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‘DI STI LLATES FI ELD OF THE | NVENTI ON The present invention rel atﬁM‘l\‘P m
process for hydroprocessing a hydrotreated liquid distillate str'eam go
_produce a stream exceptionally lowin sulfur as well as aromatics. A
hydrotreated distillate streamis further hydrotreated in a co-current
reaction zone wherein the reaction product is passed to a separation drum

wherein a v [ (o) L aui u '
passed o at RPIRUEHON.OrOM SULRE LA ARDMATICY i il rgs
hydrogen treat gas. BACKGROUND OF THE | NVENTI ON Environnental and
regulatory initiatives are requiring ever |ower |evels of both sulfur and
aromatics in distillate fuels. For exanple, proposed sulfur Iimts for

di still at e BASIKSGROLNRL e BALYUREN| on for the year 2005 is 50
wppm or |l ess. There are also regulations that will require |ower |evels of
total aromgt, i nore specifically, the multiring
aronmati cs fotm -t ate—T-te and heavi er hydrocarbon products.

Furt her. the maxi mum al |l owabl e aromatics |level for U S. on-road diesel,

Fespectively. Further |1 A mforEials ) Epfiect] forhyBrodReBithes 0, 1
more than ly raﬁéat@d@i_%uv&his%qlefelsxf%raamtb;sﬁaucé g3fie ie‘k@ép(ti(geMl'”lghoW%k s

presently béing done in hydrotreating because of greater nds for the

renoval of spffueae g ardasdtico Otahy drotrehfedrdistill A8k trean 39 Qirtiadri on and
heating fuel streans. Hydrotreating, or in the case of sulfur z 3 Mav
zo0s r enp\pidrotrgated dre 8 Wwof current reamtioni zonesvherkinahe reattioheradisctanpasssdal | y
requires treating the petroleumstreanms with hydrogen in the presence of a
supported dawisiepsration %am vheesin 2rivgpeppriduich isscol leptedcaveshsadiands higwidcal |y
conpri sed of G.oup VI, netal with one or nore Goup VIII net ahs as.

pronot er s dﬁoau?tehs P233€910 AB ASABIATICS BRINFAIONZONE FQUBLEF YTt 40 1pf EAWAle
particul arl j | r hydrodesul turization and hydrodenitrogenation
general ly c%ﬁ?géé{laﬁﬁﬁy%agénum or tungsten on alum na pronoted with a netal
such as cobalt, nickel, iron, or a conbination thereof. Cobalt pronoted
mol ybdenum pACKEROBUNBOFTHEIN VENPIEN ol ybdenum on al umi na catal ysts
are nost widely used when the Iimting specifications are

hydr odesul furi zati on, while nickel pronoted nol ybdenum on alum na catal ysts
are the nost widely uEgdrémhettibandlifypulatogeimaidtives ardreaitingevariowet i
saturation. Miuch work is being done to devel op nore active catal ysts and

i mproved r deetls off bods sWfurdesd ayomatics ar distillate fwelst Kdrexdeapbaiproposedor e

effective hydroprocessi ng.processes. Various inproved hardware
conf i gur at iSHHIIT hiswigs m@stﬁﬁﬁaéﬁlémarﬁf@d an e Benopeam Laion forithe year 2005

t .ent. desi gn wherein the feedstock flows. d_t hr ough
coecess: ve iEaPavoRn 4 CHhte 8 elsS e nsal Bl PR GBI ¥ i car 1y
hyd 1.0 - T t @l ] At i t
The 1 o or SRR, i Ftro6RBond g JRUESHEEARR ek BuREimoRialiet | E 1 °
sensi tive GBhAl Y5 URPRCRARE APhei W dEcArbBRpraRfIS AP iR, Meay het er oat om

conponents such as H2S and NH3 that are deleterious to the sulfur and

ni trogen senaximug atlavalbys iromatios leved yohUcS.Wti- eradudiesht CARER: teferenbav e
commercial potential, they never-the-less are susceptible to flooding. That
i's, where ubédebandPwedistt Clpss lainebel aediyd Opmadbizok%. mespdetivély. Fovhenrd 1 ow
of feed. Such flooding tendency is increased with increases in treat gas

rate. O herthgCodRBansbhvedish 4tlpssnisdiess]ifuels aflow nemase than And G-@act i on

stages. either in a si ngl e react. op vessel, or in separate reaction
vessel s. M- % polyaromatics, respectively.

Much work is presently being done in hydrotreating because of greater
demands for the removal of heteroatoms, most notably sulfur, from

transportation and heating fuel streams. Hydrotreating, or in the case of sulfur
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as the | evel of heteroatom conponents becones successively | ower.™*

Pat ent Application 93200165.4 teaches a two-stage hydrotreating process
performed in a single reaction vessel, but there is no suggestion of a
uni que stripping arrangenent for the liquw.d reaction streamfrom each
reaction stage. Two types of process schenes are commonly enpl oyed to

achi eve substanti La}gdé ge sul furi zat ngﬁ HDS%/ ar QrEtl cs, saturation (ASAT) ;
|

| |
2 3 MAY 2003 -3 sulfur sensitive catalysts can be used in domstrzeﬁm\sg]gpes I
a i

of distilldEEITE Rzajiqn. gpae! BN 1 2l PRALESPARY GRAPFSssures. One

i i ngl t fid t | yst t
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D oaet s n A R OfoeatE Prlion e ThEALSEls G POl S

sul fide catgf mettal%mﬁ%ﬁhﬁ)r@mgwwgﬁet A{%@x@@?o.ﬂeie% Ot PERARS! s%g}ﬁ@h' e

little aromatics saturation iIs serve e first stage“the product

is strippeddi@roiranrg chitaBystdNwRichnde pargibhlably dunssle Jorsydrébesul fuFigitii aak
product is then reacted over a Goup VIII netal hydrogenation catal yst at

el evat ed prigsirodenitrogechionvgenaratiyaiontasn satlyisdenuomor tihgstémon alungaapr ocesses
are typically operated between 600 and 1.500 psig. In [ight of the above,
there is a presttedwithnpmeiad dudeautdbaiti nizkelo irons ermedmbination theresd. process
for treating feedstreans so that they can neet the ever strjcter

envi r onment GPb#lbgiaraeted meolysnumren guming andvesisl oxePAted BOLYREFEN ANt h t he

t ti.on th d f d
B Ryar ot r oo B DG S w@c@ﬁivb%iwm# lw%ag@rr%%??%?lﬁgﬁém AT eacting
d feedst g {
hycr ogen- oA Adbn T AR AP ”mbﬁid BAR Ry Rlnaeasmiust pre
the 23 hm%Yn&%Qﬁd s%ﬁ%n@fc%é’é!ﬁtrl? atibn aﬂégtgrtm it zftﬁzaééwrﬁ‘("'oﬁtage

contai ni ng one or react| zones perate desul furization
condi ti ons wherein each reacti on zone contains a bed of hydrotreating

catal yst: b) passing Mwehnestkl it beiagrdeae tadevédlop masepetivd caalyssrmdwher ei n a
vapor phase streamand a liquid phase stream are produced; c) collecting
sai d vapor ipiproyed reassionovessdl elrsigna irdonder ;mssmgesiamndlfqumdrqﬂfﬁ@éwgtream
to a second reaction stage in the presence of a hydrogen-containing treat
gas, said r@MEOPHICEstng BIQesHRes: Naﬁlguw@ptﬁveﬁd}aédww&q BULAISS h@ﬁ%r ated at
each r a bed

o “aromat | oleLgeRttefin Cin s doRn G RRGS tavSERy TR PEOEn SR Re oy
trea gas | feBASRENY OO aA Hro LB N ARIGHBUR AR o the Tl ow

of said |iqui ase stream
upflowing treat gas. which is typically a hydrogen containing treat-gas. The

downstream catalyst beds. relative to the flow of feed can contain high
performance, but otherwise more sulfur sensitive catalysts because the upflowing
treat gas carries away heteroatom components such as H,S and NH; that are
deleterious to the sulfur and nitrogen sensitive catalysts. While such
countercurrent reactors have commercial potential, they never-the-less are
susceptible to flooding. That is, where upflowing treat gas and gaseous products
impede the downward flow of feed. Such flooding tendency is increased with

increases in treat gas rate.

Other process configurations include the use of multiple reaction

stages. either in a single reaction vessel, or in separate reaction vessels. More



I'n a prefered enbodi nent of the present invention, the |iquid phase stream
before it passes through said second reaction stage is contactgd paytihpia
vapor to strip dissolved gases fromthe liquid phase. BRI EF DESCRI PTI ON OF
THE FI GURE The figure hereof shows nmultiple reaction vessels of the present
i nventi on show ng separation of the |iquig-phase product fromthe vapor
phase product and further processing of the liquid phase product streamin

e T TR L R e
pet 1ol eum Paseto L EEASLAGKR AShLL el 408, b LLAC gyt pi sbove and

level s. Typagplicatibh 93206Y64 3 tészh%y%hw'&/s%&t ygggﬁg%xgﬁrﬁ%idc@éﬁéf efeg'bm the

range of |ess than z ~ ~~Y zoo03 -5 about™ 3. nore pre l'y to
I ess than abeliigléd rédddionPitselMBet therfeeis floadiggedifor] 656 uhidae segiihg 500 wppm
sulfur, ideally to I ess than about 350 wopm Non-limting exanples of such
f eeds i ncl ugrangesent fonehe liquideteattien strémationy eadH sacaon sthgbes. Such feeds
typically have a boiling range fromabout 150 to about 600C, preferably
fromabout | 75 to about 400C. It is highly desirable for the refiner to
upgrade these types ofl Wetdwsadipsotsss setmmésmye sommemysimploged Lo dchicws

possi bl e, as well to saturate aromatic conpounds. The process of the
present inv%‘fﬁﬁt'@'ﬁ‘ﬁi‘dd&ff%ém‘é'ﬂa@ﬁm@ﬁ%é/oﬁownés sEEation (AoyAd) ok preferred
enbodi ment il l.ustrated by Figure 1 hereof. The current invengtion offers an
e overont SRl RisTam pottiitept e s st ebr S MRS ¢ B neRont
gas. For pu i ! : { 1S t LS :
v ot reat | AasgProftss SR RRMS or I SulfdeXiardl S o P BB S Bgen,  anc
the second ggagkioPBOBYAYE TS dchicde lﬁ%l?[@%lsc(ﬁfsﬁﬁlrﬂﬁ@ﬁ P%sﬁﬁe@gﬁexcé@%f
hydrogen reacts with the inpurities To convert themto H2S, NH3, and water
vapor. whi cb,080epsigarequasdpartic dhert Ba twapigepidcusiin, whit thé feddsie
saturates ol efins and aromatics. M scellaneous reaction vessel internals,
val ves, punfisst proesssed oupt €o/ManNiMMabr NiANHshHidaeatalyssatanoderategpnessture hown

for sinplicity. Figure 1 shows reaction vessel R 1 which contains reaction
zones 10a alreduse hetespatem igvetsnwhide Higigrrosmtics satyragiqn isfobsgrviedt retigri ng

i oyed. | i b iags e Brahil S ndped i o N SERE! ae o fi veo
bed, al t houghy QL0RI6rY AGS R GALBIYSINGRTY BRASERALE o6&k BSolis 94 AuD as

slurry or e I'ng eam of” each reacti on zon

non- react i ofydipenddorcABf st 2beleTAed PRESRAG AR VEANEmaBicd YRUfAIohY THRi d of
catalyst, that i's, it wll” be an enpty section in the vessel with respect
to catal ysttwd\stageygbcdsoes s icallp@perared bethwaen [HO0nadvi .60 psigl i qui d

di stribution nmeans upstream of each reaction stage. The type of liquid

di stribution neans is believed not to limt thetpractice of the present

i nvention, but a traylalighhgbtherabovs, hers israrnegd foronpeayedi eve trays, bubble

cap trays, r ays . 3 MAY 2003, X .
P y gesut]#ur%/zatnon aromatic saturation process for treating feedstreams so that they

can meet the ever stricter environmental regulations.
U T VENT

In accordance with the present invention there is provided a two
stage process for hydroprocessing a hydrotreated distillate feedstock which

process comprises:

a) reacting said feedstock in a first reaction stage in the presence of a

hvdrogen-containing treat gas cascaded from. or partially cascaded from. the



-Gwth spray nozzles, chiimeys, tubes, etc. A vapor-liquid mxi an gf i ce
(not shown) can al so be enployed in non-reaction zone 12a for t He M rﬁ]&e
of introducing a quench fluid (liquid or vapor) for tenperature control.
The feedstreamis fed to reaction vessel Rl via line 10 along with a

hydr ogen-containing treat gas via line 12 . The hydrogen-contai ning treat
gas is cascaded fromreaction stage R2. Make up hydrogen-containing treat

gas can al sg bhe

agj%t% via |line. 14. It is preferred that the rate of

7 oduct | onstsprd S etk sAif G engtionfioB G EORs etor 3o ca

hyd [ f.th 3 i h .ef ly |

than about Ditraperitefy houERahkiaTe) B enR ARG s R FukfiFh bRt °°°

feedstream@d?gailaggr&g,e&~®%5?&m %‘,}151@% gas pass, cocurrently, through the
s of re

one or nore reaction zon Ion"vessel R 1, which represents the
first reaction stage wherein the feedstreamis further hydrotreated to
rempve substantigfly ﬁzis%irﬂ_ithEh_@leﬁhg'i&fﬁzﬁmioE_rs@ﬁﬁrhhén 768 SheRF Y viaot S
preferred that the first reaction stage contain a Co-M. or N M, on
refractory pluppactreamadral y Hyuidosithsa sgeamsire peoducedct i on stage contain a

Ni -Mb on refractory support catalyst. The term"hydrotreating'' as used
herein refers tochroceslsssingtserdevapor physk stgeam owerhaadiiang treat gas i s used
in the presence of a suitable catalyst which is primarily active for the
removal of het er @ht onpassiigspidbiqyid phase sieamriptarssgend reagtion stage omthe

hydr ogenation of arpnatics. Suitabhle hydrotreati ng{_ catal ysts for use in the
present i nvRIEESRES AfrehYGroeerGoRIdRIBA ATeahgas: §RIAI8AG RAEGEQUANEIONGEY ydes

Chose i O SRR, el B b P LES ,
| east one GeQuRohofBLahtnink Sl gtlbﬂrgn%]pggﬂg%io%%lg{&%@ HpkdeiBaigon a

hi gh surface area support materi prefera her suiltable
hydr ot r eat i iyeiregémlcyhtaifiypRat gag RG1a46R) ReStdH 3d raRbRYAME Silica-al um na,
and titanic-alum na Noble netal catalysts can al so be enployed, preferably
when 2 a douhter¥ur@fitio thbdlowbl saiddiquiid phasesdteatred from Pd and Pt. It is
within the scope of the present invention that nore than one type of
hydrotreating catal yst be used in the sanme reaction vessel. The Goup VIII
netal is typically prbsgpteferiedembodiment phthgiprgsent srveatent the liggidphage. o
preferably fromagbout 4 to 12% The Group VI netal will typically be
present in dIif ereib passse thrpuah spidisecand rpaghion stage ‘%?@%g?tﬁﬁwx‘f?om about
10 to 40 w2 r abl r .aho to 30 wt.% All netals
wei ght per cel °s‘q@?‘é@ﬁgé‘%gﬁ?&%@o'&’éﬁ%ﬁﬁ]ﬁ?*{a@m mean that the percents
are based on the weight of the support. For exanple, if the support were to

wei gh 100 QBRIIE?‘”DQ%QBIE‘[IDEEﬂHE F%Q%FEDUI d nmean that 20 g. of G oup
VIIl metal was on the support. Typica ydrotreating tenperatures range
from about 100C to about 400C with pressures from about 50 psig to about
3,000 psig, preferablYhé figoreleradf Stowsmgltiple atartion3,eS&0s pLihg.présendnbi ned

| i quid phase and vapor phase product streamexit reaction vessel Rl via
line 16 andinVARWOR Beivitg sspatesion o thp geidphase ipredust fleas theprapgnehasst ream i s
separated from a vapor phase product stream The |jquid phase product
stream wi | | P¥ BP'cza}qp ﬁlrﬁ@r@ﬁ%eﬁﬁag oidae b ¢ Brasyct st mhn?'hgrq-‘aﬂg% from
about 150C t apout 650C, but will not have a boiling range greater than

t he feedst rsélglfﬁa '?ﬂét%por phase product streamis collected overhead via
line 18. The liquid reaction product from separation zone Sis passed to
reacti on vepgatA IPE P BESCIRIEPIGRYD! ISPV FIRr dl y through the

reacti on zones Z. ' 1 age RZ. Prior to being passed
downwardly through reaction stage R2, said |liquid reaction product stream
can first be contact eHeddstdrks shititfle Tor BOING ticatddeihe pradenappentionpoe
conponents fromthe liquid stream For exanple, as the liquid product

st ream f | ovthosd pemgleuhhiaset feqstouksAmikng int thesdistiatacined dmgd above enidng
hydrogen-contai ning treat gas under conditions effective for transferring
at | east a ybichimyegrrevieuskydmwgnihyduetreated tq redupethe sultur ong moegen lgvelsapor
into the liguid. The contacti ng nmeans conpri ses any. known vapor- |jquid
contacting ﬂﬁ&ﬁ%l, SW il HeYS HhsY )fqrﬁ%{“eﬁéiﬂfltﬁ?éﬁd!r%é'} {}\ﬁrﬁlggﬁ@ HessriBBon,
open honeyconb, gas-liquid contacting trays, such as bubble cap trays and
ot her devices, etc. Fresh hydrogen-containing treat gas is introduced into
reaction stage R2 via line 24 and is passed in an upward direction counter
to the flow of liquid reaction product. The introduction of clean treat gas
(gas substantially free of H2S and NH3) allows reaction stage R2 to be
operated nore efficiently owwng to a reduction in the activity suppression
effects on the catal yst exerted by H2S and NH3 and an increase in HZ

. o - a o . .




2 3 MAY 2003 _g_ The figure al so shows several options. For exanple, |ines
30 and 32 can carry kerosene which can be used as a quench fl ui 3@M$ na
unsaturated feedstock can also be introduced into the first reaction stage
via line 28. The degree of unsaturation can be up to about 50 wt.% The
reaction stages used in the practice of the present invention are operated
at suitable tenperatures and pressures for the desired reaction. For

| e, i cal i il | f 40C
about 400 TOR UL BBAY e Be ST S 14ts T s GBI b ef cr oty
50 to .2’500pr9?ér§blvﬁ%ﬁg%%@ﬂf?%ﬁémoiOd‘Whﬂ%lﬂﬁﬁ?Fdeﬁﬂy%“i’es's’?h#ﬂ‘?vcﬁﬁ%‘@?ft of the |
i nvention, tThe teans "hydrogen”™ and "hydrogeh-containing treat gas" axe

synonymous apgmTaYoRSimkitneixaRipl & HY UPIRBILCchdeEEQRI Filei§ ORE fleM, N9 treat
gas which is a tr eat gas stream contai ning hydrogen in an anmount at | east

suffici ent Heatinghels, ohéNslrd. Seiehtieeds typidaslyHabea iakn @ FarfRsiEes dbeud 150
nitrogen and |ight hydrocarbons such as metyhane) whi ch will not adversely

i nterfere votdboot 660tE@cHretrabigriromeaboaad?s emaban 4008Cprlodudebly despablet i es,
such as H2S and NH3 are undesirable and, if present in significant anounts,
wi | | nor mal oy theerefnesve upgradmthéss typesmof fradstobks by eemeving asgauémiwd thére
reactor. The treat gas, streamintroduced intg a reaction stage wll
preferably § &8 PO5810] €2 48 pvedlasto SBENrgis) aromatis COMMGENES-abl y at | east about
75 vol . % hydrogen, and nost preferably at ,least 95 vol.% In operations in

whi ch unreacted hydroggen in the.vyapor effluent of any particul ar stage is
used for hydroprocess?ﬁ%pf%e%?}f\é{eﬁgfen{lH%Yeémr‘?ﬂsc[a"%(?y l%%"ef iueﬁgﬁ&’m gen
present in £ 1 r i : i I e vapor

ef f | uent ofaétgﬁgﬁ){lg? g’g@ p?gfeggﬁts%{l]#cgﬁ%w@ﬁe%@{%yﬁ r gfggeu?lé ?g%nf‘iﬁe) Tsrte{])s equent

stage or stagfsn ihvehSoP bR A proveRRnPOAGIhE Privk al®) 11MEBhIPencd hat all
or a portion of the hydrogen required for the first stdge hydroprocessing

be cont ai natirough Inpdregewndasgag & orgnepostisidfdéstussion, thp first attien ftagst

stage. The first stage 2 ~ ~ns~ 7~~3 - ~o vapor effluent will be cool ed

t o condenseR hisla hgdmimatingetdgedodurtber weduae ther level o fvsall fur @nd anitro geraandr :

(e.g, C4-G + ) hydrocarbons. Non-limting exanples of aromatic
hydr ogenat i 98 seednsd seacton glagade isi an@rpmatish saturatan fees die hydrogen

I o e I Y
those based,on.pL3L4 g?ghﬂrﬁ%ﬁ{ v%?tlrquﬁhw, a%iig}ltsb%&rrﬁfeﬂ)f'em ghgpported on !
a suitable support matérial, typically a’refractory oxide naterial such as

al um na, sidrbftica! UiRRNahddueFeadtidtSRlse ThierfMIRI RIREEBUMRAr t h) magnesi a,
and zirconia. Zeolitic supports can also be used. Such catal ysts are

typi cal |y shemmptodples,tand hiehf ansterddevitasogeare mot shdww fiorosimpbictgni ng. The
aromatic saturation stage is preferably operated at a tenperature from
about 40C tlbHgatolishaws Gactione epsel Relrvaliich conwmsasactiorPeo®st 6a ahdUOb350C, at
a pressure tcom about (100 psig to about sig, preferably from about

3,000 p
200 psi g t FagBodvhichgpcoyapgsedpbia ked of hwdmt@aﬁaaﬁpwmww Y9 (LHSV)
of fromabout 0.3 V/IV/H. to about 10 V/V/H , prefe Ly from aho l1tob5
U Thetheldarampabn tho Rt tide s s B oSy L 3P pidieTf RaLhne
i nvention w]| | I i i f ot L bl Lng poi nt
conponent sv%lfI ély %%lpéf @ghuﬁcg&\s/%%%fl R%ﬂz@gg’ %/{1 q%gp y(gﬁ%{'}b Pgsé{))fe&gm%{;t ure of
hydr ogen- coftfHdehiihd E&be U8, sOEE 8¢ Hah90r dBRMatihy 88dd.| PRWHEReaRbLMNH3, and
vapori zed | ower-boili1ng conponents 1n the fresh feed, as well as I|ight
product s ofedelidesqifIcante 8@ Homafdacdos zohé 12 heindadd Thbare-ehtliorepdneisi | |
requi res further hydroprocessing, it can be passed to a vapor phase
reaction sttygizatlyntoad ot natahddithatoinait willdreopr croptyssestjon an e eessenaitbubj ect ed
to suitable hydroprocessing conditions for further reaction. Alternatively,
t he hydr ocaiebpens to aatatyst.y Addough a0t showautbers may aise keoprwidasda Ufvidcool i ng
of the vapors, . with the resulting cogdensate | i qu,'td bei nq%l recycled to
ei ther of tHiatribdsion; reeansiupsiream; 9f Gacadeaciiap stage-i Shejyps Aitd ¢ he scope of

he present ..inyention th f .whi.ch alr. nt ai I
tZ g R)/me(sgot Istr}{)%ntohomegnsaig b(éll]e\?eecfi r?(t)tot%lil%\ﬂltﬁe p%cglgg %¥lhceoprtegénqsln9ecin ﬂ)%?te y

but a tray arrangement is preferred. such as sieve trays. bubble cap trays. or trays



| ow | evel s of heteroatons.-be fed directly into the reaction stage for
aromati c saturation and/or cracking The present invention can rbzte3 a& []ﬁj
understood by reference to the followi ng exanple that is prese

illustrative purposes only and is not to be taken as limting the invention
in any way. 2 3 ~1~~Y 2003 ~a. CLAIMS._ 4l. A two stage process for
hydr opr ocessing a hydrotreated distillate feedstock whi ch process

conpri ses: éhreactl Salﬁ feedstock in %nfl rst (?ct.i on % n the f
presence of" éﬁw'ﬂ RNMDREYSgBIPEE GHE af Y aRPTH r% YA ¢ o‘é‘ﬁ‘fromthe |

I rst reactli o cont al nl ng one or !

O et f%w%%é@gﬂiﬁoeﬁgfea"%vte%ﬁyawadggaﬁlcrwr}ea[?%i?a?ﬁ%awtpoahg wPerein
cach [ eact| aRoARRReSONALN Aa Rt ol ARl U AGRRALELPYy 20 el

sai d once-throug contarning t gas romthe second
reaction stage conprises all of the vapor product fromthe second reaction

zone; b) passing the Tﬁé%édsﬁgarhq]f%@%treh@mﬂu véRar Ry 'v%lﬁ@'i‘@al/&?@\ﬁhﬁ ad

vapor phase streamand a liquid ase stream are produced; c) | ecting

sai d vapor Wmege@bbﬁﬁmxﬁgefeheash viaihed)2. PRiseshydropen-dohiatihg u&hﬁngs ist ream
to a second reaction stage in the presence of a hydrogen-containing treat

gas, said reacidaihfremagecitamstageR2g Make ap hydrageneamitainimgzoen Rappar at ed at
aromatics saturation conditions wherein each reaction zone contains a bed
of aromati cdsehe added vin ling &4 .yt is prateruadathet thegatedb fiptidughen ebieat gasng

treat gas |s as ed tlu-ough_said reaction stage countercuyn-ept to the flow
of said IicRf I§qua % 3 simepi{he sheeeceé hydrogen canaumpleonphthehe | i qui d

Stripped ¢ 3%2%35%@ oS Thots i e Tets GaRaPou LT Buled, °
cont acting Bkl Wah heus] S PRLOITRR FeeaSre N Sn R TOBERRRonlifiy 2

wherein th ing gas 1S the vapor ase prodac e Seco
reaction st@gf gas p%ss cbehréntl 2 RDuzR He oI@%r RI€ 8&tish Zohad 8 Ravhi@f ei n the

stripping gas and i quid phasé st ream is contacted in a vapor/li qU| d

cont acti ng vspel R whichsepesénts ahd firsdireqeoivadtage wherein the feedstream is
further hydrotreated to remove substantially all of the heteroatoms from the
feedstream. It is preferred that the first reaction stage contain a Co-Mo. or Ni-
Mo, on refractory support catalyst, and a downstream reaction stage contain a

Ni-Mo on refractory support catalyst.

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, and for some hydrogenation of aromatics. Suitable hydrotreating
catalysts for use in the present invention are any conventional hydrotreating
catalyst and includes those which are comprised of at least one Group VIII metal.
preferably Fe, Co and Ni, more preferably Co and/or Ni, and most preferably Co;
and at least one Group VI metal, preferably Mo and W, more preferably Mo. on |
a high surface area support material, preferably alumina. Other suitable
hydrotreating catalyst supports include zeolites, amorphous silica-alumina. and

titania-alumina Noble metal catalysts can also be employed. preferably when



above the second reaction zone. 5. The process of claim4 wherein the
vapor/liquid contacting zone is operated in countercurrent flow wjerganim
vapor flows counter to the downward flow ng |iquid phase stream 6. The
process of claim1l wherein the vapor phase streamfromthe first reaction
stage is cooled and the resulti ngl) condensed liquid streamis separated from
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The process of claim4 wherein the”vapor phase streamfromthe first

reacti on stlggpicsllybelpecteanth drhamoestiahfing ftomddosed td iSQuvist reami s

separated fromthe remai ni ng uncondensed stream and a portion of the

condensedpréaferably fomeabautd Otodd wt%a and epwk prefsratdy feamaebout 2btao}0 nor e of

the reaction Z%HFS of the first or second reagign stage,,, 9. The process of
vei Al metals v E
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hydr ogen- Gepé & Welph 10(a!th8A20 wt.% Gioup VIII metal would mean that 20 g. of
Group VIII metal was on the support. 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.

A combined liquid phase and vapor phase product stream exit
reaction vessel R1 via line 16 and into separation zone S wherein a liquid phase
product stream is separated from a vapor phase product stream. The liquid phase
product stream will typically be one that has components boiling in the range
from about 150°C to about 650°C, but will not have a boiling range greater than
the feedstream. The vapor phase product stream is collected overhead via line
18.

The liquid reaction product from separation zone S 1s passed to
reaction vessel R2 via line 20 and is passed downwardly through the reaction
zones 22a and 22b of reaction stage R2. Prior to being passed downwardly
through reaction stage R2, said liquid reaction product stream can first be
contacted in a stripping zone to remove entrapped vapor components from the
liquid stream. For example, as the liquid product stream flows through the
stripping zone, it is contacted by upflowing hydrogen-containing treat gas under

conditions effective for transferring at least a portion of the feed impurities in the



~ 3 MAY 7_003 11. The process of claim 1l wherein the hydrogen-containi n%

treat gas is cascaded froma vapor/liquid contacting zone which i3 MAY 03

vertically di sposed above the second reaction zone.
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U& () -3 18PH,S and NHs) allows reaction stage R2 to be operated more efficiently owing

to a reduction in the activity suppression effects on the catalyst exerted by H,S

and NH; and an increase in H; partial pressure. This type of two stage operation

is particularly attractive for very deep removal of sulfur and nitrogen or when a

more sensitive catalyst (i.e., hydrocracking, aromatic saturation, etc.) is used in

the second reactor. Another advantage of the present invention is that the treat

gas rate is relatively low compared with mere conventional processes. . The use of

relatively low treat gas rates is primarily due to the use of previously

hydrotreated distillate feedstocks. Further efficiencies are gained by not

requiring recycle of treat gas.

The liquid/vapor separation step (S) may be a simple flash or may
involve the addition of stripping steam or gas to improve the removal of H,S and
NH;. The liquid stream and treat gas are passed countercurrent to each other
through one or more catalyst beds, or reaction zones, 22a and 22b. The resulting
liquid product stream exits reaction stage R2 via line 26, and a hydrogen-
containing vapor product stream exits reaction stage R2 and is cascaded to
reaction stage R1. Reaction stage R2 also contains non reaction zones 23a and
23b following each reaction zones. The catalyst in this second reaction stage is an

aromatic saturation catalyst.
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The figure also shows several options. For example, lines 30 and
32 can carry kerosene which can be used as a quench fluid. Also, a unsaturated
feedstock can also be introduced into the first reaction stage via line 28. The

degree of unsaturation can be up to about 50 wt.%.

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.

For purposes of hydroprocessing and in the context of the
invention, the terms “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

either the reactions or the products. Impurities, such as H»S and NH3 are

undesirable and, if present in significant amounts, will normally be removed

from the treat gas, before it is fed into the reactor. 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, and most preferably at least

95 vol.%. In operations in which unreacted hydrogen in the vapor effluent of

any particular stage is used for hydroprocessing in any stage, there must be
sufficient 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. It is preferred in the practice of the invention, that all or a

portion of the hydrogen required for the first stage hydroprocessing be contained in

the second stage vapor effluent fed up into the first stage. The first stage
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vapor effluent will be cooled to condense and recover the hydrotreated and

relatively clean, heavier (e.g.. C4-C5+ ) hydrocarbons.

Non-limiting examples of aromatic hydrogenation catalysts include
nickel. cobalt-molybdenum. nickel-molybdenum, and nickel-tungsten. Noble
metal containing catalysts can also be used. Non-limiting examples of noble
metal catalysts include those based on platinum and/or palladium, which is
preferably supported on a suitable support material, typically a refractory oxide
material such as alumina, silica, alumina-silica, kieselguhr, diatomaceous earth,
magnesia, and zirconia. Zeolitic supports can also be used. Such catalysts are
typically susceptible to sulfur and nitrogen inhibition or poisoning. The aromatic
saturation stage is preferably operated at a temperature from about 40°C to about
400°C, more preferably from about 200°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 10 V/V/Hr, preferably from about | to 5 V/V/Hr.

The liquid phase in the reaction vessels used in the present
invention will typically consist primarily of the higher boiling point components
of the feed. The vapor phase will typically be a mixture of hydrogen-containing
treat gas, heteroatom impurities like H,S and NH,, and vaporized lower-boiling
components in the fresh feed, as well as light products of hydroprocessing
reactions. If the vapor phase effluent still requires further hydroprocessing, it
can be passed to a vapor phase reaction stage containing additional
hydroprocessing catalyst and subjected to suitable hydroprocessing conditions
for further reaction. Alternatively, the hydrocarbons in the vapor phase products
can be condensed' via cooling of the vapors, with the resulting condensate liquid
being recycled to either of the reaction stages, if necessary. It is also within the

scope of the present invention that a feedstock which already contains adequately
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saturation and/or cracking

The present invention can be better understood by reference to the
following example that is present for illustrative purposes on ly and is not to be

taken as limiting the invention in any way.
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CLAIMS:

1. A two stage process for hydroprocessing a hydrotreated distillate

feedstock which process comprises:

a) reacting said feedstock in a first reaction stage in the presence of a
once-through hydrogen-containing treat gas cascaded from the second reaction
stage herein, said first reaction stage containing one or more reaction zones
operated at hydrodesulfurization conditions wherein each reaction zone contains a
bed of hydrotreating catalyst, and wherein said once-through hydrogen-containing
treat gas cascaded from the second reaction stage comprises all of the vapor

product from the second reaction zone;

b) passing the resulting reactant to a separation zone wherein a vapor

phase stream and a liquid phase stream are produced;
c) collecting said vapor phase stream overhead; and

d) passing said liquid phase stream to a second reaction stage in the
presence of a hydrogen-containing treat gas, said reaction stage containing one or
more reaction zones operated at aromatics saturation conditions wherein each
reaction zone contains a bed of aromatics saturation catalyst, and wherein said
hydrogen-containing treat gas is passed through said reaction stage countercurrent

to the flow of said liquid phase stream.

2. The process of claim 1 wherein the liquid phase stream, before it
passes through said second reaction stage is stripped to reduce its content of

dissolved vapor phase product by contacting the liquid with a stripping gas.

3. The process of claim 2 wherein the stripping gas is the vapor phase

product from the second reaction stage.
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4, The process of claim 3 wherein the stripping gas and liquid phase
stream 1s contacted in a vapor/liquid contacting zone which is vertically disposed

above the second reaction zone.

5. The process of claim 4 wherein the vapor/liquid contacting zone is
operated in countercurrent flow wherein vapor flows counter to the downward

flowing liquid phase stream.

6. The process of claim 1 wherein the vapor phase stream from the first
reaction stage is cooled and the resulting condensed liquid stream is separated
from the remaining uncondensed stream, and a portion of the condensed liquid

stream 1s combined with the liquid feed to the first reaction stage.

7. The process of claim 2 wherein the vapor phase stream from the first
reaction stage is cooled and the resulting condensed liquid stream is separated
from the remaining uncondensed stream, and a portion of the condensed liquid

stream is combined with the liquid feed to the second reaction stage.

8. The process of claim 4 wherein the vapor phase stream from the first
reaction stage is cooled and the resulting condensed liquid stream is separated
from the remaining uncondensed stream, and a portion of the condensed liquid
stream is used as a quench liquid between two or more of the reaction zones of the

first or second reaction stage.

9. The process of claim 4 wherein the first reaction stage is vertically

disposed above the vapor/liquid contacting zone.

10.  The process of claim 9 wherein the liquid feedstock flows downward

through said one or more reaction zones to said hydrogen-containing treat gas.
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11.  The process of claim 1 wherein the hydrogen-containing treat gas 1s
cascaded from a vapor/liquid contacting zone which is vertically disposed above

the second reaction zone.



