BRIy bt

stage vapor fromentering the secon reans nsuri ng

this are di scusagd; behntie prdduct RGBIAAE RohdenbedpRs. Aldoot3REwWR afd¥omd it and

cold heat exchangers 26 and 30 cool down the respective effluents fromthe
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equi pnent can be added onto a single stage hydrotreating (or
hydr opr ocessi ng}traysisichtas stayewmays, bubbieocap ttays, thaygwith spraygeozzidst chiimays or

exchanger 3 8 and a holl o a onduit .or_chi mey 4Q, . includin baffl e
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second stage |ower than-t outle erature of the fist stage.
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of fresh of the invention, the feed is a petroleum derived distillate or diesel fuel fraction
containing heteroatom compounds of sulfur, nitrogen and perhaps oxygen. Fresh
hydrogen-containing treat gas is passed into the top of vessel 12 via lines 44 and
42. In the embodiment shown, this fresh treat gas comprises the hydrogen-rich,
uncondensed light vapor resulting from the final vapor-liquid separation after the
upstream hot and cold staged cooling, from which heteroatom compounds (e.g.,
H»S, NH3) have been removed by amine scrubbing. This hvdrogen-rich gas
passes cocurrently down through the catalyst bed with the feed which reacts with
the hydrogen in the presence of the hydrotreating catalyst to remove most of the
heteroatom impurities from the liquid as gases including, for example. H2S, NH3
and water vapor, as well as forming lighter hydrocarbons such as methane. At
the same time some of the heteroatom-containing feed liquid is vaporized. Most
of the sulfur and other heteroatom compounds are removed from the feed in this

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

Therefore, the second cocurrent liquid stage catalyst can be a more active. but



hydr ogen or hydrogen-containing treat gas passed into the second stage via
l'ine 9 50 up into the
vapor space above the tray, to prevent contam nant gas. e.g., H2S or NH3
fromthe first stage reactor 12 fromentering the second stage reaction
zone 18, whil ewaldh/siaehg the liquid distribution rate of the dorsbymsage
liquid effluent down into the second stage reaction zone to renmain
relatively constant. Not shown are one or Hbre sinple strippers for
stripping any djssolved H2S and NH3 from the product |iquid and condensed
vapor. Al so not leshyilfvr soleragbeatalyst afthighyaetivity dor argmpticstsaiatifingvhich.for on

noross the cat afterkoed lisrBiin ihip Rkl et e Rieous o ) a ¥
in the art and miNelitifigsiétcatdi9fic AETRbAPohYSn SMSINMAT SipBYe Thépssursibbl e
cap trays, trays with spray nozzles. chimeys or tubes, and perforated tube
vapor di st ri but iortbe fisst stage dis thisernbadimentTis diigh/ehoogh st that 4 eendpressobés not
hydrotreated is_pass via_ lines 4 d 42 in& vessel 12 d down onto,
across and t hr ofgH* ‘ﬁg’ Rags &W‘%Qﬁ‘@%ﬂf@?% ](F)W‘gﬁ? v Ff’ﬂﬂ’lﬁ{“a‘?“x‘“re

1 Tustration of elfif IHERMohPEE veslh 1RGAE velsel 1 BCTAR ARRCSE favellydi Sti | | ate
or diesel fuel frac%i on contal ni ng het eroat om conpounds of sulTur, nitrogen
and perhaps oxymedroprecesséd liguid agd vapareffiuerit igpdsseitia tins 46, sandaptienaliynt o t he
top of vessel 12 via lines 44 and 42. In e enbodi nent. shown,. this fresh

th
treat gas conprinEQghakeat B51-38; tesook ih @ dimg 48 dntpiflaph zangperin vesssl 16 ng

§
fromthe final 1O [ 4 el t col d
staged cool i ng,mﬁrp@%]h\%l C gﬁg e?%%tﬁo%]gé@énfﬁ%ﬁdgﬁfgggsg&%gér)foﬁgﬂl%l’ have
been renoved bypredétegnined vel dfthe $Epagatby HG@IADI-dnl thE toPad iMdAESLHEquiacedr ent | y
down t hrough the catal yst bed with the feed which reacts with the hg/drogen

in the presenceb®Weemticripperpartion phthecgssel gad theecanddiguidatage below.hEhis
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met hane. At (b) and explained in detail below, and a pressure control valve 63. The mostly
hydroprocessed first stage liquid is passed down through tray 24 onto, across and
down through the catalyst bed 18 below. Fresh hydrogen or a fresh treat gas
containing hydrogen is introduced into the top of the second stage via line 50.
The downflowing liquid mixes with the downflowing hydrogen and reacts with it
in the presence of the catalyst to produce a second stage effluent comprising a
mixture of a hydrotrcated product liquid and hydrotreated vapor, which is
withdrawn from the bottom of the vessel via line 52. As is the case for the fist
stage, some of the downflowing liquid is vaporized in the second stage also.
However, since most of the heteroatom compounds are removed in the first
liquid stage and most of those remaining are removed in the second liquid stage.
very few unconverted heteroatom compounds are present in the second stage

vapor effluent.

The mixture of hydroprocessed product liquid and vapor is passed
via line 52 through heat exchanger 26 which cools the mikture down to 2

temperature in the range of from about 121-315.5°C. This condenses the heavier



the sanme time sone of the heteroatomcontaining feed liquid is vaporized.
Most of the sul fur and ot her heteroatom conpounds are renoved fromthe feed
in this stage. By nost is neant over 50 % which could be 60 % 75 % and-
even 80 % Therefore, the second cocurrent |iquid stage catalyst can be a

nore active. bWO 99/57227 PCT/US99/09543 | ess
sul fur- tolerant catalyst of high activity for aromatics saturation which,
for the sake of illustration in this embodilhent, conpri ses

ni ckel - nol ybdenum or ni ckel -tungsten catal ytic netal conmponents on an
al unmi na suppor t hydresagbers:8-£C 10w )it diqpid-and the misturisithenspassisoiatondfimple hi gh

enough so that conpressor, i s ,not.,requir to pass the rilal .

hydr opr ocessed ﬁf‘ﬂﬁg%'agﬁﬂr ?5'8#'"_81‘514? [f'eq?{tucﬁﬁ&? R fa%%r%ée %‘#%%%spf _
vessel 12 into Y§58&ld oMerhedd v e 46 Phedephitidd srolict Mgdidowhadasswed | iquid
and vapor effluent 1s passed via line 46, and optionally through a heat
exchanger 38 t ocomptisésthottathe second stageiliquid effiieht arskthe Bgdrioparbesseindeaseidn

whi ch the vapor separates fromthe |iquid. 'Bg)e tray is desig{le tQ maintain
a predet er mi ned 108y the sgeondritageH3RPL iskemavad iftpm ResspRior ¥ gjme s e a

[quid seal bet BaRahGa AR 1AGH 54s00s (b 16! FPRfch 0 debpriserdi thd 9u' d

stage bel ow. Thi's" may evel control neans, “such as those shown
in Figures 2 (ahydfopreteidelt vapst effipémifrond thevapet stape, tieloagh hea@xchangers3ir e
control valve 63. The nostly hydroprocessed first stage liquid is ssed
down t hrough tr #ywhirhgheyaresep d§oamd0@dmpt:rr#laeghtheﬁén&?aqfélbyg&”oé@"acw

bel ow. Fresh hyd f treat 3 i i
"nt roduced i nt o G aenfts el EUL e G aRe PO PhBE SRR R bR arban, g
liquid mxes W trhéid af GYiid] #ivh Tk fiyi6ld QHE RerpMiflingoRpbBcothpdhents (whidhhe

presence of the catalyst to produce a second stage effluent conprising a
m xture of a hydnadedesaheH2pmod NH3)ItheppassedvialingrSdtineaa sedondipiotold dpieh i s

wi t hdrawn from the bot f the.vessel via,line 52 1.5 the cas r the
fist stage, sorréel?ﬂmf’ﬁégglgaﬂ"’f%‘%ﬁ“fqvﬁﬂ oy eﬁh§a€ 5}5‘3*’\326@3“5‘13‘1?&% p§%%e§%gdpst age
al so. as is explained in detail below. The separated liquid condensate is removed via

line 62 and passed into line 58 as additional product liquid. While not shown,

small amounts of H7S and NH3 which may by dissolved in the product liquid

may be removed by simple stripping.

Returning to the upper portion of vessel 16, the separa-ted vapor
effluent from the first stage hydroprocessing in vessel 12 is passed up through
vapor stage reaction zone 20 in which it reacts with unreacted hydrogen in the
vapor to hydrotreat the heteroatom-containing hydrocarbon vapors to produced a
vapor effluent comprising the hydrotreated vapor components of the feed. along
with HyS, NH3 and light gasses (e.g., C4-C5.) formed by the reaction. This
hydroprocessed vapor is passed via line 64 to line 56 where it meets and mixes
with the vapor coming from the hot separator 28, with the combined vapor
stream cooled in heat exchanger 30, etc. as outlined above. The vapor stream in
line 60 contains the uncondensed light hydrocarbons, hydrogen preferably in an
amount sufficient for the first liquid and the vapor stage reactions, HS and

NH3. This stream in passed via line 60 into the bottom of an amine scrubber 34



However, since nost of the heteroatom conpounds are renoved in the first
liquid stage and nost of those remaining are renoved in the second liquid
stage. very few unconverted heteroatom conpounds are present in the secaond
stage vapor effluent. The m xture of hydroprocessed product
l'i qui d and vapawvobsspassed via |line 52 through heat exchangerpcgagéblbogds
cools the mxture down to a tenperature in the range of from about
121-315.5[err]C. This condenses the heavier2

11 hydrocarbons (e.g., C[err]+) to liquid and the mxture is then passed
into a sinple dridb thepsy 6 Which 8n wigeoub B@nﬁ:‘hohltlbn%ﬁ@d@ed kR K6, MTRaniieor
flashes off and is renoved overhead via |line 56. The separated product
liqui d. which noRlwisrgemeores thetiaStand N:‘é:cﬁﬁﬂl the ygpor tpm&cefarqlm‘tapand t he

hyd b d f d
Cparator via i B hedEtel e RipaihAtRn RS from felRIRF SRR |
which they are Wl&ﬁﬂemfaﬁd"sé]ﬁ‘t@%ﬁ%@%f@%ﬁ&%@v&?%@ﬁh&frﬁhﬂ%ﬁsfvfdlllmr{m vapor

stage, through heat exchanger 3 whi ch they are cool ed down to a
t enper ature i n tTiee haitggenedontdiming, csmmper ls]p@ssnﬁlvmm11m®6ﬁim1ieeematdssmﬂc6 t he

d di th d b t I
w th The 11 aurd MREhPErsaY HErHFaPdab a?re@%fiasm t%?%g\iﬁ{'ﬁs%& (v ehamasd o
NH3) then passeg‘as‘ﬂre%t g dt\gﬂr c’ianG% gﬁ'sgfnecd?ltﬁe ipdto gﬁ%&tlﬁﬁl dp off NE
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vapor is renoved over ' 'ne further as 1s explained
in detail bel ow.th&*ﬂighﬁlﬁ;pmaﬂﬁdxshmma:lsgistemndensate is removed via line 62 and
passed into line 58 as addi t i onal product liquid. While not shown, small

grem Egﬁns)vgzi g[/e;ir]rn?l 2ngt rN i {l(asm%/d 9¥b ) sc gr(rjlllt\xlce ﬂy lﬂusttrg?e v{oog' lflt%rent mqelélng ey

for controlling the liquid level on the means which separates the vapor rcaction

stage from the second liquid reaction stage below in vessel 16. In Figure 2 (a), a
solid, hemispherical or other arcuate shaped, gas and liquid impervious plate 70
is shown located between both stages and sealing them off from each other. The
liquid 23 level! over the plate is maintained by a combination of a pressure
sensing means 72 which senses the pressure differential between the space above
the liquid 23 on top of plate 70 and in the liquid itself, at a predetermined
location which is determined by the desired liquid level maintenance. The
pressure sensing means 72 includes means (not shown) for measuring the
pressure above the liquid and at the desired level in the liquid. and is connected
to these means by electrical connectors 71 and 71°, as shown. The pressure
sensing means produces an electrical signal, either analog or digital, whose value
is determined by the pressure and transmits the signal by suitable means such as
an electrical cable illustrated in phantom as 73, to a level control valve 74. The
level control valve is located in liquid transfer line 75, one end of which is
immersed in the liquid above the tray or plate 70 and shuts off the flow of liquid
below to the second liquid stage if the level falls below the intake. which makes
the pressure differential extremely small. In another embodiment which is not

shown. the pressure differential is measured between the flash space 22 and the



Returning to the upper portion of vessel 16, the separated vapor effl uent
fromthe first stage hydroprocessing in vessel 12 is passed up through
vapor stage reaction zone 20 in which it reacts with unreacted hydrogen in
the vapor to hydrotreat the heteroatom containing hydrocarbon vapors to

produced a vapeyo ®istdpient conprising the hydrotreated vapor W&?ﬁ&kﬁ of
the feed. along wwth H2S, NH3 and |ight gasses (e.g., C4-(ferr]) torned by

the reaction. This hydroprocessed vapor is J3assed via line 64 to |ine 56
where it neets and m xes with the vapor com ng fromthe hot separator 28,

with the conbi nagammr platecFnaluve thélsdcond SRge eXERSSRY. AW op@érfal lighid
outlined above. The vapor streamin line 60 contains the uncondensed |i ght

hydr ocar bons, hydistabetionomednsisaph ¢s  tray80asshown fonmidre iewenly idistribitingfthe st
liquid and the vapor sta e I.ons, H2S and NH3. This stream i assed
Vil ne 80 i mt QREHLoBSES hriaie AL snefage Shsiecand sage Sinbly R Bedt YIS,
12 into the topn@fhe é’iﬁb&hm@ﬂt%WH%E%‘?&QSbﬁQ'b\i%bl@Qa{)&a?@ssﬁﬁﬁ'rw’vﬁhla' ne 62.
The amine solution renoves the Herr]S and NH3 fromthe’ vapor to produce a

cl ean vapor, wi toresshre sensing oxans1V2 sehsingsthe prassure differentéatdebdeehraom t he

bottom of the scrubber viag |lipe 64 an ent. 1o processing fQr recovery of

the anine, as i PreEEAGrMYk Pat‘ﬂ’i’ewﬁi}'&rtgﬁgﬂ“'éc%%a&‘idﬁhﬁg,ajﬂpéﬁﬁg%éb‘b‘fe-i‘%“ passed
via line 66 int ARG | ol 2 frer st
stage in vessel %i)% Vi ag‘?’uﬁ%sﬁ?r"zf%’@pﬁqgﬁﬁf‘reggfmgg‘gmx\{g"ﬁ%‘é’ |t§%h@' bIFeeds
of f some of the thaﬂmidﬂaepfzﬂls%lo»bmaltwptl@e{%reﬁdﬁee difehéntiay Beésvdmgsbons in the

system - Figures 2 (a) and 2 ) schematically illustrate two
di fferent neans osentiakygeraland ag electrical gignal is pessed yin eletrinaltableiditoh
separates the V%?ersurreec%%{riop\palve 63. which opens further to reduce the pressure in the upper
portion of the vessel 16, so that the heteroatom contaminated first stage vapor
effluent doesn’t pass down into the second liquid stage below. Other means may
also be used as are known and appreciated by those skilled in the art. Instead of
measuring pressure, the actual liquid level on plate 70 or tray 82 may be
measured by any known and suitable level measuring means. Other means and
combinations of various means may be employed to insure that the first stage
liquid effluent and not the vapor is passed to the second stage in the vessel and

this is at the discretion of the practitioner.

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 rcaction stage is meant at least one
catalytic reaction zone in which the liquid, vapor or mixture thereof reacts with
hydrogen in the presence of a suitable hydroprocessing catalyst to produce an at
least partially hydroprocessed effluent. The catalyst in a reaction zone can be in

the form of a fixed bed, a fluidized bed or dispersed in a slurry liquid. More than



stage fromthe second liquid reaction stage below in vessel 16. In Figure 2
(a), a solid, hem spherical or other arcuate shaped, gas and |liquid

i mpervious plate 70 is shown | ocated between both stages and sealing them

off fromeach other. The liquid 23 level over the plate is maintained by a

conbi nati on of sure sensing nmeans 72 whi ch senses the e
differenti al t%?%%’%ﬁt he space above the liquid 23 on top of&él?@s?ég’f@ and

inthe liquid itself, at a predeterm ned jgocation which is determ ned by
the desired liquid | evel maintenance. The pressure sensing neans 72

i ncl udes nmeans {{aQtatat b k5 ; t Li O and
at the desired |evel J|?l°(r21\é"?%‘1gislgi agﬁ%d@?gtpggﬁggg?gﬁé%o@@%gg Jr?r.g%rﬁljéeqwﬁ

el ectrical conmfdayers (f6t adixdd Béd), Fausthet)ovhiere fiked ipeds agaemploged imgrethans
produces an electrical signal, either analog or digital, whose value is

det er ni an by tHE Rsdefdhe wmeaer diffgraheatalystrearhy ,Whéiﬁhf'@twiéll brmere S:JCh
as an_electriGgh, ﬁﬁ@{e%firiéu YS! a‘th%?’gh?g’@gfﬁgﬁsimﬁﬂfﬂfé‘ﬁ i'wétth?o %oh%g;?asl%%a”t ro

val ve 74. The |l evel c¢con ol} val vé ans ne 75,

one end of whi Cliquié distiBRitivAGnéans UpQrdahliol sdchbed Sriohe bed 8F v odmate 70 and
shuts off the flows of liquid belowto the second liquid stage if the |evel

falls bel ow t heseparateeatalysis miaybahwsed inwhich eachueasalystris tarthe form obxlayene! y

smal | . I n anot her, odi nent wmhich is not sh .. the pressure,di.fferential
i s measur ed bet%%ﬁ“?%%’ 1 sggﬁngagga&eegéheafqaerﬁﬁtﬁ]e hyJ}oge% and liquid il pass

13 space undersuptakivelOfrataQbhe idﬁe%@ﬁ?%e%&ﬁ:a%ﬁé%ﬁ& nf@&ial ARd opt i onal
liquid distribution nmtans such as a tray 80 is shown for nore evenly

di stributing t Heydrogeni at treat gasmreinttodecqd atitke sdind or appdsitecemis ©f theestggramt

stage catal yst bed 18 bel ow.
d y tpne ﬂquxd and/or vapor effluent removed from a respective end.

The term “hydrotreating”™ as used herein refers to processes
wherein a hydrogen-containing treat gas is used in the presence of a suitable
catalyst which is primarily active for the removal of heteroatoms, such as sulfur,
and nitrogen, non-aromatics saturation and, optionally, saturation of aromatics.
Suitable hydrotreating catalysts for use in a hydrotreating embodiment of the
invention include any conventional hydrotreating catalyst. Examples include
catalysts comprising of at least one Group VIII metal catalytic component,
preferably Fe. Co and Ni, more preferably Co and/or Ni. and most preferably Co:
and at least one Group VI metal catalytic component, preferably Mo and W,
more preferably Mo, on a high surface area support material, such as alumina.
Other suitable hydrotreating catalysts include zeolitic catalysts. as well as noble
metal catalysts where the noble metal is selected from Pd and Pt. As mentioned
above, it is within the scope of the present invention that more than one type of
hydrotreating catalyst may be used in the same reaction sfage 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



In the enbodi nent shown in figure 2 (b), a bubble cap tray is showmn with a
pressure sensing neans 72 sensing the pressure differential between a
predeterm ned location within the liquid 23 and the flash space 22 above.
An overflow conduit 84 prevents the liquid |evel on the tray fromrising

too high. If thgobiawi d level falls below that |evel, the prgff’ﬁéﬁﬂ&‘é%ed

differential becones essentially zero and an electrical sign
via electrical cable 76 to pressure control.c.val ve 63. which opens further
to reduce the pressure in the upper portion“of the vessel 16, so that the

het er oat om cont am.nated. first. stage vangor .ef fl yent esn't pass dawy into
the second Ii qui%&d’s"t%“ég‘%eﬁ"a{t;\}.“°[‘i-h p’ﬁ@h&%@#‘é’f%ﬁ?gﬁéaﬁ??d%é?%fgé}m%m
and appr eci at ed paent Nes£,93kisbs efUDP, %f‘ch%‘incogﬁb%&a@e&in PEATHEhA SEgssure,
the actual liquid level on plate 70 or tray 82 may be neasured by any known

and suit abl e | evefalystsaze typicallyeamprisét ot Gnaun¥IThnotal bytiogasatongs of vari ous

means may be enployed to insupe that the fiyst stage liguid, effl|luent and
not the vapor i §OPREREY NG zteﬂéte e kasgg yidFPCWFg%‘ge%oé’éﬂm&ﬁéF‘ctl‘i‘Aes is at

the discretion Qgrwgg}gm <Ardrh LbARS00° to 425° C: a tpé%sa‘ggm%&“%'tdﬁgg“’i 4&3“?6 art

will appreciate that the invention can be é to nore t i qui'd

and one vapor sBdP@psigtland liquideonry spiceosetogidydiorh Abest 005 tonl0 W/V/Hii d st ages

in which the parti all rocessed liquid effluent fromthe first stage is
ey frorm abeuiorie VAL New-hmé losepfiapema

t he second st ag®™ 1Y kroig agg T} iNQR-dmEing exampiasoiapemats r d st age

feed, and so on i e . s nocessing in . or nore vapor

reacti on stages 'hygy%?%zg%oh ‘%ﬁd%él%sdéglglgé “}?ifgﬁf% og"flgﬁ’g@g}dc'g?%' Q:xgl?eaT ytic reaction

zone in which t hslybdenush, aNdRiekelQlingster. UIEbIe hestfqE. of, Rtinanmaddror hydrogen in
the presence of a suitable hydroprocessing catal yst to produce an at |east
partial | y hydr oppbadiveddonsainingenatalystheancalsabyusedi The arapaatic ssturaidorezenerisbe

: In qLIh 3_ f ('\)/tr)p1e0I hiﬁefér?égg' gp%gdteda atfaI tlérin%ierza(talgre Q}%Qn %ouc% i@p&rﬂs} ggodt Robe E‘! 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.



14 one catalyst can also be enployed in a particular zone as a mXxture or
in the formof layers (for a fixed bed). Further d beds are
enpl oyed, nore than onc bed of the sanme or mﬁmﬁ&m t may be used,
so that there wll be nore than one reacti o eds may be spaced
apart with optr ona %as and liquid distri butr on nmeans upstream of each bed,
or one bed of 9@?2 fore separate catal ysts may be used in VAGTAISI%E43
catalyst is in the formof a layer, with little or no spacing between the
| ayers. The hydrogen and liquid will pass siccessi vely from zone to the
next. The hydrocarbonaceous material and hydrogen or treat gas are

i ntroduced at tHelk&dMS:or opposite ends of the stage and the |iquid and/or
vapor effluent renoved froma respective end. The term
“hydrotreating” as uged hgr , ,

hydr ogen- cont ai ni ng ? r eatg@sﬁoéﬁggé%g {éﬁg%@ﬁ@g#gg@% {é;tbdgﬁ?atcgo Stage

cat al yst whi ch isdpwortiyuid geaamusxege‘s@bntpheeymmwpk ofif heteroatons, such as
sul fur. and nitrogen, non-aronatics sat urati on and, optionally, saturation

of aromatics. Suitable hydrotreatin ts for use in a drotr atjng
rbodi ment of the. | nvent) B i HERRIE i COMPERInE R ek osar e gy with

catal yst. Exa,rmlrgyaragzﬁhyqema%ew mdwmfrlu% 3ﬂfsta§tenﬁﬂe$re eegi?up VIl

metal catal ytic conponent, prefera Co an mor e “pr et er

and/or N . and npsltoproedfssing lohtalySoto fimd aaﬁrsi stagd efﬂnent@bmpmsiﬂg mbahre ofa
catal yti c conponent, preferably and W nore preferably , on a_ high
surface area sup&%ﬁ“‘t ynlatdé?maresse{:%rﬁra%arhq’ww& “I‘l“hé‘r‘d%h} @rggprgcontammg

hydrotreating c eolitic catalysts, as well as noble netal
catal ysts wher e"ﬁﬁlW&P n'aE'éiJ F@?pcfrs selected fromPd and Pt. As nentioned

above, it is wthin the scope of the present invention that nore than one
type of hydrotreating cat é)ystsepanatihg saiddguidandrapoarffiluesact i on st age or
zone. Typical hydrotreating tenperatures range fromabout 100[err] Cto

about 400 Cwith pressures.from bout b Q
preferably from about 50 Egr g rtegc dsgrsg g?)bﬂ‘b‘% e?ﬁ "d‘iév g’f ?sﬁégﬂé%ﬁ?f‘. on
stages is a hydrigeRegreidide %tawm@tm%ﬁg&m&mm S2CorRl SochikehEHNe liquid
conventional hydrocracking catalyst run at typical

hydroprocessing reaction stage to produce a mixture of hydroprocessed

hydrocarbonaceous vapor and product liquid effluents;
(d) separating said liquid and vapor effluents;

(e) reacting said first stage vapor effluent with hydrogen in a
vapor hydroprocessing reaction stage to produce an effluent comprising
hydroprocessed hydrocarbonaceous vapor, wherein said vapor stage reaction

hydrogen is provided by unreacted hydrogen in said first stage vapor effluent:

(f)  cooling said second stage and said vapor stage vapor
effluents to condense a portion of said hydroprocessed hydrocarbonaceous vapor

as additional product liquid and produce uncondensed, hydrogen-rich vapor, and

(g) passing said uncondensed hydrogen-rich vapor to said first

stage to provide said first stage and said vapor stage reaction hydrogen.



15 hydrocracking conditions. Typical hydrocracking catalysts are descri bed

in US Patent No. 4,921,595 to UOP, which is_j ed herein by
reference. Such catal ysts are typical mﬂ “m “ﬁ%f\m Goup VIII netal .
hydr ogenati ng conponent on a zeolite €W . dr ocracki ng

condi tions i ncla@destagnperatures from about 200[err] to 425[ eptknsys/o9643
pressure of about 200 psig to about 3,000 psig; and |iquid hourly space
velocity fromabout 0.5 to 10 V/V/H, preferably fromabout | to 5 V/V/ Hr.
Non-limting exanples of aromatic hydrogenation catal ysts include nickel,

cobal t - mol ybdenum nixkel A prkydsdietordingad dlaimckwhereimszsd kydrojerbrich veparl
(e.g., platinum and/or palladiun) containing catal ysts can al so be used.
The aromatic satistrzatedro zemeve eonganainants prigr teaing passed oSG HEE B¥EEr e from
about 40[err] Cto about 400[err] C, nore preferably fromabout 260 Cto

about 3 50[err] C, at, a prge f 10 | P8%aRpi 9,
preferably from about3'200 %é&géﬁ’oacg%@%%%%l g‘svpgl{emaéntgc%?gi%{t%qui daﬁgurl y

space vel ocity (&draWhsedthyidFsvartvnacdoud vapdd/iVblended withisaidthyArafro¢dssed

It is understood that various other enbodi nents and nodifications in the
practice of the produettliquad.wi || be apparent to, and can be readily nmade by.
those skilled in the art wthout departing fromthe scope and spirit of the

nventj on descri bed apove. AGOLYOlin, flcidith 'Whelell S EOmblIRY finacope

of the clains appended here e exact description set forth
above, but rat hegecbhdliqtidetapeaiapsr dfluems sbiitaiachyaisogendn ap asmiunyswulitieot forhe
features of patentable novelty which reside in the present invention,

i ncl udi ng al | t heaid Ssstdiquid andovapapPagryirapigReseMenoul d be treated as

equi val ents thereof by those skilled in the art to which the invention

pertains. 5. A process according to claim 1 wherein a portion of said first stage

reaction hydrogen comprises fresh hydrogen.

6. A process according to claim 5 wherein said second and vapor
reaction stages are separated and wherein control means prevent said first stage

vapor effluent from passing into said second liquid stage.

7. A process of claim 1 wherein: (I) the hydrogen-containing
hydrocarbonaceous vapor of step (a) contains light hydrocarbons, H2S and NH3;
(ii) the hydroprocessed hydrocarbonaceous vapor of step (e) also contains H)S

and NH3; and (iii) the hydrogen-rich vapor of step (f) contains HS and NH3.

8. A process according to claim 7 wherein said hydrogen-rich vapor

is treated to remove said HyS and NH3 prior to being passed to said first stage.

9. A process according to claim 8 wherein said second and vapor
reaction stages are separated and wherein control means prevent said first stage

vapor effluent from passing into said second liquid stage.

10. A process according to claim 9 wherein said feed comprises a fuel

fraction.



1 6 CLA M 1. A hydr oprocessi ng process which includes a vapor
reaction stage and two liquid reaction stages conprises the steps of:

(a) reacting a feed conprising a hydrocarbonaceous liquid with hydrogen in
a first cocurrent flow liquid reaction stage in the presence of a

hydr opr ocessin lyst to forma first stage effluent conprising a

m xture of a ngﬁggﬁfi hydr opr ocessed hydr ocar bonaceous quurﬁngﬁ@mﬁﬂ

hydr ogen- cont ai ni ng hydr ocar bonaceous Y?BPr; (b) separati ng
said liquid and vapor effluent: (c) reacting said first
‘stage liquid effluent wwth fresh hydrogen in the presence of a

hydr opr ocessi ng catalyst in a second cocurrent flow |liquid hydroprocessing
reaction stage td®roduce a mixture of hydroprocessed hydrocarbonaceous
vapor and product \liquid effluents; (d) separating said
liquid and vapor &ffl uents: (e) reacting said first stage
vapor effluen#Owi t M\ hydrogen in a vapor hydroprocessing reaction stage to
produce an eff!uent conpri si ng hydroprocessed hydrocarbonaceous vapor,
wherein said

crion nydrogen 1S provided by upreacted
hydrogen in said first stad§e vapor efflfidnt:
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() cooling said second stage and sai d vapor stage vapor effluents to
condense a portion of said hydroprocessed hydrocarbonaceous vapor as
addi ti onal product liquid and produce uncondensed, hydrogen-rich vapor. and
(9) passi ng veaswk722mcondensed hydrogen-rich vapor to said framtsssomee to
provide said first stage and said vapor stage reaction hydrogen.

17 2. A process according t@Lcpaim 1l wherein said hydrogen-rich
vapor is treated to renove contam nants prior to being passed to said first
st age. 3. A process according to claim1l wherein at |east a
portion of said condensed hydrocarbonaceous vapor is blended with said
hydr opr ocessed product |iquid. 4, A process according to claiml
wherein said conbined first and second |iquid stage vapor effluents contain
hydrogen i n an anount suff|C|eBB for said first liquid and vap@®3 st age

hydr opr ocessi ng. . 6 A process according g4 claim1 erein a
portion of said flrst sta e reakti on hydrogen conprisks fresh dr ogen.

6. A process  gccor di wher ei pasai d 3 action
stages are sepa# ed arld wherein control ne ﬁs preyent said first stage
vapor effluent fkom i into said second\] i g ge.
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7.

hydr ocar bonaceous vapor of step (a) contains |ight hydrocarbons,
(ii) the hydroprocessed hydrocar bonaceous vapor of step (£Fs
t he drogen-rich vapor of st gaTp

“ﬂé’ﬁﬁﬁ%ﬁﬁ”&b@d&z@% to cl ave

NHS;

contai ns H2S and
contains H2S andPET
sai d hydro&

ﬁp&AﬁMﬁ%ﬁﬁ\ﬂdﬁ?ﬁﬁﬂsﬁ& URBR Grt Pyt

being p

B of claim 1 wherein:

(1) t

NH3; and (iii)
WOE.DINTE

CCQ

he hydr ogen-cont ai ni ng
H2S and

wher ei n
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ooc.c Ao or

claim8
wher ei n
into sa
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wher ei n
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The hydroprocessing process Is a hydrotreating process and 40
reaction stages hydrotreating stages. A hydrotreating unit (10) \
comprises a first cocwrrent liquid reaction stage comprising a ] ot
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vessel (16) contains a second cocurrent liquid reaction stage 42 16
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