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SI NGLE REACTI ON VESSEL 5 BACKGROUND OF THE | NVENTI ON FI ELD OF THE

| NVENTI ON 10001] The invention relates to a two stage catal ytic process
“with stripping, in 10 a single reaction vessel, for purifying a diesel
fuel stock. More particularly, the inve_ﬂtj on relates to a process for

sel ectively renoving sul fur and nitroge conpounds from a di esel fuel
stock with hydrogen, in a first reaction stage, to produce a sulfur and
nitrogen reduced |i qui = hi s it | (M a stripping
stage and passed int g“vgofset{;%ﬁ%% ¥ %t—rr _}Lﬁﬂ?ﬁﬂ@ eacts with 15
fresh hydrogen in tAdDe EREEINGANA L E el —veiﬁ:FME romatics
saturation, to produce a diesel fuel stock reduced in sulfur, nitrogen
and aromatics. The reaction and stripping stages are all in the sane
reactign ﬁﬁ@gGRW%ggﬂggiﬁﬂbﬁqWI ON 20 100021 Many hydrocar bon
feeds use esel tuel stocks contain undesirable
conponents whi ch nmust be renoved or converted to neet fuel

speci fi catgippy O EEE: ROVRRREHS | ncl ude heteroatons such as sul fur,

ni trogen arrg—cwy'g'e—n,——aT‘O‘rm‘tTC—unsatur ates, halides, and netals. In
conventional diesel fuel 25 hydrotreating processes, heteroatom conpounds

and of ten [go@PRt | ThENSMHHA REatePiota HROBIRE datddPtit F)ﬁodeeedviﬂysmmmg,rig it
wi th hydrogen in the presence of one or nore catalysts. Various

convenbi onalingleaeastior: vedst iy fompirifysnghaveesob &l deacdd. oose parianaiyhe
mul tiple vessels as disclosed, for ?xaﬂpl e, in .US li%?t th S, 5, 705, 052;
5, 720, 872;INVENIEY) IEAwes tea progess igsselesivly,reppag yliur and nitrogen

compounds from a diesel fuel stock with hydrogen, mn a first reaction stage, to

produce a sulfur and nitrogen reduced liquid effluent, which is then stripped 1n a

stripping stage and passed into a second reaction stage, in which 1t reacts with
15 fresh hydrogen in the presence of a catalyst selective for aromatics saturation, to
produce a diesel fue] stock reduced in sulfur, nitrogen and aromatics. The

reaction and stripping stages are all in the same reaction vessel.

BACKGROUND OF THE INVENTION

20 _

[0002]  Many hydrocarbon feeds useful for producing diesel fuel stocks contain

undesirable components which must be removed or converted to meet fuel

specifications. These components include heteroatoms such as sulfur, nitogen 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. Vanous conveﬁﬁona] 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.
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-2 10003] Specifications for diesel fuels with respect to such undesp;d%WJNB
conponents, particularly sulfur and nitrogen, and al so aronatics, are
increasingly stringent. Consequently, nore upgrading is required to
reduce the amount of these conponents in the diesel stock to the | ower

| evel s required by the nore stringent 5 specifications. Mreover, as the
availability of clean feeds for produci g diesel continues to decrease,
petroleumrefiners will need to rely nore heavily on relatively high

boi ling feeds derived fromsuch materials as coal, tar sands, shale oil,
and heavy [0P03ks. Spgetiicangns fsidi¢sabfifedeaghrygrectiol snchbamdasinatde gni f i cant
anounts of undesirable.c onents. Refiners nust therefore not only
further | (SOTPRRNRGE, PREIQNATSY SIIBH 20 G50 LR &ls0 S PHALF S 6t ISTERRRSY but

her. congce of undesi.r.abl e

T oaent SEigert sk aRtty O At ieis FORRRM b H iR SR R IRRE

have di ffihboneiehi he didiel 888 ROME lowts JeERE Lﬂ}&ﬁ@ thRABGH Lgkans. a
difficulty that nmay be further exacer%at eg by t?ue pcdorer quality of

avai | abl e speedatibns. I0RPddver aatthe avainbiligsofspandeednfor prodicing \didseh |1 mit
or prevent adding additional reaction vessels, strippers, and associ ated
utilities,CORBPUPHIPeRRSTEasE, RATRewm sefingts ovill mead tqredy maoredieavdy @vel f uel

hydr opr ocessi.n uj nt to.incre t he, purity of the diesel fuel

Y ock T naeauiEn HghRETRg {eBat B85 G Epmonih Biaials 5 obth AR I ORE | <
therefore [ i Al i rd: Ly di esel

f uel stoccﬁ]’ Eﬁ gg’&%ﬁ%#@%n%i&%@@%%ﬁ%@ﬁégg%{E&%‘é‘g@igﬁ%ﬁﬁ?g%ﬂai ty, the
facility' sanpmeotsof uhdeirabrpashionens Roefirtrs wushbigiefbfamamdrile fadbermul ti pl e
hydrotreating reaction _vessels and strippers, for the required

hydr ot'f eat' e e digdevadne! Bgse eempppinigin GesedookrYbutmasElsontgalPREN 10005]
In one e di nent he invention is ocess for renovi het er.oat om
compounds TEFHH B e biEBe AR TP A e o eS8 cOBRoBER SetrveBBPRrng | n t he
di esel fUueliedeRNY8s tRRIBNS $AI6es may therefore have Gifficulty meeting increasingly

saingent diesel specifications, a difficulty that may be further exacerbated by the

poorer quality of availabie feeds.

|0004]  Factors such as space constramnts, which limit or prevent adding
additional reaction vessels, strippers, and associated utilities, may impede the
construction of new, grass-roots diesel fuel hydroprocessing equipment to increase
the punty of the diese] 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-
gon capacity, or both, without having to add multiple hydrotreating reaction

vessels and smppers, for the required hydrotreanng reactions and stnpping.

25 SUMMARY OF THE INVENTICN

|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:



0 7 APR 2005 (a) passing said feed and hydrogen into a first reactiofh7 APR 2005
stage, in which they react in the presence of a catalytically effective
anount of a first catalyst selective for renoval of heteroat om conpounds
under first catalytic conversion 5 conditions, to produce a first stage
effluent conprising (i) a liquid boiling in the diesel fuel range reduced
i n heteroatom conpounds and (ii) a vapor’ contai ning vaporous heteroatom
speci es produced by the reaction; (b) separating said first stage liquid
and vapor effluents; to (c) stripping said first stage liquid effluent in
a stripping stage to renove dissolved heteroatom speci es produced by said
first stage rea@a)i passifgldaipdssd agd baibgsn intopelisstirqastdn sege.answbshd
reacti on stage, where the 15 stri pped qu%igd_reacts vvia.h resh@ry?rogen
or a freshbeydeasyen the presensgsolimerinlybsalbn aHse BYe 2B0URF P RAUSHATERNST on

conditions, ., in t resence.,of a second cat al [ onmatics
removal , t814CE¥EJEr g?%ﬁﬁ%i‘ﬁ@&%%@%gogﬁﬂ%&%ﬁ%% ﬁlgag%{r?hﬁ% Iég%v%?]gg?d and
vapor effl ' [ e R ; iy dApap itk sai d
l'i qui dgcoﬁ%ﬁpﬁs%%ns\g@(g?gds@@%oﬁs?%gé gnge hfgrﬁgjggﬁjg%@%g\lﬁ‘ﬂg a ZOQhet eroat om
and ar omatdiese] F9AL@ALe FeWRed ihABirbabmoiompbehdead (i)e) veppacaitamgg he
second stage |iquid and vapor effluents and recovering said second stage
liquid ef hlapentys beter@5orpfspepas prodposdiby bhegerdit age vapor effluent into
said first stage, said two reaction stages and said snipping stage being
in a common vessel. 10006] |n another_ enbodinent, the invention is a

met hod for upgr@i ngpamtingstigifinysiagedgrichynrt vepAAIHNE Saci 1ity conpri si ng
- one or nore reaction vessels, 30 strippers and associ ated equi pnent and

whi ch ’Broduces a hydroprocessed diesel .fraction, said.method conprising:
0 7 APR 2005 (a()c)rémlwgS@difaswa%bﬂw@e%f@@enmne%éF’HHla%FFB&‘F P&H A fd

hydrogen '$sBIved heteroatom species:produced by said first stage reaction;

(d) passing said smpped ]iqui& into a second reaction stage, where the
15 swipped 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 iiquid and vapor effluents, wherein said vapor contains unreacted
hydrogen zﬁad said liquid comprises a diesel boiling-range hydrocarbon having a

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

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

said second stage liqmd effluent; and

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

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

[0006)  In another embodiment, the invention js a method for upgrading an
existing diese] hydrotreating facility comprising one or more reaction vessels,
36 stippers and associated equipment and which produces a hydroprocessed diesel

‘fraction, said method comprising:



first reaction stage under first catalytic conversion conditions in QKAPR7W5
presence of a first catalyst selective for renoval of heteroatom
conmpounds, to produce a first 5 stage effluent conprising (i) a liquid
effluent containing a diesel fraction reduced in heteroatom conmpounds and
(1i1) a vapor effluent containing vaporous heteroatom species produced by
the reaction; (b) separating said first-4stage |iquid and vapor effluents;
to (c) stripping said first stage liquid effluent in a stripping stage to
remove dissol ved het eroat om speci es produced by said first stage
reaction; (d) passing said stripped liquid into a second reaction stage,
in which it 15ajepxdcsinpistidl livdreprdeyskedghesedfraatbndstd aydhydegenrsat gas
under second stage catal ytic conversion conditions, in the presence_.of a
second catfusyEsacien stageumden firstpatalus eenveasion sionditipnsdpdhe PressREe pEa

conpounds and produce second sta i qui d. and vapor .effl uent ein
sai d vaporf?ré? ?*F‘ﬁg’ﬁ{ S@B?H‘% I??s‘ TEWng'c?}e'aﬂ%fH@mgw fonv HOCPII%BH?J? a\?g?# | uent
cont ai Bs J o€, Ll nge- A aiBﬁ% [ ' a

het er ogt o%‘ edagblgﬁgﬁﬁc]gﬂ%%%{@%ﬁ n?‘%&e@?ﬁ@#ﬁat Qgglghﬁﬁ%%pr ocessed

di esel fraedbcyd ingtbténdators Renfpounlls hRA () DRasdragdnesedorepangvapgronai d
second stage liquid and vapor effluents and recovering said liquid

ef f| uent ; hetaetoa®ng spewenprosiuiced by dhelreasbond st age vapor effluent to said
first stage, said two reaction stages and said stripping stage being in a
common vessel. 0 7 APR 2005 -5 BRI EF DESCRI PTI ON O _THE DRAW NG 10007] The
Fi gure schemat i(bal bsparpting saidifust slage budiangrapcsefliverdbpodi ment  of the

invent%on usi ng two cocurrent, downfl ow reaction stages and a stripping 5
stage,!’all in the sane.vess

el . . .
(¢} stmpping said first stage liqud effluent in 2 smpping stage to remove

dissolved heteroatom species produced by said first stage reaction;

{d) passing said stripped Jiquid into a second reaction stage, in which it
15 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
aroratics removal, to remove aromatc compounds and produce second stage
Iiquid and vapof effluents, wherein said vapor effluent contains unreacted
hydrogen and said liquid effluent contains a diesel boiling-range hydrocarbon
20  fraction having a heteroatom and aromatics content lower than that of said

hydroprocessed diesel fraction fed into the first reaction stage;

(e) separating said second stage liquid and vapor effluents and
recovering said liquid effluent; and

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

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



DETAI LED DESCRI PTI ON 10008] The invention is based on the discovery 8f7 &R 2005
hydr opr ocessi ng process to enploying a single vessel having two catal ytic
reaction stages, with interstage stripping in a stripping stage, for

removi ng het eroat om conpounds (hereinafter "heteroatons”) and aromatic
unsaturates (hereinafter "aromatics") froma diesel fraction. Each
reaction stage produces both a liquid afd a vapor effluent, and enploys
cocurrent downfl ow of the diesel fraction feed and hydrogen reactants. 15
By heteroatons is neant primarily sul fur and nitrogen, although oxygenates
may al soBRIEFeRBSERIPIHEON OF ThiE PRAWIAR@OmM conpounds in the feed are
renoved in the first reaction stage, which conprises a catal yst selective
for heteroatom renoval. 20 10009] In one enbodi nent, the second reaction

or ot . A" of ThEE T BseheRafcnly TubRaues AV MfaRahllt i SmpdRERT o7
l'iquid angf ﬁ?&pﬁfveﬁﬁ% &gn WP GRfdht, d(ﬁgﬁ?b»@’}e%tﬁﬁ?stﬁg& SRPakHRdAng The

|l iquid and vapor e s forned I1nt Irst reaction stage "are passed
into the §ﬁag&pﬂilﬁygﬁ&tmvéggel_he stripping stage, the first 25 reaction
stage vapor, which contains nost of the undesirable heteroatomreaction
products produced by the reaction of the feed with the hydrogen, separates
from: themm stripped of dissolved heteroatomreaction
products A R ottom of the vessel, fromwhich it is
removed and then passed as feed up into the second stage. The heteroatons
renoved in the first reaction 0 7 APR 2005 stage formprimarily H2S and
NH3, some[@festhi ciheleveiaaat veskd on tiedittavaiy 9f adsydrbpiguishing brocess .
Stripping the first stage liquid effluent at |east partially renoves

t heseldi ssuipleyingpesngls Wrssadhwving two cataliiist redcon sWECS SKBRANSTHRRE | n the

trippi t , .the d flow first.st | iquid effl fact
Sul t abl 6 SBHEIE ARG RDRE SPitg yAEmoAP AR s i e e cond
stage by «SALUSALIA® Wd oA OgaRmurIng (B8Rt aRSnhiic) e deagous

effluents are _ )
fraction. Each reaction stage produces both a liquid and a vapor effluent, and

employs cocurrent downflow of the diesel fraction feed and hydrogen reactants.

15 By heteroatoms is meant primarily sulfur and nitrogen, although oxygenates may
also be removed. Most of the heteroatom compounds in the feed are removed
the first reaction stage, which comprises a catalyst selective for heteroatom

removal.

20 [0009) In one embodiment, the second reaction stage comprises a catalyst
selective for removing aromatcs, heteroatoms or both, and preferably one that 1s
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 hetercatom reaction
products produced by the reaction of the feed with the hydrogen, separates from
the Jiguid. The liquid is stipped 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



separated. The second stage liquid effluent conprises the heteroatoanMWR2W5
aromati cs reduced feed, which now conprises a highly purified diesel stock
product. The aronmatics renoval catal yst reaction stage, or second reaction
stage, iois preferably located in the upper portion of the vessel, above
the first reaction stage. Renoving nost, of the heteroatons fromthe

diesel fraction feed in the first reactfon stage, enables the use of a

nore active and sul fur sensitive catalyst, such as a noble netal

ctage’ts prareld POFERY Y I LD, SRe AT SR &% GSRRYE i stdpBP "
first reackign chags: Sppsle MEdnol LagE LigaiPLARIR: # RafSN:RPRERbOSt at a

relatively OW pressure, e aronm saturation 1s ‘preferably

achi eved aheké gireslvedrspesies deford heiseindactedhe thogpoatiatage! Inithh pressure
for aromatics saturation, the present invention provides an ideal add-on

to an exi sitiippingostage, dbs downdlossnp firkystage heaid efffupntenntagts aguaiablee a
product liquid of greater purity while reduci 0 i nvest ment, _cost by
addi ng Sor ‘#@Jﬂ)‘l"é{m BRINS &a%i’%\@"éa‘?fésf‘éél"‘?mﬁ?ﬁ@f?g} ﬁ*hséca?é§gﬁegef Yact i on
cont ai ned |J f e e - ' as not
been previgguslagggr‘g@ggggfoo ég?' tﬁeaﬁgghggfaégﬁﬁﬁ@%gﬁgrggg{og )rkq:%]\gghfrgghngve

het er oat on&papdedr TRBlseESnd SHagé liqiRYeffReANEoMPliSes thehetdroandy abden at 25
| east parti gl ly refined and purified, with respect to heteroatomrenoval,

aromat i cs arenmatas reduceddiehd, whithmeyw comprides e dighly puodiedndieselstodlg di esel
fuel plant, fromgﬁtorage_(tankalgqi)@ég both. While the preferred process
and vessel Progigt hbhe AmRies emqvat Felabist THRU0R SIAge: §F STCoRd T62FRY7 fY88yst em

or plapt, ..increase > L1y, - I ..d1S t‘l%acrn-hheybe
used t[cz)) atlslpégéefaﬁéf_]g\é’%gg%g%%%gggﬁ?ﬁg?gluer\lz%s?/élbfig%ﬁéeﬂggge? rgct I on,
t 0 producesggdTORemdVAY yndat bf tHesikteloatdms filogn fiRedic s fraction fegérih the
specifications requiring |ower levels of heteroatom conpounds and
aromat i cs fusameartionendgey eabbley thopsoaies siong apgyvhand selfpr sensitve eatlvslie. | n
one enbodi nepnt, th prodest fg{rrrefd gg:ferﬁad to herein as %Purified 5
stock”. " BUERCBRRAPIE aFtal gtaliel. 10F Blaser ond yes RSB PPmaics em¥ahi ng,
conbi ng The stripping stage is preferably located in the bottom of the vessel, below the
15 first reaction stage. Diesel hydrotreating plants are often operated at a relatively

low pressure, while aromatics saturation is preferably achieved at higher

pressures. Therefore, when operated at high pressure for aromatics saturation,

the present invention provides an idea) add-on to an existing low pressure diescl

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 10 increase the capacity of an existing system or plant,

increase product punity, or both, 1t is preferred that they be used to at least



with an additive package, or both, to produce a diesel fuel. By di esd7 APR 2005
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 all three stages provides an econonically

advant ageous way of inproving the purity to of a diesel fraction produced
by existing hydroprocessing facilities;/to increase the refinery capacity
for diesel stock; to provide a high pressure unit to a |low pressure
plant; and conbi nations thereof. 10011) In one enbodi ment the_invention
conpr i sesingremsodes puspbbiierdjesakldracisny wapnoduae stmgadughly puwbed pek,

het er oat om conpounds and aro i C. unsat ur.at (ﬁs jr?m Z“nf ﬁq conprising a
hydr ocar BEiMEBFSIPOrS BFREEBE FRGGH AN ONAECHIBEE| OPEEIENE Bg.ee Br ocess

conprises; (a SSi the.f j £ (o t age,
- wii o corpbORR Rl oo EROEh PRl B Sk L OBS P PEL
renmoval ofcHi8ler RRb L MBORAHES thel roBhOdfesmed (Téfered 36 hgreirtab|"parified
conprising (i) a hydrocarbon liquid boiling in the diesel range reduced

i n hetser osatbcktl, Cohgpadundk” aord” diesel sockipmry beorsedifor,rgg.y bpmdng dosmipgat om
speci es produced_ hy the reaction; 25 (b) sepgr at i gllt e fi r?%r st.age liquid
and vaporwihfanadigve pagkage; ppBpihy 1@ REOGUCE & 1§‘f%ldtg i videsef FRGBAR 5 n a
stripping stage t mov-e_ di ssol wed,.het er,0a i y the
First st apeercant fish B tign goReaRy S Rng iy VRS PHOREF R RRAHERRIeRY, "7
a second i j 1 i ) i &4 elnytomene o a
fresh hydlécggghi ﬁ%%agﬁ?ﬂ ﬁ%ﬁ“ﬁ?g'sgms%fﬁlg? E]?é{e;ﬁé}sgtl effective for

ar omat i csthi@npraats piown denany ecaronmailly adeanages wayl of poponasg ske pudtyst age

| i qui d and_ vapor effluents, wherein the vapor affluent. 5 contains

.5
unr ealst edofry dresgbfragthen preduced by ésing: hxdropEEsuBe f2¢iliBEs SIOIBRTRYi ng  a
het er oat o

i tent | t han t f : ,
separatin egg g@g%‘i@ﬁg ﬁggltﬁ‘aa&wﬁé %%%@F a@époéﬁésgf%&%ﬂ%gg%” ng

pressure plant; and combinations thereof.

[0011}  In one embodiment the Invention comprises a process empioying two
15 reaction stages for removing heteroatom compounds and aromatic unsaturates
from a feed comprising a hydrocarbon distillate boiling in the diesel fuel range.

The process comprses:

(a) passing the feed and hydrogen into a first reaction stage, in which
20  they react in the presence of a catalyst selective for removal of heteroatom
compounds, to produce a first stage effluent comprising (3) a hydrocarbon liquid
boiling in the diesel range reduced heteroatom compounds and (ii) a vapor

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

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

dissolved heteroatom species produced by the first stage reaction;



the liquid as diesel stock product; and 10 (1) passing the second stg5$$szs
vapor effluent into the first stage, and wherein the two reaction stages
and the stripping stage are all in the sane vessel. 10012] The second

stage vapor effluent will preferably supply at |east a 15 portion of the
first stage reaction hydrogen required for the heteroatomrenoval.

Further enbodi ments include the second ¥eaction stage | ocated proxinate

the top of the vessel, with the first reaction stage |ocated in the

vessel below the second  reactiqn. stage, and the stripping.st l.ocat ed
bel ow the firstdr d@éﬁméﬁhéﬁﬁﬁé’.ﬁdIltqq“gmtﬁrae?feéPP‘é&eﬁcl’?QP ﬁ?@?%ﬁﬂgh Heacti on

| | g th i
Sut fur  SoRaF vah fEshdbteod Goa e pSbrqdtn kAl Bas. G pE PR Eoc BFED 06 7
the SECO“&@@%P&&?@&@A P’o?.tatrg??%ﬁ% FAGRAIPA R eitbaie lcopijciaids vd  or

het er oat om and nitroge renoval or a m xture of "het eroatom and

ar omat i CspiAwey dkcdirt abysliguidind Vagairefiieente whelieie tesvapue laffieent nobl e
nmetal catalyst in the second stage for aronmatics satur%’ on gr}g pperating
t he vessetorshina 2Sequted budwesh aad the iguidperaprigsoe pisisel SIOCEFEVEIR vy at

| east 950 psia, for -npre efficient aromgtics reppvgl..This is a preferred
enbodi nent ! eletfoﬁ"@“hil%%téqﬂsr%te"c‘H‘é\”e?ﬁ@"‘f‘g@d‘)%ﬁlﬁ%’e a di esel fraction
that has been at |east partially treated for heteroatomrenoval. Still
further enbodipents include the presence .qf ane _or L ndi heat
exchange cool i &3 SRAFHES ?ﬁ"gcqnﬁ ﬁ?ﬂ%ﬁ‘ﬂmgrm@o‘faﬁ% §4c %@?\%ﬁ%&%@g’? i f
needed, fgQr ﬁﬂp r.ai: t184u@Ndpgo maximze liquid yield. Astill 07
APR 7005 ﬁlngli r ﬁaé?jtlggr%agg)?ﬂ rxlft8 t|;an:| uges adding all of the reaction
hydrogen as fresh hydrogen into the second stage. In this enbodi nent, the

for the iret Faabr R Vo e her enpodi ont . the
i nvent i onwherainitseswa remtdumcstiges andphe atipmnastaggiase Al gn dhesane vessel.
hydrotreating facility or system conprising one or
[0012]  The second stage vapor effli.om will preferably supply at least a
15 portion of the first stage reaction hydrogen required for the heteroatom remova).
Further embodiments include the second reaction stage located proximate the lop
of the vessel, with the first reaction stage located in the vessel below the second
reaction stage, and the stripping stage Jocated below the first reaction stage. It s
preferred that the second reaction stage comprise a catalyst selective for
20 aromatics removal, such as a sulfur sensitive noble metal catalyst. 1f desired, all
or a portion of the second stage catalyst may also comprise a catalyst effective
for heteroatom (sulfur and nitrogen) removal or a mixture of heteroatom and
aromatics removal catalysts. Still further embodiments include a noble metal
catalyst in the second stage for aromatics saturation and operating the vessel at a
25 pressure of at Jeast about 850 psia and preferably at Jeast 950 psia, for more
efficient aromatics removal. This is a preferred embodiment. It is also preferred
that the feed comprise a diese] 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 hiquid yield. A soll



07 APR 2005

nore reaction vessels, strippers and associ ated equi pnent and produces a
hydrotreated diesel fraction reduced in heteroatom and aromati c conpounds,
whi ch conprises the feed for the upgradi ng, wherein the nmethod conpri ses:
11) (a) passing the hydrotreated diesel fraction feed and hydrogen into a
first reaction stage in which they react in the presence of a catalyst
sel ective for renoval of heteroaton1coﬁﬁounds, to produce a first stage
ef fluent conmprising (i) a liquid diesel fraction reduced in heteroatom

t_comrisi i on i
o oduced bynsembade OR nolpfeuirRa e RS HATCISRE M B0 and vapor
rodused BYPHRRREEH S RET Y Hhecs
Ctage to PYaeh SPBICRshOE siaky o ThESRuIdf B MiARackiney BheopRP L 9

stage r _ea%f,dgewapwmnmmﬁ aflfRe Al qHeadehbied for theGirat fFR@EBA staRCti ON
stage, in ichit reacts wth ffesh hydrogen or a fresh hydrogen treat
gas, in the presence of a catalyst selective for aromatics renoval, to

renove aromati c conpounds and 25 produce second stage.liquid, and. vapor
ef f | ueht s |O0WKEr ei I Yeiea Duper eatodirapnt, e HNVENASD EOFEIEEE @ TR h and the

l'iquid conprisgs a diesel fractiqn having.a..hetergatomand aromatics
cont ent | GREFAGR A7 SRS IE 10 My R OPEdAEHN Of SuSIPH GO PHSTE o7
reaction n b 095 i e liquid
and vapor %@?ﬁﬁ%ﬁ?%ﬂ gﬁsge%égc}%\?gﬁgngg@%éhgaﬁﬁ%ﬁggéﬁgf gﬁ??ﬁ%ﬁ&pr oduct,
and (f) pas8ragedié@ drgelohsctidmgduvedds hetefdatemt aridirontdie dampoursdsage,
wherein 5 the two reaction stages and_the stripping stage are all in the
same vessethichsampmseeihe fené fv%g@élpgli%@ﬂgeé’lheéﬂiﬁéhe msthef CAmPTSED| aced a
vessel in, an existing hydrotreating facility. 100141 By upgradi ng an
exi sti'fg di esel hydrotreating systemor facility is

(a) passing the hydrotreated diesel fraction feed and hydrogen into a first
reaction stage in which they react in the presence of a catalyst selective for
removal of heteroatom compounds, to produce a first stage effluent comprising
(i) a liquid diesel fraction reduced in heteroatom compounds and (11) a vapor

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

(c) stripping the first stage liquid effluent in a smpping stage 10 remove

20 dissolved heteroatom species produced by the first stage reaction;

(d) passing the suipped liquid into a second reaction stage, in which 1t
reacts with fresh hydrogen or a fresh hydrogen treat gas, in the presence of a
catalyst selective for aromatics removal, to remove aromatic compounds and
25 produce second stage liquid and vapor effluents, wherein the vapor effluent
contains unreacted hydrogen and the liquid comprises a diesel fraction having a

heteroatom and aromatics content Jower than that of the diesel fraction fed mnto

the first reaction stage;



10 neant (i) reducing the heteroatom and aromatics content of the 07 APR 2005
hydrotreated diesel fraction, (ii) increasing the anount of diesel

fraction that can be processed, or both and preferably at |east reducing

t he heteroatom and aromatics content of the diesel fraction. The further
enbodi nents referred to above also apply to this enbodi nent. 15 10015) As
di scussed, the feed for the present pro®ess conprises a hydro- carbon
fraction boiling generally in the diesel and jet fuels range of from about
400F to 650F, which may or may not have been previ o;g | y hydr,otreated or

ot herwi se pr océs)s s¢pamatingithey sceand dage ligwdandatanes € fi&“ﬁé@ﬂdirﬁc‘?%nt ext

of 20 theinvention, a.diesel stock s a diesel fraction which has been

e
hydr ot rea lq‘él'@(f’érqa?ﬁ?&)“t%ﬁtmga'b?to@é s of the invention, at least with

respect to heteroatom renoval and preferably reduced in both heteroatons
and aromatics. Jt is. preferre 0 use an I t i i.ned

di esel fracti orgba?atsﬂﬂgfléeeﬁectoggt 2ec W&’?Sﬁﬁ% tﬁﬁg) t\}/lgggrtét Et(%ég’tﬂggl:e%enti on.
The su] fug, c - ' =t d HeKsangeded¥RY, andry, but
wil | t%/pi ([:haﬁ Wﬁ%&g%é@%@% ﬁgﬁﬁ%aﬁ\@%{% és)tggfgérrezgll?lﬁt heS for?n of various

sul fur begerginGREResteIEafbebPiddicd bbby hheaplidedmn YdGelppanabusteig fur. The
nitrogen content of the feed will range fromabout 20 to 1000 wppm

respect i vhygrarmtpgdéehgbl y no nore than 300 wopm By way of an
illustrative, but nonlimting exanple, the respective sulfur and nitrogen
contents of a diesel 0 7 APR 7005 -11 fraction that has been purified

di h : d ' - 100
o 10- 080G BUIBERRIDS ab Ui BN By BRI sl B iy 15 100 PP
feed. ;ghe padani Piréwh e tHeSRaEiRlomtadesoimatitheomensef therhydretreptedct i ce of

the present invention are operated at substantially the Sang pressure. 5
Thi's pressigsel fragtitre (i) mereasivg e aponptefsdigsed frctioadlat $AMPS00 psia, but

Dsi b rr Brocessed, of bol d preserably atfeasiYealcRp e HeferShiof afAmARIU 850
content of the diesel fraction. The further embodiments referred to above also
apply to this embodiment.

15
[0015]  As discussed, the feed for the present process comprises a hydro-

carbon fraction boiling generally in the diesel and jet fuels range of from about
400°F 10 650°F, which may or may not have been previously hydrotreated or
otherwise processed to remove at least heteroatoms. As used in the context of

20 the invention, a diesel stock is a diesel fraction which has been hydrotreated
according to the process of the invention, at least with respect to heteroatom
removal and preferably reduced in both heteroatoms and aromatics. It 15
preferred to use an at least partially refined diesel fraction as 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 illustranve,

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



preferably at |east about 950 psia and still nore preferably at IeasQ'“\PRmﬂ5
about 1000 psia for aromatics saturation. The reaction tenperature in the
first and second reaction stages nay broadly range from about 350-850F,

wi th 600-700F being 10 typical. A high pressure enables the use of a nore
active (e.g., noble nmetal) catalyst, as conpared to a |l ess active (e.g.,

ni ckel) catalyst, which would require "a substantially greater anount of
catal yst and concomtantly |arger vessel. (0016) The terns

"hyd i ng" "hyd ting" ' . ly.
Honever, SraBBEEG g T A aRing b Ta UL S eSS epicn BIBPTVERNT Y
howeve! ! X _ R (o)
ner o1 . TTES o D e < 8 Y P e By i o

treat ed qﬂqn@]'rgy@veq)g@m@ﬁﬁaaimemﬁp{jﬁgtmﬁa&awmuagm irhthepvesseinoghef one
or nore suitable catalysts primarily active (selective) for the renoval
of het er qahctiee oPMhegmesenasnenitionrare aperatdd atogdatangalyrbe SEme WGt i on of

aromati cs_by hydrogen. . Suitabl ydrotreati cat al s i nglude any

conveﬁti&iﬁﬁpﬁ@ﬁdﬂmméﬁtbierﬁgﬁéﬁ%@?& WP"FSISP{?S‘E&EP? : %@q Pﬁ'&nﬁﬁ ﬁi‘?i ng

exanpl es inglu cat al S._conpri si I QNes | netal

cat gF yti &TE t@rﬂ?”ﬁﬁ#‘%?’ﬁ%ﬁ aﬂ?% gnog{aﬁli];&%r%r%lr)% pr@geilﬁl’gm\%ém and/ or

N, and f}}}éfermglgfa‘%ﬁfi%k ¥b&9?9@\7vﬁsi§tanﬂ%§§tm&'&%ra@hlﬁly\/ﬂt 125stnadoat 1000 al yt i c
t, e d

conmponen pr rably Mo an nore preferably Mb, on a high surface
area Suppmid foredremiaics saednoas Bheirdaotion @rhperasuietinihe fiagiaret se€aping

FRRRA LRGN TN EOE N I ERIEN M
ydr ofr edYPHG o BED Ao X PR Gons P ST Rap Bk ARk R phBRneE, VRT on
conal t e A e e S el unbet on and nobl e motal
(e.g., platitsumtaly/ geatpabiradnuoy catalyat ysd sonairitanthe largebvessebt al
catal ysts being sulfur sensitive, but nore selective for aromatics
[0016]  The terms “hydroprocessing” and “hydrotreating” are sometimes used
15 synonymously. However, hydroprocessing is regarded by many as having a
broader meaning; which includes hydrotreating as one type of hydroprocessing.
As used herein, hydrotreating refers to a process wherein a feed to be hydro-
treated and a hydrogen-containing treat gas react in the presence of one or more
suitable catalysts primarily active (selective) for the removal of heteroatoms,
20 such as sulfur, and nitrogen, and for the saturation of aromatics by hydrogen.
Suitable hydrotreating catalysts include any conventional hydrotreating catalyst.
Illustrative, but non-limiting examples include catalysts comprising of at Jeast
one Group VI1I metal catalync component, preferably Fe, Co and Ni, more
preferably Co and/or Ni, and most preferably Co; and at Jeast one Group Vi
25  metal catalytic component, preferably Mo and W, more preferably Mo, on a high
surface area support material, such as alumina. Other suitable hydrotreating
catalysts include zeolitic catalysts, as well as noble metal catalysts where the

nobie 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 hvdrotreating catalyst



5 removal . 100171 In one embodi ment, the aromatics saturation catal y&f APR 2005
reaction stage, or second reaction stage, is preferably |ocated in the
upper portion of the vessel, above the first reaction stage.

Once-t hrough, fresh hydrogen or hydrogen treat to gas is introduced into

the top of the second reaction stage. The aromatics are renoved by
saturation. For many applications it i& preferred that the hydrogen

i ntroduced into the second stage be sufficient to provide all of the
reaction hydrogen for both the second and first reacthﬁg st ages. However,
in sone cadebe uaedbutheesapie MpEROYSREE OF ZPBE-c MAFIYFIEWSER 0 FaiPraing

nitrogen nmay he avail abl 5 ich.is.,not pur nough, for th econd
stage, b@©° Vcﬁé’ﬁ‘é‘i%ﬁﬁcgeﬁﬁomé'nf“i"]yg@en%’a@'éﬁelﬁwDyﬁf%engggé?%I or a
portion qf fi t react]j ; algiythent r oduced
i nt o_the?\‘ul]éés?gn%%'gglépftlﬁllggal\&ggl’td#%@u@%ﬁ%?}ﬁoﬁgﬁl_t fc?:t?@?ﬁ' hyo!rggen

requi red pfodlle hie@alS@eAVE s eafesulfirGenyant | Bahorhidiaivediod akoraytitype  of
gas-liquid separation” means, or equivalent, may be | ocated between these
two 26 reembivah stages, with the separated, second reaction stage gaseous

ef fl uent pass- ing fromthe separation neans directly down into the top of
the first reaction stage below, w thout the need for a gas conpressor.

The separ, second st . Liquid I g t i ck
oroduct - 1 Eh° nthe EhRRimshEr CaSiss 3huhith Bl fciofidaes o2l
that in ibeoth falioh shikl ANpfHbRASEALL il e biferdforienslihi aesdelir ther
purification. A pressure differenfial between stages provides the driving
f orce foraboke tw firagesctidcitage cOnde-shragehgfresiohydeigen wedry dreggmgsat down
into and through the first reaction stage bel ow. The gi esel distillate

f r actiPon 2es ipenmRiuced detoghe iep 61 HegHcond EF3HoBES RS hbF BIRTERYCS HEo the top
Fresh hydPBQRROSS b t08 o iy Spafitalibnd FE prefblrbd ARG rUERCT ©" °
o BT G el paksnatieed |
one enbodiyviengen fdrebaub ¢hofecandianglfest madneristages.e Hpwever, mn some cases
a source of hydrogen sufficiently low in sulfur and nitrogen may be available
15 which is not pure enough for the second stage, but may be useable 1n 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 chumney and tray type
of gas-liquid separation means, or equivalent, may be Jocated between these two
20  reaction stages, with the separated, second reaction stage gasecus effluenr pass-
ing from the séparation 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 Jower than that in the diesel fraction feed passed into the
25 vesse) 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

{irst reaction stage, in which it reacts with fresh hydrogen or a fresh hydrogen



smal | and space efficient reaction vessel to be added to, or repl aceaaz APR 2005
vessel in, an 5 existing diesel refining facility in a  refinery, and with

m ninmal or no additional gas conpression capacity. The choice of catalyst
is not critical. For exanple, nickel or nickel and nol ybdenum or any

ot her sul fur and nitrogen renoval catalyst may be used. While all of the
first stage reaction hydrogen may come!*fromthe second st age vapor
effluent, all or a portion of the hydrogen for the first io stage may be

separately added directly into the first stage, This may be useful in the
case in v%‘?%h%aé’ Wohe JEeHmeR %r”&@ Yfrtsgd}&ai"f:g%‘i Bemaiw,“ ’éﬁ]q\’ lﬂrHS’t pure ough
for the t ' t |

conbi ned TP805ed FFH SSARIEERSIRHMAbN R cOREoIRE, Imtriinchbeaes
the firsiregragif ey g%wnhyfn MdeAbbaiRgan, RNl -a sihgleNgh@relRtOEN are
typically 15 renoved” as gaSeous heteroatom speci es conprising H2S and NH3,
al ong wi tdmalHafmd sppoy efffveeraireationrves g 1o besaddetigo pait repl apecyest) i, an

oxygenates are present. .in_the feed. A so, instead of using a _s,ecogd st age
cat al yst @dstang figselwiningfastlitydn aefinen), and itk supiaakerpeaedimgkt coul d

be th diff. t d furi zat i I X et fhrst .

tage, | RIS oAt | TeLPAORGoF Rl & Yo ol FREERTIPILL (e or
ge, 10" K i T fur

I L e U R A R g R s SR

for ar omedatalysr @ap\belusadd While bR tofnbafiosnstgeneattiod BOd@gehmaineoment ext of
the invention, the ternms " fresh hydrogen" and "fresh 25

hydr ogen-fomt tiesepepd plege vaperefinent gHomapersionaidhady drges; tosdhe Haste

hyd h - t aj,ni t t ich i -t t.

cont ot sties R isomRar e Cap decty SedBF [0Sk et cRBisiBR Pra sl dRdea
react | onplcts: 0f DALch S35 0F oPBSARRS Sail L SARER Wil LoBBbrdy O ocar bons

such as net hane ersely interfere with or affect either
t he reactdnomghdor thesqeond 4odes .arOmidPRuULRon; by gpeerd HoBsNIHsuoh as H2S

and NH3 are undesirable and, if present in significant )

combined H;S and NH; content low enough not to adversely interfere with the
first stage feed sulfur and nitrogen removal. The heteroatoms are typically

15 removed as gaseous heteroatom species comprising H,S and NHs, along with
H,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 desulfurizanon
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 catalvst 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 or a hydrogen-containing treat gas which is a treat gas stream contain-
ing hyvdrogen in an amount at Jeast 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.



anounts, will normally be renoved fromthe treat gas, before it is f%&APR?UM
into the reactor. The treat gas streamintroduced into a reaction stage
will preferably contain at |east about 50 vol. % nore preferably at

| east about 75 vol. %5 hydrogen. 10019] Most of the heteroatom conpounds
are renmoved fromthe feed in the first reaction stage, which produces
liquid effluent having a | ower heteroat¥m than the feed. The first st age

al so produces a gaseous effluent conprising any to unreacted hydrogen,

of " gaScoulmPRHEES tesh ahia:Sml NF it NEHEYTIRRABLGH BEEn B GBLMI by 1 ho
tion. | LS I gui f : first
eacti on vagats, A ORI PHislo A OIS Sepb BN BoRORR e atnd DR, Lt o

cont ai ni NgeA3a%. | Thé §Ra @dsedrdahPMidiRckd Sitbd RBELdMstube lilltgrefedablyf | owi ng
liquid is contacts an upflowi ng stripping gas, to strip out residual H2S,

NH3 and Heéntawapoleabt dbout 156 \al.oWi, chord ipecferatilpat lgsigamutiZbeeolwbt h the first
reaction stage gaseous effluent to forma gaseous m xture, which is
renoved fhpdiages. vessel and sent to disposal or further processing. The
-heteroatomreduced liquid diesel fraction collects in a space proximte
to the bottomof the interior of the vessel, 20 fromwhere it is renoved,

led if f
cool ed i L?‘ﬁ‘é@?sﬁﬁbéég?gle@?égﬁ’q@?%ﬁ%m& bRErcRsstd Pbm theqeeaaonst

reaction gas-li1quid separation drummmay be

used, but firdt resctivieépe eathichairodegartajuidridhean having ket hetargavomi on of
the reaction vessel. Renoving the heteroatons fromthe diesel fraction
feed firsthan hadbtds Thadirasyags alao ppeduaes griayeens ¢iilucat eMMPISNS#Ur at i on

C2 1L LR RSB ol Dy Rl R AR el
b [ HEIRS Slofy, YA Mgty Spen
reaction proaticet S)yi'.ﬁaeg‘eactiﬁmOThﬁﬂmn Rtapediquad anB gas AR A0HHasslGut 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, 10 strip out residual H,S, NH; and H:O
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 1o disposal or further processing. The heteroatom reduced liquid diesel
fraction collects in a space proximate t¢ the bottom of the intentor 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, permats th; use of aless

catalyst for the aromatics removal. Spent hydrogen treat gas, vaporous hetero-

atom species and other vaporous reaction products (e.g., minor amounts of Cs.



hydr ocar bons and nostly nethane) mx with the upflow ng stripping gag 76&&# 2005
the mxture is renoved fromthe vessel proximte the top of the stripping
stage. 10020] The invention can be further understood with reference to

the Figure, 5 which is a schematic flow diagram of a diesel fraction
purifying unit, an enbodi nent of the inyention; conprising two different

and consecutive cocurrent downfl ow reaction stages, with a vapor-liquid
separating nmeans placed between the second and first reaction stages, a

por 1 on P ReRps3S ey Hiebitfe) wit Rt SR B RIBRR AR
[ Tquid elik@Rl is inloved @mﬁ'tﬁek@ss@g%ﬁﬁm\/@ﬁﬁ% df%he EG@; Qtapk.

sinplicity, not all process reaction vessel Int rnals vVes, punps heat
transfer devices etc are shown. Thus, a diesel fraction hydrotreatl ng
purifying unit 10 conprises a single, hollow, cylindrical netal reactor
vessel 12/0028ht aiThengvanton gan beiqyéhqulvéieﬁw@d “e!ﬁdmié@@ﬁd 1¢ theFigWe.st ages

defi ned fixed c taI st beds |3 a 4, sepa a chlnney type
of gas 4.%{81%”@ a8 g ragsgy Qi dics QI S &

respect | valyo§amy Vapog}ﬁiemm@gﬁp 0 4t %a%@gaﬂ;wﬂremva'

reacti on Stages iquid conprises the

stri ppi ngcduadit Aodniffow R of isties awithel oﬂlﬁ;t whd fs?arﬁﬁﬁgfmms pfhage 18,
in whi ch heteroat om conpounds aré€ rempved from esel fraction 20

feed. Strhepiery the agmnﬁcanosﬁ&c heattivn ctdgey. zsm)xmutg/smgc decaed bplovnthet r ays
21, 22 d 23, alth b | ft

nown. THAIS! FRACHIOBLTORR BTIS RSP BV LA g s a o roigatin Smpe
furt h r pf'ﬁrs't E'éa%%on Sr?ép%rﬁ%l% #ﬂ@? IJ ﬁt 1&5%%%{@@ redd ve]sgelv' pmjﬁl%dsak(k '3? 24.

The h! ydrogen-rich romthe’ second reaction stage is

separ at edsinpidifyNBoPMl bfdRds ﬂ!aQﬁeh veE ¢ el \abveapuppiseedlearghs- | 1 qui d
separation means 16 and passes down t hrough into the first reaction

stage. Subdvicasagis. aneshoomy ehinisonabesshfracypn bylrotraaomgriveeyngrandll0 di sk
Dubbl o caPRPAE Sl TOIRY, BV G aretFL Bk RyaTaqan PRETLDROHITG pass
o ogen TSRSt o YeordWabiitiPsthBés bdsinida b ikt Qral) %R0 T S
15 14, separated by a chimney-type of gas-liquid separation tray 16 within,
Catalyst beds 14 and 18 respectively comprise the aromatics saturaion 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 smpping 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 punfied, enters
the first reaction stage 12 via feed line 24. The hydrogen-rich vapor effluent
from the second reaction stage is separated from the purnified diesel fraction by
25  pas permeable gas-liquid separation means 16 and passes down through into the
first reaction stage. Such trays are conventional and typically compnse 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



0 7 APR 2005 - 16 vapor passes down into catalyst bed 18, in which tﬂg APR 2005
unreacted hydrogen in it reacts with the downflow ng diesel fraction to
renove heteroatom conpounds. Preferably, nost of the heteroat om conpounds
in the feed passed into the first stage are renoved in this stage. This
produces an effluent conprising a liquid 5 diesel fraction of reduced

het eroat om content, along with a vapor which contains H2S, NH3, possibly
H20 vapor, any diluent (e.g., methane, nitrogen and the like) that may

gascous. hyAPORERIS6HACBPOBR GHARR PHOT Pelttr Pish T pESYacR RLOREBH I P
O aert (L0 RPRE M LIOMOLI S B GemoREh R beld voripounti.ch 1 s
AR up T g whi ch

contacts rrowng-s I'ng gas, may be hydrogen, steam
met hane angetdighiyi kfost ofHeCkeiBidatdia coutpovhds he tiofuetipausedinito the first
di ssol ved heteratom species formed by the first _stage reaction. The

0
upf | owi ng ssdgel ppiramoyad imihiestaget Hihprdduces an eddpent HONREFRS \?gtﬂi’r‘d

effluent, with the mxture then passing out of the .reactor .ves Vi a
i ne 26, These] Gesoansal apdused haigioatarm chBienbrAlees SO aSapQ PRI st

renove th LEyr and, ni en for dj: i lah8fthé BREY i on
stage |i ghiu?ssud }\L]Hf'lﬂ?éﬂpgégz%q%&’t %n)?%lﬁ‘?ﬁg?hg[’ﬁg%h%%’t%%% Flf] tafr:e react%)r
vessel, aég§ﬂ‘ﬂ‘9’2-havzlﬁieﬁn E)'}&léhfjiﬂ ey g ie i) i ahoniinor afmouhts sfessel
via line , passes through an indi'rect heat exchanger 32 if rgqui red,
and then taskdshgdrovmbodd prodiced patheasadtionupThe fast staessh @B dHTHOGE i nt o

the top of the vessel 12, and down 20 intg.the second.reaction age 14
bel ow. Pr ghen gbbses dowa wé@@glbamreﬁ)ﬁ@%?g&?\ﬂ?ow@ %’H*Cihplﬁé:(ﬂmhc %?‘51 shoul d

he LeOul & et S0 IAL I SRCORLISAIRSRIANISE Plam ' FRBhe ArbTh ATk

adver s'&l y W ogéen treat gas 1s introduced,

via lines ¢ icm%af@ouwf@;et&ﬁvﬁ@&wﬁi‘g NQE8ekisddved peterbons epanes faaedi on
stage 14. e hydtogen i1s present in an amount sufficient to supply the

reaction RbtHryfirsogrge neanien. fhire bofl owireasttippmesgasgasxesThb i@ isden ni xes
e enetametaot vapor cfifucat, it dhe Axtuf i pAEaE Sur¥i'the FELATRL T €5 11
it in the NgrERYHE@LEC vapor € )
vessel via line 26. This gas mixture is then further processed downstream to
1< 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 liguid pump 34
which passes it up, via lines 36 and 38, into the top of the vessel 12, and down
50 into the second reaction stage 14 below. Preferably, the heteroatom content of
the suipped bqud should be regulated so that the second stage catalyst or
reaction is not adversely affected. Fresh hydrogen or hydrogen treat gas 18
introduced, via lines 40 and 38, into the top of vessel 12 over the second reaction
stage 14. The hydrogen is present 1n an amount sufficient to supply the reaction
25 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 ineta] catalyst, 10 remove aromatics by saturation. Those skilled in

the art will appreciate that some minor amount of additional sulfur and mtrogen

may also be removed in the second stage. This produces 2 second reaction stage



of the noble netal catalyst, to renove aromatics by saturation. Thos@7APR?W5
skilled in the art will appreciate that sone m nor anount of additional

sul fur and nitrogen nmay also be renoved in the second stage. This

produces a second reaction stage O 7 APR 2005 .17_liquid effluent
conprising the purified diesel stock prgduct, which now has a heteroatom
and aromatics content |ess than that in'‘tthe diesel fraction feed

introduced into the reactor via line 24. It also produces the

hyd -rich d st ef fl , ich.after .hei ted
Y om Che. 1 effieat sompaaerRt prerisd et i 1 Aot AUt PRE TREL | on

t . Th i ' - St [ : - ia li 42:
Thepur { DE oS EpRGH e Affen: 1o FIPHES m URTRICRE ARt @ ea o

bl endi ng i A { } b pa bhoeh-ich a
ﬁ%d&%g r%{ot the@Pa@BP{RALE £ h;?eﬂlgh piofeic mgﬁl%ag_ fe

conpl et ed conbi nations thereof. In sone odinents, it may be

advant agesetonidostigacsparedfieeny wiich pfieiieeipgiséparettdsfromkthe diquad vegove 1 ght
ends prior to, e.g., blending, storage or comnbini with ap.addjtive
package. meaan lénisopassechdown mk b fuRkreacier Stage. ¢ Pvia 556t 20ekided to

an existing facility, such fractionafi and St i-ppi [ be
ang tyfi cB poyed %?%’s‘@ﬁtr e?pﬂort Wé@;&é’l ‘gl ﬁﬁ"' ggﬂepfif&lg?’fggﬁ%'bﬁ/ﬁ?y

under st 0o ; ! e
practice g’fﬁxpﬁfee’?é%\;/ﬂe{ral# %](r%gvﬁe'ﬁegbepa}oeggp{g%&?o{ﬁgnd ﬂégﬁ dggp?%g%‘ﬁ y made by,
those ski hli@ivepachegard fos hoompiteedfidingnd combirations tpgeahdlspomet  of

the invention described above. Accordingly, it is not inte dgd that the
scope of tmboduhenissitappehdedvagagaansie Tackopay ePRbERYBHICHSITN Bt i on

set forth above,. but 20 rather that t.he clains be constr "
enconphssTHGOHS i‘g-gtf e‘E‘fFeer%ra‘PuF@s}}gfnélﬂﬁt G R cﬁ&c@ﬁnﬁ %&cﬁ?%%%ee in
the presept jinyenti ' ?ﬁ{ﬁlﬁ ‘ EyesEQASTUKE SnddH 0B QdideB b anWhi ch
woul d be P%%Laat%\eédq%saggeq’?)?@% ent ggpﬁ{ééheg{‘} b‘if'g thos)e ski Illed inthe art to
whi ch t heeknuaptfhalingeuthifnstofatiorABR! 0ping capacity may be and typically

is present in the exisung facility.

15 ]0021} It is understood that various other embodiments and modifications m
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 spint of the
invention described above. Accordingly, it is not intended that the scope of the
claims appended hereto be Jimited 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.



-18 1 What is clainmed is: 1. A process for renoving heteroaton1conpogﬂd¥R2W5
and aromati c unsaturates froma hydrocarbon feed boiling in the diesel

fuel range conprising: a) passing said feed and hydrogen into a first
reaction stage operated in a cocurrent nanner, in which they react in the
presence of a catalytically effectivi-anount of a first catalyst

sel ective for renoval of heteroatom conpounds under first catalytic
conversion conditions, to produce a first stage effluent conprising (i) a

| i qui d bowhitngelsimel ke di esel fuel range reduced in heteroat om conpounds

and (ii) a vapor containing vaporous heteroatom species produced by the
reaction; b) passing said first stage effluent to a stripping stage

wherein it is ﬁ?ﬂk@s@:?&dem\tixkg IReter&didrh BithRUn@aHd afonfa0it Thaagdies feped fir st
stage liquid effluent and a stripping stage.vapor effluent conprised of
the firsthyiesebpbisedboibng 0 disshesaliyeldaneg caPPisii ng gas; c¢) renoving said

Stripping stags pYARQkaididcdusdhydrében RASSTiROresatiod stibé btpRel hiaGYbwrennt 0 a
second reacti on st age reacti on st age oper at e In_a_. cocurrent_ manner,

_ d
wher e t henapper, powhich theieact rete Pressiice of 36t BLalY ¢ifestre aprisfddistsecond

stage cCahal¥l defecGRITEHPN of FIbithARSmpduRdd HRiePHREABMRICRb RS oNd
catal yst sel’'ective for aromatics_ renoval, to renove aromati.c conpounds

and pr odifeadisersetecraduagdiitst teaec st ceapornett ¢ liste §?i]i"$\}?é?ee?iﬁse§5‘ie_ vapor
contains rﬂe@@&fo%n@!ﬂf&%ﬁ'fhoﬁﬂ)@m&@'aﬁh lif) dWhishr cONMRing O8poPod heeRJatdapi | i ng-
range hydrocarbon having a heteroatom and aromatics content |ower than
that of sardesfriedpceddyy theisastioni ng t he second stage |iquid and vapor

effl uents and E)%Q%%rs.hi@girﬁﬁiage SOCARE 2 SEROG; Jrdgd Wihdred] it IsubRbited®h £ ]
passi ng said second stage vapor effluent into said first stage,_said two

react i on StinpingEs WiaTR aFEPRG I E Siage e e g aiiang? FRPRINE SRsFORPYSEEM 2 A

process agGRfitidg tleFir&lrécidd styfaQEgd: And i Ps1sgneNghsst age vapor ef fl uent
supplies at " least a portion of said hydrogen required for said first

stage reacti on®) ranOVNERESEERINEEEEF TRPREERIBE®Y ai m 2 wherein said first and
second stages HRaéHg@aidbtrPped liquid into a second reaction slage reaction stage operated in 2

cocurrent manner, where the stripped liquid reacts with hydrogen treat gas under second stage
catalytic conversion conditions, in the presence of 2 second catalyst selective for aromatics
removal, to remove aromatic compounds and produce secend stage liquid and vapor effluents,
wherein said vapor contains unreacted hydrogen and said liquid comprises a diese] boiling-
range hydrocarbon having a 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

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

stages and said stripping stage being in a common vessel.

2. A process according to claim 1 wherein said second stage vapor effluent supphies at

least a portion of said hydrogen required for said first stage reaction.

3. A process according to claim 2 wherein said first and second stages operate at a

pressure of at least 8§50 psia.

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

first stage.



pressure of at |east 850 psia. 4. A process according to claim 3 whel diAfR 2005
-sai d second stage is | ocated above said first stage and said second stage
vapor is passed directly fromsaid second stage, down into said first
stage. 0 7 APR 2005 -19 5. A process according to claim4 wherein said
stripping stage is |located bel ow sai®-first reaction stage. 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 accor i pgcdsd actbainy 16 c\ahhet aheremahid seppngdiagt Bdecatkd deloweaaid\es

het er oat om conpounds. 8. A process according to claim7 wherein said
first and®Beb#Eestages operate at a pressure of at |least 950 psia. 9. A
process according to claim8 wherein said second stage vapor effl uent
supplies all of the hydrogen for said fjrst ata e for said, heteroatom

removal . 610. A HeEeHACPEINEIPGRRHP NSl saidiseonh 5ol CORINSHFAREEY eat i ng

faci ity cRpidihsd MDIONRaQUataly iR ESnpRMlfbORoMARS BdnsovalSt I'i ppers and
associ at ed equi pnent and which produces a hydroprocessed diesel fraction,

said nethod conprising: a) reacting said hydroprocessed diesel fraction

feed and -hydr 9ggRcist agofdifgth chRf6 WheRin stldagendpasadiattemava heRfatohent
manner under first catalytic conversion conditions in the presence of a

first catampatndsel ective for renpval of heteroatom conpounds, to produce a
first stage effluent conprising (i) a liquid effluent containing a diesel
fraction reduced in heteroatorn_conpounds. and %ii) a vapor effluent
cont ai ni fy vapbPEEess RECElve 61318 pabpEy s fusind erepyd 1186 PREFE Ph: D)

passi ng isthirf bf SUeast@OQsief fluent to a stripping stage wherein it is
contacted with a stripping gas to forma stripped first stage |iquid
~effluent and a stripping stage vapor effluent conprised of the first

reaction ¢st ages Y& s a8ddebiSAb d1aFh B wdRleRCha@ASiond stage vapor effluent supplies all

of the hvdrogen for said first stage for said heteroatom removal.

10. A method for upgrading an existing diese] hydrotreating facility comprising one or
more reaction vessels, strippers and-associated equipment and which produces a
hvdroprocessed diesel fraction, said method comprising:

a) reacting said hydroprocessed diesel fraction feed and hydrogen in a first reaction
stage operated in a cocurrent manner under first catalytic conversion conditions in the
presence of a first catalyst selective for removal of heteroatom compounds, 10 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 heteroatom species
produced by the reaction;

b) passing said first stage effluent 1o a stfipping stage wherein it is contacted with a
stripping gas to form a stripped first stage liquid effluent and a stripping stage vapor effluent
comprised of the first reaction stage vapor and said stripping gas;

c) removing said stripping stage vapor effluent;

d) passing said stripped liquid into a second reaction stage operated n a cocurrent
manner, in which it reacts with hvdrogen 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 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 diese] fraction fed into the first reaction siage;



c) renoving said stripping stage vapor effluent; d) passing said strpgpdéncg 2005
liquid into a second reaction stage operated in a cocurrent nmanner, in
which it reacts with hydrogen under second stage catal ytic conversion
conditions, in the presence of a second catal yst selective for aronmatics
renoval, to renove aromatic conpourds 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
fracti on havi rysepahebgetheatcond supd lqnidrmad vapsr effinerenand|rengeeringfaid se¢rad of said
hydroproce§s§d .Lgi@el i f%acti on fed into the first reaction stage; 0 7 APR
2005 - 20 SBFC LRPAFAPF Y "Phe second stage liquid and vapor effluents and
recovering saiffipasegsad seetraigeagk vapor effleéift e sdid fisshsiage) saphvei nagetioni d second
stage vapor effl ugnt. into saLiH:d first sta egelsai d two reaction stages and
said striSBgrRdsUAGLPHEE 7ges 18 "LARBACYESTEI . 11. A nethod according to
claim 10 wherein said second stage vapor effluent supplies at |east a
portion aof said hydrogen.requjred for sai.d first stage [ I, QN . A
met hod acdor di"?‘l@"e‘%“Bd E%STergfgf,a%g? ‘épfﬂmgeﬁlgs C’|°’r]§ ‘a%?r}’ag%'e%@‘%ﬁ; és“@ E’éeeségoper ate
at a preasid forGén dtsald @qsibedSequpsi for s&id firshstagt leadiomccor ding to claim 12 :
wherein said second stage is | ocated above said first stage and said
second stage vapor is passed directly fromsaid second stage, down into
said fingt stagethoddccolingEbhndn arcebereinngid fiost ebdienvitiStaghererae sai d
stripping stage.is |located below said first reaction stage. 15. A nethod
onania e

accor di ngd"8" el ePein said second stage contains a catal yst
conprising a noble netal catalytic conponent for aromatics renoval. 16. A

met hod acgording to.claim15 erein said.second st.age_also.r
het er oat dgh cdﬁgﬁﬂ’ﬁﬁé‘?"oi‘%g tﬂcﬁ@? ﬁ]%ﬁﬂ%{glgé?lg PR 5o '5%&3%%%%’5?%?%&%2& d
first andtsgeemnéiddeagastagpedpat B padseddirectly from said second stage, down into said

first stage.

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

first reaction stage.

15, A method according to claim 14 wherein said second stage contains a catalyst

comprising a noble metal catalytic component for aromatics removal.

lé. A method according to claim 15 wherein said second stage also removes heteroatom
compounds.
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 16 wherein said second stage vapor effluent supplies all

of the hydrogen for said first stage for heteroatom removal.

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

quenched to increase liquid yield.

20. A method according to claim 10 wherein the amount of diesel stock produced by said



pressure of at |east 950 psia. 18. A method according to claim 16 whf &iPR 2005
sai-d second stage vapor effluent supplies all of the hydrogen for said
first stage for heteroatomrenoval. 19. A nethod according to claim18
wherein either or both reaction stages are cooled or quenched to increase
liquid yield. 20. A nethod accordingjito claim210 wherein the anmount of

di esel stock produced by said O 7 APR 2005 21 upgraded existing diesel
hydrotreating facility is greater than that produced by said existing

di esel hygicplie@atiitg diesel hydrotreating facility is greater than that produced by said existing

diesel hydrotreating,



