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0001 ] The invention remmﬂmmmumwm&o stage catal ytic process wth
stripping, in a single el, for purifying a diesel fuel stock.
More particularly, the invembioan rel ate "to a process for selectively

renovi ng
hydr ogen,
reduced |

passed into a second

sul fur and nitrogen conmpounds froma diesel fuel stock with
ina first rodu nd nitrogen
iquid effI uEﬁf@%‘gﬁsfﬁﬁﬁgﬁe%ﬁ@# e pi ng stage and

NG i i3lh fresh hydrogen

«in the presence of a cat aI yst seI ectlve for aronmatics saturatl on, to
produce a di esel fueI stock reduced in sulfur, nitrogen and arorrati cs. The

R the sane reaction. vessel.
ny hydrocarbon feeds useful for

produci ng di esel fuel stocks contain undesirable mmmlech nmust be
removed oFEPPIVOFIEAEUNVERIIONE! specifications. mem‘m nts include
het er oat oms suUch as sulfur, nitrogen and oxygen, aromafl.G.unsaturates,

hal i des,

and netals. In conventlonal di esel fuel hydrotreating processes,

het er oat ommr]poun@éuﬁeﬁudt t@rateart%&wocswgbs@étwryﬁ*b%o@é@ wmggﬂnﬁ .G t he
feed by reacting it with hydrogen in the presence of one or e catal ysts.

Vari ous censumit reaction pressedsfor qmmtfymgraadmmi dublasteckheMordgpaetiagady hech use

mul tiple

5, 720, §721nvgnygy 1

vessel s as disclosed, for exa in US.,  patents 5, 705, 052;
Slates A mogess fIPB selegvel y\r@pmmé@meﬁ/reeogrn t2572 -2

bonponen: tampRft] R Blesel fRToRk iR Mdmeki BiE il doRdfih MR 27"

I ncreasi n?}ddu%éra' dﬁ%ﬁ*hndﬁ%‘é%@#ﬁ%ﬂhbé’d li rdeefﬂBGﬁtanHGh i tHeRCipeel Enoa reduce

t he anpun
required
avai | abi |

pet r obeunfedht hydrogeniip thqqe@aew ¢

of these conmponents in the diesel stock to tile | ower |evels
tyippheg stegeand passgdntitosa sqwodfremttormtage b vdochk it reaststvnich
ity of clean feeds for odu%g i esel continyes to decrease,
sks

ReliNg fpr@ﬁoménat pafarafion; i

boiling fee ri.-ve [ uc C tar s shal e oil,

and heavyp qﬁf& %dlég ?%%g(}]c eﬁf‘l% @é" ﬁ@lpg% W n}agt%g rsrlhﬁnl ficant
amount s Ofealbfigf ahd 3™ Hike SALES BEeSall Refhlenahie r@ustion Redsef.ore not only further
i o0 reduce the level s of these conponents in diesel stocks, but nust also

deal with feeds having hi gher concentrations of undesirable conponents.

Conventi o I

meeting i

ilities may therefore have difficulty
Speci fications, a difficulty that may

»

be fugf her exacerbat ed by the poorer quality of available feeds. 15
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[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, nitrogen and
oxygen, aromatic unsaturates, halides, and metals. In conventional diesel fuel
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



[ 0004J) Factors such as space constraints, which limt or prevent adding
addi tional reaction vessels, strippers, and associated utilities, may

i npede t ¥OM3K(EBBuUcti on of new, grass-roots diesel fuel hyr{ITHNSOGLLTSI Ng
equi pnent to increase the purity of the diesel fuel stock, the capacity for
di esel stock production, or both. 20 There is therefore a need for cost
effectively increasing the purity of a-d@dtesel fuel stock produced in an
exi sting diesel fuel processing facility, the facility's production
capacity, or both without having to add multiple hydrotreating reaction
vessel s at@DO} r i phracfications foraliesed fielewithyrdspeiet-toetuichgindesicatilons and
stripping. 2s SUWARY.CF IHE I.NVENTI .ON '0003] | n one .enbodi nent, the

.i nvent i onSPBPENEHERAECHIFlY ﬁ@#ﬁw%uﬁeg 3B FHOE PR STRHGTEASBIRY | ¢

corpr i 51 ngtineehlp G ahERR AR e upR Bkl T ThE aplgtR pERRVE
~hydrogen toipoderts ibthe'Be! 5180k 84 ARSoweP 1eR]sGBqiRRYbY BRCholdstiili@eitr esence
of a catalytically effective anount of a first catalyst selective for

renoval ofpduifieatons o M aeopauadthe avdBabilityr oft cleat febgd for prodwang ideselks
conditions, to proguce a first stage effluent conprising (i) aliquid
boi | i ng i RORtHBIesite dasreasgepetrolaym rebners avllinced &o ly MImIEBMbGAds and (ii) a
vapor contaj.ni or. r [of . t ion; (b)
vapor oMY pARRSRHE 100 BEATLPORPGR RS heb e hRes B! o0 ¢
sai d firspilsirgeaviyGridbse St Bih b&hﬂg%édsﬁfpiﬂﬂlf&&ﬁﬁintﬁgﬁjﬁme di ssol ved
het er oat om speci es” produced by said firrst stage reaction; (d) passing said
stri pped hmqunid dfmindesirabbecordporeads. | Refisdra gnist thieesfere et ardy fanthgyped |i qui d

reacts with fresh hydrqogen or a fresh hydrogen treat gas under .second stage
cat al 1 i credyRe Hieskendls obHsise pam@,onws%éﬁﬁ@lég&kéeb%masqm?@aam yst
sel ective,f r-onat i,c . I r ti orQU d produce
celect! Vool pALAUIE chSEALpnt SRR Bca i TP RaR B
unr eact eddiydnydestafidg Faliltiéd Mdl th&erRe hatsdiasilgsRleckg iﬁd?ébsix?%}ﬂe
hydr ocar bon having a 20 heteroatom and aromatics content | ower than that of
sai d f eedstrifig¢ntabesel spacrfications,sedifinchlit thgemhy beifortberdexaaeudates iy thent s and
recovering said second :J %?e liquid effluent; and
poorer quality of available feeds.
15
[0004]  Factors such as space constraints, which lumit 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 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:



zs (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] | nWEBERES enbodi nent ,

exi sting
vessel s,

hydr opr ocessed di esel fraction, said “hod conpri sing: WO 02/ 31088

the invention is a nethod fdCupgmaes;ag an

di esel hydrotreating facility conprising one or nore reaction

30 strippers and associ ated equi prent and W >i ch produces a

PCT/ US011~2572 -4 (a) reacting said hydroprocessed diesel fraction feed and

hydr ogen

in a first reaction stage under first catalytic conversion

conditions in the presence of a first catalyst selective for renoval

het er oat om confapupdssing saidrfeediarnd hydiogen intoayBrséfréactiont stagerm wWiiely (i) a

+|iquid effluent contai nigﬁ? a diesel fr
CCet

conmpoundsttgRdeqqtiy the pres

pr oduced

of

ction.reduced i et er pgat om
 Guabyticay SRR PReBRLoLa BB GRBIY S speci o

vapor

Lon: . rnyg- A A
-ef fl uent sg?%d‘%cf??gﬁpg%i Or%ﬂé%rlﬁggﬁ ?én'tnB gnggeg?ééélrjflﬁgt «Zag?ﬂﬁgrﬂoﬂy%ggﬁgt ripping
domensits pROJIRE BisEEagé effhsdde cbRipriimddy & dighid B@i'lﬁigfih thé stage

stage st o
reacti on

; (d) passing said stripped liquid into a second reac

ion stage, in

whi ch it dibseldaeltmnge rédifoed sh hiatedoaigencampaenridsesid (ny dregen contaatingas under
second stage catal ytic¢c conversion congg{t' ons, .in the presence of a second

cat al yst

y
RoERYS Reteragfon spreies produsre)

produce second stage liquid and vapor effluents, wherein said vapor

ef f | uent

|the feActi9Rpve aromatic conpounds and

cont S unreacted drogen,.and said liquid effluent contains a
di esel boil i ngfb afgRATALRe 8@9%8{1“ L ’flﬂ'é@ﬁf%%%ﬁ@“%{ﬁﬁet er oat om and

aromat,i cs content | ower than that of said hydroprocessed diesel fraction

fed into

nd vapor ot f|(Gbn ERNEE rRR SUerrey G SRR Bl a0 RhER | O ¢
d ti . t . f . . : i ’ idt
Coreron B SESRI HApF SL adl V22  0”

02/ 31088
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(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
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;

(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

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,
strippers and associated equipment and which produces a hydroprocessed diesel

fraction, said method comprising:



-5 BRI EF DESCRI PTI ON OF THE DRAW NG PCT/ USOL/ - 12572 (0007] The Figure
schematically illustrates a flow di agram of an enbodi nent of the invention
usi ng t woWOJR(HM988nt , downfl ow reaction stages and a stri ppRGRjUSDISREGe, al |
in the sane vessel. DETAILED DESCRI PTI ON (0008) The invention is based on
t he di scovery of a hydroprocessing process i o enploying a single vessel
having two catalytic reaction stages, With interstage stripping in a
stripping stage, for renoving heteroatom conpounds (hereinafter

"het eroatons”) and aromatic unsaturates (hereinafter "aromatics") froma

di esel fraction, Each reactjon stage produces both, a |i§]:.flli d and .a vapor

effluent, and @ﬁpl"@ﬁ%'"@(ﬁ@m FMPPWMW f[ﬁ‘féloﬂifé%ﬂn ¥€f928A Rded and
T ogen, HERTHENGR suiey ey S PHSHE so R SRl s thF PresdhePEr oat om
conpoundsgiidp chfAgy st ‘§@l@cﬁ’°€cefdr?r@91\6$ﬁl bf;:hét&%aidlﬁ %bn{epﬁn)g@rglb,% 2%1‘069@@ a fhich

-conprises a catalyst selective for heteroatomr [0009] In one
enbodismendtagd bfflueac oodlprismet (i oo ligtirlgtilaenpedmsining a diese) ftactien ecti ve for
removi ng aromatics, heteroatons or both, and preferably one that is

sel ect i veretgged Bnbsipiogtem semposads mmd (n) yypperafilugaberntaming ¥aporpEHm each

reaction stage, are separated. .The, liqui.d and vapor effluents forned in the
first reari?tFIg)ﬁtoé?éB%Cl ?B%f&‘&ﬁ%ﬁyﬁh? {)eq‘lC 805t r | ppi ng stage. In the stripping
stage, the first 2s reaction stage vapor, which contains nost of the

undesi rabl e heterqat om.re in duct-s hr the reaction of the
feed with the (ﬁ?@dsg%agﬁﬁm%gﬁgﬁﬁﬁtegggﬁ@ﬁ’é‘?i#‘é‘%ﬁﬁ%ﬁﬁxﬁ% liquid is stripped
of di fgsol ved heteroatomreacti on products and collects in the bottom of the
vessel , from whichyd&.:i - : aaSh : ' e second
stage. The het ?og?{gk}sd$ Segr}g\rfggtesﬁ?ge?ﬁ%&lp |(?‘3rr£}fslgi reac ?%RBE&S%%%%W

PCT/ USOL/ di§@fiVedl h@teRdabt Speids prodirei by siibfisndiddddeastioie, Oof which are
dissolved in the first stage liquid effluent. Stripping the first stage

liquid effluent at | east partially renpves these dissol ved species before
it is conduct gd)t passhp saidanipsiddimid intotahsecond irpgitivn sthgegan witieh it
downflow ng first stage liquid effluent contacts a suitable s upflow ng

st ri pii ngeaets Witk Grsh hydrogen or erfirsbdyidrogaetreat gnsdinslen gecand sdageur ati on with
hyd ) . d st liquid and ff] uent ted. Th
ol SRl e SRS AT b A SR B o,
feed, W ughmaQws fé?@g{dlsﬁﬁre%évegd}b%aawcbﬁigﬁ%ﬁk %ﬁ&?ré&&&:‘%e@bﬁ&’%& e The

aromatics renova al yst reaction stage, or second reaction stage,
liquid and vapor 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 stripping stage being in a common vessel.



~0 is preferably located in the upper portion of the vessel, above the
first reaction stage. Renoving nost of the heteroatons fromthe diesel
fracti on WO#d31088t he first reacti on stage, enables the uRCTHSRDRE
active and sul fur sensitive catalyst, such as a noble netal catalyst, for
t he second reaction stage aromatics renoval. The stripping stage is
preferably located in the bottomof the5Svessel, belowthe ~s first reaction
stage. Diesel hydrotreating plants are often operated at a relatively |ow
pressure, while aromatics saturation is preferably achieved at higher

pr essur es BRIk BEGCRIPIHON OfeTHIcDRAWINGh pressure for aromatics
saturation, the present invention provides an ideal add-on to an existing
-l ow pressure diesel hydrotreating plant, to produce a product |iquid of

or et o DYGRH M RSN AT AR FRAL a5 R SROBARAELEY,

only a si

-the presegf ti BRRARon ﬁ?ﬁﬁg%o@tﬁéuﬂ&hﬁmmmfrem ARSI A MrippRpessed or
treated (e.g., hydrotreated) to renove heteroatons and aromatiCcs, or it nay
be ones whstigehad imtheesadie vseel. at 2s | east partially refined and purified,
Wi th respect to heteroatomrenoval, aromatics renoval, or both, and may
cone directly froman existing diesel fuel plant, from storage (tankage),
or both. Wit entPR REeFehbed~process and vessel may be enpl oyed to increase
t he capacrty—or—amexrsting systemor plant, increase product purity, or
both, it is preferred that they be used to at | east WO 02/ 31088

PCT/ USOL/ - @572 increase the purity of the diesel fraction, to produce a
mor e hi gh|80Q&]r i fTledinventién is basedatn the rdescoivernyngbahydmgprodessaig prosessequu- i ng
| ower | evel s of heterogatom conpounds and aromatjcs than cqonyventi onal

hydr opt oc BRBIngasierls vegssi having tiagatalytic reaction dagnsd withinterstage pr oduct
formed {referred.t ereln "purlfi S o] "di esel
stocks)  maypue it SPEPREsdEe, fY b Feeithur solirBiol fiteivoBepackage.
or both, tRetBFRAMAE")ndl fMatikURlsatuBied (IRSEInaftEACIlMtcS R a B¢l UE!
fi-action generally boiling in the diesel fuel range and i ncludes both jet
fuel and flacdeh. Each rdactionistags. prEdpéesybotly adiqiidghd aneapoeefftwsntaand ng al |

t hree stages provides an ecgnonically advantageous wa Hq?rf i nprovi ng the
purity i otwpleysgiosyaent dewnflew of hedhess] bpcion &qdngldng OBED Eeacdants;

facilities: 40 increase the refiner it } ; rovi de
& i ot pr BYdeloRinEe R nbalR s AEL R ARG ok, MoEDER o Btoted Ry
[0011] | naiQp®eGERRALABModtitF thOHERIGABMCUMPIARS ifl tRE PERBHeGEROII MY tWO is
reacti on stages for renoving heteroatom conpounds and aromati c unsat urates
from a f et fimhpraciongtagehwiliclcesbprisadi astathlyat sclbative fog hicterohtomdi esel  f uel
range. The pro<iess conprises: (a) passing the feed and hydrogen inta a
first rea™QYtstage, in which 20 they react in the presence of a catalyst
sel ective for renpval of heteroatom conpounds, to produce a first stage
effluent conprising (i) a hydrocarbon liquid boiling in the diesel range
reducgd i [00p8]er gatop catainRes thededdnd redctiP Hags Ohiprizedd cHaidp§tous

het er oat om speci es produced by the reaction; 2s (b) separating the first
st age | i gsslectaredfov agrap vixigf dropratiss, atgroatimpongothhand ipreferatily gaelthapus d
effluent in a, stripping stage to renove dissol ved heteroatom speci es
produced HRjetthe for repo¥mgAIomagics | %ﬁ? hiq e Ly } g Fads72 g

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



to (d) passing the stripped liquid into a second reaction stage, in which
it reacts with fresh hydrogen or a fresh hydrogen treat gas, in the
presence WO ®/3A¢8al yst effective for aromatics renoval, toPCEOPME2sR0MAL | C
conpounds and produce second stage liquid and vapor effluents, wherein the
vapor affluent contains unreacted hydro%en and the liquid conprises a

di esel fuel stock having a heteroatom ahd aromatics content | ower than that
of the feed; (e) separating the second stage |iquid and vapor effluents and

(T age vapUReRtemR Ay 815 NFk: sanbgt Wikl ﬁgr%e(@plﬁ‘riSi : sigégﬁieﬁﬁ”d
Socond ot gwACeEhEPS PRI R RsErdkt afid uBATG MRS RIROGT, o,

of the fiflehe AR UEPELIESDefbie iOgRBNHEREY 16 thd MoohBStdpet andgeom renoval .
Furt her enbodi nents include the second reaction stage |ocated proxinmate the

‘top of t herippasestage)ithe dobaflowiag firetasthageohquidagBubniomintatts a suhiebleessel
bel ow t he second reaction stage, and the stripping stage | ocated bel ow t he
first eaepflowing sigeping gass Hromaticsate rempvedin deceaend stageibyn st age

i | | i f 2 i G |, h | f
Sonsi t 1 veSHBARN AR B aEehy ShncXepORd Sfagg dauid ahd BB ds ctliTnE Erd' o s coond
stage cat @ééié?éteﬂr.aﬂ"h@'s%@orﬁpﬂ%é ggufa @ﬂﬁx@hb’é&mﬁﬁ%&%k Yetdr8itonehRg oat om

(sul fur and nitrogen) renova a mxture o eteroatom and aromati cs
renoval catalates sedted feed, yWwhithmoswboniprised s highly pdafiedrlibded stoekal cat al yst
in the second stage for aromatics saturation and operating the vessel at a
zs pr essuPvodyst. oT he arpmatigsgamogshoaialyst epagtipn stageaon seoand reaationsiagssi a,

a1 so B or St fl SRR . % D PReion ok fheole S AG e A AR cen o
east pardihal| KehioRiEfhos06f RUREDRNI FBfPHRIdies ifabribh TEHPn fEOCI ment s

i ncl ude the”presence ©of one or nore of indirect heat exchange cooling and
quenchi ndfirsh redctioarstage, bndbles draiseat B3most agtewe and sulfigdedsitivercatatygier at ur e
control and to maximze liquid yield. Astill A W 02/31088 PCT/USOL/. 12572
-9 f ur t hesucBrasconoRlametalsaielyst, Zerthegeapnd Factipy stagg Arowating wME¥d. as fresh

hydr ogen 4.nto the second stage,, |,n thi,s enbpdinent,.the hydrqggen:;rich
Cacond ot b SinBined SARY oy Pe i dn PR PR R ekt VPt SROR e { st

r eactjson isaagotibiQhitke. 'Mieydhyirbieitify pIaRROME Beh opleRficll BY SEIANCROMP! | SeS
a nethod for upgrading an existing diesel hydrotreating facility of system
conpri si lgwopessurenwhde meanaficnsaraasiohss psiferabbeashievet aslughent ed equi pnent

and produces a hydrotreated diesel fractijion reduced in heteroatom and
ar omat i ¢ RIesEERhdsheigfrenwhenppeeted ablughduessuly Iarasomalea satHEatiaher ei n t he

yar ogen NRPEEET; iRenfiba T iuRead Mool 48 B Gt cliSiiE iy bESHORcdCe 20C
a catal ysiydshenliySlahelio RORIEa Podiel RGSRISITEAPRUAREwHIR readdge

first stage effluent conprising (1) a liquid diesel fraction reduced in
het er2oat anvesimeatinost bynatiding pr eeplagng 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



i s containing vaporous heteroat om speci es produced by the reaction; (b)
separating the first stage liquid and vapor effluents; (c) shipping the
first stay® a2{3as8d effluent in a stripping stage to renovecoushiasshyved

het er oat om speci es produced by the_first stage reaction; (d) passing the
stripped liquid into a second reaction stage, in which it reacts with fresh
hydrogen or a fresh hydrogen treat gas,”-in the presence of a catal yst
selective for aromatics renoval, to renove aromati c conpounds and 2s
produce second stage |iquid and vapor effluents, wherein the vapor effluent
cont ai ns inarease thedpunyiyr ot dagsdl fraction, daipdoduse moeshighdly purified staski on
havi ng a | zet eroat om.and aro ics content | ower, than_.that of the diesel
Fract Pon PaBesingTs ENEFYCPer et catighe [V tsh 3 b8GrefonLSon, - 19572

-10 i . t I i f .
recover | R T et oBEEEE T ARG AR BAR SREHER TBADY e cona
-stage vaprhialkf |lueie émbeditteat fthe prodilcd femmeth@efiredstotHegeinve "pasigicdon

stages and the stripping stage are all in the same vessel, and wherein the
vessels hatodeenblgndstack'o orddiaselsstodp) aamobausesss) e.gn blemding, enmbigg

ot R O e s AR T D BEL e om
o omet | CSngANSR el gk NNEOAACR bRl PRI P g ns o e

| east r edysth ha fubkakpiRseafueNtrasibral Erapiossnc @9ipidé vessel bentaingsehllf r acti on.

The further enbodi nents referred to above also apply to this enbodinent. is
[ 0015] Adhrtiesstagssquovides ahesdnémicallyadyantagaoupway of sSmpooying he purity

T
hydr ot t ' - . . As d
' the oot exfiesy ARERIERTRRER ShrbBlR Pulh e LA S, on >

whi ch hagpréseare pyuakaindesimbinas sy Wergft 0 the process of the invention, at
| east with respect to heteroatomrenoval and preferably reduced in both

het eroatons and aromatics. It is preferred to use an at |east partially

oL ne SOGEEL L1 SRR e B oSSk BB Bl Blo

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 comprises:

(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 (i) a hydrocarbon liquid
boiling in the diesel range reduced in heteroatom compounds and (i1) a vapor

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;



2~ stock feed may vary, but wll typically have | ess than 500 wppm sul fur,
in the foi7n of various sul fur bearing conpounds and preferably | ess than
400 wppm MO Y3198 . The nitrogen content of the feed will pangsofseem about
20 to 1000 wppm respectively and preferably no nore than 300 wopm By way
of an illustrative, but nonlimting exanple, the respective sulfur and
nitrogen contents of a diesel WO 02/-81088 PCT/ USOL/~2572 11 fraction
that has been purified according to the process of the invention nay range
firomabout 5-100 wppm and 10- 100 wppm respectively, depending on the

i npurity | evel(d) npesieng thestripped Bavidgplog seaeadreagitonstage.dgadhith it he vessel

R N Y L N e
600 psi a’ca%ggbetfgécﬁvgrf&f Sonflids P MBFARIErdniGve/ £ ticaégog)gp%gxﬁ%%g{ge of at

| east about sia, nore preferably’at Teast about d still

‘nore prefpgodbdeyseabont et 1afuddiand O@ponsfflachi] whemsinthe sapatdfflaenton. The
reaction tenperahwe in the first and second reaction sta?es may broadly
r ange 5f r contdouunesoteddnmdrogan andthe-1xid-compriges o diggpl full stoskhiayingor essur e

bl t f ti . q. b I tal yst, d
fo a | o5 BRFRGIM &ng HompARLFIEN aNe B AL HBUPET cquire &
substantially greater anount of catalyst and concomtantly |arger vessel.

00l 6] The t "hyd ing" "hyd t Rg ti. d ~
& synonymous iy HSHEVARTY S SERExalE ayd i (NAsP sy SR SRR oHEE ng

broader’ pRaRLA%s R RtddkCprodast; Wdr ot reating as one type of
hydr oprocessing. As used hereisi, hydrotreating refers to a process wherein

a fead to be hydrotreated and a hydrogen-containing treat gas react in the

presence of onf GiasSMERhS YedoMd Rageavaploy efffuddit infdrthe ¥irdCsthy& angel ective) for
the renoval of "heteroatons, 20 such as sul fur, and ni h~ogen, and for the

sat ur at i ovhepéinghotapireactinn $tggesogelthe Stripmbg stagy aroal enthe samevedspbt s
i ncl ude any conventional hydrotreating catalyst. Illustrative, but
non-limting exanples include catalysts conprising of at |east one G oup

VIl net tal ¥ r | - 1 preferably
Co and/ oib?\@ anﬂghémg)es‘:t%%gk g%%:‘éﬁﬂo?l egl);ﬁéngﬁgyla{r gfeég@y aggggi\}l,cftolgg&%l is netal
cat al)yt i popesiPongRt firsP51ahe kedehivn Yy destn\eqiie® {6t thE HetdtbitodPrerRdvad. hi gh
surface area support material, such as alumna. Qher suitable

hydr ot r eZurthgr embatyseénts imdhdel theaseobid reactian atagetlocatad prekimais theotvipe net al
cat al ysts ere the nohle netal .is selected fromPd d Pt. As nmentioned
above, ipfme Viseb wﬂh@esféréb@as#oeﬁ@gﬁﬁ%%aé?ﬂm i P belomithe80nhan one
type of at T, i : 5 ~ be used
in the sgér?ghgégc bﬁﬂ%,‘[ﬂ%g}%ﬁﬁﬁ(}sﬁg& %é%%ﬁ%’?%wﬁ%fﬁry ga}énagtgg%t ﬁg

aromat i cpréfeatd deatnhe k€dondaehetidn stagy belaprise athekedt-seldcyive dowim
ni ckel tungsten and nobl e net al ﬁﬁi' g., platinum and/or palladiun catalysts,
s

wi t h 20 he arbatessmemmival ssugh yis tassu enssiuve noblsemetnt catalysbulf desired,sall ect i ve
for aromatics renoyal. (0017] In one enbodi nent, the aramatigs saturation
cat al yst 9F 8 é)@(til%og &;gsa%og& slage 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 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



.interfere wit

second reaction stage, is preferably located in the upper portion of the
vessel, above the first reaction stage. Once-through, fresh hydrogen or
hydr ogen WO 82810B® gas is introduced into the top of the s®CFNHOI/EEHI2i on
stage. The aromatics are renoved by saturation. For many applications it is
preferred that the hydrogen introduced into the second stage be sufficient
to provide all of the reaction hydroge®-for both the second and first
reaction stages. However, in sone cases a source of hydrogen sufficiently

low in sul fur and nitrogen may giﬁav%:lable is,which is not pure enough for
the secordriengmbogunentdayclydesaddipeeall of theaeagtion: hygdragen as fgeshhi s case, all

or a portjion of the first stage neggtiion hydro be separately

Tt roaucelyPade g td SbndsBRE. FHR bR abe FirodadiRr iR RO

hydr ogen { or . i i nd tray
type of d%@g#?iuia%gégggg??gﬁﬂﬁg ngﬁgﬁfeﬁagﬁgg enF?ﬂﬁgvﬁggaﬁg%ﬁgéd bet ween
-these two 20 reaction stages, with the separated, second reaction stage
gaseous effluent pass ing fromthe separation nmeans directly down into the
top of tHOOE3} st In melca ﬁbﬁleétegg@db@leaw,ﬂlmwmmn@ﬁmm@@a afrpethgd das
conpressor. The separated,.second stage |iquid conprises the purified diesel
Stk pr QHEERAITG ARG e GIEE] Do HamedaCiity o AR GRBRRBRORROT ower

t han t hat,j el f EHAGhHL &gq%'- | for further
purificagpg%}%%aﬂggggﬁkg’gﬁﬁpgﬁgﬁﬁfﬁgoggtmeelﬁéﬁgggéﬁ%ﬁgﬁyﬁgigthe driving
force forhyidnetrénted disel fractiorsiedaned st hegfer@aeiacang arbdidatierdonigoyndss down into
and through die first reaction stage below, The diesel distillate Exaction
to be purwhichgopiprisss thenfegd for therupgradings whatein thewgthad eompesesop of t he
first reaction stage, in which it reacts with fresh hydrogen or a fresh
hydrd&en WO 021 31088 PCT/ USOL/ - 42572 -13 treat gas, in the presence of a
cat al yst sel egti vg,d& J

reduced in heS%}ogggﬁkggﬁﬁggﬁﬁtgﬁ%$gﬁgyﬂgggk?gg%g%ggqlré %?ﬁE%%??ﬁf ey
permt, irsaciivh fagomi whith,théyecdes én die presémiglof,a cnslysededédtivel forsmal | and
space efficient reaction vessel to be added to, or replace a vessel in, a.n
s exi sti hgmavaked heteroptam gompenngs,toipsodugess firdsiageAiugnt ¢OIMPASIHEl or no
addi ti onal S .coTpr essi on capaci,t. The choice of catalyst is not

orit car WebATua B ERfn ERRBRA N belrSafi s iRpStnd AL i her sul fur
and nktr QRmMikid ﬁgrcﬁﬁt}ﬁlté%ﬁtoﬂm( Qe ducdiby héiehclbnl he Tirst stage
reacti on hydrogéen y cone fron1t%e second stage vapor effluent, all or a
portion of the hydrogen for the first ~ o stage may be separately added
directly into (bhescpafstingShadist SEhEe!igwM £ vhpot ehludnighe case in which a
source of hydrogen'is avail able ich, while not pure enough for the second
stage aromatics saturation, nmay have a H2S, NH3, or conbined H2S and NH3
content | ow erfgugitrippingtthe fislstatagl quidtegflhentanw sthipping stagsto shmoe f eed

sul fur and nitrogen renoval. The heteroatons are typically is renoved as
gasedts Hisselvsdihsicropiom speciesnpriodured;bytle: firdd skage rea¢tiony with H20 vapor
(hereinafter "gaseous heteroatom species") if oxygenates are present in the

feed. Also, instead of using a secqond stage catal yst selective for
aromatics remtdalpassing the sGinpediliyud antoa sesond seaciionestagt 18 yyhiclhit di f f er ent

[ qui o nigeky Ve BBk Bies By uiek S s I ERERE 368: of oot om

and ar omghiafist EEEBYR! fof ArGn¥féSrerdiOVB YR renldvel &t oRfafit YonSsbundatanihe second
stage catal yst conprise one that is selective for aromatics renoval and not

het eepat produesBeadnd itk Buidrardreapooreffiuéntof wherein theevdporreffltdrg t eens
fresh hydrogen" and "fresh zs hydrogen-containing treat gas" are

synonynoeeMagsdinreactesbhedrogen apdiibe hgurdepmposes adieyel Bactienchaning @i ng treat

201l chtefoffoty % arPRRut CFRELE REHE Ghf adafafO ket FRRETHY b | o'

nitrogenﬂ@qﬁghhgﬁﬁog¥g%ﬁgaybons such as nethane) which will not adversely
or affecCt either the reactions or the products.



WO 02/31088 -14 PCT/USA | ~2572 I npurities, such as HZS and NH3 are
undesirable and, if present in significant amounts, wll normally be
renoved f YO8 ¢ eat gas, before it is fed into the reacR@FUSIilRST2r eat
gas streamintroduced into a reaction stage will preferably contain at

| east about 50 vol. % nore preferably at |east about 75 vol. s hydrogen.
[0019J Mbst of the heteroatom corrpoundsmare renoved fromthe feed in the
first reaction stage, which produces liquid effluent having a | ower

het eroatom than the feed. The first stage  al so prodyces a gaseous .effl uent
conpri sing any?et)o SgRMatpe L $Rrapd gtage I@Hgéﬁéﬁ’ag%ﬁﬁﬁ’&§§ G RV BBseous

het er oat HEeS ,4: of gaseous (e.g., C3_ and nostly
“met hane) w&amgr gﬁ@g%%@@é%%@ reaction. The first stage liquid and
gas effluents pass out of the first reaction stage and into a stripping

stage bel ow, i L : i a romthe
Tiauid and in Oh CATTe O saap TS SRS TFPoL PR e nd A SR Wi

stri pp ngthgasvo ife@ctdii ktagesind gk sﬂﬁpﬂuﬂgzs&%d\m atinigh thie Qaiepeksdl amd t he

liquid. The stripping gas mxes with the first reaction stage gaseous

ef f| uent wherean theavepaeldmsdesiadded to,veri hids replacedrawessel om anhexistesgel and
sent to disposal,.or .further processing. The heteroatomreduced liquid

di esel f?}%ﬁpg atipg fasiy- i n a space proximate to the bottom of the interior
of the vessel, zo fromwhere it is renoved, cooled if necessary, and passed
back up as the feed for the second reaction stage. If desired, an external

gas- | i quij@ogapar By epgrddin® dbyxieng dedel bydroh’eaﬁh% Ws@élﬁrdrﬁdcﬂmﬂﬁs separation
occur in the bottdm portion of the reaction vessel.” Renmoving the
het er ®at ongantr(@hedneing thbe detereatom amd Avomaatidsreontend pfithebydiotreatesl of a nore

2 Hobl o rUES (EAEPRR GO IRICERT ALY ATrE ahal SEU SR PLBALERORE on by
het t d ' ' ; ' - t f
the- ar oratPee rano doth et iy e R B8 toldeBorfanRtoRlb R T 1"

speci es ajuht@ithATthy ARBEDHECHGACThE furth & BimbedifiRnts reféfréPio ARMNAISo of C3.
WO 02/ 31088 PCT/ USQOL/ -t2572 -1S hydrocarbons and nostly nethane) mx with

t he upf| capphy tethis ppibediners. and the nixture is renoved fi~omthe vessel
proxilrgate the top of the stripping stage.

[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 to 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 is
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 illustrative,

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



- reaction

Q020] The invention can be further understood with reference to the
Figure, s which is a schematic flow diagramof a diesel fraction purifying
unit, an WEUBHIeENt of the invention, conprising two diff er@EmuSEanes?2
consecutive cocurrent downflow reaction stages, with a vapor-1liquid
separating nmeans placed between the second and first reaction stages, a
stripping stage | ocated bel ow the firstlirreacti on stage and the bottom
portion of the vessel used for collection of the i o first reaction stage
liquid effluent, all in a single reactor vessel. For the sake of

si npl i ci t fracthion thatlhasrbeer purified actodivg isthe processrdltbe imainties, mayinps, heat
transfer devices etc. are shown. T , di esel fraction hydrotreating
purifyi ngrmetf?am mgrk‘&wapm %f L6193 wemmn, EpPeTithelvAentading PR or
vessel 12, { NJ it I: ! . i t ages
et med by PRADGIETH e e TREBFGHINE ahd e ARSI SARKH TS’ FUSS of
‘gas- | i qui ?ra%@k@ro'ﬂth_é)ﬁréséﬁ'ﬁlmll@nﬁbﬂ &*e%ye@@t%é'ay§ﬁb§@ﬁﬁ¥al%@%ﬂn&8})ﬂé§§iﬁ€ﬁt ively
conprise the aromati cs saturation and heteroatomrendval reaction stages. A
vapor -§ i qUihts presswetmaygbs taglati2€lydowppriesare ofidesstthappOd psmt dgeitand i s shown
di sposed below the first reaction stage 18, in which heteroatom conpounds
are renovBEETERshte nReateths vessel at paiesurs ebat leastabopt 850 Pegmare | s

schemati cal | 0 thr tripping.irays. 2 d 23; a gh
packi ng ngvfgrea%&-éﬂle?# %ogﬁéS@ps&a_r Sgllggm?{%p{gﬁg%ﬁfy qaﬂ_gaﬁtﬁbgptgp@% and
aromat i csp&aTbAhrimaticH ARfhtidA aThe 9&%&%@&%&%&% iffrkshd &oRAS the
first reaction stage 12 via feed line 24. The hydrogen-rich vapor ef fl uent
from t he mactind stagzs maynbsadyerange Srpaahowid 50-850THevith 60D 200 @ lexing f i
action by 2s gas, perneabl e gas-|iquid separation neans 16 and sses down
t hroudh | Bpacalned highspresame enables thegese afamore aglivertess.c BablemE@hal  and

typically_go ise di sk pr.ovided wi,th a.plurality of . pipes or

il meys SRRk R PrTed o B15H A8 oD QuBy L RmtK B c1
permit t hehydLRean eﬁ&r%ﬁﬂﬁﬁntb@c%ﬁ%tgﬁ%oh&&nﬁﬂﬂﬁyﬁs@&@és%l.161 and into
the first reaction’stage bel ow. This “hydrogen-rich 02/ 31088

PCT/ US01/-12572 -16 vapor passes down into catalyst bed 18, in which the
unreacted hydrogen in it reacts with the downflow ng diesel fractyon to
renove h 8kt o heoteppeanbxdropregessias] wnd mhydratreating” peg sqTBelimes 86¢thounds

or odubes “SHOBPARTEN "L ush e iy gRprPbaln s Tob BRI B by i RePhd coa °
het er oat obpoadRf fREningl WhcHrcludes \HRes rédting hasCoHY §pBDf Hydrop¥bBesshs si bl y

H20 vapor, any diluent (e.g., nethane, nitrogen and the’like) that nmay have
been pr esssmnsed heteen Hpydhrogeating refitrs gaa, pracess anyerminnofeedntolhet Isydrb- gaseous
hydr ocar bons qEroauced by the reaction. The fi.rstﬁ1 st age Iigui d effluent then
passes ddurntedapdgrhydregssseonfaunng treaipeasdieas) injthe pEESERCS of CBRCAMACan | o

upfl ow n h PRI - i Y r d the
B R e R O A
speci®s fQichRM d¥fuk hahd hiti®lgeh ! /Lo TRE SatarhtiohNSY 4Birlafies BY Hidrégd.ng gas
mxes wth the first reaction stage vapor effluent, with"the mxture then
passi ng dutitaifle higdrateatingrcatadgseinohide anyneop@ntibhakhydreotreating catalystt hen
further processed downstreamto ~s rerm\{e the sul fur and ni tro?en for

di sposal Jns@atye, iy a@ntlimping exeaples ingludrcatalystseamprisigof 28 1east | ects in

the hol | is tiguid.is withd
from t he s CEHAEVEhEGLERERNootiRas ARnTM e (S MIORT ot "heat
exchangerprdrhbl r@g%mqmiaa&dhmﬂpmeﬂa&bwdb@; BRARY RAstbiecGrogssas it up,

via lines 36 and 38, into the top of the vessel 12, and down 20 into the
secord r enethl oatabttage rgorrmt,opvefdrablyeviatdnd W, heorlegireferabblynMopnh erttighf t he

. shipped liquid should be regulated so ,that the seco t age catal yst or
react i on SUEa§BATGHISHNPOE! paterrabsugh as vﬂ.‘wahﬁﬁtﬁgéwtgﬂei@rmm& eat gas is
i ntroduce vi,a.li 40. i i |l.e of._ve t he second
Gt ihO0GR 2ol Gopdfotsy B el asfndtP pal GRS e

supply thgpieafd:ala8 sél%cf&i%&ﬂqfﬂ RAePHEdAL Ghe IR JTARYE] s SifGethe The

hydrogen m xes wth the heteroatomreduced diesel fraction and reacts with
ar omat i cscope of theptebentineadroethat mone theobbree typealf hyaretryating ¢aalyenove
aromatics by saturation. Those skilled in the a.~t will appreciate that
some mnor anount of additional sulfur and nitrogen may al so be renoved in
the second stage. This produces a second reaction stage



WO 02/ 31088 PCTI USOL/ -42572 -17 liquid effluent conprising the purified

di esel stock product, which now has a heteroatom and aromatics content |ess
t han t hatWO2BMB8di esel fraction feed introduced into the RGTAISOOH2372a | i ne
24. 1t also produces the hydrogen-rich second stage vapor' effluent, which
after being separated fromthe liquid via s neans 16, is passed down into
the first reaction stage. The purifiedldiesel stock is removed fromthe
reactor via line 42. The purified diesel stock may be, for exanple, sent to
storage, used for blending combined with an appropriate_additive package to
forma cdnpy deaedupithe sarge resstomstags 98 zoRer Eatalysts useivb feasbuRHBEt s, it

may be advant ageous to fracti te of ,strip.t uri.fied stock,to io renpve
1T oht enduoBEs Huag nighket oo baGhim b BR- R PiE W -an addi 11 ve
package. j i i3k ; i t] hs added to
an existﬁkgg?gg%ﬁ??g#ﬂgggﬁﬂgﬁgggﬁgﬁggﬁgﬁagﬁ a??§?%€ﬁﬁgaggghgﬁﬁih§ay be and
‘typi cal | yndbde masmmﬂgststmmgesdlﬁtrislagsiﬁae,i buttniore-selddd24br htomatiognder st ood
that various other enbodi ments and nodifications in the practice of the

i nventsi ofemidval.be apparent to, and can be readily nmade by, those skilled in
the art without departing fromthe scope and spirit of the invention

descri bed above. Accordingly, it is not intended that the scope of the

es: c ed that the s rove.
but 20 + APBLTT L ndf OFh SnAPgimEht BR ddnlat s AT AP RBIBL 1 RE R P b

f eat ur es setomdieittiohl seageo iepricferabllydbcated il ¢hd wppdreoptiers efithd vessslf i on,
including all the features and enbodi nents which would be treated as

equi val eribove ttke i3t rogctianostage kPnee-throngh Heesdy hydregem ot hy diogen fxeaht i on
tains. .WO 02/31088 18 CLALMS:. PCT/USQl /- (@572.1. A f

P oG EISHS FEEAHRE AR 42 GhiMeaeHad Feaction sBiat THEAOMRGRAE | '

i P onPOotnas: et oS > .

o o oedthoyER byPGtinaRn, Fof hiind dibficalGii it IPRFTaNHIat I BydrpBen PS5 M0

the presengedededaint@tiad dcbfdktage delsatfidient pideadll of fhierrghctivat al yst
selective for repoval of heteroatom conpounds under first catalytic
conver si diydeegeani fardwesh theosesond aaé fustiepetion stages. clpmgaer, 1 sopeicebey (i) a

| quid boi L L0g: LtBe = ahessluy HS) il B15 SRS ha)FbE bRt compounds

15 which is 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, in which 1t reacts with fresh hydrogen or a fresh hydrogen



vapor ous het eroat om speci es produced by the reaction; (b) separating said
first stage liquid and vapor effluents; i s (c) stripping said first stage
liquid efWPU&AI88n a stripping stage to renove di ssol ved RETAISHHHTR speci es
produced by said first stage reaction; (d) passing said stripped liquid
into a second reaction stage, where the shipped liquid reacts with fresh
hydrogen or a fi esh hydrogen treat gal$-under 20 second stage catalytic
conversion conditions, in the presence of a second catal yst selective for
aromatics renoval, to renove aronmatic conpounds and produce second stage

li qui d artatgaeonn dig pigsencs, ofivheatalyat sed¢a veaioo hetaspatameemovadatot ed hydr ogen

and said liquid conprises a diese] boiling-range hy car.bon Ahavi ng a
heter oat ddlits oot oaor uhE Y hotEHOT A RISy W B IheRE SRS o)
separ at i | qui : i ng said
second stiRrtEeaceaRapahft e b ARHE RN uk ot 48k, A PEERKSL Lo

-ef f | uent sinallrsipdpact efSticht REEt o dégdel WObSHIdRPL )bgil’edgﬁc%@%@@hﬁ%hd

sU~i ppi ng stage being in a common vessel. WD 02/31088 PCT/ USQ /- L2572
_19 3. Axjstingebesehcfomdgfgeility ol arefinkrymrdewithsuindmab oond addapmal apor

First ot ABbCPmREe i cupaaity A HRGEES Shosbuttia MO BRI BNAERES said-
or ocese. HSket i RisXEDRRF aRATRRuf by AL bRF ShffyPin€hic AR retRal S " pove

sai d fir shtabistathybelusel. IWIERAUIHoSthe TR sVaRES rdadtiBAhyafodtn &y inler om sai d
~0 second st'age, ‘down into said first stage. 5. A process according to

cl ai m 4 wioer diensesand stagei yapiongfitueageall or 4 porticadobthiedvydsogan forithe firstact i on

stage. is 6. A process according to claimb5_ wherein_said second_stage
cont dP ns Siage ARay pgﬁe%ﬁﬁfy addgl Girodly lat%@eaﬁﬂ&a'tasﬁ-ytﬁ@s B EHsstulig,

aromati g, I €NRYR\shich a source of hydrogen is available which, while not pure

enough for the second stage aromatics saturation, may have a H,S, NHs, or
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 NH;, 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 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 1s

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 hydrogen 1n 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.



7. A process according to claim6 wherein said second stage al so renoves
het er oat om conpounds. 20 8. A process according to claim7 wherein said
first andWBMP8st ages operate at a pressure of at | east PODUBSI-5729. A
process according to claim8 wherein said second stage vapor zs effluent
supplies all of the hydrogen to said first stage for said heteroatom
renoval . WD 02/ 31088 PCT/ US01L12572-1420 10. A nethod for upgradi ng an
exi sting diesel hydrotreating facility conprising one or nore reaction
vessel s, strippers and associ ated equi pment and which produces a

hydr opr odeysedied; susd) asfidz% and NHsaiecindesivale epdpif ipseseyt i sigaifiqaghct i ng sai d

hyd di esel f ion_ f d. hyd ' first, . ] t

Under 1 o art rermalfcbe S TEERAR g LA msPofdl i B Bk T r 2o

catal yst seleft THE nle@f @sesrﬂ%v.@ irﬁ{mtﬂﬁ_%&’hﬂ?t%ﬁﬁw%gg.ﬁvilﬁﬁe&&mgce a first
ng (1) a effluent con g

stage effluent conpris I quid ai ni a di esel

‘fracti on gopein atlldast diaiue SOaicinds; onmepreferabig at idapt @boiaor valf 94 uent

cont ai ni ng vaporous i o0 heteroatom speci es produced by the reaction; (b)
separ at i dtydseged. fi rst stage |iquid and vapor effluents; (c) shipping said
first stage liquid effluent in a stripping stage to renove ~ 5 dissol ved
het er oat om speci es produced by said first stage reaction; (d) passing said

stripped c]bbig%e‘ji d MHs?Pf‘gieheﬁﬂe a'i(?rﬂcéo?r?ﬂebé@td?%e reingo\)@?li £0m fhe'AEIPmy th

fresh hydrogen or a rogen gas under second stage catalytic
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Firstsst agfbRAN fbwing stripping gas, to strip out residual H,S, NH; and H,0
vapor from the liquid. The siripping 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 aromatics 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 1s 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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gaseous hydrocarbons produced by the reaction. The first stage liquid effluent
then passes down through stripping stage 20 below, in which is contacts an

10 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

15 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 hquid 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

20 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 1s
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

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 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
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liquid effluent comprising the purified diesel stock product, which now has a
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

is 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, 1t 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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(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 (i) a liquid boiling in the

10 diesel fuel range reduced in heteroatom compounds and (ii) 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 atromatics 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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reaction.

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.

15 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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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 (i1) 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 stnpping 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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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 is 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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