'; e3e, @ 6>Tz DHYDROCRACKI NG PROCESS TO MAXIM ZE DI ESEL W TH | MPROVED
AROVATI C SATURATI ON BACKGROUND OF THE | NVENTI ON 5 Much of refinery
processi ng involves reaction of refinery streans in a hydrogen atnosphere.
In order to mexim ze conversion efficiencies and to nmaintain catalyst life,
excess hydrogen is generally used in the catal ytic conversion processes,
with the unreacted hy I AL repressuri zed
for use as a recycle @?rsgg%:aég?zﬁhlggﬁclﬁeéﬁgg%rB@eﬁéﬁedshﬁ‘g?é&(%ﬁq'{ y, both in
energy and in equi pnent. VATHIMPRQVEBSAROMATHC S ATURATIONevel opi ng net hods
for using a single hydrogen loop in a reaction process having at |east two
stages. 15 In conventional hydroprocessing, it is necessary to transfer
hydrogen from a vapor phase BAGKGRDEND OF THRMRYENTEKE it Wl be
available to react with a petroleum nolecule at the surface of the
catalyst. his is acconplished by circulating very |arge vol unmes of

hydr ogen gas j | : I he hydr ogen
fl ow t hrough W@htt?zge@ﬁty %%Qﬁgﬂg g‘g}’gﬁ’gséé( mﬁﬂgﬁ@ ?hé[a(gﬁ«gﬁ\t in film of
oil that is dhydrogématrdosphere.t incordar ol paximizBeemysresiareffigigndas aod thydr ogen
required can he.l.ar t 0] bhl L. QUi d . amount of
cat al yst requﬁaérlég'gg%}aal%ggPebee&)F%fsgh&dﬁﬁ%' |? aeg%@r"gﬂg‘%gmv@rgfa@ﬁ&e and can
operate at sewaiversion@rddessss, withtthe anfeastdilindiregkrpiseing cecverad; pudfiedc000 psi
and tenperatures from around 400F to 900F, 25 S, Pat. No. 6,224,747
Feaches hir oRPEAATREP LR FRT PR (BYOIp e, (Ul Eercle PRRAESSES alki ng
reacti on zonecydtiyhbothan ehsigyHnatin @qlipeiiedt.0BeRTeSrogrels das been Riddeiant from
t he hydrocracki nq reaction zone is conbined with a |ight

aromat i c- cont 88Y8

oRjng Bsthads fepHsing Apirgie hydrogar o indeaRtien PRocest ed in a
30 hydrotreat [Agnd aekehsQNoZdaGes. The hydrocracked effluent serves as a heat
sink for the hydrotreating reaction zone. The integrated reaction system
provi des systens. There is no tenperature control between the

hydr ocr ackd ng;, r i r i j wever .
0's. “pat, Mo inERgshihat BlfroBRibebfig Y Bt Sl M et nAlod B fom i icer
zones 5 by neeamorehabe atto theclivpuid) grhase where it wilhize avaitable tol reaetwittoa. Bar al®
does not enpl o si ngl.e d en | 0op.,as_does, the instant .invention.

ar al | di sci bseurdeTpaRipri At PRy sRedlalit, T o SRR B

ﬁe{j ies with aciktymmgr\@rﬁ?rgedvﬁlnmfa doi‘hydxﬁbgnmgeé ahgm@bbﬂwgtﬁgﬁ edatlacysﬁ 4
ydrogenator., A 0J ed i ed w ot - up,, a recycl e hydrogen
to a hydrofi nté‘?‘?'ggﬁ‘? 8&1,981‘3‘%‘?@99&%‘&"i’HOH%p}%r%fg?"cf%QMdéO Pogen are
added to 2ne Apgbrioéd ivtd a A GlA of 6il THRAM disthiButedovet HeldRalyst. fRstasea
hydr ocracker. The h dré)tt;)cracker roduct streamis cooled and separated into

|
a vapor and at"BiaReWnt &f hydirger Frauligf sAnde,gigs, it 800, o3 gQFé{’W athauid

hydrogen conpgSseerah&stor edtfglﬁjgt REUINEECah i be IBRSe, thélddtcis BRARHS

fractionated into a top, m , and bottom stredm The 15 bottom streamis

recycl ed to tlaegengnit et aperete atmeverd epnddions, sema fevwnhynsiedwsiHo@gdr ogen from
a make-up hyd r ﬂng i tor. Hydrogen
recovered froﬁggﬁgsﬁggﬁ(?gi%ﬁtgr |§gﬂgf)e§s§¢(§§§té%‘®n%djgﬁg§gaoﬁ t he make-up
hydr ogen 2%npressor and directed to the hydrofiner. 20 U S. Pat. No.

5,114,562 (Ha t al ches t wo- st age hydro urization (simlar
to hydrotreat b%g?atﬁﬁ’d&%ﬁ??rﬁzﬁﬂ‘%ﬁ ﬁygm@g%af%}éﬁ@w )aS@%arﬁ'Qar ocar bons.
There i s heathgriedratigfg ReictiBr 2ohd Yithiarsintiifatedytratodvéglon preessegen | oop

is not enployed. Two separate reaction zones are enpl gye_d in series, the
first zone fdEfHeRkTERIBeNE RYdrosracking reardion zope dmerrpBied yathralighty dr ogenat i on.

A feed i's m xedniibRopRANAY REIURIAYMMIARE bictlel Atrafiandbirtdiédin £n

react or. Hydrogen lsu.log‘:.fagiem% s st rﬁ’)pe’?h?rom t heedesuff ur’i zra'rkfr on reactor
product B a hysuetreativgreastionfaomg. diheHyydresyackedeiuentgengsmsaibeat sék eam
fromthis strd ppj it I ) %ed it ' : ek ed
hydr ogen and ﬁoﬁg{enrt‘%g?ﬁf%ﬁ%g??%&%tn? O)zélgh{/ﬁg‘lre 6@‘8 g%t?%'rr]é’afc(ltalégg‘. &%%H‘zé)rﬁg'ﬁg dr ogen
30 i s recoveradingledidrdgensudplyganthtacooulatiere syaterarfidr uscipdivedeadtion spl it
streamto both the desulfurization reactor and the hydrogenation reactor.

The hydrogen fromthe stripping operation is passed thrOugh”lmlﬁmmﬂmumn

m xed with the portion of the recycled hydrogen directed to

e MR - 1
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‘conpressed, passed through a treating step and recycled to the

hydr ogenation reactor. Thus, the hydrocarbon feed stream passes in series

t hrough the desul furization and hydrogenation reactors, while relatively

| ow pressure hydrogen is provided for the desul furization step and
relatively high 5 pressure hydrogen is provided for the hydrogenation step.
The instant invention is directed to tenperature control between

hydr ocr acki ng systanisy diteire ésanoe tegnpesatess centyll bgtwesnahe hpdioerdokihgagecdtidroop. 10
SUMVARY OF THE | NVEQT Oﬁl 66‘ VGqﬂ. strea{? IS | n'ht ially hydrocracked in a
first-stage hyaP®aPddRs RYITPEERYNG SAsiLZo0S RPWEYE i nt egr at ed

hydr oconver si on process. The integrated hydroconversi on process possesses
at | east one hydraocracki and_at 15 | east one hydrotreating stage.
i1 ont £romid HePat Ry 3002605 pa LN SRt e aace L oo DERRERATASA v t
a |ight argmabiymedti stildabexdRpdefst IRAMthaMdtdnbfvehisiiedagl 8688mots
hydrotreated in a second stage, which conprises a hydrotreating reaction

zone. Heat exEMPiYea singiln Bydsegemionp: aedess WeRytagidnysidionc Bacsxidivglasesct i on
zone and the 3gpgy @@ﬁu&yﬂwﬁg&a&é&gﬂ; Rfdting'tn S0t alfgfifcrackay the

t enmperature contro e first-stage rotré&ating zone. enperat ure
of the fir st - sithgefragtibnaf thapmduckfed doarhydhegenatoat Aojast dikfeed isfedstitige

hydr ocracker. , Thi s_{opr.oves th romatic saturation, of the.converted

v ocar bons. 2R Siekg URAretve ALaPRRY fo SRVAERRSE Th Bt BRI Bhde  eat i ng
zone to beodi kheitionsl recyuie hirdrogen ateyaddedtothd hgdroainér ptodistdtreamaaking zones
that nmay be present. he efflu e first-stage

I.n_ope e di ment, nt fromt
hydrotreater {he REdYE]s f‘?fpté’na g%ﬂ&’ﬁﬁg‘?’; ﬁh@éwdﬁ%ggéﬁrpao@%{r]eqmﬁ pressure
separ at or, whepsled\epdhepdrdtéd o a_rvaﬁo.aérw s Godetreamd MRS ReamGo! d hi gh
pressure separator, In the cold high pressure separator, hydrogen and

hydr ogen sul f PEESEHI® 3 ECyElRBYEEPASPEORIABS R decyslentartar hydrefiner; | in the
gasol 1 ne and gl Sreb N faBlfhlad 15 . InboRe bh@BBG suBl offen Sul fi de i s

subsequently renoved in an absorber an rogen i s conpressed and
recircul ated botteye streath isgedydlest todtie hydiocrackas Tie middle sfreard issmixedvacuum

gas oil feed.  ;: el : ' e_separator,
whi ch may con@h#yéa eelrnifgqqégbrﬁ%% ﬁgns’%’%ﬁﬁ%wgﬁ%ﬁsgt gﬂ%@‘,’r&lﬁéagﬁ 2 passed to
t he fracti onahpdrogéhator. Hydrogen recovered from the hydrogenator is compressed in a

stage of the make-up hydrogen compressor and directed to the hydrofiner.

20 U.S. Pat. No. 5,114,562 (Haun et al.) teaches a two-stage
hydrodesulfurization (similar to hydrotreating) and hydrogenation process for
distillate hydrocarbons. There is heat exchange between the two stages, but
a single hydrogen loop is not employed. Two separate reaction zones are
employed in series, the first zone for hydrodesulfurization and a second zone

25 for hydrogenation. A feed is mixed with recycled hydrogen and fed to a
desulfurization reactor. Hydrogen sulfide is stripped from the desulfurization
reactor product by a countercurrent flow of hydrogen. The liquid product
stream from this stripping operation is mixed with relatively clean recycled
hydrogen and the mixture is fed to a hydrogenation reaction zone. Hydrogen

30 is recovered from the hydrogenation reactor and recycled as a split stream to
both the desulfurization reactor and the hydrogenation reactor. The hydrogen
from the stripping operation is passed through a separator, mixed with the

portion of the recycled hydrogen directed to the hydrogenation reactor,



fracti onator bottons may be subsequently hydrocracked and products nay be
subsequent|ly hydrotreated in units not depicted. 5 This invention offers
several notable benefits. The invention provides a nmethod for

hydr oprocessing two refinery streans using a single hydrogen supply and a
si ngl e hydrogen recovery system Furthernore, the instant invention

provi des a_Melbfird Qbd HELABIAKEAS fediRhlo BT dnPioLgRY A0ihelO hydrotreat i ng

a second refinery streamwth a Conmnon supply. The feed to
t he hydr ocr ackiydwpgenaliarn wactoondhis, the hygdrocsthoadesd sthearo paasesiargesiepr esent

Furt her  ai recluRUS B SRPRAEE O B aRaT A SRRt B S sare

in an int egrabmsbwlhﬁnogmersajreﬁdéa meﬁédééIilﬂuﬁz@t&irmtéﬁb ahfgelafivapaghcat al yst
life and h%gh gﬁi{el ds, of the, esi_regl (grodgc s) particularly distillate range
refinery prodBassur g1y I RiPYided forithe, Y‘ifog'f‘ HoR:SeRy originate from

different refinery processes, such as a VG, derived fromthe effluent of a

VGO hydrotreater, which contains relatively few catal yst contam nants
and/ or ar onat 188 iRt inyentior ix Jiceded {q tegpesatueg epntrol batwaesasel ) whi ch

cont ai . 20, S Bkl Mo ing B SmyaBRE 4ifie ARG PT1 OV OF

THE DRAW NGS Figure 1 'l lustrates a crac eater in
series, in a single 25 hydrogen | oop separated by a heat exchanger. Light

and _heavy1gat erials are separ g I\ﬁ e iTI drogen and hydrogen
sul fide mght be renoved from—%&#mm% rogen i s conpressed
and recircul ated. Products are sent to a fractionator. 30 Figure 2 .
NPT i e R R ROt T A
hydr ot r eat ed. zblélwRBiaran iftegpRad Ay8bcbhasTsibRréoedsotieahedréd | uent and
recircul ated. Products are sent to a fractionator. 4 )ETAI LED DESCRI PTI ON
OF THE | NVENThYsgoconversion process possesses at least one hydrocracking stage and at
15 least one hydrotreating stage. Effluent from the first-stage hydrocracking
reaction zone is combined with a light aromatic-containing feed stream, and
the blended stream is hydrotreated in a second stage, which comprises a
hydrotreating reaction zone. Heat exchange occurs between the first-stage
hydrocracking reaction zone and the second-stage hydrotreating reaction
20 zone, permitting the temperature control of the first-stage hydrotreating zone.
The temperature of the first-stage hydrotreater is lower than that of the
first-stage hydrocracker. This improves the aromatic saturation of the
converted hydrocarbons and also allows the catalyst of the first-stage
hydrotreating zone to be different from the catalyst in subsequent
25 hydrocracking zones that may be present. In one embodiment, the effluent
from the first-stage hydrotreater is heated in an exchanger, then passed to a
hot high pressure separator, where overhead light ends are removed and
passed to a cold high pressure separator. In the cold high pressure
separator, hydrogen and hydrogen sulfide gas is removed overhead and
30 materials boiling in the gasoline and diesel range are passed to a fractionator.
Hydrogen sulfide is subsequently removed in an absorber and hydrogen is
compressed and recirculated to be used as interbed quench, as well as mixed

with vacuum gas oil feed.



This invention relates to two reaction processes, using two dissimlar
feeds, which are conbined into a single integrated reaction process, using
a single 5 hydrogen supply and recovery system In the process, a heavier
feed is hydrocracked to make a mddle distillate and/or gasoline product,
and a lighter feed is hydrotreated to upgrade the fuel properties of the
lighter feed. The process is particularly useful for treating a second

refinery stredhelguigrefiegnt of the kot highpreasure sepanater, wbicbmaay 90rlieihow t hat of
the first ref r dt [ ed to
renove aronat .}'ﬁé%""e‘?%’?@ﬁ% fr?l‘e d?‘?%e?égsg d%faﬂg(?ﬁéer. dlqgt ‘%fég ,92‘% of the
process, a fi frattmrm”torrtmttpnﬁnnaabesubheca&nﬂy vmobchgdiaodlpemdm Ay tblee
presence of hydrogen r .a, hydrocracki ng catalyst 15 contained in a
first-stage h U??f%‘“&@ﬁ?’ ﬁ&df%ﬁéeat'"d{swa."f’%?% “efficient to renove at |east
a portion ®f the nitrogen conpounds fromthe first refinery streamand to

effect a boiling range cgonversion. The entire effluent fromthe first
reaction zone NS inyItiopofiersseveslgotatie banefits.i iBeiAvaptian mEaYides Aen conbi ned

with a secondn{e«%ﬁémﬁfr:ﬁyaﬁo&;ﬁ%@ssmgews%'r’meiaseétré&ﬁgié&.ﬁglésu@gnerﬂ. ditigeR 20
optional additional hydrogen-rich gas, is passed to a secon stage reaction
zone, which i supgly andiarsieg emyﬁmeommw%ﬂmdﬁnbﬁmqafﬂheonﬁant to renove
at least a pof refinery
stream The fente’cbiﬂ{q ot rOR’msa%'ﬁg@topﬁ?'g égﬁgﬁné Eggt%}glsﬁ%%@%gactl on zones
in gravityofl hydnotreatmg)ansemrdi lyef denyesmteamwm alowanaeh bzycirggemiﬁedgmwplyt y. The
process is in 5 cod;é%ﬁ thy onventlona prac{l ce of cx&h ining the
second refi neF g‘?‘f Wi thF?eC ﬂgrrg?cqoe‘ﬁ%&'?ng paeHed! ydrocracki ng the
](c:orrgi nat |k on t egetahtiantd\piedentinitNe fexdto ahé hytl‘ralre@tglr%gﬂehcﬁ)n/\mﬂdil'rﬂ@at the two
eedstocks in separate processes, Wt rate rogen sup recovery
and recycl e s?@@ﬁé'""%@%ﬂfé? lﬁ’l—fﬁ?tegrt%ﬁ?‘?ﬁeque? f‘gg}g‘a%fmé‘gf’?;ﬁtﬁm?éne is
heat exchangegbfiNehlsttetrdlin&h M@Brét@&fl'wdH&SHV&HI%%@&S‘S%HII%WH@E&MH a
separator. The effluent then passes t0 a fractionator, wth ottoms passi ng

to anot he#5 hyae‘aftﬁetémshlg’e@@ﬁénqmweldaeémﬁ depiredrpioduals; d1arfisarlyrdistilioteanot her
hydr ot r eat
cuparati on Mo RdeRtn PRI SyciPissirlaf RaAchRBNS Y SAGRER rom

ef fluent may @ifferent cefinesepiosassdaso auchnagia MED ;1 derivedtfon theseffluentefabi ned with
a light aroma | arated
fromthe hydr‘gtb ?)eéfoﬁgtré‘é}g [ ﬁﬁ@?%%kk@?{% féevfgéc}ggﬁtr%g 'ﬁg‘%ngegnstﬁ'P to a
fractionator. adéemiuca.r@cEa’arﬁ FGéntycléhail arcstemightttrun dieselHydhiahceaddingelg St age A VGO
is a pref redflr refln stre synthetic or straight run 10

m ddl e di&l |?‘é'%séa "f' 3"18?"8 e‘?fFé e&%p?%snery stream A suitable
synthetic mddle distillate, formed by cracki ng a heaV| er stock, may
contain high nitrogen |ev '!2 which is added to
the hydrocracking effl uert=x ting zone,
generally boils in the mddle distillate boiling range and is hydrotreated
to renpbve nitrogen 15 and/or aronmatics, w thout excessive cracking. The
preferred firEigues hjlastaigs & hydrosrackss andiivaeptieatalin seriesnin Asiided at

hydr ocr a ng HEPD r SEHREh i ns
hydr ot r egit(% ngh)(g:d;?g%ﬂ 'oga%nglé}nt al n%g herahﬁxcg{ag ?Iealglgtr]l r eactv?gﬁﬂggﬂg% E?ons In
t he process, mraredénonaﬂach h@eBer’f@QGﬂagd@)’dmeﬁmf@ﬁrm@htbﬂtvvo cl osel y
coupl ed react I e a single
i nt egrated hydr odé’gﬁ%gdﬁ'g‘ &@Eg%?%vg?@fs%ﬁ]g%o %%ag%ﬂdt re'&ﬁ %{é%S The
process ser veBradacisrazs sabt toenfractionaturs present in the second refinery
streamfromfouling the catalyst in the first reaction zone. 25 One
suitable first refinery streamis a VGO having a boiling point range
starting 3g aanemmaéwtesa ﬂ:&@&nﬁm a@g%llowéalbkl%ﬁﬁwahbhBnl‘lhe tenmperature
range of 500F-1100F, (260C-5 A refinery streamwnerein 75 vol % of the
refinery strd&ftigpatian. V\M?ﬁ”ﬁ' WWW@F'&% g cpabiiedonitiia ighimromatian exanpl e
feedst ock forstFeQ@n bihd A drb?réﬁfe'dorHy%ﬁéﬁ‘en isRphidad fréﬁfthé‘h'y&lro?r%'é?e@n may 30
contain nitro usual | y present” as” or ganonl trogen conpounds. VGO feed
streans for t UfFﬂtra@f’ recigcedated Prfuickopressent fea Factienatelbout 200 ppm
nitrogen and less than 0.25 wt. % sul fur) though feeds with higher |evels
of nitrogen and sul fur, including those containing up to 0.5 w. % and

hi gher nitrogen and 6 up to 5 wt. % sulfur and higher may be treated in
the present process. The 4




first refinery streamis also preferably a | ow asphaltene stream Suitable
first refinery streans contain | ess than about 500 ppm asphalt enes,
preferably | ess than about 200 ppm asphal tenes, and nore preferably |ess
than about 5 100 ppm asphal tenes. Exanple streans include |ight gas oil,
heavy gas oil, straight run gas oil, deasphalted oil, and the like. The
first reflnery stream may have been processed) e.g., by hydrotreating)
prior to the present prddeBAILED DESCRIPTHION OFstHIINYENYI@GNI mi nate its

het eroatom content. The first refinery streamnay conprise recycle
conponents. 10 The hydrocracking reaction step renoves nitrogen and sul fur
fromthe firstThisshiertion relatet tottweasadtiontprecdsises tusingwardissikiilagfeedsct i on

zone and effects a boilin nge copversiaon, so.that the liquid rtion of
the first hyd RIS ‘N%‘?\W&%é"@ﬂﬁtﬁ‘éﬁ?a%@ P&%ﬁnﬁ%‘"%éuﬁ'&?@ range

bel ow the gor 'h?bro@@h'sbﬁ?y%ﬁdﬁ@édiferi SFS9EMOfin iHeSprbLésy, ariavieeieed gedst ock. By

"normal " is neant a oint or boiling range based on a distillation

at one at nosphydcHcked ip @ak@@dnldsi? dipiillatejand/phgafaling preduct, med a lighter
distillation. fdiy u§$r'§df?ﬁr‘é%{é€!t6 Pé’tfétiwa?ﬁelﬁ%ﬂerﬁés%ﬂthé% % P éé%ﬁpﬁ{@t ures

| isted herein refer to normnal 1 ng pol and nor mal |ng range

t enper at ur es. pronespgisoparticulany usafulifor keatingds moadkeﬁr@,erveueammhm beithe may

be controlled r duct

sul fur 1 evel 88 oFEBhRE Parleiel R R BF R e SeR & B e e o
a referenge t @qistraamrvehiclsisab bastredted tm&mwbezromb&csnbéfbrmmibgi l'i ng point
tenperature of the c}/&Jé'gcracker feedst ock. The extent of conversion rel ates
to the percenPHfESHF 8"boi | i ng above the reference tenperature which is

25 converted to products boiling below the reference tenper ature The

hydr ocr acki ng reaction zone effluent includes normally Iiquid %hase
conponent s, elmone emhedimant gf heurrecessna fitst refinane treamsysk 969 ¥eO e first
refinery Streﬁ%roé&@ké@f%b'de%%@%ﬁy%@éﬁoGQF@HV@rBEl%ckﬁgg:atalgélseous 30
reacti on products and unreacted X&;dro en. I n the process, "the dr ocracki ng
reacti on ¥@necortaingdin aifiitstage hysiaeracigng zeng ot @qr@rrttonﬁesugfcn@ﬁtma boi | i ng
range convers t r t 5% based
on a 650F ref gﬁ%\geattlg%ﬁeréﬁ?'{eg#lﬁﬁ‘@yog}h (ﬁ)ﬁags%%ggﬁ/{)obiﬂ% fr%tbn@'fl% &t he
conponent s i nsffeam and to effect a boiling range conversion. The entire effluent from the

first reaction zone is then heat exchanged with an incoming stream, then
combined with a second refinery stream. The combined feedstock, along with
20 optional additional hydrogen-rich gas, is passed to a second-stage reaction
zone, which is maintained at hydrotreating conditions sufficient to remove at
least a portion of the aromatic compounds from the second refinery stream.
The feedstocks may flow through one or both of the reaction zones in gravity
flow in a downwardly direction or upwardly against gravity. The process is in
25 contrast to a conventional practice of combining the second refinery stream
with the first refinery stream and hydrocracking the combination together.
Alternative conventional practice would treat the two feedstocks in separate

processes, with separate hydrogen supply, recovery and recycle systems.

30 The effluent from the first hydrotreating zone is heat exchanged with incoming
VGO feed, then hydrogen is removed in a separator. The effluent then
passes to a fractionator, with bottoms passing to another hydrocracking zone
(not depicted) and diesel passing to another hydrotreating zone(not depicted).



the first refinery stream which boil above about 650F are converted in the
first hydrocracking reaction zone to conponents which boil bel ow about
650F. Operating at conversion levels as high as 100%is also within the
scope of the invention. Exanple boiling range conversions are in the range
of 5 from about 30%to 90% or of from about 40%to 80% The hydrocracking '
reaction zone effluent is further decreased in nitrogen and sul fur content,
wi th at | east lraboaitefd@dte embodinent,tsepgmation omyaoarunfpliowingdbbdissti n t he first

refinery stream being. converted in_the, hydrocracki reaction. zone.
br e or abl y. | PESTRGIARRING, g iSRGt B rees T FpAbrRBSR A g
reaction zonentfiélidleate déinbinad with d IRHS aidmdticreed and €00s gyl fur and less

t han about 200 ppm nitraogen, nore preferably | ess than about 250 ppm sul fur
and about 100hb‘ﬂfﬁrﬁ?ﬁdod%mmﬁ%h'éisﬁpérﬁéedf"PWdP%BV%’@H?ﬁ@dS&%%a!DQ Reacti on

condi ti onsgi nddyR,laNel, OPfRRKisNHe S8R IOPactiBRSor.NC! ude a reaction
t enper ature between about 250C and about 500C (482F-932F), pressures from

about 3.5 MPa to about 24.2 MPa (500-3,500 psi), 'and a feed rate (vol
oi |l vol cat hkegg‘%%ﬁ_ %nt%hjaréc‘?eis@@s't- Hégmr&@‘%i?ggtgbggen circulation 20

rates are gen Iters H2Ikg oil to
1780 std liters H2/kg oil (2,310-11, 750 standard cubic feet per barrel).

Ll 23 LoanEp TSR R A R SR SN C  vr
L 0 agout gg f?rdwwe Gtﬂftiﬂﬁ@-ié?Qﬁ&egéH)secdﬁd dmﬁh&g_sn_reehﬁmediltatgléaymabticsy_stem it
as een oun t ha r err Process corn It1ons |1 nclude contacti ng a
pet rol eum fefeliﬂiﬁ:}’a %E'}!&fﬁ@ﬁf@éﬁ%ﬁﬂ&ghmﬁtzﬁk&? gmm"‘%s conpri fiong
a pressure o i S1), a gas

i D Tat o bat Whagh Ichtls? Nined@naiOHerf dirda R e e, 000 sof Hbbl ) |

a LHSV of bet draceaskig efflumnt before- it entess theghydsetpratinguzose genarally koilge of
360C to 30 42%\th%95|'e%9§|ﬁ)ate l?oiling range, and is hydrotreated to remove nitrogen

16  and/or aromatics, without excessive cracking. The preferred first stage
contains hydrocracking catalyst, maintained at hydrocracking conditions.
Likewise, the preferred second stage contains hydrotreating catalyst,
maintained at hydrotreating reaction conditions. In the process, the first and
the second stages are contained in two closely coupled reactor vessels,

20 separated by a heat exchanger, having a single integrated hydrogen supply
and recovery system serving both stages. The process serves to prevent
contaminants present in the second refinery stream from fouling the catalyst
in the first reaction zone.

25 One suitable first refinery stream is a VGO having a boiling point range
starting at a temperature above 500°F (260°C), usually within the temperature
range of 500°F-1100°F (260°C-593°C). A refinery stream wherein 75 vol% of
the refinery stream boils within the temperature range 650°F-1050°F is an
example feedstock for the first reaction zone. The first refinery stream may

30 contain nitrogen, usually present as organonitrogen compounds. VGO feed
streams for the first reaction zone contain less than about 200 ppm nitrogen
and less than 0.25 wt. % sulfur, though feeds with higher levels of nitrogen
and sulfur, including those containing up to 0.5 wt. % and higher nitrogen and



Catal ysts - ydrocracking Stage The hydrocracki ng stage and the
hydrotreating stage may each contain one or nore catalysts. If nore than
one distinct catalyst is present in either of the 5 stages, they may either
be bl ended or be present as distinct |ayers. Layered catal yst systens are
taught, for exanple, in U S Patent No. 4,990,243, the disclosure of which
is incorporated herein by reference for all purposes. Hydrocracking

catal ysts usefun torpmt-thsuifurand kighefenay be teptediimthnpresentgquraeess. , Thehe
hydr ocr acki ng

hydr ogenat i on f@?ﬁ%ﬁﬁ%’k S?%%RQ%%E% ;%eferr&ﬁ b%‘” rgrgé eri QP%B@Q&' ?\Sdé%blerﬂgt
cracki ng corrpaaﬁmryrm}aamscjoutain bassalnmmtbmmwarpatrkasp@atterngmrpmfmeﬂoﬂ;dl or a

S0l L1 £ 83l HRRE B Sl AFE D il TR o °

silica-al usi narom@rﬂraeplwrwregeﬁatamm ammmadhd@irghtrgeascar; abxyt gl i cles is
selected fromtho e el ements kno

proyi de ca i ¢ hydrogenation
activity. At |SEghtEuR 930l deas Pr’é’rﬂ" §B‘¥§@c'é‘& L'?‘Srﬁfﬂrr@ figgry seem | (1 UPAC
Not ation) el enRay RadBbay rfor:eé@,édre wdvétrédt.HﬁA&.&nbmé prekefl sioBEdsS are
general |y chosen. G oup 20 el ement's ‘i ncl ude chrom um no tybdenum and
tungsten. G odp reduqe @wwyaﬂw@rwa@terltﬁd@ter@d@m ¢ontente Klde firsinefieeryum
rhodi um pall gtinum The anmounts) of
hydr ogenat i onasgllolrég%o?rgz 'Sé %"3} c‘%% Iyst sur tably range from about 0.5%to
about 10%10y wei ght of Group VI1I nmetal conponents) and from about 5%to

about 25%b onent cal cul.at ed, as met al
oxi des) peryl\(g@]eglg}dt“gérgga#?gar#'ogrs "1"6?51“’%%5@@2? a“%@l"‘é’a‘]{ trbeeﬁ&nt ages by
\rlrvei:l ght are bagefihem féémsmrrghihtheffr:tth@dmmdkjr@geb_eﬁwrzﬁ:rrwéﬁd efferts :I/The )
rogenati on onents in the catalyst, i ic and/or the
e o HoTB 870 Ravestingrsahattie igherpoion 0t Gret hdrcardiggn vi ||

netal conponengadtonFobeaiMucht héghmha%nd@&angé bélwhe!ndp@apbdliRfted to a
sulfiding treatpent prior to pr oper use in hydrocracking. Suitably, the

cat al yst éérrprﬂoéﬂéiamoﬁheﬂfﬁtéem%fﬁﬁ?éﬁ%koﬁ)'nﬁ‘@m' i Rgant aksiingipaitd one

or more COWPO'b‘?'BbﬁranraﬁGE Bé‘éé%rﬁ%@'lﬂﬁaﬂfontéf%ﬂéta?rﬁo?he?éﬁrégsuf?rsﬁcﬁggponentS

of platinum and/or palladi um sts containin

mol ybdenum nitaleterminedings Da #60 glshﬁat'ﬁumlwﬁﬁ’scﬂ*hwlsﬂawaﬂﬁ@r gllparticularly
referred. Th i be

Pt cpar ed by ' AN ERHE AR ed Tdreelar o dm oling S A BmfFY

netals wth abbrhndeangﬂmnﬂra@rea‘ Fhe prabé&s ibitime Brs$ hydrobmtkmgrréa«:tmn al um ha,

cl ays) ziggoni nesi a.and silica-alumn fer ence i s given
to the us 6 §Pﬁh1‘a|¥a a%orBfoﬁagrlo aﬁeﬁglln CE%W%%VSrS'%rh%t fﬁi gphor ous, may
be added as drpmdrﬂﬂsulmrtlardl or nm’ogenﬁvel grrsthotpaCbnvéremnfregeaerdnﬂy;relaléd

application. The b}

extrusion, dri®d rgﬁaerggqgmgg 'T[h)ﬁ iérfﬁxté'@’eq%stp%gﬂ' %g'ﬂ»gé:?g%& pr oduce

the finished tarhpéatire PR tHd W@&raéﬂér&éélﬁwdkemhe mmldfhoﬁrcéré.ahlraafé%t hods of
preparing the anorphous catalyst particles include pari ng oxi de binder

particles) sué?rtr@sP%W'Etig‘P stfeﬁﬁ Jbodingiabgve the eigrencs Pﬁfréiulf%WQ!PhB?
deposi ti ngst hgoRyHIHB R RS Bg'ilﬁé BeBW thb fefRidrid8 térﬁg@l%rtﬁﬂed es, using

met hods such as 1 npregnation. The catal yst particle cont ai ning the

hydr ogenati on netal s, are t hen further dri ed and calcined prior to use as a
hydr ocr acki ng ?{]511 ot reater
Stage 20 The g@%@ﬁgbﬁ? eedfériéeéatﬁn as a |"lr'1%h¥)gcr?LH agége general ly

| ower than theomppaentscé. gnwa}ctrbe@deduoéaamd Urv@ee@d qornpomeatsf@atherf stof the

Feedst r oam halomehbrdarty it AhiaRl oRBedds ihele olfhehEARCE o g8l nge, <o

that cracBd ngréazztnanlprcmretdomd umgapledriydidigene diitie priocess, tied hydroeragking. Thus,
at | east about 75 vol % of a. %urt bl e second efr gg stre}ﬁ has a nor mal

boi | i ng poi nt "435HRRAZQPe Smaintai aw%m"t&%é&y flect 890HN8,/a888 eam wi t h
at | east abougodifaivh bf fHe firkEre ?Hg@%%ﬁﬁﬁoﬁb’ﬂéd%@aﬁorﬂoid%'b%&%'dn@ Bt
tenperature within the range o I's an exanple a pre erred
second refi nere;fere@ediempermureo Thhue, gtreast 26%ly volumeiaf e components in
particularly suited for treating mddle distillate streans which are not
suitable for high quality fuels. For exanple, the process is suitable for
treating a second refinery stream which <~7ont ai ns high



10 ,anounts of nitrogen andl or high amobunts of aromatics, including
streans which contain up to 90% aromati cs and hi gher. Exanple second
refinery feedstreans which are suitable for treating in the present process
i nclude straight run vacuum gas oils) including straight run diesel
fractions, fromcrude 5 distillation, atnospheric tower bottons, or

syntheti c cr agleefirstrdfipbhedtrcamn hichalicibeve @BoutBI0°F argbonveyeddn id or heavy
cycle oil. After the first refinery feedstreamis treated in the

hydr ocr acki ng it Bydrocrarking reaetiofyzansdp sompegenis adiehbol brlewaboutient i s
combi ned wit hGBBq:.S@ﬁ@ming;%t E6SiLih feve Ki ﬁaQQ!@J@"/qu@tdlﬁ‘wmgﬁﬁﬁg toget her

w th hydrogen over the ca yst 1n the hydrotreating stage. Since the
hydr ocr acked stédpaiettheiinvesnitionafixampledboiling ranfie eendrsivhe acointtherargetof t 0 be

removed by_hydr ot reat.i t hydr pcr acke fl sses larpgely
unchanged ? hr g’ﬁ_ﬁhatf% 3@%}00%{3&% 8? 8%?3“%&?@&??@%P’?%@)_S?FBF@FE‘P? “react ed
feed remai ni ngedotioh zenekfflucatis firthen doeeeabadhiy Hitoher ahd sulfer (Qi‘nft@ﬁ,tvﬁm| y

on of the

i solated fromthe drocr.ack zone to event contani nati
catal yst cont & Eéap%/tl’“fé‘rt(eéﬂo%‘? Oﬁbﬁé\'}@?g,e“t% {ad?'B% eeulgs ipfhe hSFéIF WeBtker
ef fluent pl a%tré\é‘rnibﬁiﬁg' tarivertadGh H@Wr@&i @é@%ﬁz&?éf‘.?ﬂéfen’éﬂly?ﬂ%

I nt egrat ed process. !_eavig% t he 20 hydrocracker, the effluent Carries with
it subst ant i anoimllydiquidpredygts present sntbedydragjagking reagtienzonesgfiivent second
reactor fegds | EHo r a?ﬁﬂﬂi‘ reamenters
t he hydro?@ea{:{é@amﬂﬁgssaﬁ@rm t“g)fg@"gpﬁ@ Sattmg{)%?cglreggg}:on fuggge??ﬁtam to the
i nt egr at ed sysiteget haorepisfetablyiessithae abeutr 26Qppre sulferandsaboed 160 ppor nace
capacity and heating 25 costs. As the second feedstock passes through the

hydr ot r eat er, "ﬁrﬁge{"errper ature again tends to increase due to exothermc

reaction heating in the second zone. The hydrocracker effluent in the
second feedstqock serve s a heat_30 sink, which noderates the tenperature
i ncrease thro&&ﬁgiﬂ@s—h&ﬁ@gﬁﬁﬂ'&%ﬂe heat energy contained in the liquid
reacti on pgoducts | eaving the hydrotreater is further available for
exchange with _other streans requiring . . . )
Reaction conditions in the hydrocracking reaction zone include a reaction
temperature between about 250°C and about 500°C (482°F-932°F),
pressures from about 3.5 MPa to about 24.2 MPa (500-3,500 psi), and a feed
rate (vol oilivol cat h) from about 0.1 to about 20 hr'. Hydrogen circulation
20 rates are generally in the range from about 350 std liters Hz/kg oil to 1780 std
liters Hy/kg oil (2,310-11,750 standard cubic feet per barrel). Preferred
reaction temperatures range from about 340°C to about 455°C (644°F-851°F).
Preferred total reaction pressures range from about 7.0 MPa to about
20.7 MPa (1,000-3,000 psi). With the preferred catalyst system, it has been
25 found that preferred process conditions include contacting a petroleum
feedstock with hydrogen under hydrocracking conditions comprising a
pressure of about 13.8 MPa to about 20.7 MPa (2,000-3000 psi), a gas to oil
ratio between about 379-909 std liters Hz/kg oil (2,500-6,000 scf/bbl), a LHSV

of between about 0.5-1.5 hr'!, and a temperature in the range of 360°C to
30 427°C (680°F-800°F).



‘heating. Generally, the outlet tenperature of the hydrotreater wll be

hi gher 11 than the outlet tenperature of the hydrocracker. In this case,
the instant invention will afford the added heat transfer advantage of

el evating the tenperature of the first hydrocracker feed for nore effective
heat transfer. The effluent fromthe hydrocracker also carries the

unr eact ed hyd'og ntfo use.in pe first-stage hydrotreater w thout any
heati ng or pu-%é@?—ema@ém : L crease pressure. Conditions -
Hydrotreater Stage 10 The hydrotreater is nmaintained at conditions
sufficient to_renove at | east a gortion of the nitrggen conpounds and at

| east a porti Jheéwéf%éa%w@%a & thobydietreating, stage BRY &3gh ceraiteRe st r eam
The hydrotr cabphnafe khtaBRE AF Mok tian SRdistirRTBSGRsHisSréd it BRndba e r acker ,
except for possible teriperature gradients resulting fromexothermc heating
wi t hi n t hebr estagesnthey may, either hﬁ%&&m:iedd)rbﬁ preserd @gidistioat leyenselLayered y

cool er strea ' # | n d fathe
reactant |i qlrjrlﬁ a{a&s?gi\%g?‘g%g%ga{?ggﬁef&rée)gaﬁé'%ﬁn%ﬁé@gt\?\nn‘:ﬁgb%’b%&# ﬁeth egi on of
0.1 to 20 hr' dischpsure dfomritly isspearporatédhertein by-sferenad fortdlirpuugdseshe
hydrotreater wWll be increased re IV o,the feed rate through the

nyr ocr acker BYCroRAckRBFRTS sl forie it hagRae well KaSwb 1 aryersh

f eedst r eam anehemydroerhsking eatalyst bBempighsoa ceickibg bohpodlntind &i qui d hourly

space vel pcity. These process conditions selected for the first reaction
zone may E% c M@’P&@?@&’%@WWF an ag\Aagde ?Wﬁ“t%@?@alﬁmqqrogz’enprrml ly
sel ected for é[d&)(ﬁ\li_;%hﬁﬂinbﬁgmﬁzm ar? amOFpHdl% cradkeh gébfgﬁ&{érﬁéhﬂﬂﬁa
conditions typically used in the hydrotreater will include a reaction

t enper at ure béegersugh@sta Yayre zealitalanultragalle utype zeglite) or dressures from
about 3.5 MPa AR 4 - ' . Late (vol

oil /vol cat hf’E@P om a %ééolﬁg.yﬁtas 6ﬁ tgg%u%"%gﬂﬂgébga%'gg%8@5’%@:3&(:%I ation rates
are gener al | ysilica-shuminange from about 30 350 std liters H2lkg oil to 1780
std Iiter,? Hz/ kg oil (2,310-11, 750 standard cubic feet per barrel).
Preferred ?eaction tenperatures range from about 340C to about 455C
(644F- 851 F). TRe ¢lyéragedatian edmperasit obtheuataigstipastiolesnig sefacted fabraukose 0 MPa
to about 20. 7e’¥%aen(tslkr9§v(v)ﬁf?b’grggidgscla}élyt}gt%y%r(t)grleena%gl;g{ivrit?(q At least one metal

component selected from the Group VIlI (IUPAC Notation) elements and/or

from the Group VI (IUPAC Notation) elements are generally chosen. Group V
20 elements include chromium, molybdenum and tungsten. Group Vil elements
include iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium, iridium
and platinum. The amount(s) of hydrogenation component(s) in the catalyst
suitably range from about 0.5% to about 10% by weight of Group VI metal
component(s) and from about 5% to about 25% by weight of Group VI metal
25 component(s), calculated as metal oxide(s) per 100 parts by weight of total
catalyst, where the percentages by weight are based on the weight of the
catalyst before sulfiding. The hydrogenation components in the catalyst may
be in the oxidic and/or the sulphidic form. If a combination of at least a
Group VI and a Group VIl metal component is present as (mixed) oxides, it
30 will be subjected to a sulfiding treatment prior to proper use in hydrocracking.
Suitably, the catalyst comprises one or more components of nickel and/or
cobalt and one or more components of molybdenum and/or tungsten or one

or more components of platinum and/or palladium. Catalysts containing



12 catal yst system it has been found that preferred process conditions

i ncl ude contacting a petrol eum feedstock with hydrogen in the presence of
the | ayered catal yst system under hydrocracki ng conditions conprising a
pressure of about 16.0 MPa (2,300 psi), a gas to oil ratio at from about 5
379-909 std liters H2/kg oil (2,500 scf/bbl to about 6,000 scf/bbl), a LHSV

of between ab 60C to
4' 27C (680F- 88%%'03%% &b?%%%rg @gﬂ%%f‘?g‘ﬁg%&{ T’fag'gls‘{?‘ é@ut@%&)ﬁ '?éh
aronati cs ar epatiooledy pfefened.he second refinery streamin the hydrotreater.
It is expected that as nuch as 30-70% or nore of the nitrogen present in
the 10 second refinery stream would al so be renoved in the process.

However, crackh@ay Qmﬁkéﬁjkﬁig?mtaI?st'é?‘&@hdb&déﬁhi%&ﬁe@itlowdycbé)ﬁrdﬂ@wW ly Iow,
a

typi caIIy | ess, t han 20% ndard met hods for determni nq the aromatic

content arRl t hlEndingr Bpedmidinge Activersqussas Rl nydeogesatan Retinwih pAinder. These

I ncl ude ASTM ExQﬁﬁl%& of QLit&lse %Er{HePé meludB&;liith! A0 Ef&&& eiiutcoﬂfa fitanid, €am
contai ning nore than 15 about lPpm nltrogen mmay bé used for
det er ni ni ng th@gne$la@@dr$llt§amlverntnaof afesencgdpgiventtaithe wee o%aignnnaeas about

1500 ppmnitr Yy cont ent
of a refi neryﬁ)ﬁsq E%a%ﬁgy&Q%%ng@gbsn%ﬁ a@ﬁ%ﬁo"g’? %‘S@Hkggtatgpﬁg%%%é?fé%éeati ng
cat al yst, nai tutailorette ahtdiysd pattrolﬂstfong desureﬂ applicatiorCartss blehdedknown f or

hydr ot r ea ng are us ful for |rs a drotr

vdr ot r eald noc@abagE: 8,8 shpadweh sk HiFHUSER I YN 7ohEdat: ocks

cont ai ni ng hi ghnpridurdssupio $206°Fr(649“d)rt@?&idu68@h@f inishédTdthlysCpdtiaes! ng

nol ecules. It is a feature of the present invention 25 that the

hydr ot r eat i ngAeraptivaly: aswally switable meﬂstSfCé@ema@@aéh%@mhﬂusg:aﬁww tenic

cont am nant s wg i
per f or mance oerm:l I P e o ﬁ%ﬁ%%??gg%ﬁ{f g%ﬁg sts %@%g&%@%ﬁstdgym% t he
hydr ot r eat er amdcaleiningt fdlofved bysiﬁwsmggtlﬂlﬂabyxirownailnn magtals arothe®wideal ues.

Such cat sts nt t I nent selected from
30 G oup "E'ﬁﬁﬁ%ﬁ@ﬁtﬁﬂb%%‘ﬁﬁa rI %feqngﬁg?'mghgcﬁéﬂgggﬁ'ﬁ{%hent sel ected
fromthe G oucnmﬁamﬁwbtﬂ?éﬁydmgeham metaistané thenGurber dfiededreieaitined pridbrude
chrom um nol ybdenum ) % tungsten. G.oup VI11 elenents include iron, cobalt
and ni ckel . ViRiYSE 3R IR Cg’é‘ﬂaﬁaé ly %spem ally palladium andl or 13

pl ati num may be included, alone or in conbination with other elenents, in
the hydrotreating catg yst use of the nobl e metal s as hydrogenation
conmponent s i sEeRstang EHk ha UREYYIOHPAY, pladenat i on conponents) in
the catalypt suitably range from about 0.5%to about 10% by wei ght of G oup

VIIl metal 5 conponents) and from about 5% to about 25% by wei ght of G oup
VI nmetal conplifepeqosy retingry feedsdi@agshama Rpiling pawé jangergensiallydewer thanwei ght
of the cat al ynE Thst jARI GQRRYBERE APUERER (3 HENAG! (RE PronefreRst ity o
catal yst may a)eubaiamtlaépomoomftlam&@ndtrh\énw eedﬁr@amama nermgal deitiBgnat i on of

(i xod) i adomi e i dR i, co HR Grolif REAHR SR, 7,

proper uss i mebyctiomds ack necessany. t Hinlsy at kehst mvgybl% ofrpasuitatse saeorad nor e

conponents of nicke or _cobal t. and one .or nore c onent s, of. nol ybdenum
andlor tungstElMEYSreATtsS  GRrAR ol oS BmaRi: s i ieRen i 2pa

particul arly qpoeber padfind§ stleanwilk at least attiit 78%A /v of .t@@ﬁmpsh@ﬂs of this
invention are suitably prepared by bl ending, or co-nul g@o active sources

of hydr ogenathaymgrmﬂgmal\honlmgapwtrtq@peramrsrmtmtf@rraggeto&B Fo7 ORFEri8 i ncl ude
silica, alum and silica-al um na.
Preference i sé}g%)flaerﬁ%%ffa@ éfé?ﬁéh%iecﬁ{\%ﬁ]éﬁngwa@g%%rﬁder Q her conponents,
such as @f@osphorous, may be added as desired to tailor the catal yst

e {13 o R RO SRt SREL L FUBRE B SRl

1200F (6490) streapisadick atd aof suiablecidr ﬁ@h&iu\aﬁfy foels! iFok @Samﬁlet wenatl vely)
equal |y suitable methods of preparing anor phous cat al st 25 particles

i ncl ude prepdPERFSAkSHtable FMéfeaaasﬁ %9%@9 refifeny skieyy veueh een B Nghyi ng and
calcining, followed by depositing the hydrogenation netals on the oxide
particles, using nmethods such as inpregnation. The catal yst particles,
contai ning the hydrogenation netals) aregg hen further dried and cal ci ned
prior to use as a hydrotreating catal yst. 30 The subject process is
especially useful in the production of mddle distillate fractions boiling
in the range of about 250F-700F (121C-371C) as determ ned by the
appropriate ASTMtest procedure. By a mddle distillate 14 fraction
havi ng a boiling range of about 250F-700F is nmeant that at | east




75 vol % preferably 85 vol % of the conponents of the mddle distillate
have a normal boiling point of greater than about 250F and furthernore that
at feast about 75 vol % preferably 85 vol % of the conmponents of the mddle
distillate 5 have a normal boiling point of |less than 700F. The term
"mddle distillate" is intended to include the diesel, jet fuel and
kerosene boiling range .fractiops.,.The kerpsene or.jet fuel boiling point
Fange 15 i nt eATRMNFSTredER oidlor high amat et Arergeties mglifie SgeAmEIsE
(138C-274C), mLH Evhthifup to 09s Slonktick iaRd hi el'ixhﬁxglé%@ﬁ%(ﬂeﬁﬁbrﬁef er to
hydr ocar bon boiling points of about 10 250F-700F (121 C-371 C). Gasoline or
napht ha i s noféefsstripamsavhich age suifgblefonestingip S RtesepbRoress BElLdRai | abl e
hydr ocar bons. <FRghPRIN JatuRd4Y oilsaMeRirY stidiht Yal bRus! trdrh @RidePNS
recovered in gpaﬁpar tdl cul gﬁpé?.ef?'r?'er y%vavl"fbls vé y w t% sufc% gg’tf{)r@%ggdet he
char act eri 5t i distitiatianetraespheriotowerdantions, pesyniketic drackad matdtistsssuchrasduct
prices, etc. R ce | .0 rds D-975 15 and D- 3699-83 for
B R, IR Srfieay PO

further detai er osen properties. The effluent of the
hydrotreater is subsequently fractionated. The fractionator bottons nay be

subjected to bs n dr Qcr acki ng. and, hydr,ptreati ng,. The range of
Son 1 ons. anaer B R refien deL Aicantis iSre R i dosriiind Hees 16,
treatnents ar €irst h§draracking reBotivh MheCdifluent iDeoraiRE@WitH the skésnd | r st st age,
al t hough catal yst conprising zeolites may be nore typjcally enpl oyed.

Ref er ence1P's fRastREfeard the epipkinationpassrd tpasthessuth Rydsegen BrerdR®odi nent s 25
of the invent igiyshif theMylkR@tihg sﬁ(a?%.afﬂil%ér the hydrocYadked Etfluting fsSarddidy

auxi liary equi pnment such’as heat™ e ngers, condensers, punps an
conpressors, viaivehafree pbthecsostaminantsito beremioned by hydrotreating.dbee 1) two
downf | ow reac ' . i s heat
exchanger 20. h%rg F%Bgée u%rgﬂ{%%s%sglagéeqY ggﬁ&éﬁg t?@ﬁéw@nhi‘%ﬁﬁg ie
first-stage raadtunoeactéd dr incompletely reanted feediremairgein tbe effhentframrtbe st age
reaction, ,hydgotreatjn ccurs.in . vessel,. 15 Fach vessel ,is depicted as 15
navi ng t hife. bUptargele! SRR ol ToRL P Ry FOLdr 285 10 PsbeRt ook ng s
frrst refiner yostantiadtioh.of thecatalysnebntsined ttreimessel 15 is for renoving

ni trogen-containing and aromati c nol ecul es froma second refinery stream
17. A suitable volunetric ratio of the catalyst volume in the first

reaction vesseloweReP tlidgregahée ¥the Wybitvtkadker EMBentsiayian fASs LMt angssel
enconpasses a broad range, depending on the ratio of the first refinery

'stream to t hENSXREGHY eE@MOREe Pergfit inthe intearated progesssleaviegatha v 1ie bet ween
20:1 and 4420 6 L arhvaAehicd: 10, A
e pref a2 r ol SoP LRS! MR Taiq T R b G NI eyl ThiE

i ntegrated pregegy may be psed todigal dhe seganddaadtor ieedsiigamdaaieah a

hydr ogen-rich i f ) e stream
exiting fur nage gg%@é?%gﬁwﬁﬁecﬁ@ Eé%j?g%a%oéﬁérf stft?é\ﬂz(?ﬂrgtﬁlE Strj??’vgggel 5.

Hydr ogen- ri chpgusitoadding a canled seeconddiead styeamtte the integra@w dypténotiem, t he 15
remai nder bei j f_li S i_ngl udi ar bon
gases. The hy rgiggérﬁﬂrﬂpg%eag%ge uErSeas?*%%e&%@ﬁnﬂaqe%%pﬁgﬁﬂggwgétﬂﬁs a bl end
of make-up5hydostgen 3 and recycle hydrogen 26. Wile the use of a recycle
hydrogen streamis generally preferred for economc reasons, it is not
required. First feedstock 1 may be heated in one or nore exchangers) such

20 ' as exchapg@fe d€corRIMBEdEtOEk ﬁéssé&ftlﬂéﬂgﬂﬂwe Rytolréaten @h@feniperatuieat er s,
such as heater 30, (energing as stream 13) before being introduced to first

reaction vessagain tendsRiinreasaidur taexathenie erastiap hpatnd irtbe segendbt r eat i ng
pref erabl y oCGuie THe HikSElaghéh erfertiiiRRRofBYe it eraddad, Asap. quench

streamthrough lines 6 and 7, and 9 and 11, (which also come from hydrogen
st r eam 4) 3@ or siskovhinly magerates the temperalureincmage terough dhe bydrgeater.
respectively. . ' : m1l4 is
cooled in hea?ﬁgggﬁ{aéndgegpé%'{t%@g}s]wglga@wga?ggﬁnﬁ %‘%‘%ﬁqga\(lﬁb? e di esel range
and may be | i bydrotgateeisdutthed avgilablgder eichange with plieari stregass r8quidng) or a

' f th h f . d
Conbi nes st rdt. seerro B olierIfpe ahitE o WeRGle A5 ARG, "

feedstock 17. Hydrogen in stream 8 joins the conbi ned feedstock 16
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17 before it enters vessel 15. Stream 17 enters vessel 15 for

hydr 6treat ment, and exits as stream 18. The second reaction stage, found in
vessel 15, contains at | east one bed of 5 catalyst, such as hydrotreating
catal yst, which is maintained at conditions sufficient for converting at

| east a portion of the nitrogen conpounds and at |east a portion of the

aromati ¢ conpqunds in second feedst qck. dr n stream 4 may be
recycl e hydrogﬁ"f‘nn o?Htt?Eﬁaﬁ'?@gter ﬁéﬁehgﬂq ﬁét@\ s %?e‘gﬁ’ﬁ‘;tﬁﬁ be a
fresh hydr ogenngdntion Wil effdraithabiided ﬁéﬁ@dﬂﬁr%ﬁ?&htﬁ@é‘bﬁf@l}?r% al to the

present process. Stream 18, the second reaction zone effluent, contains

t her mal ener gyeMAPEAIRSS thexfirstbysdracragkeffeed far esreelipglive keatitransfern heat
exchanger 10. CEHiGE 0 as
stream 19 and 1?% pas Srggroﬁ)ﬁ%g}ﬁmdéi@%’rr g%?u%ﬁ%ﬁ%r”&!%ﬁ%ﬁ%ﬁg&ﬁ fc(;qrui d

ef fl uent ob t nselwthefirghstpge bydnotresiep withoutrarysheading en puapingregassment o
fractionati On'toﬂ&?eé)ﬁ\éeﬂrg gaseous stream from separator 25, stream 21, is
conbi ned with Wwate rromstream 23 for cooling. The now cool ed stream 21
enters the cold high pressure 20 separator 35. Light liquids are passed to
fractionation {n strea 7 (which joins stream 22) and sour water is
renmoved t hrou ¥ rot ver head stream 24 passes to am ne
absorber 45, for the renoval of hydrogen sulfide gas. Purified hydrogen

t hen passes, through stream 26, to the conpressor 40, where it is

reconpr esd8d dig hydelisaterds maintaingd @b copditions suffigigntdo sempyrat leasta on

vessel s and apoidiied nirog8R CoipbuR@ hhdSt @P@: 4 B&fibh PPt ABmaticuch uses of
hydrogen are well known in“the art. An exanple separation schene for a
hydr oconver si éamMpogads onghe saeond refinesystrepat. efhe EmfotB?a}sQMBQperaWeate ntire

di scl osure of i (I j fer e I

pur poses. The aﬁ@%%ﬂt?ﬁp ez@g%@gﬁ'tﬁ ﬁ@gﬁe g%‘?’ ? ’6&% g‘ﬁtp g’c? ? {E’?\egte&?%%?&%s
conponent of ghedierdacesultingdfdrh ezothefrBichieiating withinuthe oeactioncdonas, an al kal i ne
aqueous sglLution 7 for r Vi onf am pants suc hydr ogen sul fi de
and arrrmniqla w’i’.“t"ﬁf%‘ﬁgi by dhey @ﬂ‘gg‘gﬁ 8ﬂ'%'ﬁr‘ci"'?{¥e°°f>@¢éé§"?6ﬁ'5§'§}83§§ Oéﬁ or g‘ﬁ%’ebe

prefsent bi n reagddtion ze?éé.uﬁﬁdEa@eoﬂ'ih@trbﬁdéﬁgmﬁdétﬁéht?ﬂﬁagwgrﬁfe%_@ﬁ@;rfﬁ i's
preferably recovere ro e.se i Qn.zope . a tenperature in e range
D C100R. S00F SPNG WIS DOu-recioron 0T d¢ BB A% bid bopi SHHEe kA aiF@ed
fractionator pilettironse iRy dvpsdterwilldesiAticaSed FIHNVE td8he R YalBthpdudtam 29,
kerosene fraction 31, diesel strea and fractionator bottons 33.7 A

m 32
preferred di sthe murecrasishyithe gmoyntef liquichfeed inthensecoad gefingry hi n t he
tenperatu I fHR F ! ; 1 act:] i a
boi I'i ng pgi@nt r an_tréé\q/%ﬁnﬁjiqﬁﬁﬂ?? t%gﬁqgérz gfgd%°?§ﬁgééhgs'{’4g@‘§!“?‘§“§?§%5%esi rabl e.
In Figure 2, veleciiowhiasewpreessstapnditions selected fantheligst reaetiatezsinet rody b&he
first 15 stag j i | cond
St age, hydr ot L2 el Wbe e RELEE a0t hab s KRRl shecl A& 0l
one reaction bydretrelingproeesel is depicted as having three catal yst beds.
The first reaction vessel 5 is for cracking a first refinery stream1l. The
second reaction vessel 15 is for renoving nitrogen-containing and aronmatic
mol ecul es25 r oAt any fats dydratraating Bonyitisihs Bpitaliyusdd mithe diytiotieatarwiliric ratio
of the catalyst volune in the first reaction vessel to the catalyst vol une

in the second"chued SACIieBPastEbetuesr abopt &G andabold&98%¢i ng on t he
ratio of the f4 _qhedmn ﬁﬁﬁAao b tream Typi cal
rati os gener af ag/zsfiggngt%%ﬁ%gs%ma%go%g%. %(rjaeqogé ?g%r'yg?umt ric range is
bet ween 10: 1 09-3,50@psip adid arfeed rptecvel oilibl cat h)nfedm iaboub®.ndoiabobet ween 5: 1
and 1:2. Int integrated process).a first refinery stream 1 is conbi ned
Mtn a hydrogBihFciRuER sBEGRIIaSh 215 dEnefaly i FilenoB Rt 36eit 5 whi ch i s
passed t 030 i r 350 s&aitdrs MHy/kgasistel 1780 éwmewﬁyk%bpmz,gmq%métémmlhumm ai ns

greater 30 than 50% hydr oI%en) t he remai nder Dbei ng varying amounts of |ight

gases, i ncl udiesyPerkatsdarfisferipdeactioniempriptyfrsyange frognakeit349f¢ dam 4

shown in the ig8Hod opl Of b TRt R hydr ogen

26. Wiile t heglligj@ewgg %@%cjp/cq%gd@yoﬁ ogeﬁedgtgﬁégg%@gﬁ%é%es%g% {/a%é%g%‘og‘? red for
about 7.0 MPa to about 20.7 MPa (1,000-3,000 psi). With the preferred

12



18 econom c reasons, it is not required. First feedstock 1 nmay be heated

I n one or nore exchangers or in one or nore heaters before being conbi ned

wi th hydrogen-rich stream4 to create stream 12. Stream 12 is then

i ntroduced to first reaction vessel 5 where the first stage, in which

hydrocracking preferably 5 occurs, is |ocated. The second stage is |ocated

I n vessel 15, where hydrotreating preferably occurs. The effluent fromthe
R

first stage, <tat@lyshsysteny ibhagkeen found that erefersedjprocess cenditions ingludeer ges
from exchanger v £uwhli gh pressure
separator 55. Q@%@gﬁ%é%%ﬁ%t%ﬁ@?ﬁ?%ﬁq?%%pf%%bﬁ%?tthhi gh pressure
separ at or 55 dayerpdsatalyht systefyunder bydiooracking cendiians sgmpesingsent s pr oduct s
streans for g ' t 38 I S, i St e recycled
ack o the | aruf ofdHedttd M QUGRNE SRS BR Gttt bbbt P L0

bot t ons natber i 39-90% sfiiHiterg dtufquril (2t 508axci/Bll te mboges, 000 soflibie a"'lHBY bbt " hi gh
pressure separator 55 j.ol npsy W th stream 2, ich boils 0 the diesel
range and may %&W??@ﬂpowﬁﬂ'%ﬁq 1,' aP#&H?maﬁ?T'HP|'?¥%W&QSW&F%@J‘S&“& & or a
m xture of t he(séb@@ooﬁ.r t@gbﬂ@gsseamin&fs,m leBstMHURBO% &f thE aPdrhst® 4 _Prior

to entering vessel 15 rotreatnment, and exits as stream 18. The
second react i arezemoyed famdhe seoabeefingdy, stream ithe hydrotreater. #ri¢ bed of

ut i o1 ent 1o PERCEADRA Bt 85 38 o3 ol oo SRk B ey oinds and
at 25 | easi0 a seeohd oefinety stheara wauid also bemaaovetsin the phecesec dlodveverdst ock.
U ream 4 oy BEAGKITG SRTverRyan SR NtraLzaer o i hE BPReNY G, RisdldfrCour cos
external to tRRaPRO%EStaRdAEaRSthods for determining the aromatic content and the
nitrogen content of refinery streams are available. These include ASTM
) D5291 for determining the nitrogen content of a stream containing more than
15  about 1500 ppm nitrogen. ASTM D5762 may be used for determining the
nitrogen content of a stream containing less than about 1500 ppm nitrogen.
ASTM D2007 may be used to determine the aromatic content of a refinery

stream.

20 The second reaction stage contains hydrotreating catalyst, maintained at
hydrotreating conditions. Catalysts known for hydrotreating are useful for the
first-stage hydrotreater. Such hydrotreating catalysts are suitable for
hydroconversion of feedstocks containing high amounts of sulfur, nitrogen
and/or aromatic-containing molecules. It is a feature of the present invention

25 that the hydrotreating step may be used to treat feedstocks containing
asphaltenic contaminants which would otherwise adversely affect the catalytic
performance or life of the hydrocracking catalysts. The catalysts in the
hydrotreater are selected for removing these contamina_nts to low values.
Such catalysts generally contain at least one metal component selected from

30 Group VIl (IUPAC Notation) and/or at least one metal component selected
from the Group VI (IUPAC notation) elements. Group VI elements include
chromium, molybdenum and tungsten. Group Vil elements include iron,

cobalt and nickel. While the noble metals, especially palladium and/or

13



30 Stream 18, the second stage effluent, contains thermal energy which may
be recovered by heat exchange) such as in heat exchanger 10. Second stage
ef fluent 18 energes from exchanger 10 as stream 19 and is passed to hot 19
hi gh pressure separator 25. The liquid effluent of the hot high pressure
separator 25, stream 22 I's passed to fractionation. The overhead gaseous
stream from seE‘zrator stream 21, is conbined with water from stream 23

for cooling. nHw&ee'aclgf’%aamorelntcen@"ﬁ%@ncvmhoothewefs'@esssm@es
separator 35. h%r@ﬂbaﬁhgﬂé‘étg meeaﬁm%bﬁ&gie{ﬂgsg ﬂgafopeﬁaﬁdh Srhgcients (whi ch

joins stream 2 and sour ter is renove ream 41. 'Gaseous

over head st reismatprefeyeds The ammund(shbElydsegenation fcompph@nt(samm catalyslydr ogen
sul fi de gas Ve t Sl t he

conpr essor 40&["1'\%1bfl %gt% fﬂ{"(?gsgm d@% tBa‘% ao%grggvﬁggs&r%? P{) %'ne or
nore of thg reampooent(/samldlfmrmablomgi%thabmnl‘ZS% by sweight of ijpvgnem
reacti on zones,. Such es ,of dr.ogen, ar. wn,in the art. . The

absor ber 45 nﬁ?/mPHB‘F'E}@ %%H{gteﬁas 8%! %’85‘?(%@’%{ ﬁg)g %Ifsbyc‘gﬁiggﬁgﬁf’t%f t he
reaction effl u@talysﬂ,Svr(aé teaperddntages by veight ate basedsorctheaseight ¢fithél | ne 15
aqueous solution.  for remoying contan nants such as h drog{ﬁg sulflde and

anmoni a whi chcﬂtéiysbﬁefgéﬁléﬁ"g@@ iThe tydradenationsrpenedtsingh alyst Prysent in

reaction effl Hsm thkoxidiB anBMA iROSIAdiE fdinD AP S REmMbiTali6R BF gl“ieh§t Pr ef er abl'y
recovered fromthe separation zone at a tenperature in the rang@els "
il

100F- 300F1®r Goowp Yband aroup e{uu thetalcomponent is pregenhas (wixed) exi

ker osene. 1 achiidt SibiegHaT A KGR GBREN! Sforid pRA: 6B W ARTbHACGhE AT =5
preferred di sSuitaldy.ethecathlyst chmprisesbmilé onmomocorhporendseofmicke! mantioe

250F- 700F. A | i ha 25, f h
boi |1 ng- poi nt o ohinpre o BRmsrl of oD BGh M ahdion Al o st r b .

20  CLAI M d:atamsts obitginigecbbaytdindanslyBderiupm afy particdamapiafgread. | east two
st ages, ,‘agh stage possessing at | east one reaction zone, conprising: 5 (a)
conbi ni ng frrst refinery streamwith a first hydrogen-rich gaseous stream

to forma firyghe hpddtreasifg catBlysPRsteIs of s hvéstion REEBIABIF prépaied BRCL 1 ON
zone of the first stage,
blending, of co-mulling, active sources of hydrogenation metals with a binder.
Examples of suitable binders include silica, alumina, clays, zirconia, titania,
magnesia and silica-alumina. Preference is given to the use of alumina as
20 binder. Other components, such as phosphorous, may be added as desired
to tailor the catalyst particles for a desired application. The blended
components are then shaped, such as by extrusion, dried and calcined at
temperatures up to 1200°F (649°C) to produce the finished catalyst particles.
Alternatively, equally suitable methods of preparing the amorphous catalyst
25 particles include preparing oxide binder particles, such as by extrusion, drying
and calcining, followed by depositing the hydrogenation metals on the oxide
particles, using methods such as impregnation. The catalyst particles,
containing the hydrogenation metals, are then further dried and calcined prior
to use as a hydrotreating catalyst.
30
The subject process is especially useful in the production of middle distillate
fractions boiling in the range of about 250°F-700°F (121°C-371°C) as

determined by the appropriate ASTM test procedure. By a middle distillate
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"10 which is maintained at conditions sufficient to effect a boiling range
conversion, to forma first reaction zone effluent conprising normally

| i qui d phase conponents and nornal |y gaseous phase conponents; 15 (c)
passing the first reaction zone effluent of step (b) to a heat exchanger or
series of exchangers, where it exchanges heat with a second refinery
stream (d) conbining the first reaction zone effluent of step (b) with the
20 second r ef fragiop havinganboifing tange(of pbout 24 7008k isomdantdbabatdeast (e)

S age, whi oh 1 Wl -PEedy o Yokt M fmbhePid SRR Plpe ol M &7 east
a portion of hdi‘rﬂ'\éllb_@mﬁgipbmtbf?%@tﬁrthah absut 260t an@ furthefmbes thabatleasd to
forma second reaction zone effluent; éffé?separ ating the second reaction

zone ef fl uentafeﬂutg?ﬁevﬁ'%elyrem@@v§5|\40&%; ceapepentsof hegiqiiedstiaeand a
second hy nggé\ier é‘ﬁBrrHé\%%ﬂMé g%ﬁrft%?l@ss?tﬁar(?éo"?‘?%f-?e"%sﬂﬂ"ﬁﬁddléaﬂina”le'l“@rt'0” of
t he second hydrogen-rich gaSeous streamof step (f) to a reaction zone of
the first st aipendaddo Riclude(the diEsst jetduelandlikenesathedtailimgmangefractionsg product s

of step (f) tgo a fractionation, colum. . wherein, pr ct streans conprise gas
or napht ha stf'@%h?rroé‘ﬁ%?/gﬁlegt}’(??%’ﬁ'&ﬁ pB'REr%geﬁ%Wégqﬂ%ggf’ée%m?l | ate streans,
and a bot t omstewrigepatiited tdnga bk abbGtr2908F 1526PF PrIgeesE4ng), anddhe Tt TfidedsS
according to Claim1l wherein the reaction zone of step.1 (b) is maintained

at condi ti onsbaling faggents ivlgnded tactefer tadyrrasgrhoadkpdlingaraints of show the first
or 2 aner S n ERLPIRREEERCSERE). Eatbin o iR TR AR Mt 0 ARk T Mo
suf ficient to(20&f@céndpoimifiactioh okagsdiablemyeratiatbons. The boiling point ranges

of the various product fractions recovered in any particular refinery will vary

with such factors as the characteristics of the crude oil source, refinery local

markets, product prices, etc. Reference is made to ASTM standards D-975

156 and D-3699-83 for further details on kerosene and diesel fuel properties.

The effluent of the hydrotreater is subsequently fractionated. The fractionator
bottoms may be subjected to subsequent hydrocracking and hydrotreating.
The range of conditions and the types of catalysts employed in the

20 subsequent treatments are the same as those which may be employed in the
first stage, although catalyst comprising zeolites may be more typically

employed.

Reference is now made to Figure 1, which discloses preferred embodiments
25 of the invention. Not included in the figures are various pieces of auxiliary
equipment such as heat exchangers, condensers, pumps and compressors,

which are not essential to the invention.

In Figure 1, two downflow reactor vessels, 5 and 15 are depicted. Between
30 them is heat exchanger 20. Each vessel contains at least one reaction zone.
The first-stage reaction, hydrocracking, occurs in vessel 5. The second-stage

reaction, hydrotreating, occurs in vessel 15. Each vessel is depicted as
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of the first refinery stream of between 30% and 90% 4. The process
accdrding to Claim1l wherein the first refinery streamof step 1 (a) has a
normal boiling point range within the tenperature range 15 500F- 1100F
(-262C-593C). 5. The process according to Claim1l or 4 wherein the first
refinery streamof step 1 (a) is a VacuumGas G| (V&) . 20 6. The process

according to ' ' I . 8009 V. . econd
refinery st rearr\{"ﬂjl ém hi?%%gfja_w(s E)b%g(sﬂ ﬁ@gtaﬁ{sqgg%&e'ﬁgg’%gﬁrs égg&%‘?—%@éné IFﬁﬁ‘ﬁabout
1000F. 7. Therefinoryestreaat ¢oiTlersgcond fdastion Jessel 65 whier movihg | east about 50%
by volume 25 of the second é'g‘;i ner .strea@ o& steg 1"%%) has norgal

boi | i ng poi nt MIPERR-HORAING ef%ﬁ‘étcim?'a? e% HpEA Secondelinery sieam e or di ng
to Gaiml oraGuiie olunitric ARt ofaARe bataf8PedNYmE M theEniref rebbforp@ssaBpitor ef i nery
st ream of ste'gI c) boils with the tenmperature 30 . range of 250F-700F. 22

1
9. The pr esbesatdydivalymaindhaisaranducarctiomvesse! ereosmrasses AEP3d st r eam of
step 1(¢) | srahgsyaiikiny 6 k8t 8t HeHrothincl) BaRI s SEERLLMkr 0 O ol m

1 or 9 wherein e second refinery streamof 5 d from

] ) t c) Is select
the group corsffeam.ngyrRicallrptios genarally lig b@tweegﬁﬂﬂg@rﬁ)bﬁﬂ., Peprgfestadbspheri c gas

oil. 11. The 4 ' ' rej [ y
ctream of ot eI BAGE s beiebd by Ml L8 R EbIE SrafrRECRMR AR A Yooy 10
12. The procesbebeamy Sitrepdt©2C aim 1 or 11 wherein the second refinery

stream of, step 1 (c) has an aromatics content of greater than about 70%
13. The process according to Caim1l wherein the reaction zone of step 1

(b) In the integrated process, a first refinery stream 1 is combined with a
hydrogen-rich gaseous stream 4 to form a first feedstock 12. The stream
exiting furnace 30, stream 13, is passed to first reaction vessel 5.
Hydrogen-rich gaseous stream 4 contains greater than 50% hydrogen, the

15 remainder being varying amounts of light gases, including hydrocarbon gases.
The hydrogen-rich gaseous stream 4 shown in the drawing is a blend of
make-up hydrogen 3 and recycle hydrogen 26. While the use of a recycle
hydrogen stream is generally preferred for economic reasons, it is not
required. First feedstock 1 may be heated in one or more exchangers, such

20 * as exchanger 10, emerging as stream 12, and in one or more heaters, such
as heater 30, (emerging as stream 13) before being introduced to first
reaction vessel 5 in which hydrocracking preferably occurs. Hydrotreating

preferably occurs in vessel 15.

25 Hydrogen may also be added as a quench stream through lines 6 and 7, and
9 and 11, (which also come from hydrogen stream 4) for cooling the first and
the second reaction stages, respectively. The effluent from the hydrocracking
stage, stream 14 is cooled in heat exchanger 20 by stream 2. Stream 2 boils
in the diesel range and may be light cycle oil, light gas oil, atmospheric gas

30 oil, or a mixture of the three. Stream 2 emerges from exchanger 20 as
stream 16 and combines stream 14 as it emerges from exchanger 20 to form
combined feedstock 17. Hydrogen in stream 8 joins the combined feedstock
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stage is nmaintained at hydrocracking reaction conditions, including a 15
reaction tenperature in the range of from about 340C to about 455C
(644F-851F), a reaction pressure in the range of about 3.5-24.2 MPa

(500- 3500 pounds per square inch)) a feed rate (vol oil/vol cat h) from
about 0.1 to about 10 hr' and a hydrogen circulation rate ranging from
about 350 std titers H2lkg oil to 1780 std liters H2l kg oil (2,310-11, 750
20 standard clUbbefofeieniess vesset 5. Stream titenteisowssel ‘eﬁcfgbhudr eatnemtai m 1

wherein the r é)'“ rhgﬁfﬁgnpfwstep 1 (e) is maintained at hydrotreating
reaction condi |on§) I ncluding a reaction tenperature in the range of from

about 250C to about 500C (482F-932F), a reaction pressure in the range of
fromabout 3.5 MPa 25 to 24.2 MPa (500-3,5 psi),,.a feed, rat vol oil/vol
cat ) Trom Al Fewnd reactisTedd dodnd n vassEdsh SontapB at BESLARG BRI, ate | 1
the range g r ogatalhstibuctbls Bjdolrédtiigscatidydtowhich is mainiSifed bt conditdrs H2/ kg oi |
(2,310-11, 750 standard cubic feet E)er arrel'%bq:‘I 23 15. The process
accor di ng t o Wifigieptfor epnvering A igast awortionaf e pitipogn cempoypds pad 8t st r eam

having a boi ljbag 4 §6vin Bf ihei dtofBfic ESRPSIRIsUREhé 88&hddelistdOeF. 16. An
I nt egrated hydroconversion process having at | east two stages) each 5 stage

possessing at | east one reaction zone, ,conprising: (a) conbining a first

refinery str ' Ny hygdr. AL &g forma first
f eedst ock; 18"'%%?@%22@?%&‘94§hgy¥€g§%€%e@£§%%ﬁﬁ%l§"ﬁéctigg'zone of the
first stdife) Altdaroatelys streamidanay tie atfreshrividrogemssteaaid,iariginating droef f ect a

normal 1y 11 qa g B ofemBlOufle PP RP St ctous phase

Stream 18, the second reaction zone effluent, contains thermal energy which
may be recovered by heat exchange, such as in heat exchanger 10. Second

16 stage effluent 18 emerges from exchanger 10 as stream 19 and is passed to
hot high pressure separator 25. The liquid effluent of the hot high pressure
separator 25, stream 22 is passed to fractionation. The overhead gaseous
stream from separator 25, stream 21, is combined with water from stream 23
for cooling. The now cooled stream 21 enters the cold high pressure

20 separator 35. Light liquids are passed to fractionation in stream 27 (which
joins stream 22) and sour water is removed through stream 34. Gaseous
overhead stream 24 passes to amine absorber 45, for the removal of
hydrogen sulfide gas. Purified hydrogen then passes, through stream 26, to
the compressor 40, where it is recompressed and passed as recycle to one or

25 more of the reaction vessels and as a quench stream for cooling the reaction

zones. Such uses of hydrogen are well known in the art.
An example separation scheme for a hydroconversion process is taught in
U.S. Patent No. 5,082,551, the entire disclosure of which is incorporated

30 herein by reference for all purposes.

The absorber 45 may include means for contacting a gaseous component of
the reaction effluent 19 with a solution, such as an alkaline aqueous solution,
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conponents; 15 (c) passing the first reaction zone effluent of step (b) to
a heat exchanger or series of exchangers, where it exchanges heat with
other refinery streanms; 20 (d) passing the effluent of step (c) to a hot

hi gh pressure separator, where it is separated into a liquid stream which
I's passed to fractionation, and a gaseous stream which is conbined with a

second refinery stream which conprises light cycle oil, light gas oil,
at nospheri c gé‘{' reMoving GAnfaipaatssuch as hydtogen spliide and anarapRig witigh 88Ybi ned

gaseous st reameQfenstfted wmetreaéﬁohes@gqésoahdzmaﬁbefprémt ffieaBiorsEMugnt Whi ch is
mai nt ai ned at conditions sufficient Tor converting at |east a portion of

t he aromati cs 18r ddedydregentichsgasents stieamadyis praferahly nesoyeseehiremseond

reaction zonesgga'%g{)ll. ?ﬁﬁ%éggﬁ%‘%’é&g‘?WE%@%OE%°§%Q‘Q of eaction zone

ef fl uent of sté ream C rising products and a second

hydr ogen-rgch 1gegea08°FKtream 5 (g) recycling at |l east a portion of the
second hydrogen-rich gaseous streamof step (f) to a reaction zone of the
first stage; and (h) passing the liquid stream conprising products of step

(f) to a fracyifhbhdim22lisithero8sfhtddih fhctibHatSiSPRProdEB b ctRest 9as oOr
10 naphtha stream renoved overhead, one or nore mddle distillate streans,

and a bot t ons 988¢lngriteam 3d naphtha stigarma?, keresasedragion 31sdiesel stream
32 and fractionator bottoms 33. A preferred distillate product has a boiling

10  point range within the temperature range 250°F-700°F. A gasoline or naphtha
fraction having a boiling point range within the temperature range Cs-400°F is

also desirable.

In Figure 2, two downflow reactor vessels, 5 and 15, are depicted. The first

16 stage reaction, hydrocracking, occurs in vessel 5. The second stage,
hydrotreating, occurs in vessel 15. Each vessel contains at least one reaction
zone. Each vessel is depicted as having three catalyst beds. The first
reaction vessel 5 is for cracking a first refinery stream 1. The second reaction
vessel 15 is for removing nitrogen-containing and aromatic molecules from a

20 second refinery stream 34. A suitable volumetric ratio of the catalyst volume
in the first reaction vessel to the catalyst volume in the second reaction vessel
encompasses a broad range, depending on the ratio of the first refinery
stream to the second refinery stream. Typical ratios generally lie between
20:1 and 1:20. A preferred volumetric range is between 10:1 and 1:10. A

25 more preferred volumetric ratio is between 5:1 and 1:2.

In the integrated process, a first refinery stream 1 is combined with a
hydrogen-rich gaseous stream 4 to form a first feedstock 12 which is passed
to first reaction vessel 5. Hydrogen-rich gaseous stream 4 contains greater

30 than 50% hydrogen, the remainder being varying amounts of light gases,
including hydrocarbon gases. The hydrogen-rich gaseous stream 4 shown in
the drawing is a blend of make-up hydrogen 3 and recycle hydrogen 26.
While the use of a recycle hydrogen stream is generally preferred for

18
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combines with hydrogen-rich stream 4 prior to entering vessel 15 for

“%

20 hydrotreatment, and exits as stream 18.

The second reaction zone, found in vessel 15, contains at least one bed of

catalyst, such as hydrotreating catalyst, which is maintained at conditions

sufficient for converting at least a portion of the nitrogen compounds and at
25 least a portion of the aromatic combounds in the second feedstock.

Hydrogen stream 4 may be recycle hydrogen from compressor 40.
Alternately, stream 4 may be a fresh hydrogen stream, originating from
hydrogen sources external to the present process.

30
Stream 18, the second stage effluent, contains thermal energy which may be
recovered by heat exchange, such as in heat exchanger 10. Second stage

effluent 18 emerges from exchanger 10 as stream 19 and is passed to hot

19
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5 separator 35. Light liquids are passed to fractionation in stream 27 (which
joins stream 22) and sour water is removed through stream 41. Gaseous
overhead stream 24 passes to amine absorber 45, for the removal of
hydrogen sulfide gas. Purified hydrogen then passes, through stream 26, to
the compressor 40, where it is recompressed and passed as recycle to one or

10  more of the reaction vessels and as a quench stream for cooling the reaction

zones. Such uses of hydrogen are well known in the art.

The absorber 45 may include means for contacting a gaseous component of
the reaction effluent 19 (stream 24) with a solution, such as an alkaline

15  aqueous solution, for removing contaminants such as hydrogen sulfide and
ammonia which may be generated in the reaction zones and may be present
in reaction effluent 19. The hydrogen-rich gaseous stream 24 is preferably
recovered from the separation zone at a temperature in the range of
100°F-300°F or 100°F-200°F.

20
Liquid stream 22 is further separated in fractionator 50 to produce overhead
gasoline stream 28, naphtha stream 29, kerosene fraction 31, diesel stream
32 and fractionator bottoms 33. A preferred distillate product has a boiling
point range within the temperature range 250°F-700°F. A gasoline or naphtha

25 fraction having a boiling point range within the temperature range C5-400°F is

also desirable.
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16 (c) passing the first reaction zone effluent of step (b) to a heat
exchanger or series of exchangers, where it exchanges heat with

a second refinery stream,

(d) combining the first reaction zone effluent of step (b) with the
20 second refinery stream of step (c) to form a second feedstock;

(e) passing the second feedstock of step (d) to a reaction zone of the
second stage, which is maintained at conditions sufficient for
converting at least a portion of the aromatics present in the second

25 refinery stream, to form a second reaction zone effiuent;

() separating the second reaction zone effluent of step (e) into a liquid
stream comprising products and a second hydrogen-rich gaseous
stream;

30

(g) recycling at least a portion of the second hydrogen-rich gaseous

stream of step (f) to a reaction zone of the first stage; and

21
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of the first refinery stream of at least about 25%.

3. The process according to Claim 1 or 2 wherein the reaction zone of step 1(b)
10 is maintained at conditions sufficient to effect a boiling range conversion
of the first refinery stream of between 30% and 90%.

4. The process according to Claim 1 wherein the first refinery stream of
step 1(a) has a normal boiling point range within the temperature range
15 500°F-1100°F (262°C-593°C). '

5.  The process according to Claim 1 or 4 wherein the first refinery stream
of step 1(a) is a Vacuum Gas Oil (VGO).

20 6. The process according to Claim 1 wherein at least about 80% by volume

of the second refinery stream of step 1(c) boils at a temperature of less
than about 1000°F.

7. The process according to Claim 1 or 6 wherein at least about 50% by volume
25 of the second refinery stream of step 1(c) has a normal boiling point

within the middle distiliate range.

8. The process according to Claim 1 or 6 wherein at least about 80% by volume
of the second refinery stream of step 1(c) boils with the temperature

30 . range of 250°F-700°F.
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11.  The process according to Claim 1 wherein the second refinery stream of
step 1(c) has an aromatics content of greater than about 50%.
10
12. The process according to Claim 1 or 11 wherein the second refinery stream
of step 1(c) has an aromatics content of greater than about 70%.

13. The process according to Claim 1 wherein the reaction zone of step 1(b)
stage is maintained at hydrocracking reaction conditions, including a
15 reaction temperature in the range of from about 340°C to about 455°C
(644°F-851°F), a reaction pressure in the range of about 3.5-24.2 MPa
(500-3500 pounds per square inch), a feed rate (vol ail/vol cat h) from
about 0.1 to about 10 hr'! and a hydrogen circulation rate ranging from
about 350 std liters Hu/kg oil to 1780 std liters Ha/kg oil (2,310-11,750
20 standard cubic feet per barrel).

14. The process according to Claim 1 wherein the reaction zone of step 1(e)
is maintained at hydrotreating reaction conditions, including a reaction
temperature in the range of from about 250°C to about 500°C
(482°F-932°F), a reaction pressure in the range of from about 3.6 MPa

25 to 24.2 MPa (500-3,500 psi), a feed rate (vol oil/vol cat h) from about 0.1
to about 20 hr'!, and a hydrogen circulation rate in the range from about
350 std liters Hao/kg oil to 1780 std liters Ha/kg oil (2,310-11,750 standard
cubic feet per barrel).
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16. An integrated hydroconversion process having at least two stages, each

5 stage possessing at least one reaction zone, comprising:

(a) combining a first refinery stream with a first hydrogen-rich gaseous

stream to form a first feedstock;

10 (b) passing the first feedstock to a reaction zone of the first stage,
which is maintained at conditions sufficient to effect a boiling range
conversion, to form a first reaction zone effluent comprising
normally liquid phase components and normally gaseous phase
components;

16

(c) passing the first reaction zone effluent of step (b) to a heat
exchanger or series of exchangers, where it exchanges heat with

other refinery streams;

20 (d) passing the effluent of step (c) to a hot high pressure separator,
where it is separated into a liquid stream which is passed to
fractionation, and a gaseous stream, which is combined with a
second refinery stream which comprises light cycle oil, light gas oil,
atmospheric gas oil or mixtures of all three;

25

(e) passing the combined gaseous stream of step (d) to a reaction

zone of the second stage, which is maintained at conditions
sufficient for converting at least a portion of the aromatics present
in the second refinery stream, to form a second reaction zone

30 efﬂuent;
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5 (g) recycling at least a portion of the second hydrogen-rich gaseous

stream of step (f) to a reaction zone of the first stage; and

(h) passing the liquid stream comprising products of step (f) to a
fractionation column, wherein product streams comprise a gas or
10 naphtha stream removed overhead, one or more middle distillate

streams, and a bottoms stream suitable for further processing.
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