; e3eMHHI dJ: 6KH~L6LTMeEN6W O 02/ 31088 PCTI US01/. 12572 TWO STAGE DI ESEL FUEL
HYDROTREATLING AND STRI PPING I N A SI NGLE REACTI ON VESSEL 5 BACKGROUND OF
THE | NVENWD@RI31@815 20 25 30 [0001 j The invention rel at esPABUSIIHRE2ST age
catal ytic process with mnmmﬂmmmwmr a single reaction vessel, for
purifying a diesel fuel particularly, the invention relates to
a process for selectively reggykng sul fur and nitrogen conpounds froma
.diesel fuel stock with hydrogen, in a first reaction stage, to produce a
sul fur and nitrogen %ﬁ%%&%ébﬁgﬁi&é@%ﬁﬁ%ﬁ%ﬁ%ﬁ?@mﬁ stripped in a
stripping stage and NN which it reacts
"with fresh hydr ogeAND STRIPAEe ¥l SINGIFARBAGCTION ¥EISSHL f or aromati cs
«saturation, to produce a diesel fuel stock reduced in sulfur, nitrogen and

aromatics. The reaction and stripping stages are all in the sanme reaction
vessel . BACKGR C : : 02] Many hydrocarbon feeds useful
«for productrng dtrese er—stocks—cofitarn undesi rabl e conponents whi ch nust

be renoved or converted to neet fuel specificatio onents
i ncl ude hﬁgtgé?@;gﬁﬂ jﬁﬁ.ﬁrgéﬁ ur, nitrogen and ;\EM mm@m&mn c
unsat ur at es; : . I'n conventi onal sel  Tuel hydrotreating

processes, heteroatom conpounds and often aromati c unsaturates are renoved
fromthe Wby i j j (o) i Wolc nor e
cat al yst si arli ouﬂgﬁ%g{rg\?gﬁ?]? %ehla etsg(r) %?%sgﬁn##gwgtq}éﬁiﬁﬁ%g@ﬁ %Igg}el oped
whi chiwseaniigie ptaztivasgeid, fs pairdgingsediesdlduekstasipl dorerpaddi&nlafiaf thet s

5, 705, 052; 5,720,872; 5,968,346 and 5,985, 135. . 02/ 31(188 PCT/ USOL/ - 42572
_2_ [ o003nvspenfrekasasi torisprosessdios selectively semoving sdpscnd mittogem undesir abl e
conponent s arti,cul arly. su ﬁ“uf ng ni,t fogen, and al so aronmatics, are

er east ngPyBoEhdT oA » HiskELHL sB8f Wik PEaEsn R o Bri JeRisinh o e ™ educe

t he anmoun : j i h 10 I vel s
required g/&ﬁgfg'&ﬁ%?%ﬁ????ﬂ%@%% %@g%@%}]ﬁ?@:ﬁﬂgﬁsp?{%ﬁzgé%g%n as ft;fﬁde& #

avai | abi | isttn}ppﬁxfg stagaand paskedfiafo Psasbadirogetibrestege, aawhioligerdadtsdeih ease,
petroleumrefiners will need to rely nore heavi on relatively high

boi | i by f Besls hydrogeadn thopreserde ofpa estabiskselsctvsalor aramatas daturation, & oj |
and heavy_crudes. ..Su i gh.boiling.feeds typically contain significant
amount s oPrq.fﬁlﬁsﬁqlﬁsrﬁqgugosg%%W ?Qﬁb?‘ﬁﬁ& _ i S11§Jth%onl y further
(o reduceréahﬁoh%elsﬁ?@mg Bapes GRTBPRPRCSahtt A velagks, but must al so
deal with feeds havi hT gher concentrations of undesirabl e conponents.
Conventional diesel hydrotreating facilities may therefore have difficulty
nmeeting increasingly stringent diesel specifications, a difficulty that may
be furt heBAGKRORGHNIY OF, THELINYENFIQN, ity of avail abl e feeds. 15 [0004]
Fact oFs such as space constraints, which limt or prevent adding additional
reactfon vessels, strippers, and associated utilities, may inpede the

const r uct {amzpf Ny BY@SearBatfeedt REAl fSUslodDYRpARERE B8 IsRELE GHARIENT tO
increase the purity of "the diesel fuel stock, the capacity for diesel stock
product i omdesirabletdomponents which must be removed or converted to meet fuel

specifications. These components include heteroatoms such as sulfur, nitrogen and
oxygen, aromatic unsaturates, halides, and metals. In conventional diesel fuel

25 hydrotreating processes, heteroatom compounds and often aromatic unsaturates
are removed from the feed by reacting it with hydrogen in the presence of one or
more catalysts. Various conventional process configurations have been developed
which use multiple vessels as disclosed, for example, in U.S. patents 5,705,052;
5,720,872; 5,968,346 and 5,985,135,

30



20 There is therefore a need for cost effectively increasing the purity of
a diesel fuel stock produced in an existing diesel fuel processing

facility, WON/31088i | ity's production capacity, or both, w tFoumushaysmg to
add nmultiple hydrotreating reaction vessels and strippers, for the required
hydrotreating reactions and stripping. zs SUMWARY OF THE | NVENTI ON [ 0005]

I n one enbodi nent, the invention is a ppocess for renoving heteroatom
.conpounds and aromatic unsaturates from a hydrocarbon feed boiling in the
di esel fuel range conprising: WO 02/ 31088 PCT/ US01/- Q@572 -3 (a) passing
sai d f eed|@D03]hydSpgefications far diesed fueleadthi respest agsmchiundebiraiiet hey react in
"the presence of a catalytically effective anmount of a first catal yst

.sel ect i ve CPBPORaE\RAtiIgHake selfwanshiiosen wid alserarematips, sire meredsingly

conver si on_condj tions, t roduce a first st.a ef fl uent conpri si,n i) a
o bopiriRgt CoREaut SuR it SPerading NretiRdfiorhdues B ATt o iSE b and
«(i1) a va Ik nj - EIRON

reaction; B?%])p%igée}%tgru g%l?ﬁdéy%g?@e?z"s P ?c;l?a gﬁgégiﬁ{aqsaiggﬁgﬁgbgapor gg?ﬁééﬁ (c)
stri ppi ngspaificdtionst Mdéregecr] agihedvailabilignof dlearefests faaprodusihgdeésstb renove

di ssol ved het eroat om speci es produced by said first stage reaction; (d)
passi ng sePrfinytesitpdeereasegpetsiolewmgetingscwiticheed e rélymeredwavilyiosre the is

stripped |iqui egct s..wi t.h fresh drogen or, a fresh drogen treat gas
nder  secoiiy BN Fekos cBRYed Yomr B bt Ralsas Soal arsagie shige of a
second capAal e }pg@IP in Al fReEfMRt i C
conpoundng’nﬁ}rlo ?gﬁdséébosﬁllghsh%ge |§3F%Em%§%%%%wgﬁrﬁt&s, wherein said
vapor conamonatswinmdesiesblhysinposentsnlefincrd nhisy thetefosanot gy fartidresel

boi | i ng-rargi%g hydr ocar bon having a 20 heteroatom and aromati cs content

| over 1&¢ haredusathelevelsiof these gompenerts pa digseltgocksebwidunsicalsn depd withyui d and

(1) “pass 11508 aruiBdugR SeELUuaRs pr ERTRaanE ihonedlty GonentGflye ™ "Sai o
U0 T eac i3ty a06Se s (381l AR HAGERELA, hikofln g HRIRINASSC! -

[ 0006] In another e ment, Invention I1s a or upgradi ng an
exi sting ctriggent diyshl gpecetations f agifficilyy hanmmay Yerfortbhaeeicertatal betdrt i on
vessel s, 30 strippers and associ ated equi pnent and whi ch produces a

hydr opr oceesretiquales off avadahd¢ faedssai d net hod conprising: WO 021 31088
PCT/ USO01/ - @572 -4 (a) reacting said hydroprocessed diesel fraction feed
and hydrogen in a first reaction stage under first catalytic conversion

condi ti ongygoR] t her RIS @lﬁhq\eas()%)aé‘e bbhstiaift8Rhi¥A UindBbPpidvERt Aiing emoval  of
het er oat om cohpounds, to produce a first

additional reaction vessels, strippers, and associated utilities, may impede the

construction of new, grass-roots diesel fuel hydroprocessing equipment to increase

the purity of the diesel fuel stock, the capacity for diesel stock production, or both.

20 There is therefore a need for cost effectively increasing the purity of a diesel fuel
stock produced in an existing diesel fuel processing facility, the facility's produc-
tion capacity, or both, without having to add multiple hydrotreating reaction

vessels and strippers, for the required hydrotreating reactions and stripping.

25 SUMMARY OF THE INVENTION

[0005]  In one embodiment, the invention is a process for removing
heteroatom compounds and aromatic unsaturates from a hydrocarbon feed

boiling in the diesel fuel range comprising;



s stage effluent conprising (i) a liquid effluent containing a diesel
fraction reduced in heteroatom conpounds and (ii) a vapor effluent

cont ai ni nYOAREAM8USs het er oat om speci es produced by the reaptt/0801/460)
separating said first stage liquid and vapor effluents; to (c) stripping
said first stage liquid effluent in a stripping stage to renove di ssol ved
het er oat om speci es produced by said fitst stage reaction; (d) passing said
-stripped liquid into a second reaction stage, in which it 1 s reacts with
fresh hydrogen or a fresh hydrogen treat gas under second stage catal ytic
conversion conditions, in the presence of a second catal yst selective for
‘aromati cs renoal passing eanlvfeednadhydrogeanprua fisstanabtiprogdugs isedocld St age

sl iquid and vapor- effluents, wherein said vapor effluent contains unreacted
hydr ogen they reagtdn|theprescaed plie aetabdisety sifegtive amwunbef p ifisst qasglyet

hydrocarbon_ 20 fraction i a, het er oat om an omatics. content | ower
han”t nat Sl 17 R uRSar Sh Qs SRR Bds HalR B3R e
reaction ; ; | N QUi : rpef fluents
nd T coovarTaRons 1 ifERRICH Lnd sRELRMGERYRH [ TUIBOINBERGE

st age vapdieseffutLigimige trodsaiddnlietabatotmgempeands anb(ieaciporvontaigiag and said
stripping stage being in a conmobn_vessel . WO 02/ 31088 -5 BRI EF

DESCRI PTI @¥orsusThgtesrigmngeres pushaced byrthe ro@@ion; The Fi gure schematical ly
illustrates a fl ow di agram of an enbodi nent

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

10
(c) stripping said first stage liquid effluent in a stripping stage to remove

dissolved heteroatom species produced by said first stage reaction;

(d) passing said stripped liquid into a second reaction stage, where the
15 stripped liquid reacts with fresh hydrogen or a fresh hydrogen treat gas under
second stage catalytic conversion conditions, in the presence of a second catalyst
selective for aromatics removal, to remove aromatic compounds and produce
second stage liquid and vapor effluents, wherein said vapor contains unreacted
hydrogen and said liquid comprises a diesel boiling-range hydrocarbon having a

20  heteroatom and aromatics content lower than that of said feed;

(e) separating the second stage liquid and vapor effluents and recovering

said second stage liquid effluent; and

25 (f) passing said second stage vapor effluent into said first stage, said two

reaction stages and said stripping stage being in a common vessel.

[0006]  In another embodiment, the invention is a method for upgrading an
existing diesel hydrotreating facility comprising one or more reaction vessels,
30 strippers and associated equipment and which produces a hydroprocessed diesel

fraction, said method comprising:



of the invention using two cocurrent, downflow reaction stages and a
stripping s stage, all in the sane vessel. DETAILED DESCRI PTI ON [ Op08] The
i nvent i onWiOs0233888d on t he di scovery of a hydroprocessi ng proOResa/ Lo

enpl oying a single vessel having two catal ytic reaction stages, with
interstage stripping in a stripping stage, for renoving heteroatom
conpounds (hereinafter "heteroatons") -4nd aromatic unsaturates (hereinafter
-"aromatics") froma diesel fraction. Each reaction stage produces both a
liquid and a vapor effluent, and enpl oys cocurrent downflow of the diesel
fraction feed and hydrogen reactants. is By heteroatons is neant primarily
“sul fur and ni t{@geeactiagtsaclibydropyapessedaticsadfrastioo foed pedbydrhgeMista of t he
-het er oat o conpounds in the feed e}re removed in the first reaction_stage,
whi ch co ¥%t§%a§t13néé&g&|'ys<{%r§@$té@ﬁa yHc poRveRgioncoRddiensdndhapressncepbado] | n

one enbod; : r ' [ I ective
one eTbodg 8RB O AP FARE AR GRGR, BN a TR Y
sel ecty vesthgd effRIFAY LOApASRIERG) £ 8 quiingflubstubshtainthgy aRdsebfabemt frorn each
reaction stage are separated.” The liquid and vapor effluents formed in the
first reactduoed st hgercatenpasgednidsntod (inea yapopdifiugntscageinimg vaporstis i ppi ng
stage, the first is reaction éﬁ?a vapar, which contains nost of the

undesi r ablCTR8IUR SREVRS PEAHRICE ygﬁ%Eﬁi’@f‘gnbroduced by the reaction of the
feed wi sh the hydrogen, separates fromthe liquid. The liquid is stripped
of dissol ved heteroatom reacgtion products and collects in the bottom of the
vessel , from cfichgragag F%‘ﬁ!ﬁféb“g%ﬁj lﬂwgrflr‘g]a‘é@é’ﬂ egﬁu?fété?d up into the second
staglejs? The heteroatons renoved in the first reaction WO 02/311188

PCT/ US01/ ~2572, 6 stage fonm primari.lyv. H and NH3.. sone .of ich are

i ssolved n (e FRFBIRTSduR R IR ad RrpPRETsihee WG R oge

l'i qui d ef&iké!ﬁ(‘z‘édd ﬁételrﬁn@éﬁ) s?%iﬁk?%dﬁc%%ﬁ%%%d HRqSeadl Radliyed species before
it is conducted to the secon tage. In the stripping stage, the
downflowing first stage liquid effluent contacts a suitable 5 upflow ng
stripping gas.( g paRiAE SaidlsBipRMOYARAd iftol §ecoBl FREL PS8 OYin SALBR & | on Wi th
hydr ogen. The second stage |i'quid and gaseous effluents are separated. The
second stragets witufrdskeh§ dromen or arfpeshdesirogen treategasataier aecbrak gdaget i cs r educed

feed, which nqw conprises a. highly purified diesel stock product. The
ar omat i c<SatalBG spnAsionycandions; ihthediraspace ot aSECORg caidbestiselecdYafy, 10 is

f bl y - ' y fi
Feact on SPRAEE! Flnblb A5 R orBbt Mpouh a3 o R Bt 12201 on

feed in tihfuid iah8tvapeeeffiuentss Widesin SRRV Hor lefiBu st odtaifls MBfQcaEt | ve and
sul fur sensitive catalyst, such as a noble netal catalyst, for the second

react i on hytdaggenaarohsaid disjui & offluming canteinstar digpélripibnggangshydietanbabl y | ocat ed

in the bottomaof the yessel, belowthe Is first reagti on stage, D esel

hydr otr eafifffcﬁ'gj’“&aé’ﬂi%a_ F@"B‘?tf)ghaf&g%ﬁo&f"é’&sépn§m PYET &@I“)}R%Qﬁ?r“%ssur e, while

ar omat | 03, SaVLALIOR didPESLALR YRS MEHAS Blcrhaligre Pressures. Therefore,
ed a rgh p

when oper ressure for aromatics saturatton, the present
i nvention provides an ideal add-on to an existing | ow pressure diesel

hydrotreating a 2edid! dndW 0o f purity while
reduci ng 20 i rg\gljesggr?eaﬁ%tﬁ]cgggsa?&iE?/&ggd?é%dlg@lped&gﬁ:&r?g cgﬁ‘lr)?ﬁga%fsl?ngl e vessel.
recovering said liquid effluent; and

25
(f) conducting said second stage vapor effluent to said first stage, said

two reaction stages and said stripping stage being in a common vessel.



[ 0010] The diesel fraction contained in the feed for the present process,
may be one which has not been previously processed or treated (e.g.,

hydr ot r eaWOMdPp/31088r enove het eroatons and aromatics, or it nEyr/pso1a€2wWhi ch
has al ready been at 2s least partially refined and purified, with respect
to heteroatomrenoval, aromatics renoval, or both, and may cone directly
froman existing diesel fuel plant, fromstorage (tankage), or both. Wile
-die preferred process and vessel may be enployed to increase the capacity
of an existing systemor plant, increase product purity, or both, it is
pref er r ed BREF DIFSYC @ TUON GOTHRE DRaSWINGNO 02/ 31088 PCTI US01/ -42572 ' 7 _
“increase the purity of the diesel fraction, to produce a nore highly
.purified stock, to neet nore stringent specifications requiring |ower

| evel s of ro conpounds and. aronatics than.conventional ..
hydroproc@@éﬁg ?@F%@?;&%ﬂsﬁlg&#v@%@s Prﬁcaﬁ AR ?rpkpﬂ@woduct
-formed (r i S, It | fvin AN Adsiof Kiri "di esel
st ock™) rrg{g@ti)éeﬁﬂ/seggo g%,ﬁxgg}ag)-c’;oc@?feehgi ng, c‘%Lnglgér%guovl\} ét%{ag%n ad%jlkﬂp\ll)g{gpackage,
or both, tgmgp,r@mmﬂleaga@ﬂees@se[f_ uel. By diesel fraction is neant any fuel

fraction generally boiling in the diesel fuel range and includes both jet
fuel and diesel fuel fractions. Enploying a single vessel containing al

t hree staigf gioéi ges En econon cal | y advant ageous way of inproving the
purity 10 T S ¥ produced by exi sting hydroprocessing

facilities; to increase the refinery capacity for diesel stock; to provide
a high pressure unit to a | ow pressure plant; and combinations thereof.
(0011] I njowes]enbprl MRRLtibASs bave@td @R disdtvehys 86 a AylfPiBeS&ssBIEPpiRYesRg two 15
reaction stages for renoving heteroatom conpounds and aronatiC unsaturates
fromaof eempg@ytpgiasﬁim@ea/eh havangiovo chitslyiticlraaetidsostagery with iriersthigesel f uel
range. The,_process conpr.ises: ( assi ng the feed and hydrogen into a
(ot encHTONIE thg I BARES B PRy Rl o R EBTematts ot ai vt

sel ective«fQr |, of | r a, . e [ [ St age
5ol oCt 1o ROl b SR AFERORAUIRARl CuRE ARG fof A ceef 200
reduced i fraRbRr PRERRAUSRGMESprRAdcds botha NQHA andAWadtieFuMapar@®us

het er oat om speci es produced by the reaction; 2s (b) séparating the first

st age | i qampleyxdcocapent downflemt ef theodiest fraspondethand hydtogenagacthntyui d
effluent {n a stripping stage.to.re e dissol ved t er pat om speci es

pr oduded E’V}M@O@F‘f%% 1IsgngY RTHHBF[YO%HK“ ay@rggpg%gagﬁpegﬁwgpn EMAY 8 (d)
passing t ri | ixGHLd. . { O i SR it
reacts w F ﬁ"?‘%%‘Sﬁ%ﬂr g\ggént%ofirtng%F ?%éﬁgﬁgg‘?‘ég@ﬁﬁ Selg‘ttﬁ%gg;gd ?Jlr?wte e\%rB edgence of
a cat al ystheefifseeddcvionfstigeaivdiEtt c6BprieePY ahtalyisp s€lebHVE f@ i@ loatora onpounds
and produce second stage |iquid and vapor effluents, wherein the vapor

af fl uent tBnewins unreacted hydrogen and the liquid conprises a diesel fuel
stock having a heteroatom and aromatics content |ower than that of the
feed; 10 (e) separating the second stage |iquid and vapor effluents and
recoveyin | 11U i; : i second
st age%{/apg?ddeygf I l,llgl;]tj[n(él érql?%&%lﬁgﬁk’i t;ﬁg'? Eél%%ggg%% s%%grcg}ﬁrp r?%g%tdv%gal&%gcti on

st ages angeletigvesforirppionthgSidatatitschétloatdmt be bagireindgasfirablyWhk2hailize

second stage vapor effluent will preferably supply at |east a
selective for removing aromatics. The liquid and vapor effluent from each

reaction stage are separated. The liquid and vapor effluents formed in the first
reaction stage are passed into the stripping stage In the stripping stage, the first
25  reaction stage vapor, which contains most of the undesirable heteroatom reaction
products produced by the reaction of the feed with the hydrogen, separates from
the liquid. The liquid is stripped of dissolved heteroatom reaction products and
collects in the bottom of the vessel, from which it is removed and then passed as

feed up into the second stage. The heteroatoms removed in the first reaction



15 portion of the first stage reaction hydrogen required for the heteroatom
renoval . Further enbodinents include the second reaction stage | ocated

pr oxi mat ewone2/x1088 of the vessel, with the first reaction spegesé@aaied in

t he vessel below the second reaction stage, and the stripping stage |ocated
below the first reaction stage. It is preferred that the second reaction
stage conprise a catal yst selective for620 aromatics renoval, such as a

-sul fur sensitive noble netal catalyst. If desired, all or a portion of the
second stage catal yst may al so conprise a catalyst effective for heteroatom

(sul fur asl@gaifernapemparilyhinbaandoNHs, pome of vlueh neg disselvednimthe Brsdstegrcs

| catal . Still furth nbodi. ' | tal catal yst
inthe sebbit iisalt Sripaindyt tsst SRR MAERLEARG BrlerSgefnEDBYSE ot a
2 fa: : 850: psi | 950 psi a,
For "ore. el iGN aABkeRy Bt iRty piod (B1FC SicBlokedlic, "BARE "0 P! T 1
-al so pref efifppingd Bage tthe doeedlovanprirsestagelligard effiuaat ¢dinadibatsufabledoeen at

| east partially treated for heteroatomrenoval. Still further enbodi nments
i ncl ude t hpflprengsicippofg gase Aromatics ot removed o theesgcord stagady cool i ng and

;3;??21 "Ss iq%gﬁﬁhn%&eﬁ%egu{ﬁaeﬁ%%ﬁﬁd%%géil?ﬁﬁi hn%\fsé‘eﬁo‘i%?%@afsﬁtrspﬁ%:rsgi“r )
-12572 - j - :
—%Pc??&'t%& efhe%‘é@?xﬁdeﬁﬁgé (ljl'ﬁgﬁislf&‘aﬂg’n%pﬁpﬁxhpﬁs@s%e%éérﬁﬁﬂn‘?%ﬁﬂ'eo“ ydrogen

as fresh ogen’into sec i's enbodi nent,

hydr ogen- sicehatisGedacst €, WRIAMOW Icompeiztah highly pufididdydiesgerodkequi red for
the first reaction stage. [0013] In yet a further enbodinent, die invention

conpr i sesprodust. hdhe asomaipesrigtiavgl eatalyst seachgndiagsedr pgapndineactiomstageaci | ity

or system conprisi one.or, nore reaction vessels, strippers and associ ated
equi pifent 1SaHTaTGsRBRBERted i s GRRES ROBHOR 0L L9 Vassele RPRYE HHEGISEEFAHORet or oat om

the et %‘jag%ﬁ%@?ég‘?g{“o*?gfﬂw%@@a?&ﬁs Hofh [iRCflel @ ird o R0 R0, wher i n

passi ng the hydrotreat action feed

and hydr ofifst reddtioncstige, Shalileaelid ede ot @ffore Actid i SlBYr sepRitive catdlps,
presence of a catalyst selective for renoval of heteroatom conpounds, to
produce asddbrata soblganetnf tatelyst, dontha ssicand feactianistagei atotiasicerempxak i on

et or oat OIS SEGIRESE BRBA LB BFDbRE AN BRORE elErat TGP e TR st ot age
liquigd a - ef e ; i i | Js QUG < ent in
aI g? Ir fgppinﬁrgs\@?%lg%t%é# é%&geg@%]ﬁg’ggﬁ%\gglahgf %I];e:)({iftﬁégmgﬁsegg%fiedst qglre gaéﬁ%f duby t Ihe

first stagev pagshicomhiledyomatss sgutdinsis iprefeesbly iaghiested at highesecond
reaction stage, in which it reacts with fresh hydrogen or a fresh hydrogen
treat gaspressuiehe Therederecwhep qperated at high pressure for aromatics saturation,

the present invention provides an 1deal add-on to an existing low pressure diesel
hydrotreating plant, to produce a product liquid of greater purity while reducing

20 investment cost by adding or replacing only a single vessel.

[0010]  The diesel fraction contained in the feed for the present process, may
be one which has not been previously processed or treated (e.g., hydrotreated) to
remove heteroatoms and aromatics, or it may be one which has already been at

25  least partially refined and purified, with respect to heteroatom removal,
aromatics removal, or both, and may come directly from an existing diesel fuel
plant, from storage (tankage), or both. While the preferred process and vessel
may be employed to increase the capacity of an existing system or plant,

increase product purity, or both, it is preferred that they be used to at least



catal yst selective for aromatics renoval, to renpve aronmatic conpounds and
2s produce second stage |liquid and vapor effluents, wherein the vapor

ef fl uent WO unr eact ed hydrogen and the |iquid conpripgesusyigdhene
fraction having a heteroatom and aromatics content |ower than that of the
diesel fraction fed into the first reaction stage; WO 02/ 31088

PCT/ USO1/.L2S72 -10 (e) separating the&second stage |liquid and vapor

ef fluents and recovering the liquid as diesel stock product, and (f)
passi ng the second stage vapor effluent into the first stage, wherein the
t wo reactinoreast syepunthyot the dtiepfrianiporsttageoduae aimore highty pusfedstedel , and
‘wherein the vessel has been a%ded to, or.ha;)re | aced a vessel in, a

p, n
_exi sting RyBESh PR SHBLeRlIRectiFatpnyrquannglowsdexels if heferaatod i ng di esel

hydrotreating syste r il4 i n i) I Ci e hetaroat om
and aroma (Jlrrégo%%c%taenﬁ Qrg{rf E&’%& t%%o&%rc }ég?g@%(?{déé%ﬂ)oc? fsgrgg fr{o%gh&% LP’?{%FQX reasi ng
-the amunjct@évedi BS@ile émBEEintht! Adiprédutt IErRE P GREGREH todlierbR 4 'BRRIfRIdES er abl y
at | east reducing the heteroatom and aromatics content of the diesel

f ract ison. statie', ' blendstockfrbadidnesel stockeT)enaye te nsedifary e.gal Idendipg) gormbinghi s
enbodi ment, 15 [0015] di scussed, the feed.for _the present. process
conpr i sesVENRAAdRYHBRE A8 CPY bathuio Prodgcga sl fyel; Bt dieselifelosionad j et

fuels ra f_fr . WAL 3 r been

or evi ous1yiefhdrnyt 8L PAGHS 488¥rah o0 DRly e i T o e RS

het er oat o§Bth jASfudP 8ld dibskBict AAEENMs. FmBfbyiRe alsiVAB eSS candififigllist ock is
a diesel fracCtion which has been hydrotreated according to the process of
t he i nvenhiranstagds preasteswnt dvonespeatly advahtigeposway afampravingrttie pueiter abl y
reduced in bﬁ_th het eroat ons and aromatics. It is,prfeferred to use an at

| east [0parafi afieyelsastinagpigidused by exstips hydsonrpecssatggfacytigse i wrenseeat i ng

vessel of,the~invention. T I .cont e . I . ction or 25

st ock feetgg %@n@yr{kpagﬁ fﬁ(flﬁ#ﬂﬂ%@afq E}}Q&g@eegﬁue@;&eg%ﬁ%g{%“\;o\p fr%vgul fur, in
the for mgbssté biht; Sl EothbhRBbhNthes@stPounds and preferably |ess than 400
wppm of sulfur. The nitrogen content of the feed will range from about 20

to 1000 wopm respectively and preferably no nore than 300 wopm By way of
an illustrative,  but n(r)r& i m exanpl e, the respective su]fur and

l[imtin
ni t r ogen [98h1knt &0 gpe smpodament t%wwmmnwwws@pﬁc%smz Oy{Bg fWQct i on

drat has rifd i I: | y range
fr om Apoubreorbtiaben i (ROTHH BEelA CoBRERR oBY abIRal ENANARTH

i mpurity fremel feefl doRgpriesa hlidfocafbaipiiRallafRcbdiRAS h @i 8icddlefdel faingke vessel
in the practice of the present invention are operated at substantially the
sane pr eskha procsssTénmppsesssure may be a relatively | ow pressure of |ess
than 600 psia, but it is preferred to operate the vessel at a pressure of
at | east about 850 psia, nore preferably at | east about 950 psia and still
nore pref er abl() apasseeg thesfisedend bydrqgenantoos fisggtasestiasstage. unvhish. The

¢ anodf r AHFRESE M0 BRSICe 41t R o U BRI RG SO Y Y SITORR g pr essur o

enabl es t f v, X : b .gqonpar ed
fo a | eos S, (P RLE: 1iri FadcheMuen ORRBrRRETN 4 Rk Yon i
subst ant ibliliyg ¢ gt diesdrongd rediicebhirahststoatnd conamnsmmdsamd! (¥i) hanager vessel .

containing vaporous heteroatom species produced by the reaction;
25 (b) separating the first stage liquid and vapor effluents;

(c) stripping the first stage liquid effluent in a stripping stage to remove

dissolved heteroatom species produced by the first stage reaction;



[ 0016] The ternms "hydroprocessi ng" and "hydrotreati ng" are sonetines used 1
s synonynously. However, hydroprocessing is regarded by many as having a

br oader nﬂ%fhpzrﬁ,“s%i ch includes hydrotreating as one type p&T/USO1/42572
hydr opr ocessi ng. As used herein, hydrotreating refers to a process wherein
a feed to be hydrotreated and a hydrogen-containing treat gas react in the
presence of one or nore suitable catalyssts prinmarily active (selective) for
‘the renoval of heteroatons, 20 such as sulfur, and nitrogen, and for the
saturation of aromatics by hydrogen, Suitable hydrotreating catalysts
include any colhemesonathastaipped glamdqr@t@atsawlsheacmomgtaga;mv\él,ucbu{
non-limting ex | es.include catalysts conprising.of at |east one G oup
VITT ot oSOy Brcah By RERBRE & TP BYdIBES REat sy, U HoNTeSHBE O gh of or abl y
Co and/ or N t I ' V] 25 net al
catal yti CC%P{%%W&OE@@% y r@%hqweﬁéyég@%?tgé:g%%B%qs %nrgz a high
'surface ap@duss RN st@ieeliquil anduapopeffilents, WherénnBE vapot affivent
hydrotreating catal ysts include zeolitic catalysts, as well as noble netal
cat al st scamt@ne unteacteshielrogembnd theskquid womprisosra Rieseh fugttstockshavemg i oned
above, it s within the scope of the present inyentjon that nore than one
type of h@/h?t& A g My gpontewf Iéﬁﬂ% aﬁ@};ﬁl%t?f;] 12S72 -12 may be
used in the sane reaction stage or zone. Catal ysts useful for saturating
aromati cs include nickel ., .cobalt-nplybden ni ckel Mol ybdenu .

! ckel t ungst erfSnaenstes it atropd ey TRt M GEORep AT e Rering: ar yst s,
W th the ielpgid i ﬁies@l%t@é]}’glto?u@?i peg sul fur sensitive, but nore selective
for aromatics s renoval. (0017) I’n one enbodi nent, the aromatics saturation
catal pst reaction stage, or second reaction stage, is preferably located in
the upper por tipnpfidghie s8SSR stagd OsorteFutnt'ifito ARGt Hags! AL _
Once-t hrough, Tresh hydrogen or hydrogen treat 10 gas is Irntroduced into

t he top oV¥htiem thedwndreachon siages tmd)the sthppiagotage ars allria the semedebsel.
saturation. For many applications it is preferred that the hydrogen

i ntroduced into the second stage be sufficient to provide all of the

reaction ge C 1 ' . However,
in sone lg_égéloa g(})%(rgécé&g# Hﬁé%r%%é(glnqug l?tir\g}ﬂeh{e%raf)ggvgqﬂfqg@?;%rgﬁgnd ni t rogen
may bg avpirtiah b thefivdistpeiréadtiin Bprsg@Nd@ivell For teh &8RSN TERAGCa] DUt MRy
be useabl’'e in the first Stage. InthisS case, all or a portion of the first
st age r edotrthen emludogentsnaylude the penroatiebactiont staghilvediddyproxithatefthe $dp st age.
This will reduce the amount of fresh hydrogen required for the second

st age. Aq%hwﬁﬁseimwthélm yeaghionstage 1991‘)‘53611* thpaeessehbelavwsis seeendn means,
or equiv I - 2N L 08s;. Wi th
he"separ sraiyn T8, Ad B ShRbIAEIBE T REE Rlb e Tt PROCHER HRBP TR
separ at i grefeR@dshal thesetyndimaatibn stagk Rendpeeaf cdtdlg sf idl&dtiveedet i on st age

bel ow, wi thout the need for a gas conpressor. The separated second stage
li quid cowpmagesranhevalusudhi ast shilweiensitive mopleomeatal cataysth Ihdesiteds alin
aromatics acid .he';q%roatom content | ower thftn that .in the diesel . fraction

feed pas<Ed Restignoidhe seqpadstaees etaly st may Alse samprise 2 sfalyat pHectivg e
di ff ' ' i i f d
P gl G SR R R R RS T e

react i on ssbagEcPRInMval Bagilglites stilldufhd drabedifnieats imlud@a BebRuURERI ed or nore
highly purified is introduced into the top of the first reaction stage, in

whi ch™ it catshestsn whe sedondsstageyfr agenatios satirrtieh ahd dpesing the@ess] 31088
PCT/ LI SO1/ ~2572 - 131 . .

25 ‘pressure of at least about 850 psia and preferably at least 950 psia, for more
efficient aromatics removal. This is a preferred embodiment. It is also preferred
that the feed comprise a diesel fraction that has been at least partially treated for
heteroatom removal. Still further embodiments include the presence of one or
more of indirect heat exchange cooling and quenching in either or both reaction

30 stages, if needed, for temperature control and to maximize liquid yield. A still



heat gas, in the presence of a catalyst selective for heteroatomrenoval,
to produce a diesel stock reduced in heteroatom conpounds. Wen these

f eat ur es woaprmsent, they pernmit, in one enbodi nent, the pSeufi/48s73i Ngl e,
and relatively small and space efficient reaction vessel to be added to, or
replace a vessel in, an s existing diesel refining facility in a refinery,
and with mninmal or no additional gas cbnpression capacity. The choice of
.catalyst is not critical. For exanple, nickel or nickel and nol ybdenum or
any other sulfur and nitrogen renoval catalyst nay be used. Wile all of

t he firstfwthegembedonenninhiudesgddingall obthe eactiont hpdrogeniad feshge vapor

“ef fl uent, rtion of th drogen for the first o .stage nmay be

all or.ap h
_separ at el &v@@a@a"&w@%é‘rvnﬂrﬁ%% ﬁé‘ %rsr%rflbgélagéxt, RilydregemseEch sesqnd i n t he

case in ' - ' i b ahl [ il pure
enough 1 onegn At N6 Cuflipd e BIRRIrbEe Ry G MU A5 relBlrof B PNS. o
.conmbi ned H2S and NH3 content | ow enough not to adversely interfere with the
first stage feed sulfur and nitrogen renoval. The heteroatons are typically
15 rerove0ds] gadryusa hatlesrcabloodiapat, i the icvnpionsiongprid2S aamdthdidXoral ong with
H20 vapor (hereinafter "gaseous heteropatom species”) if oxygenates are
present i WTAdInRaexIgingdicseldtysiatreatingsfagiity of SysisH cQMPE SR Ao

| ecti for. ti l, L t. t al | d be th
same or ' dPPRerdRioRaERL STRIE A SRR TRR LB RAE BRI HiduO Sge” 1o
produce ahydreftested |dichel fabgon Raivdeld 8h YeteP¥atdfh ARV Blon@iticcsbhpbutis, @ m xture
of a heteroatom and aromatics renoval catalysts. However, it is preferred

t hat t he whbnebmsprags thafexidyfer tlhooupgradmgo méherdiatthe metkdd compeistor aromati cs
removal and not heteroatomrenoval. [0018] In the context of the invention,
the t¥ens " fresh hydrogen" and "fresh 2s hydrogen-containing treat gas"
are synonynous,_yand r be ej the re droge f__a ydrogen-.contalini ng
treat gas whi c(ﬁ)i ga%is'@/glgﬁxyéféégg{tpglaémsggﬁrggﬁ i ﬁege%hwlb%(grﬁggﬁ R aatrL’f’E? nt at

| east suf&h@ﬂi@rpgtagein WeCH kg Reas mla@gfégencd%m cRBRRE sARSHN f@asses (e.g.,
nitrogen and |ight hydrocarbons such as nethane) whi'ch wll not adversely

i nt er f er eenicval of hetbfatomaioniprundseto maduceoadirst stageeffhmit comprisingd

02/ 310S8 -14 PCT/USOL/-t2572 I npurjties, such as H2S and NH3 are

undesi r adika Hauid diesed feactipn reducgdgin hstergaton spmpoandsand (Wb ¥apey be

removed f . re Lt i i 1t actor. The heat gas
st realﬁ’q i n{o%%hglgd%pﬁ? %usgﬁeﬁ%rggﬁxgnsﬁgygaé&\)éﬁ?d&&e@gﬁgﬁ@&(ﬁont ain at | east
about 50 vol. % nore preferably at |east about 75 vol. s hydrogen. [0019]

Most of the h : feed in the first
roact i on st aga WA R BEARaas: Trgn g Rl P M OIDP B, Tover net er oat om

than the feed. The first stage also produces a gaseous effluent conprising
any o unreact qg) hyeippfithe Tudf Q480 1iGLRPECIBRAL Hi 4 Y@IPpind 3OS rdiRbeE 0at om
speci es, and m nor anounts of gaSeous (e.g., C3. and nobstly net hane)
hydr eoar bbhssol pedbetedtdiv spbaes pemhiced byThe firstr sagesteagiohj qui d and gas
effluents pass out of the first reaction stage and into a stripping stage
bel ow, in which the heteroatontontaining gas is separated fromthe |iquid
and in which t(dg passnfd theistgppedyliquidiStacasecndsreastiompiages mgwhichiippi ng gas,
to strip out residugl H2S, NH3 and H20, vapor fromthe |liquid. The stripping
gas m xedCyfte h“ﬁlhge?ah hydrogen 6t F%e%‘t}&’g’éo%bgéﬁsgaéf m heRresencediia a gaseous
m xt ure, ' [ - : §ﬁ'@¢ ' further
pr ocessi nc\géglgfﬂeseﬁegglg%%f%%wagl%%%@OX?I_Zz(ﬂie rﬁ?‘%‘se ?ﬁacg‘f%ﬁgglgﬁ ae‘rg sin a
spacespr pfbdudcesecond bRgb tduedmed vaper éffluehtsOiviRteihliBe vapSEEffluent

contains unreacted hydrogen and the liquid comprises a diesel fraction having a

heteroatom and aromatics content lower than that of the diesel fraction fed into

the first reaction stage;



20 fromwhere it is renoved, cooled if necessary, and passed back up as the
feed for the second reaction stage. if desired, an external gas-Iliquid
separ ati oW%4¥ay be used, but it is preferred that sepaparusem/asur in
the bottom portion of the reaction vessel. Renoving the heteroatons from
the diesel fraction feed first, enables the use of a nore highly active
aromatics saturation catalyst in the 2sllsecond stage, such as a noble netal
‘cat al yst which woul d be sensitive to deactivation by heteroatom conpounds,
which in turn, permts the use of a less catalyst for the aronmatics
removal . Spent (®ydepgestingitheseepnd stagpbdvidsanserapos eluants ped resovgrBLot her
vapor ous peagcti.aon pr.oducts,(e.q., mpor anounts of C3_ WD 02/31088

PCT/ USC]/{JTSag%mEal% %ﬁfﬁlééﬂ%éﬁg&é\%a stly nmethane) mx with the upflow ng
stripping gas and the mxture is renoved fromthe vessel proxinmate the top

of the strippi t 0 i tieQn f tood with
‘reference to tﬂg %ag%rﬁgﬂg%g%%}’g%&?% \é%\ﬁg%gﬁgﬁn%%nﬁgﬁﬁol o&%%%%géem%g}?&é&di esel
fraction g by da8tiBRistage@Ang MROSH PR g Qfdgé hicCall [V @RIaRTL vé&Q8P KA1 NG two

di fferent and consecutive cocurrent downflow reaction stages, with a

vapor - | i quwihdraaphe atssebhachren qaldedad, behaempldded asesseldnamd ekistiap reacti on
stages, a_ strippi.ng stage |located below the first reaction stage and the
bot t om pohyfisireafingfaciliBssel used for collection of the fast reaction stage
liquid effluent, all in a single reactor vessel. For the sake of
simplicity, not all process reaction vessel internals, valves, punps, heat
transfer ifQes Lot UR5iRati A rieati ng

puri fyi ngﬂjl})r/iliﬁ 103%,:%8%?%@%5&2%5%%?? esﬁglhgow, g{/llﬁlg%g%t:eg{;?pﬁdgglgﬁl 1fgeactor
vesselo 12meannlixreduningihicHicteroetome ahd\aeomatist cantantseftthe hydestredted st ages
defined by fixed catalyst beds 18 and is 14, separated by a chi mey-type of
gas- | i qui Bieseblipeion i) mpyeasmaihermmountafh gf@@ﬂ@“iﬁaté—‘r@ﬁ beg respectively

i h ' ' d | i on A
vapor 11 abiertsar e PRy S sEersB BGe 38 AR U heipRfm B RoRetH <SR own
di sposed behight bftheldiesl fa8A6A! TheSuABer dRbotndHts Féehel 6 aBbogakpMPOUNds

are renoved fromthe diesel fraction 20 feed. Stripping stage 20 is
schemat i capply tehhisrendyodiimeae stripping trays 21, 22 and 23, although
packi ng may be used in place of trays, as is known. The heteroatom and
aromati cs-contai ning diesel fraction to be further purified, enters the

first reagfq st .12 viia,.f i % e -1 r effluent
RN I ST s COL S AR LN e
fracti on bybéa fHR$ORYITERAD LEnGaRy lih Gk dicsEPaldet ARITPARE dffranchtieasses down
through into the first reaction stage. Such trays are conventional and

t ypi cal | y4@@Hptd 680, ndtich nadiysk maypwotibavabedn preplansht hydrotfeasidoers or

chi meys ext endi ng ther(ﬁthrough, al butsqnbl e cap t(r)g and.the |ike, 0\é\hi ch
permt t hethehWISeJBRACESSEH IQ/ Ea3arve: ¥ [ast NI RAIAT: éHS? B fhegPHext ofng i nt o
the first,re i st Thi R

PCT/ US01/ g]leg%ﬁt?%_av(gggerl lggdzfg(\ggg (gg%%q?/%{h g)gca é’"?‘gf bgé}ghggééfér%ﬁg&n ch the
unr eact eda dBaRGan the prdcekEaE e invERtibh catdoyvpividiteagedtite wReterbapii on to
renmove het er oat om conpounds. Preferably, nost of the heteroatom conpounds

in the femingadsad prefepalilp eeduaedtindiodly detareatoprsmnddaromatios s Isisage.  Thi s

produces an effluent conprising.a liquid s diesel, fractign of reduced
het er oat oPRcé®IRed ‘,lsea‘l“bh@ewttmal\llﬁéf)‘%in%ﬁhéﬁﬁlé&ﬁl@m% the feed to the

hydrotreating vessel of the invention. The sulfur content of the diesel fraction or
25 stock feed may vary, but will typically have less than 500 wppm sulfur, in the
form of various sulfur bearing compounds and preferably less than 400 wppm of
sulfur. The nitrogen content of the feed will range from about 20 to 1000 wppm,
respectively and preferably no more than 300 wppm. By way of an illustrative,

but nonlimiting example, the respective sulfur and nitrogen contents of a diesel



H2S, NH3, possibly H20 vapor, any diluent (e.g., nethane, nitrogen and the
i ke) that may have been present in the hydrogen treat gas, and any m nor
anount s oWQREHMSs hydr ocarbons produced by the reaction. RtEUS@sks®t age
liquid effluent then passes down through stripping stage 20 bel ow, in which
is contacts an 10 upflow ng stripping gas, which nmay be hydrogen, steam
net hane and the |ike, which strips out-df- the downflow ng |iquid, dissolved
het er at om species formed by the first stage reaction. The upfl ow ng
stripping gas mxes with the first reaction stage vapor effluent, with the
mtxture fiaetiopabstlng tweh pofificdeacceatibgto thesmekessi af the mevelfionThag gas

m xture is thep further ocessed downstreamto t5 renove the. sul fur and

i trogen FYREEITepbakaut STHY wippihasad 191100 wprime rosproteyeyedencading en theuent 28

collects i ' W, f the.r or. yessel . as .shown..Thjis liquid
OO e Char Aheufify fRleh BBIERAIRE shilhibE 3h et Sagesdn e Yesel imiSugh an
‘i ndirect  bealti @ ABPLEseRRinvenfi&Rlbld GsbrafAtht siBfRah@ally fidl GnlpRsddeWhi Ch
passes it up, via lines 36 and 38, into the top of thHe vessel 12, and down
20 into tAhispospadermay bt anchitiagly 1bdv prsowve dPrledsathal 690 psig baeltds oat om
content of the shipped Iiquid should be regulated so that the second stage
cat al yst Brefeagdtip operaie Hs vesgelat aaprgsame of ebleasirahouh 8R) Pstig@roér  hydr ogen

over t ho- BkTskby BEKGRCHpl S5t WRCertl B rarE ettt LR 308 o unt
suffi ci enpsiadod Wrhth¥tié\@niaach] %e%am&f&mrﬂﬁ?&ﬁm&%s%{sé&%“ on

stages. The hydrogen m xes with the heteroatomreduced diesel fraction and
reacts w tdacsionrsagessnanbidadiynranige fromaboat3 56-8508F nwithes00eT@0 K beiagyst , to
remove aromatics by saturation, Those skilled in the art will appreciate
that sGnetyRigdly Adeghpressurgsapbiesthg usqof ymaagchve (%ge@obbg/mgrasg be

renoved in the second stage. ;This .produces .a,second, reacii on.stage WO
02/ 31088 ?ﬁ?r S/‘?Ol%%%g?‘i‘?I‘F%S@SPgeg‘?-\ghd‘é?heli%‘ﬁﬁ&s&i"ﬁb‘cﬁ%‘“ﬂaﬂ’* Y di esel
stock progugbstafhiE) o iRouht Rl GFA: ARk iy toreePULSRY. | €SS than
that in the d?gse?ﬁ¥§ac¥$bn ?eeg)infggﬁuceggﬂﬁto t eyre cto%gbia line 24.
It al so produces the hydrogen-rich second stage vapor- effluent, which
after beiqﬁggﬁparated fromthe liquid via s means 16, is passed down into

the firstl t i ohheteams “bydeopsesessingd aade devdrefrending are spmetimesrusidl t he

<t or age, oy o RBRRBAE SRRl e BN Benl BRI Dackage to
form a copR)adepthdarle, vHith Gy dialy ROGedthfY £0bne b?)e ROpRREEEAES, it

may be advantageous to fractionate or strip the purified stock to 10 renove
| i ght endAspisedhetran, kydyotreitiendifers, to st jioages whereanbifesch bé hpdmn addi ti ve
package. I n an enbodi pent in which the vessel. of the invention is added to
an exi stiH@atﬁganriiwdrgeerhcwfé&msﬁr&@r s E9at 4 the j5esgce S5 QRELY AP be and

Ceallv b L D focidi 5 it q q
thot var  SUESE RN Bl A RSP E L e Eor VR s oat®or The

i nvenij onsydh 4s ABAAPRA BltFoded; addfbroBB sRRraeRAHbE XroMBiR sty hjdiegenskilled in
the art without departing fromthe scope and spirit of the I nvention

descri bedSuitahe hydcomeatinggiayslysts indudeany coevetdibriahhydtdieasingpatalfstt he
cl ai ns apﬁended hereto be limted to the exact description set forth above,
but 20 rabhstratings bytponciimypag pramples in¢lade satabyidoryaREsmg of at leastt he

features n e | t.v. whi idesin e i nvention,
Feat s she PRGN BePD LSt iAol Bk Rl B TSR B o
equi val enfef&BLEOL A/dMeSand Kﬁés‘t%@ef'e?al{lg@cﬁrﬁdta@ 13t 6Re GiBup et i ON
pertains. WO 02/31088 -18 CLAI Ms: PCT/ USOLZ-42572 1. A process for
r enovisng inetad catul ptic compouverts paderdbhr Mraand 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



s ull satw~ates ~~om a hydrocarbon feed boiling in the diesel fuel range
conprising: (a) passing said feed and hydrogen into a first reaction stage,
i n which wioa/3nesct in the presence of a catalytically ef fgeijsgaemunt of
a first catalyst selective for renoval of heteroatom conpounds under first
catal ytic conversion conditions, to produce a fu-st stage effluent
conprising (i) aliquid boiling Wthe-dtesel fuel range reduced in

het er oat om conpounds and (ii) a vapor containing vaporous heteroatom

speci es produced by the reaction; (b) separating said first stage liquid
and vaporma$ fleusetlan the sanfie yeashdpptagg waodef iGatalysts ageful fgusaturatihguent in a

"stripping stage to renove gi sso] ved hgteroat.om species produced by said
first sta"B’@"}aglﬁétm%‘H,de nipkeh xodbakignelypdenyrp; piskel-modybdenum, gugkedecond

reaction st er he I pped. lLiqguid.reac ] fre hyer.egen or a
f Zesh_nyBPESEn 4RGP I BT 150 Wabh B sfle/ GG R Lo 530, BHPRET 0,

-condi ti ongoblk MdtiPcAERSRMEn PEulfirSRASIHYe CRihYAL sl &Rt oY rdiRkti@f omat i cs
renoval, to renove aronmatic ctonmpounds and produce second stage |iquid and
vapor sef flemsnvas, wherein said vapor contains unreacted hydrogen and said

|l iquid conprises a diesel boiling-range hydrocarbon having a heteroatom and
aromatics content |lower than that of said feed; 25 (e) separating the

second <Lzl M g? b REh T AT SRR 0 SRR P 25
131 o Aeond Aoyt GRTLAR TS I BB ropmOtsstgos bei o
accor di ngpbiowe chaifrstireatigsrestags aDdcedlimughsfragtehydipgen ef hiydeogensggl | es at
O P is Tntroduced into the'ton of the shbond teaction siage. The aromatvs are
removed by saturation. For many applications it is preferred that the hydrogen
mtroduced into the second stage be sufficient to provide all of the reaction
hydrogen for both the second and first reaction stages. However, in some cases
a source of hydrogen sufficiently low in sulfur and nitrogen may be available
15 which 1s not pure enough for the second stage, but may be useable in the first
stage. In this case, all or a portion of the first stage reaction hydrogen may be
separately introduced into the first stage. This will reduce the amount of fresh
hydrogen required for the second stage. A conventional chimney and tray type
of gas-liquid separation means, or equivalent, may be located between these two
20 reaction stages, with the separated, second reaction stage gaseous effluent pass-
ing from the separation means directly down into the top of the first reaction
stage below, without the need for a gas compressor. The separated second stage
liquid comprises the purified diesel stock product, which now has an aromatics
and heteroatom content lower than that in the diesel fraction feed passed into the
25  vessel for further purification. A pressure differential between stages provides
the driving force for the hydrogen rich second stage gaseous effluent to pass
down into and through the first reaction stage below. The diesel distillate

fraction to be purified or more highly purified is introduced into the top of the

first reaction stage, m which it reacts with fresh hydrogen or a fresh hydrogen



reaction. s 3. A process according to claim2 wherein said first and second
stages operate at a pressure of at |east 850 psia. 4. A process according
to cl ai mowaressn sai d second stage is |ocated above sai edrust/4strage and
said second stage vapor is passed directly fromsaid io second stage, down
ilito said first stage. 5. A process according to claim4 wherein said
stripping stage is |ocated bel ow said. fii.rst reaction stage. is 6. A process
.according to claim5 wherein said second stage contains a catal yst
conprising a noble netal catalytic conponent for aromatics renoval. 7. A

process araPpsl, g theprdsahdd 6f NbuRisnNsédlédtilese dReerohRdaerahswl ®oves
" het eroat om conpounds. 20 8. A process according to claim7 wherein said

first angreduerldesegdsclorreuged imhetarquienempaindst Whes th@sdepnies. 9. A
process according to clai.n.8 wherein.said second.stage vapor., 2s effl uent
Suppl 1 o5 250 BIGSPIG FREHRETG AR oS coqimgat (RSSERE § Smble @ dHelaEvsht om
.renoval . (BZ{P% S - r.adi ng an
exi sting SHP!@& y%gg?tr] @gﬂ- {%gg%él%l\/%@% §t°c%%%??e;°?%)g%6@lg‘%d%&?§eser§géﬁ ion
vesseks, esisltihgnﬁé@l 2¢finias Faciliey frla esfiapyeatid ot mivishl Bf a6 \wddiichal

hydroprocessed diesel fraction, said nmethod conprising: s (a) reacting said
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stage; 29,0 vapor (hereinafter “gaseous heteroatom species™) if oxygenates are present
in the feed. Also, instead of using a second stage catalyst selective for aromatics
removal, the second stage catalyst could be the same or different desulfurization
catalyst used in the first stage, to produce a product liquid having a very low

20 level of sulfur or a mixture of a heteroatom and aromatics removal catalysts.

However, it is preferred that the second stage catalyst comprise one that is

selective for aromatics removal and not heteroatom removal.

[0018]  In the context of the invention, the terms  fresh hydrogen” and “fresh
25 hydrogen-containing treat gas” are synonymous, and may be either pure
hydrogen o1 a hydrogen-containing treat gas which is a treat gas stream contain-
ing 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.



(e) separating said second stage liquid and vapor effluents and recovering
said liquid effluent; and (f) conducting said second stage vapor effluent
to sai d fWwG¢2/3088ge, said 30 two reaction stages and sai d strappii2g7St age
being in a common vessel . WO (12/31088 -21 PCT/USO 1/.12572 11. A nethod
according to claim 10 wherein said second stage vapor effluent supplies at

| east a portion of said hydrogen requi-ied for said first stage reaction. s
"12. A nethod according to claim 11l wherein said first and second stages
operate at a pressure of at |east 850 psia. 13. A nethod according to claim
12 wher ei iImpaittess aodnad HySgad NH{ acaineld sablde and aif présemnd in stgagecaand sai d
second stage vapor, is passed directly fromsaid 1o second_stage, down into
said fi rs&m%lera@,ewﬂhaonwlibébﬁwna&%%ﬁeﬂh@et%eaélgaﬁfhef@rewﬁé% Eiindedhe ot ri ppi ng

stage is locate | saj.d first reagtion st . 1541 A d according
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‘nobl e met@intsat.al skt %&RWU%,TxﬁBreaﬁr@f@%l Sit 1&13PYBout AbvolAeget hod
according to claim15 wherein said second stage al so renoves het eroatom
conpoundshyd26genr. A met hod according to claim 16 wherein said first and
second stages operate at a pressure of at |east 950 psia. 18. A nethod
according to claim 17 wherein said second stage vapor 2s effluent supplies

ool g BRI o bt R o BRBEURIL YL o
cool ed oz sAHABEHE Stakl, WRKHEFDBubEINGS ALt having a lower heteroatom

than the feed. The first stage also produces a gaseous effluent comprising any

10 unreacted hydrogen, hydrogen treat gas diluent, gaseous heteroatom species, and
minor amounts of gaseous (e.g., Cs. and mostly methane) hydrocarbons
produced by the reaction. The first stage liquid and gas effluents pass out of the
first reaction stage and into a stripping stage below, in which the heteroatom-
containing gas is separated from the liquid and in which the downflowing liquid

15 contacts an upflowing stripping gas, to strip out residual H,S, NH; and H,0O
vapor from the liquid. The stripping gas mixes with the first reaction stage
gaseous effluent to form a gaseous mixture, which is removed from the vessel
and sent to disposal or further processing. The heteroatom reduced liquid diesel
fraction collects in a space proximate to the bottom of the interior of the vessel,

20 from where it is removed, cooled if necessary, and passed back up as the feed for
the second reaction stage. If desired, an external gas-liquid separation drum may
be used, but it is preferred that separation occur in the bottom portion of the
reaction vessel. Removing the heteroatoms from the diesel fraction feed first,
enables the use of a more highly active aromatics saturation catalyst in the

25 second stage, such as a noble metal catalyst which would be sensitive to
deactivation by heteroatom compounds, which in turn, permits the use of a less
catalyst for the atomatics removal. Spent hydrogen treat gas, vaporous hetero-

atom species and other vaporous reaction products (e.g., minor amounts of Cs.
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comprises a single, hollow, cylindrical metal reactor vessel 12, containing within
respective first and second reaction stages defined by fixed catalyst beds 18 and

15 14, separated by a chimney-type of gas-liquid separation tray 16 within.
Catalyst beds 14 and 18 respectively comprise the aromatics saturation and
heteroatom removal reaction stages. A vapor-liquid contacting stage 20
comprises the stripping stage and is shown disposed below the first reaction
stage 18, in which heteroatom compounds are removed from the diesel fraction

20 feed. Stripping stage 20 is schematically shown by three stripping trays 21, 22
and 23, although packing may be used in place of trays, as is known. The
heteroatom and aromatics-containing diesel fraction to be further purified, enters
the first reaction stage 12 via feed line 24. The hydrogen-rich vapor effluent
from the second reaction stage is separated from the purified diesel fraction by

25 gas permeable gas-liquid separation means 16 and passes down through into the
first reaction stage. Such trays are conventional and typically comprise a metal
disk provided with a plurality of pipes or chimneys extending therethrough, a
bubble cap tray and the like, which permit the hydrogen-rich vapor to pass down
through the tray 16, and into the first reaction stage below. This hydrogen-rich
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10

15

20

25

reacts with the downflowing diesel fraction to remove heteroatom compounds.
Preferably, most of the heteroatom compounds in the feed passed into the first
stage are removed in this stage. This produces an effluent comprising a liquid
diesel fraction of reduced heteroatom content, along with a vapor which contains
Ha.S, NHj;, possibly H,O vapor, any diluent (e.g., methane, nitrogen and the like)
that may have been present in the hydrogen treat gas, and any minor amounts of
gaseous hydrocarbons produced by the reaction. The first stage liquid effluent
then passes down through stripping stage 20 below, in which is contacts an
upflowing stripping gas, which may be hydrogen, steam, methane and the like,
which strips out of the downflowing liquid, dissolved heteratom species formed
by the first stage reaction. The upflowing stripping gas mixes with the first
reaction stage vapor effluent, with the mixture then passing out of the reactor
vessel via line 26. This gas mixture is then further processed downstream to
remove the sulfur and nitrogen for disposal. The stripped first reaction stage
liquid effluent 28 collects in the hollow bottom of the reactor vessel, as shown.
This liquid is withdrawn from the bottom of the vessel via line 30, passes
through an indirect heat exchanger 32 if required, and then to liquid pump 34
which passes it up, via lines 36 and 38, into the top of the vessel 12, and down
into the second reaction stage 14 below. Preferably, the heteroatom content of
the stripped liquid should be regulated so that the second stage catalyst or
reaction is not adversely affected. Fresh hydrogen or hydrogen treat gas is
introduced, via lines 40 and 38, into the top of vessel 12 over the second reaction
stage 14. The hydrogen is present in an amount sufficient to supply the reaction
hydrogen needed for both reaction stages. The hydrogen mixes with the
heteroatom-reduced diesel fraction and reacts with aromatics in it in the presence
of the noble metal catalyst, to remove aromatics by saturation. Those skilled in
the art will appreciate that some minor amount of additional sulfur and nitrogen

may also be removed in the second stage. This produces a second reaction stage

I 109Ky sdi o () -
11, @10% ()-n\aBP@ 10! 109%& ()- 100/& ()-10%& ()-F @ 109%& () -

:}o



10@10% ()-s010% ()- EJEbC 10! 109%G& ()-1109%G& ()-SF 109G& ()- ,,
109G& ()-3s 109G& ()-Y'&L0Y%G& ()-i E!'!!dEbC

10! f &10%GRO(3$BOYCE () -"! 10%GE' () - 9! f #10%G& () - @ 10%& (Perausoi/42s72
"10%G8 () - ! ! +##$$$$SxnD@ 10! z#10%& ()-Z 10G 10G

10G34&! 1096G& () - My2#109G& ()- +: ! 109G& ()-9)! 1096G& ()-$9& ' :))*z[ Inb@

10! 6" #109%& () - @10%m& ()-! 1@10%& () - z ]70%m& ()-2Z! (<z#10%& ()-Z! 62#10%& () -
ZF A - uj =l 10!!8- #10%<& () - m’I0m 10n8

10%T&’ () - M f #10%&’ () - & @ f #109%&" () - & #10%TK&' () - - . 4/ XOHL1H2ZX6j _

15,150 el SRR b e b

' heteroatom and aromatics content less than that in the diesel fraction feed
introduced into the reactor via line 24. It also produces the hydrogen-rich
second stage vapor effluent, which after being separated from the liquid via

5 means 16, is passed down into the first reaction stage. The purified diesel stock
1s removed from the reactor via line 42. The purified diesel stock may be, for
example, sent to storage, used for blending combined with an appropriate
additive package to form a completed fuel, and combinations thereof. In some
embodiments, it may be advantageous to fractionate or strip the purified stock to

10 remove light ends prior to, e.g., blending, storage or combining with an additive
package. In an embodiment in which the vessel of the invention is added to an
existing facility, such fractionation and stripping capacity may be and typically
is present in the existing facility.

15 ]0021) It 1s 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

20  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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unsaturates from a hydrocarbon feed boiling 1n the diesel fuel range comprising:

(a) passing said feed and hydrogen into a first reaction stage, in which
they react in the presence of a catalytically effective amount of a first catalyst
selective for removal of heteroatom compounds under first catalytic conversion
conditions, to produce a first stage effluent comprising (1) a liquid boiling in the

10 diesel fuel range reduced in heteroatom compounds and (i) a vapor containing

vaporous heteroatom species produced by the reaction;
(b) separating said first stage liquid and vapor effluents;

15 (c) stripping said first stage liquid effluent in a stripping stage to remove

dissolved heteroatom species produced by said first stage reaction;

(d) passing said stripped liquid into a second reaction stage, where the
stripped liquid reacts with fresh hydrogen or a fresh hydrogen treat gas under
20  second stage catalytic conversion conditions, in the presence of a second catalyst
selective for aromatics removal, to remove aromatic compounds and produce
second stage liquid and vapor effluents, wherein said vapor contains unreacted
hydrogen and said liquid comprises a diesel boiling-range hydrocarbon having a
heteroatom and aromatics content lower than that of said feed,;

25
(e) separating the second stage liquid and vapor effluents and recovering

said second stage liquid effluent; and

(f) passing said second stage vapor effluent into said first stage, said two

30 reaction stages and said stripping stage being in a common vessel.
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5 3. A process according to claim 2 wherein said first and second stages

operate at a pressure of at least 850 psia.

4, A process according to claim 3 wherein said second stage is located
above said first stage and said second stage vapor is passed directly from said

10 second stage, down into said first stage.

5. A process according to claim 4 wherein said stripping stage is located

below said first reaction stage.

5 6. A process according to claim 5 wherein said second stage contains a

catalyst comprising a noble metal catalytic component for aromatics removal.

7. A process according to claim 6 wherein said second stage also
removes heteroatom compounds.
20
8. A process according to claim 7 wherein said first and second stages

operate at a pressure of at least 950 psia.

9. A process according to claim 8 wherein said second stage vapor
25 effluent supplies all of the hydrogen to said first stage for said heteroatom

removal.
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which produces a hydroprocessed diesel fraction, said method comprising:

5 (a) reacting said hydroprocessed diesel fraction feed and hydrogen in a
first reaction stage under first catalytic conversion conditions in the presence of a
first catalyst selective for removal of heteroatom compounds, to produce a first
stage effluent comprising (i) a liquid effluent containing a diesel fraction
reduced in heteroatom compounds and (ii) a vapor effluent containing vaporous

10 heteroatom species produced by the reaction;
(b) separating said first stage liquid and vapor effluents;

(c) stripping said first stage liquid effluent in a stripping stage to remove

15 dissolved heteroatom species produced by said first stage reaction;

(d) passing said stripped liquid into a second reaction stage, in which it
reacts with fresh hydrogen or a fresh hydrogen treat gas under second stage
catalytic conversion conditions, in the presence of a second catalyst selective for

20  aromatics removal, to remove aromatic compounds and produce second stage
liquid and vapor effluents, wherein said vapor effluent contains unreacted
hydrogen and said liquid effluent contains a diesel boiling-range hydrocarbon
fraction having a heteroatom and aromatics content lower than that of said
hydroprocessed diesel fraction fed into the first reaction stage;

25
(e) separating said second stage liquid and vapor effluents and

recovering said liquid effluent; and

(f) conducting said second stage vapor effluent to said first stage, said

30 two reaction stages and said stripping stage being in a common vessel.
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. 18?;% (g &I %&él{éﬂlfé@éle(a)st Og/g%& (3f said h}#/t %oéagn(r%qulrecf1 for's&hd first stage

reaction.

5 12. A method according to claim 11 wherein said first and second stages

operate at a pressure of at least 850 psia.

13. A method according to claim 12 wherein said second stage 1s located
above said first stage and said second stage vapor is passed directly from said

10 second stage, down into said first stage.

14. A method according to claim 13 wherein said stripping stage is

located below said first reaction stage.

15 15. A method according to claim 14 wherein said second stage contains

a catalyst comprising a noble metal catalytic component for aromatics removal.

16. A method according to claim 15 wherein said second stage also
removes heteroatom compounds.

20
17. A method according to claim 16 wherein said first and second stages

operate at a pressure of at least 950 psia.

18. A method according to claim 17 wherein said second stage vapor
25 effluent supplies all of the hydrogen to said first stage for said heteroatom

removal.

19. A method according to claim 18 wherein either or both reaction

stages are cooled or quenched to increase liquid yield.
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produced is greater than that for said existing diesel hydrotreating facility.



