12, July 2006 HYDROCRACKI NG PROCESS TO MAXIM ZE DI ESEL W TEHulyWRBEVED
AROVATI C "SATURATI-ON BACKGROUND OF THE | NVENTI ON Much of refinery processing
i nvol ves reaction of refinery streans in a hydrogen atnosphere. I'n order
to maxi m ze conversion efficiencies and to maintain catalyst |ife, excess
hydrogen is generally used in the catalytic conversion processes, wth the

~unreacted hydrogen bei | L J I zed for use
as a recycle stream sﬂgﬁérﬁ@?ﬁ‘gﬂb’?%?&éﬂéggﬁg’& "@‘ggwgfbg'ggﬁf-. n energy and
i n equi-pnent. Sone. progr esWITHIMPROVERMROMATIC SATURATOR hods for using

a single hydrogen loop in a reaction process having at |east two stages.
15 I n conventional hydroprocessing, it is necessary to transfer hydrogen -

froma vapor phase into the BAGKGR@U&B@ONTW@N\}E@UN be available to
react with 3 petrol eum nol ecul e at thé surface © atalyst. This is
‘acconpl i shed by circulating very |arge volunes of hydrogen gas and the oil

Lhe.hydrogen | 2o Spetned i IR Ao bR e, Tont ea

t he hydrogen is 20 absorbéd I nto . ' 8t ri but ed
over the cat al yydrogscmnespherae lmotlento ofaxhize ogemersien efficisthcizararaol ar ge,

hhl: Mol I i red
al'so be Large, THESeatphPEHe sl fydidfef ol B d oM vor e

condi tions, freonversion fraceses, with tecurnsactadihjdrager®BOg RetovRREH, RmEY at ur es
6, 224, (47 teaches hydrocracking a

from around,40QF .t 9 900F. ‘U.S. Pat No

Vacuum Gasqe)' I a('géﬁ’regwré@ﬁ??rn”%? at 9 deecleRtigany Pucitiacysle PEPRESRES Alen an
i nt egr at ed hyd@Oﬁm%fmh%efgw&ﬂﬁﬁn;e%uﬁfrﬁéﬁt?@orﬁé PRGEde HAX Hel r,ﬁgdgg @g |
reaction zone is conpined with a |ight aromatic-containing Teed stream
fand the bl endede¥eiPRREMGHPY: (o5 e 3 sinaledudingen dearcintd regcliemptdcess zone.

The hydrocrackggvﬁbf{,{t@g{t\,&%tggés_as a heat sink for the hydrotreating
reaction zone. The integrated Teaction system provides a single hydrogen

supply and recircul ation systemfor use in two reaction
15 In conventional hydroprocessing, it is necessary to transfer hydrogen from a

vapor phase into the liquid phase where it will be available to react with a
petroleum molecule at the surface of the catalyst. This is accomplished by
circulating very large volumes of hydrogen gas and the oil through a catalyst
bed. The oil and the hydrogen flow through the bed and the hydrogen is

20  absorbed into a thin film of oil that is distributed over the catalyst. Because
the amount of hydrogen required can be large, 1000 to 5000 SCF/bbl of liquid,
and the amount of catalyst required can also be large, the reactors are very

. large and can operate at severe conditions, from a few hundred péi to as

~ "“\‘

much as 5000 psi and temperatures from around 400°F to 900°F.
25
U.S. Pat No. 6,224,747 teaches hydrocracking a Vacuum Gas Oil (VGO) stream in a
hydrocracking reaction zone within an integrafed hydroconversion process.
Effluent from the hYdrocrécking reaction zone is combined with a light
aromatic-containing feed stream, and the blended stream hydrotreated in a
30 hyg'rotreating reaction zone. The hydrocracked effluent serves as a heat sink
for the hydrotreatihg reaction zone. The integrated reaction system provides
a single hydrogen supply and recirculation system for use in two reaction




12 July 2006 systens. There is no tenperature control betweshiyt20es

hydr ocfacki ng reaction zone and the hydrotreating reacti on zone, however.

"U.S. Pat. No. 3,592,757 (Baral) illustrates tenperature control between

,.zones 5 by neans of heat exchangers , as in the instant invention. Baral

does not enploy a single hydrogen | oop, as does the instant invention.
(simlar to a hydrotreater) operating in

Baral discloses Wﬁ h)rédré%fi ner _ |

series with a hftg&rackers 's%tFﬁ‘p&r?tFE%ﬁqnﬁﬂ twepa the byfreeratidag reaction |
hydrogenat or. Azg@safd the MrRfotrdatigdedbtiol zoﬁe}ﬁbwa}é?:up and recycl e hydrogen
to a hydrofiner. A recycle streamand 10 additional recycle hydrogen are

added to the hydrofiner product stream and the mxture is fed to a

hydr ocracker. T rQe’ I t. ' | ed, and ,separated into
2 Vapor and a 1 P e e ol @B Tinberei 18, P besipRi i
hydr ogen corfpr eby teansof beat axshahgerby ds af ihednstafttievertioguiBhraitdoea Mot S

reoyol ed 1ot e RpRY b PaaR oo Hion a8 doBF Han hEREY inveaion Bl Agdovon

froma make-up aygdogeer (Simifr¢s adydteattr Gsdrathd @ seric WhCIRRAbGacke
Hydrogen recovered fromthe hydrogenator |s conpressed in a ’stage ofr'the

. make- up -hydr ogeff 8%@%’%8&‘3“‘)‘8‘?@2@@@ pysiregrnaton A apmell feepgs frdonitipat .

No. 5,114,562 (f#thimaKe-@ and Faﬁ.@ﬁlﬁ%dﬁ)gtemo%tr%ﬂ%ﬁnléxdﬁqggyedf%lgﬁs’%e}rﬁ?aé{ign

(simlar to hydrotreating) an ydrogenat 1 on ‘process fo

hydr ocar bond ~ Tafklitionakracyele hwdragense sddes tonthehydrafines paoglest sttwaim, andsi ngl e
hydr ogen | oop i I | nes.are enployed in
series, the fi rtg? 'ﬁgigﬁéﬂ@g?é{ﬁ&;’gr}] gﬁ@g ﬁgf ?E%‘{ égﬁgéﬁﬁgﬁ%rnggg%%&h%'ﬁés 25 for
bydrogenat i on. omoleskand separated intbtatvapec ynd adighiddstiegen Fnslvimst stream is

desul furizatio J r n sulfide is stripped fromthe
desul furi zati o;bd’srggtﬁﬁérreéﬁ%cfﬁ@fow %Wﬁﬁ?%r’@%‘gﬁ’ttﬂ‘?l afott}f'eﬁy.ﬂ?%gen. The
|'i quid product ligaidrsteeami isdmctibh@tedﬁﬁtbﬂgb?,ﬁnﬂﬂﬂ t@hh%ﬁbﬁfs{ﬁd@éﬁﬂ THhd h

en_an e mxture is fed to a

relatively clean,.recycl ed, hydro . a
hydr ogenat i'8n POHEN HiFaBisd et bR hygoceacket oUes Buddie sipames mixed
hydrogenat i on wéadiyefogundrérh QifibRsluphydrogBh 'cbnﬁés%%%h&gréahé? (tj;ﬁ fe
desul furization reactor and the hydrogenation reactor. he, ydr ogen

hydrogenator. Hydrogen récovered 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 hydrogenatibn. A feed is mixed with recycled hydrogen and fed to a
desuifurization 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,




fromthe stripping operation is passed through a separatorizJayasdéwi th t he
portion of the recycled hydrogen directed to the hydrogenation reactor, 2
12 July 2006 conpressed, passed through a treating step and recycled to the
hydrogenati on reactor. Thus, the hydrocarbon feed stream passes in series
t hrough the desul furization and hydrogenation reactors, while relatively
| ow pr essPEPresagHoprsseddhioughiadeasting staprandyesytledita thethydrrasnaiiomnd

el ati vel Yedddh) TAUE SAK hGdroRYAIROREY sheBipsded Qlridkifrolyffipgenat i on step.

The instant 1nvention irected to tenperature contro et ween
hydr ocr ac ldesyifurizatiomgiald bydregenatipnzeaeters, wiile shativeldowipigssuray dr ogen | oop.

or ovi ded NCRER N BONHE RS REORRESI Neh aDaRERRTH HIFBRAEY | o<l ages,

each st agdypmgenssprogidad fot tha diydmgenatiacstepn zone, conpri sing: (a)
conbining a first refinery streamwith a first hydrogen-rich gaseous
streamto forma first feedstock; (b) passing the first feedstock to a

reaction Zoednsibnttivertion $d difddigeto tehipehating: dontro! iBetieen aldreritkingons
sufficient tg%ygffect a boiling range conversion, to forma first reaction

zone eff @A} OYRBINGFMNE SnEMRIDYING 9 $ingle pYHRa8R kWrponent s and normal Iy

gaseous phase conponents; (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 refiM@@Mﬂﬂ%gthefirst reaction zone
effluent of step (b) wth the second refinery streamof step (c) to forma

second f e@tlsiosdtiect tfthe passtinbivehtons RpO B dreadsd a6 intédratdep (d) to a
reaction {210ne of the second, st a%ﬁ whi ch is nmaintained at conditions

suf f i ci enfYSTBFORNGRSIEN Praggsahayipg s lezst ey stagres. sAch plagdenoRERsINg Fr esent i n
the seconfasebhd\Riastici SRIomPrisiRg (aRcGRSIARNG a fréASHhdy) skaa Wil duent ; (f)
separating the second reaction zone effluent of ste (e) into aliquid
stream coﬁ’ﬁf hydragerpfichigesesus sireamsie foim a iy feagistoaki &)_pag%iggmﬁsﬁ@t ream (g)
LESU° e BRE ol e AR AT PSRy g =1 reom

sufficient to effect a boiling range conversion, to form a first reaction zone

effluent comprising normally liquid phase components and normally gaseous

phase components; (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 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 refinery stream, to form a second

reaction zone effluent; (f) separating the second reaction zone effluent of step

(e) into a liquid stream comprising products and a second hydrogen-rich

gaseous stream, (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 gas or naphtha stream removed overhead,

one or more middle distiliate streams, and a bottoms stream suitable for further

processing.




the liquid stream conprising products of step (f) to a fratzJutn?806 on
colum, wherein product streans conprise gas or naphtha streamrenoved
overhead, one or nore mddle distillate streans, and a bottons stream
suitable for further processing. 3 12 July 2006 In another aspect of the
present inventjon, there is provided an integrated hydroconversion process
havi ng at In @xatheragpest eide prasgptinventigs, ihersis Psevidedhan integsatedone reacti on
zone, co TN aTo RS FRERE R ' r&ef i e L J. b first

nydr ogen- YA pUaersdh pRRER: Rai Bt batithpisfddir o oaaaotiesndat | 0% e
first fetoast orkraastion zens; comprisioggapf canhlining redfirstaefinpey stitarolwithsa mai nt ai ned

" diti o e . ¢
i rstrealfif Byerdtion Heh BRer s Feafif Bng ek RO (RN SHI s onent o
and nor nafdeﬁsgmkéa»asea@imamﬁemfrﬂwﬁﬁ!tsﬂagd,@hiqﬂaissﬁaigtair;eel a‘ticgﬁditiasrmact L\gn zo_nte
ffl t of S t . t anger, ar _serjes of. exchangers, ere i
excchanges IRt et A bfiing ER E05rRBeiador &) ideeriog RE of 1 uent of
step (c) effluenhembrisiity norasfiyliguid pRASE drpeonaiiebRd hbrmallygRees@ ed into a

liquid stream which i ssed. to fractignation, and a gasequs stream
which is P ?ﬁﬁ%ﬂpwq}%ﬁz‘%ﬁ@ém the firsh egaption gpae Bfflwentef tepfiiieas 1i ght

cycle 0 | hokf &lehaliidt of sbriesTBIRRARIIS, vt mekcr%ggghté%ugﬁmﬂér all three;
2]

(e) passi n% t he conbi ned gaseou ream of step ] reaction zone of
t he seconteligeagreams; (h nassingithe affivedt cistepledia @ bakhighipressient  f or

conver ti Ngegdrato? ntierd 19 SEARA inb PIRIP IR PR HAbsdd'tdt N, second

refinery stream t orma second reactron zone e (f) separating
t he seconftractiopation,emdzogasesiusistream, vhichitie pofheinedith a sédandi refiriry eam

conprisin S . .Secon veroaen-rich eous stream (Q)

recycl i ngg%%'ﬁgﬁ(%h %%ﬁ%ﬁcyﬁﬁtocf%@hog’ Eggggaﬁﬁ?"'tﬂjﬁ‘logé}i‘?ﬂcrgac?no"&gs eous stream of

step (f) mixtaresedal throezehpasying ihe dopftﬁrﬁed gémaf 5 s&@én(dfbtdﬁ%ﬁitmg t h\(/a\h l'i quid

stream conpri.sin roducts of step (f).to a, .fractionation ¢ol um, erein

ot oduct - <topclion S pfie SeBoths s Withis Mantinedi conivan suisrbad, "one or

nor e ni ddfop c8hvidriing At [8astlal fHiGh oftRél aforfick Prsens fif thaesdhd Rhenf or furt her
rocessi ng.

= P gtream, to form a second reaction zone effluent; (f) separating the second

reaction zone effluent of step (e) into a liquid stream comprising products and a

second hydrogen-rich gaseous stream; (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 naphtha

stream removed overhead, one or more middle distillate streams, and a bottoms

stream suitable for further processing.

A VGO stream is initially hydrocracked in a first-stage hydrocracking reaction
zone within an integrated hydroconversion process. The integrated
hydroconversion process possesses at least one hydrocracking stage and at
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

3a




A VGO streamis initially hydrocracked in a first-stage hy@Jor28eki ng
reaction zone within an integrated hydroconversion process. The integrated
hydr oconver si on process possesses at | east one hydrocracki ng stage and at
| east one hydrotreating stage. Effluent fromthe first-stage hydrocracking
reaction zone is conbined with a |ight aromatic-containing feed stream and
the bl end¥drostacking reactiopFroneangitbe seepnd-slage hydotraging MACEIN conpri ses a
hydr ot r eat;} ik C t first-stage
32 12 Jul %;Q%o%&ﬁﬁﬁﬁ%@?ﬁﬁﬁﬁfs@%%%ﬁﬁ% S R P e e

o

hydr ot r eatlnadempaeatureref thefirsi-sipge hydiotregtartieiowanurdhat of thefitstol of the
first- st age AMdpldeald M fiSoved i L6IRAL B ofithe chiniettersst 208

hydr ot r eat'e ower than age hydrocracker. This
i nproves thigdrogarhons iaod séeoualiatisdhe obtatyistoftthe fiesttstatje Hypidrteeatingaose and al so

allows th st .of the first-stage h ot reat,i.ng_zon 0 be different
fromthe o 6aHMeret: (ol bl Ealind In SlReS RS SAAS i hal PauBel, coont
I'n one enpestient nin, oriehembbdimeat) thd efoebtorhithsfirsbétage hjrdtresteert er is

h_eat ed in an xchang&&é}th n passed to a h%ﬁh high ‘gressure separ at or, where
over head NFgRe RARE gee eAssRe [ adot Hianrassuse gepargierpiieeyr e

separ at or gverhBadl ighterdd ané eV d&s%%ﬂ% A QId high Hrodere sashrtr ogen

. r :
sulfide gas is renpved overhead and materials boiling in the gasoline and

- di esel rakybegold high psessure separatesthydregasand-ydregrmsiiide gagdsi s

o : =T d
- Ssu Sequenkéelﬁoﬁ kel éd‘aﬁd"mafb@%%r@fnggﬂg#;% ofl & 8n ?le‘égﬂﬁﬁgg g?éj an

recircul a us_ed as I nterb as we as m with vacuum
gas oi | f pasked3p afmcliangtor biydrogen duilfieiis sulb$dquently eimaved ihan hi gh pressure

a1 50 passaRBet HEH OB T RontbR i i B leh be SRdrEfanige™ '
subsequengusndhy ds et aseidednith paciine yas olifedde  subsequent |y hydrotreated in
units not depicted. This invention offers several notable benefits. The

i nvention provides a

3b




met hod for hydroprocessing two refinery streans using a sitgly2hgslr ogen

suppl y' and a single hydrogen recovery system Furthernore, the instant
“invention provides a nethod for hydrocracking a refinery streamand 10

.-hydrotreating a second refinery streamw th a conmon hydrogen feed supply.
The feed to the hydrocracking reaction zone is not poisoned with

contam nants prgse ' d to the hydrotreating reaction zone. The

] he, f
present inventi F%”"Iﬂl% gf’"ﬁﬁ?@@f BEhWWEﬁW%%@ééﬂh@ﬂwmntMre o
di ssimlar  refharisalshoiRfmh the dRlel @hg@.fiﬁh% %Q&@Wﬁ?ﬁgﬁ&’ﬁbﬂ Ofgss while
i'gh yiél'ds o e

mai nt ai ni ng 15 fgoo_d catalyst life and esired products,
particul arly dif&gtiongtos boltemgaaydie sehspapernt craukeld atidysrodudtamayetié ner y

streans may origj v HYd ' tef | ocesses, such as a VQO -
derived fromt h%bggﬁﬁﬁetrt O{&?aﬁ%?kg;ﬁ%@&%@@gﬁ whi ch contains relatively
f ew cat al ys® contani nants and/or aromatics, and an FCC cycle oil or
straight run di Whi tain 0 bst anti_al .amounts of_ aromatic
conpounds. BRI E&ﬁﬂ%&g’] %8 ve[rﬁgn %@@8' [ uPé""Pni%PP UEPYideERa a

hydr ocracker’ amiethpd fat yelasocéssiretwonsfinér) steSnBUlshigZPsiiyRIHARSdno0oP

"separated- by a heat ex ha,ngﬁr. Li ght and heavy materials are” séeparated ‘
from each ot hePYP cﬁ’ﬁ‘;"’éﬁ'n il EROY pYgiempifyihenvore; edostant r om t he

li ght product s.invdrtibR @esvides & RIGHAPRE ydrBerdcRinh -CehiRd§ Srealy HHLICL S are sent
to a fractignator. 30 Figure 2 iIIustr%tes a hgﬁéra@kirﬁaﬁ;tep fol |l oned by

.F1 g C
separ at i on 18nd hygfoieating gisesand fafinery streane with @ccapvsemn bydrogen Gemtbsuppty. wi th a-
-l ght aromatic t -@,ts . 0 LS rated fromthe
hydr ot r eat ed é!}h]?; |fﬁ§_‘ﬂe gﬁ%iy?g%ré’%l{ﬂ t % t'oﬁ%{ u'g't‘:?1 g t g@gai%ﬁfvﬁ? 0 a
fractionator. fonngowits posEnbIETAE R OHESCRY&OteRtigrehfon POARNTTKN Thi s

whi oh are comoProat VERSER TG BeEERP Bierperahd b carwre i
singl e 5 hydrogsfimesysiptamsiirdan inteyatey HydRdcRRVersbnlpiScdds R MaiRtdiRRY | e
feed is 15 - good catalyst life and high yields of the desired products, particularly distillate
range refinery products. Such dissimilar refinery streams may originate from
different refinery procesées, such as a VGO, derived from the effluent of a
VGO hydrotreater, which contains relatively few catalyst contaminants and/or
aromatics, and an FCC cycle oil or straight run diesel, which contains
20 substantial amounts of aromatic compounds.

BRIEF DESCRIPTION OF THE DRAWINGS

7 Figure 1 illustrates a hydrocracker and hydrotreater in series, in a single
.25 hydrogen loop separated by a heat exchanger. 'Light and heavy materials are
| separated from each other. Hydrogen and hydrogen suifide might be
removed from the light products. Hydrogen is compressed and recirculated.
Products are sent to a fractionator.

30 Figure 2 illustrates a hydrocracking step followed by separation and

| fractionation. Material removed overhead is combined with a light aromatic
stream and hydrotreated. Hydrogen is separated from the hydrotreated. - |
effluent and recirculated. Products are sent to a fractionator. | |




hydrocracked to nmake a mddle distillate and/ or gasoline przadyebgs 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
stream which boils in a tenperature range generally bel ow that of the
first refinery stream or a 10 feedstreamwhich is to be treated to renove
aromati cs before being processed further. In one enbodi nent of the
process, a first refineryD&lAlER QESCRIPTIO iTEIE INME Mtked in the
presence of hydrogen over a hydrocracking catalyst 15 contained in a

.- first-stage hydrocracking zone at conditions sufficient to renove at |east
a portion of thEisinvesteraldaptuindgsrepcion plosesdass using hivo disgimilr femis, and t o

ffect boi | i ; ,on..: The. ' ‘ f the .first
Ceaction sone | e BRFRGRONEN 1O oilieirfiraled BrtinTbeedse T B ngre®
(2:8nbi ?ed w: 15hdahyf!emgmnb I up@:jyiamIfrgecsvergaysteffh_etndlm@bidmgd?,f@maﬁe’rﬁ&%d %lt ong with.-
optional addj tiona rogen-ri. as, .is passed to a second- stage
o reac!to. i on zone%y%qcéﬂcﬁegﬁﬂﬁ'i‘%eaq %@?%a'sﬁk‘ﬂi? @B&’éﬂ??@m@d’d WGtoRnd 3 {ightee ent

to remove at Ifeasls lydpstrddtetadlipdrige tHecriBl prop&MED ofihdighte? Rrdd eTRecond
-refinery stream The feedstocks maé) flow through one or both of the
reaction zongs"Hrﬂcegﬁsd%P@E;'CU'Fmﬁ\Hﬁ?fH' r Heakvhe gpgondt iefieenysiream whishibgily
agai nst gravit yn a tpBraAd@Tande gbrrdfly KAGN R or iR _sﬂ%lﬁ)&sg}ét%% dactice -
of conbi ni na the second refinery stream with the tirst refinery stream and
hydr ocr ackilRg -fferdstfeant which dntotmleeated to removeraramiaties befovebeingnal practi ce
.would treat th fflfifepcks in separate processes, wth separate

hydr ogen suppl ;?/J,r&r%'g%@ery g’nd recycle systens. 30 The effluent fromthe
ﬁi rst hydrotreating zone is heat exchanged with incomng VGO feed, then

“hyd ' in a. tor. Th fluent t tg a
(Tt onat or S PRE BERERIRER AL Beyosdran tniarimy sberuckings KBS not
depi cted) and Hidroetackes #i the greseieetdi Bydidgeh QveeahiM@crRRRGtalfpi cted) . 5

12 July 20?& In @n. al ternate enbodj ment, sSeparation may occur follow ng the
first ~hydfocr&8 Aingddr aJust-stagr hyfresracking zone pt ernditians sufficientémati on, and

l'i ghter remove at least a portion of the nitrogen compounds from the first refinery

stream 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 sepafate :
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 effluentthen
‘passes to a fractionator, with bottoms passing to-another hydrocracking zone
(not depicted) and diesel passing to another hydrotreating zone(not depicted).




materials are combined with a light aromatic feed and subsequigzode/
hydr ot eat ed. Hydrogen is separated fromthe hydrotreated effluent and 5
"recirculated. Products are sent to a fractionator. . Feed and Effl uent

. Characteristics - Hydrocracking Stage A VGO is a preferred first refinery-
stream and a synthetic or straight run 10 middle distillate is a*

preferred second refinery stream A suitable synthetic middle distill at e,

formed by cracknig alteieateicabogient, senaratimmmay octurdollowing thedirst | evel s. The
econd refiner . ' i he.. rocrackin fluent '
Eef ore it :ant e)r/hﬁ Eﬁggﬂ%}%aﬁg'a#h”?%@ﬂ%‘?%%%é?%ﬁ%&r%ﬁ??éholnr %"‘ﬂ@"f%{ ddl e

di stillate boi Imatgrinksraye combihedswitiyallightraremetic feadraainsudssiddrpigen 15 and/ or
aromatics, wt si,ve cracking. T referred first stage contains
hydr acr acki ng g&;ég?@gs%?&NQY%PQ?'?]@G-SQQ%WQ?@&'g‘éﬁ'\yﬂﬁg@@?ﬁﬂ efflyprt andL i kewi se,
the preferréd seciendatetafeoduety aiersenhiods ahétiatdtg cat al yst, maintai ned at

hydrotreating reaction conditions. In the process, the first and the
second stages are contained in two closely coupl ed reactor vessels, 20

separ at ed by a fedtarRdEMaafChard@¥iistds 3 HYdRsErSclidy 8gfgat ed hydrogen supply
and recovery system serving both Stages. Serves to prevent
contam nants present in the second refinery streamfromfouling the - N
catalyst int g st ' e it first refinery stream
is a VGO havi ng‘e‘ébt%?ﬁ ‘%’S%dﬁ[?“ff%ﬁﬁ%w %E'Féﬁ‘t Fﬁ‘g aasg’%%f"é%éﬁ@@ﬁ‘r@"above 500F
(260C), usi@l | ynidilerdistillateds aquplerrat seeond asfigeryadtrdadi) FA 5188 e 69HAGHS93C) . A
refinery stream:. reldn../5.vol %.of the refinery streamboils within the

t enper at ur e ra%gﬁgﬁﬁ]iﬁsﬁ)ﬁ"ﬁg%gﬁmmﬁswﬁﬁ St dmay epntaindigh st
{reaction zone. nitfogehilewds. r Fié SedondsefiaysTa¥m3MnhrAm abdedidithgoen, usual l'y
present as orggn&nitrg&e%ﬁon‘gﬁu%g%, VGO feed streanms for the first -, -
reaction zone G¥HPEIATKINELTIYa Relor lientase hphwdietrealiserronangenasally hailan 0. 25
we. % sul fur, ihmeghidiranstimid boifH 5ﬁ9\?'| &géezk%arafﬁtﬂgéb%éoot%ﬁ{émo ﬂitu%ﬁ%ﬂ“r X

i ncl udi ng those containing up to 0 an her rogéen amrd 6 12

July 2006 15 and/or aromatics, without excessive cracking. The preferred first stage

contains hydrocracking catalyst, maintained at hydrocracking conditions.
Likewise, the preferréd 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 hydrdgen supply
and recovery system serving both stages. The process serves to prevént '
contaminants present in the second refinery stream from fouling the catalyst
in the first reaction zone. '

e

25  One suitable first refinery stream is a VGO having a boiling point range
-starting at a temperaturé 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-‘i 050°F is an -
example feedstock for the first reaction zone. The first refinery stream may |
30 contain nitrogen, usually present as organonitr_ogen compounds. VGO feed
streams for the first reaction zone contain less than about 200 ppm-n'itrogeh_
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 .nitrbgen.and




“up to 5 wt. %sulfur and higher may be treated in the presenuymoocess. The
first refinery streamis also preferably a | ow asphaltene stream Suitable
first: refinery streanms contain |ess than about 500 ppm asphal t enes,

. preferably less than about 200 ppm asphal t enes, and nore preferably |ess
“than about 5 100 ppm asphal tenes. Exanple streans include |light gas oil,

I I ght, r as,oil sphalted oil, and the like. The-
P??\s/%/ ?21‘S| ﬁlery gP %glrﬂ% &Wﬁgoéhw@ﬁ"&y | indhe, presgpt pragess.r Eae i ng,
prior to the preasenrifinenosiessn id dlsé PAUERDR 2 @%%fpﬁaﬁé.@ didech E‘shﬁésngﬂsﬁs

~het.eroat om conte . The first refinery - streammay conprise recyc
conponent s. ey AFEARBeINtag lessbian ghout %09 m&%ltﬁnes,qyefer@m sul f ur

rom the first 56 thate AR 260 pbit SSHMEndd Sl it plfCIBRTAEL I dissr | On

zone and effects a onver si'on t|on of
the first hyfaroé%@kmra;fpha QNS | n:metreams uehmerhgat@amr m&lavjagaé bilg range

beI ow t he nor p he . fir efi feedst ock. By

"normal " is nerrg%]t 69@1“] ki a%g’"'p%i n%hgg&g%'b rilbe ke -@‘eo'fﬁter&? SUEE8Yi || ati on
at one at rmsphermey;hlaeebaempromsmchﬁgtbyahyd}etr@atmgnp.@bruta tife PHeb@Rt process
distillation. S ot her (ta eci dlstlllatlonterrperatures
listed herein r fr8$ SO B@F?’f'ﬂ'&a%d Srﬂet%mat%wﬁﬁnt bdie firstrefinerye -
tenperatures. Tdireapn Agdniplist Recyde sdmpottn@er acki ng reaction 20 zone nay
bemgont roll %d to a cg??al n Fjglr acklv;lg conversion or to a desired product

or

sul fur 1evel nitrogen | evel or ‘both. Conversion is general:rlrelggfgt to
Femper ot r e of Tho Torck aarnd (oo ship HRES FirobOF ol U RO e FBH el at e
{to the percent dgtnesy Teasksirason in thg fMWdrMKm?gﬁmmmﬁﬂ§a \',I\'ﬂ :a chis
hydr ocr acki ng. 1oane a0 coergibl satnanbitGulsPortiFtiains ek Buiochaviiog
conmponents,. e. geachoeamm@rfﬂtpnbﬂamggxgandlh?;urer@aah@%lgglﬁit‘rvgﬁéﬁ?bhﬁapﬁoellﬁsrlebgufs' 58 t
ey et T e B B BREER B TRl v npasonacnt o
reaction zone ios bollingtaigeashsati ohQndistilltioh a% BhE bth&iphetOpREER e | T ng
range that determined in a D1160 distillation. Unless otherwise specified, all
distillation temperatures listed herein refer to normal boilirig point and normai
- boiling range temperatures. The process in the first hydrocracking reaction
20 zone may be controlled to a certain cracking conversion or to a desired
product sulfur level or nitrogen level or both. Conversion is generally related
to a reference temperature, such as, for example, the minimum boiling point
temperature of the hydrocracker feedstock. The extent of conversion relates
to the pércentag_e- of feed boiling above the reference temperature which is
25 converted to products boiling below the reference temperature.

‘The hydrocracking reaction zone effluent includes normally liquid phase
components, e.g., reaction products and unreacted components of the first
refinery stream, and normally gaseous phase components, e.g., gaseous
30 reaction products and unreacted hydrogen. In the process, the hydrocracking
‘reaction zone is maintained at conditions sufficient to effect a boiling range
conversion of the first refinery stream of at least about 25%, based on a 650°F

reference temperature. Thus, at least 25% by volume of the.cof_nponent_s in




conversion of the first refinery streamof at |east about 25uy2b@sed on a
650F reference tenperature. Thus, at |east 25% by volune of the conponents
in 12 July 2006 the first refinery stream which boil -above about 650F are
converted in the first hydrocracking reaction zone to conponents which
"boi | bel ow about 650F. Qperating at conversion |evels as high as 100%is

also withint hethefncslpefrm‘rytsheazinnulanh boihabdweaaioues 507 dre Cohedrd®] inany er si ons
are in the ran XdZ from about. 30% to 90% or of from about 40% to 80% :
The - hydr ocr acki @t YCEAGrBFINg seArtioB Zong imeomrenenis; which ed beloyeabqut ni trogen

and sul fur contexier. \M;Ié?anrf&at'&%%rs?&?ﬂe&%égs/%@h éshﬁ)da/og{éﬂg&%tﬁﬁ%”thé" ning

nol ecules in the first refi'nery stream being~convert
hydr ocracki ng resapeiobthezibrention: dbanale poiling ngemonutisionisiaye irnitherrange bf

present in tzhe 1 ntain |ess than
Bbout 1000 A FGUEReIS g% G or it BBGis A 8%, PSRt
preferably Iess'ead:ta:rm zmmfﬂl%ﬂ ipfurthentécreaseadn ah@igen sﬂﬂﬁ]r Gd;]ﬁtémgﬁﬂh ‘
i.on co itions. in the

Condi tions - rocra ac
hydr ocr acki ng r é%%%taﬁ gﬂ) ﬁgletﬂ O%e’r%‘%{&?‘i"ﬁﬂ m‘l%‘?f‘ﬂ%ﬁ*ﬁ'ttﬂ? redeleRh about

250C and about 48 IﬁéiB?Eo@?e?'@d,ln thé RpdrE@ekihg féacaeﬁ%né F'réfé’@abiyoﬂf’ébout
24.2 MPa (500-3,500 psi and a ed rate (vol cat 'f om about

0.1 to about 2dopnaly BWWFWP&?"%WWW&QC@C%TG@QHQW arpmeyefﬂnemthe range
from about 1850 ghehid ics8 'if?ar{'gl'ﬂéﬂﬂ 1@bb gﬁ:ﬂkﬂﬁpfiﬁd %ﬁ ér?éﬁodﬁyobgngﬂl
arre erre redction

(2,310-11, 750 standard cubic f

t enper at ures r aiftpgen; mwemiera@lvdess thaatabott zmmnm SalE- @5l ahout 190 pper red
total reactlon ures range from about 7.0 MPa to about 20.7 MPa -
(1 '000- 3, 000 ps E th the preferred catalyst system it has been 25
f ound t hat preferred process conditions include contacting a petrol-eum.

feedstock with gigrgoﬂenmgder gédrggrackl ng conditions conprising a
‘pressure of ab 8- 95 7 MPa. (2, 000-3000 psi), a gas to oil
rati o betwagn about 379-909 std liters H2/kg oil (2,500-6,000 scf/bbl), a

LHSV. . e .
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 oilfvol cat h) from about 0.1 to about 20 hr™. Hydrogen 'circulation

20 rates are generally in the range from about 350 std liters Ha/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~8515F)'.
- 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, rt has been
.25 . found that preferred process conditions include contactrng a petroleum |

’r‘*"&&

. feedstock with hydrogen under hydrocracking conditions comprlsmg a
- . pressure of about 13.8 MPa to about 20.7 MPa: {2,000-3000 psi), a gas to 01I
ratio between about 379-909 std liters Hao/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). - )




- of between about 0.5-1.5 W and a tenperature in the rangazdhwaamt to 30
427C (680F-800F). 8 12 July 2006 Catal ysts - Hydrocracking Stage The

hydr ocracki ng stage and the hydrotreating stage nay each contain one or
~nore catalysts. If nore than one distinct catalyst is present in either of
~the 5 stages, they may either be blended or be present as distinct |ayers.

Layered catal y%%oﬁmﬁé%for exanple, in US. Patent No. - - -
4,990, 243, the |a§ : ddcfac € ncor porat ed herein by reference for
al | purposes. Hydrocracking catalysts useful for the first stage are well

-~ known. | n gener , racki ng catal t co rises a cracking
conponent .and a‘?‘h%hp{&%?: a&i‘ﬁ?ﬁ %B@H&H{Of ting ed@aﬁﬁﬁﬁbﬁ@ﬂfﬁ@t% al or

bi nder. The Craﬁfkibrlfgcmivﬁtsneﬂlfno@mah%b@’eﬂméﬂcéﬁ?&ﬂ??&b {h@go%%pone“t,

and/or a - ﬁ“te e zeolite, an ultra ype z€olite

or a dealu na?téﬂe%gﬁﬁ ray %Xg[nggﬁl?ﬂée‘éﬁbb%ﬁtﬁﬁ@nta&dlstln@ layerpobayered s ‘
i |1 ca- al umi na. odBiy ey shuds QASRRLRORrSRARARER UK ﬁ:{?@-t.tﬁ\g& ﬁ{,%%%@ﬁgﬁ' clesis

sel ected fromthosé elements kndwn to pr cat a
activity. At | edig¢logife afuthigh fsmmfetw rmexed:wdferrem fohall fugeped/l | | (1 UPAC

Not ation) ele IUPACNo tlon) el enents are .

general |y chogﬁ%ﬁ&' P‘Q/Cfg%?% P%W‘%fhﬁé%@ﬁ%ﬁﬁ‘ﬂﬁq Yy begsasalng

tungsten. G ouﬁhVIhNdrc@r@mgmtalyst(nondmses am;ad@ig&bdmﬂm&kghd ar ut heni um
anmount :

hodi | d d.pl at
o baonar 10 2 AyachR b Formbh & G b el s SR et aribedets heabout 0. 5%
to about 10% b;crm«r@compoﬁmlwmwhblhd@ah@horﬁwaﬁak:ﬁgboﬁgg?éﬂt%y%%m 5%

t o about 25% by of G metal 25 conponent ed "as
{retal oxi de(s) Zﬁ\éﬁteiﬁ'ﬁf"b%’? ?QP tﬁev‘s@%ﬁtawﬂrﬁ@&aale Y(Em&azgpﬁtq. onkere the

ol Trding. The dﬁ%‘?‘é‘éﬁ%ﬁﬁé@ﬁ@ﬁ%ﬁ%‘ﬁ?ﬁmﬁfﬁ“ he Shackli ecffiiotels < 1@
silica-alumina.

15 _
The hydrogenation component of the catalyst particles is éelected from those
elements known to provide catalytic hydrogenation activity. At least one metal
component selected from the Group VIIl (IJUPAC Notation) elements and/or
from the Group VI (IUPAC Notatlon) elements are generally chosen. Group V

20 elements include chrom:um molybdenum and tungsten. Group Vil elements
include iron, cobalt, nickel, ruthenium, rhodium, paliadium, osmium, iridium
and platinqm. The amount(s) of hydrogenation component(s) in the catalyst
suitably range from about 0.5% to about 10% by weight of Group VIIi metal
component(s) and from about 5% to about 25% by weight of Group VI metal

25 component(s), caiculated as metal oxide(s) per 100 parts by weight of total

e,
W Y

- 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‘su!phidic form. If a combination of at least a
Group.VI and a Group VI metal component is present as (miied) 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 componehts of molybdenum and/or tungsten or one
or-more components of platinum and/or palladium. Catalysts containing-




" be in the oxidic and/or the sulphidic form.If a conbi natithubf2086 | east a
~Goup VI and a G oup VIl netal conponent is present as (mxed) oxides, it
30 will ‘be subjected to a sulfiding treatnent prior to proper use in

. -hydrocracking. Suitably, the catalyst conprises one or nore conponents of
ni ckel and/or cobalt and one or nore corrponents of nol ybdenum and/ or -
tungsten or onepjc r RS, ' g t al ysts
containing 12 Julﬁélgggéﬁ%?gkel aw&&ﬁ%%ggmﬁ ﬂ‘"ﬂ nﬁ@ ﬂ%‘gphn%

pl at i num and/ or Pyticulady prafesred. particuiarly pref erred The hydrocracki ng
catal yst particles of this invention may be prepared by 5 bl ending, or
co-nmul ling, active sources of hydrogenation netals with a binder. Exanples

of suitable binthe bydmcﬂwblmgmatalyalpaaidmoiahls iﬂvaylﬁon ma&@iérpréparbtiwni a,
' use of alum na as

magnesi a an% SIAI @ g mona Preference is cF
binder. “andr - b E RyRe e tiR 55 Ewss slhi Rasason vals wih ablideed o
tailor the cat aimpleabfsmtabﬁie Bmae@ lﬁ'@ﬁdé &ﬂcaﬂl%mmﬁatétﬁwﬁs zirBshia thadgd 10
conponents are then sh extrusion, dried and cal ci ned at

a .
t enper at ur es uﬂ"?%"%@ﬁ@@ﬁ% ”"P'Bap 6?1‘96-’@0? vﬁeglvemt%nh@dlsgaafalwna particles.
Al t t | | | tal yst
ernatively, mmeae C)théﬂéérﬁﬁ’é&n’f@tsh%’%s‘%gﬁﬁ %yﬁlﬁ g&;@%ﬁ%ﬁ'cgéﬁre@a alys.

. particles include Fre ari n? oxi de bi nder si on,
drying and calteitgilondle ‘F"ﬁﬁYéi/\léi‘]'ﬂ@?Sﬁﬁmsnfed@pph@tibgdﬂhgéﬁmtdedn metal s on .

t he oxi de p | e t|o The catalyst -

particles, %co%{c’mﬁrﬁnﬁﬁts Eﬁé tﬁ&brg%;dﬁ |%ﬁg§;%f§¥t§urg?éﬂ'gp H'}?é’r 6%dri ed and

- calcined prior tempemﬁmeawpaohyldﬂ?j%(mgkmp’@ mredweythit finfkhed camysE pAitieRat

' aracteristic | treatﬁe %t@%@ g The second refi nerg@jeedst ream has -
Ehbm ling poi n?'\tteglf%'é(e eﬁ‘é‘r’aéylsg‘;‘ f ethpgsof Rraeaning the anegrpheys catalystst r eam

Indeed, it is paktRMsinELEE pﬁ‘ét%rﬁf;%&ﬁ‘fétblﬁdié}%tﬁ:léé‘@hch gs ﬁgl&ﬁ@ rbfar{rwg rtion

of the second refl nery feedstream has a nor mal '1ng ol n m ddl e
distillate rang8d c3lsining 0@%’1’%@%@“&@%@@&@@90%@ petafs omfhercmﬂﬁ:t ionis

not necessasy. pihidfes, Bhing FAsthodLAtth dLintitbgfidtibn2 T?lg'cta?é?ysef p%ﬁlc es,

containing the hydroggnatlon metals, are then further dried and calcined prior
1o use as a hydrocracking catalyst.

Feed and Effluent Characteristics - Hydrotreater Stage
20 |
The second refinery feedstream has a boiling point range generally lower than
the first refinery feedstream. Indeed, it is é feature of the present process that
| a substantial portion of the secdnd refinery feedstream has a normal boiling
( . point in the middle distillate rénge, so that cracking to achieve boiling point
25 reduction is not necessary. Thus, at least about 75 vol% of a suitable second
-refinery stream has a normal boiling point temperature of less than about
1000°F. A refinery stream with at least about 75% viv of its components
- having a normal boiling point temperature within the range of 250°F-700°F is
-an example of a preferred second refinery feedstream. |
30 |
The process of this invention is particularly suited for treating middle distillate
streams which are not suitable for high quality fuels. For example, the

- process is suitable for treating a second refinery stream which contains high

10




~ refinery streamhas a nornal boiling point tenperature of 12biy20b&n about -
4000F.. A refinery streamw th at |east about 75%v/v of its conponents
having a norrmal boiling point tenperature within the range of 250F-700F is
. an exanple of a preferred second refinery feedstream 30 The process of
this invention is particul arly suited for treating mddle distillate

| e hi.gh qual i fuels.. For,_exanple, the
Brocess 1 sui ¢ aRPURte Tt B oy nlsEamA Rt heete; SR SipREsh ai ns
hi gh 10 12 Jul ywhAieB&oatannp to Ql‘)%*arbhﬁﬂesﬂaﬁdlﬁfgﬂér hp_:ggpn@ggge@,@ Rifin@RPNat i Cs,
i ncluding.stre ont ai n 90% aromatics and hig anpl e

. whi ch
~second refiner ;?T%figté%é'ﬁ? &’g'fﬁ? f‘\'/!;ﬁlsé'ﬁgl?i? go*'st[ﬁalt'ﬁgI'féthe(ﬁfeﬁffféﬁq)%sllmﬁllﬂdﬂa pr esent
process incl Udestraﬁ?ﬁtérug Wactiui gud ois Thaading striight R diid) ﬁ'aﬁﬁ&% E’Bh érprge

di esel fract]j ons romcrude distillation, atnospheric tower
synthetic c k@ﬁt"ﬁ‘ﬁf’@r atajospBerigtower b@ﬂﬂ’d@& yaynihietic ctacked najetias suth as

heavy cycl e oi | ook h8s ol b of 6f h oRBSgEL Leam i treated in the

hydr ocr acki ng stage; the |rs ydrocra reaction zone effluent is
conbined with the second 10 feedstock, and t he conblnatlon passed toget her

| ' h . Since the :
hydr oot acked eryTar i frst Rl Rbobegmys (it B8 ydtbchedie @arriant o to be
renoved by hydrf‘mstrlwlrmcigcklmgmeachmdzw effisent rQEBh}Uﬁi&H wigshesekande! v

changed t ro t.h rotreater And unreacted_or inconpletely reacted
1ch ged I’gITB.I nlrbng% dﬁt?é( @%ﬂﬁ'ﬂ%ﬁ?m ingtien Rassed tagethst with hydrogen everdbei vel v

isol ated from tdaealystdn 6wy nek&reARY Stdde. BiBVEHe h)@?%h#rééﬁ]eﬂa%fhtgéhocr ac%%'y

catal yst cont ai ned t herein. However, the presenc
feffl ugnt pl ays "ggt 'Y%S'P?mheamtammm@é@tt@demadﬂry@ydmmatmg ithet he

4@ nga?g Wi th
i ntegrated progeamn Y efideh Qs ¥ ﬁ gf ent.carries wt
it sgbst anti al q]'?hercrﬁa energ g gélg‘ﬁ‘h@ﬁ edbtégg'gegg"lf ﬁy gg?atfeﬁe second
react or feedst Mmﬂfﬁa%te%@amcomlﬁl‘heingmctéxbfwdeeﬂiaml@mdhd effeefisfro@ane enters
the hydrot ygat ‘FnE/dro-ﬁJé'a?er is effectively isofated from the hydrocracker zone to prevent

contamination of the catalyst contained therein.

However, the presence of the hydrocracker effluent plays an important and -
unexpected economlc benefi t in the integrated process. Leaving the
20  hydrocracker, the effluent carries with it substantial thermal energy. This
energy may be used to heat the second reactor feedstream in a heat
exchanger before the second feedstream enters the hydrotreater. This
- permits adding a cooler second feed stream to the integrated system than
~would otherwise. be required, and saves on furnace capacity and heating |
25  .costs. | |

~As the second feedstock passes through the hydrotreater, the temperati.zre'
-again tends to increase due to exothermic reaction heating in the second
zone. The hydrocracker effluent in the second feedstock serves as a heat
30 sink, which moderates the temperature increase through the hydrotreater.
The heat energy contained in the liquid reaction products leaving the
hydrotreater is further available for exchange with other streams requiring
heating. Generally, the outlet temperature of the hydrotreater will be higher .

11




permts adding a cool er second feed streamto the integrat®luy26®em:than
woul d ‘ot herwi se be required, and saves on furnace capacity and heating 25
~costs. As the second feedstock passes through the hydrotreater, the
_-tenperature - again tends to increase due to exotherm c reaction heating in
the second =zone. The hydr.ocracker effluent in the second feedstock serves

as a heat 30 si i e tenperature increase through. the
hydr ot r eat er . {Fég t%@egpﬂ%%lﬁgél%@ﬁ%pi%@ﬁcr T ﬁ'&] I9cqse the ’Bﬁtaﬁgoducts
| eavi ng the hyidventiosatitiaiford fharddded haupiramiibreadvant-gudianaatty e ot her
streans requirin -hetatin n rgmll , the qutlet tenperature of the
hydrotreater wi tﬂ%pﬁéa ergﬂgPe %St %E ‘ rj’ﬁ?/%?k?'bf@Gd {W%OH@G@UY_? Bealiteanséarat ure of
the hydrocrackeThe éﬁﬂuéﬁljfﬁorﬁﬂ%hyérb&ai:l@r?a?éﬂcahr}eié’é’ﬁ{étdrﬁga &hy@l{g&%ﬁ or .hre o
irs

added heat transfer adyantage of elevating t .tenmperature

hydrocracker f d&¢ indre fist-stadertwdeatioptervdthiout amnkeating-or Puenpirid tegeiremienbm t he
hydrocracker aliggGaasd fsbiyg. unreacted hydrogen for 5 use in the _
first-stage hydrotreater w thout any heating or puhping requirenent to
‘increase pressure. Conditions - Hydrotreater Stage 10 The hydrotreater is

mai nt ai ned at @@.@iiﬁdngn_%aﬁ&pé qé'ﬁtt fo renove at least a portion of the
nitrogen conpo tion of the aromatic conpounds from
the second refinery stream The hydrotreater will operate at a |l ower ‘
tenperaturega.th t.he drocracker, except for possible tenperature :
gradi ents ﬁgs uﬁ?\eda’df{‘}_ﬁ‘?ﬂt%%m?é?fmnesﬁgagﬁ%o% tWificientrie rersava aldpastanes, 15
moder ated by t perthadbfithe Rit@heh ebmipoUdy asd st BastHd 5&%8%#{&%%&.%%@”9 or rore
| .

reaction zones. Feed rate of the reactant l[iqu stream t hroug he
(reaction zone§CMPPHNERITPR thesepenyl igfinery stream. ol EOhydrotréatquivill dpewateyatspace
Uhe feed rate thoncpimHEPAY fiaf (9 RIALERERE oXtcos olbostBlERRaGE 1 1 the
second ref i ner gratients seitingdmmeotivetrhicdleatingwithin théeeactighedned, 0.1 to 20
hrt T qui d150Uup]¥ef a6 By the addition of refatively cooler streams into the one or more
- reaction zones. Feed rate of the reactant liquid stre‘am throdgh the reaction
zones will be in the region of 0.1 to 20 hr liquid hourly space velocity. Feed
rate through the hydrotreater will be increased relative to the feed rate thrdugh
the hydrocracker by the amount of liquid feed in the second feﬂnery
20  feedstream and will also be in the region of 0.1 to 20 hr' liquid-hourly space
velocity. These process conditions selected for the first reaction zone may be
considered to be more severe than those conditions normally selected for a |

hydrotreating process.

- N

25 Atany rate, hydrotreating conditions typically usediin the hydrotreafer will
include a reaction témperature between about 250°C and aboutr 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 oil/vol cat h) from about 0.1 to about -

20 hr. Hydrogen circulation rates are generally in the rangé from ébout ,

730 350 std liters Hélkg oil to 1780 std liters Hy/kg oil (2,310-11,750 sténdard cubic
feet per barrel). Preferred reaction tempe_ratures 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 2'0..7 MPa (1,000-3,000 psi).- With the prefefred |
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“velocity. These process conditions selected for the flrst1ﬁdaw20@h zone may
be considered to be nore severe than those conditions normally sel ected
for a hydrotreating process. 25 At any rate, hydrotreating conditions

. typically used in the hydrotreater will include a reaction tenperature
“bet ween about 250C and about 500C (482F-932F), pressures from about 3.5

.MPa to about 24 On dafed rate (vol. oil/vol cat h)
~from about 0.1 F(g)tayb ¥s(té|§ 'tﬁ?égﬁ@@f%@gﬁﬁ% WE{?I" iPhPrasaceaditiprs ehdeal Iy in
the range from admiattlr&paaéﬂoletmh feedock With Kgdr@gérlz hﬂh%?ﬁ%eﬁbg é)lf kﬁeerts H2/ kg

arrel). Preferred reaction

-oiI-(2,310_-11,7ﬁ1 S#%%?lr u feet per

t enper atures rafg&" 3 ?%B@de{r yd k'%@@dﬁ@maFO%msmgaDreferred

total reaction preesaty efaboanuRoMPA2 QMH&E%%Q\{B%I 6@@9@@
cata

(1, 000- 3, 000 ps%ﬁ\thh the preferred 12
has been fouhd BH&PURsE Bersddeisr @b@s@%@ﬂﬂ@btiocﬂt@utﬁ.@DDGeflbtd))latlaftSVmg a

petrol eum feedsg&%sﬁﬁalglaumgrpgﬁ 1 'aﬂdtamgﬂﬁneiritﬁﬁaéﬁ f%g&ﬁgg(é (ta%ﬁ'g{.a%)allésg

syst em under hydroc I'ng conditi'ons ¢cO

MPa (2,300 psi )cesa°@asmrc) (bJridertiiehsé cohdifioenag Raut a&nﬁ%@w&%éfaﬁmhéﬁ&fs
H2/ kg oil (2,500 scf/bbl bout 6, 000 scf/bbl) a bet ween about

0.5-1.5 hr 1, aHg§ fﬁ"PcXﬁ‘B@Pﬁt eserend einerrRjeant lnSB@hydr@treatm tG$80F- 800F) .
Under these conglipeciisthads maas bs 300, EPgﬂb?é of the nﬁFéﬁ{éBtdrﬁéen} @-L@ renpved

fromthe second refinery streamin the hydrotreater ed that as
nmuch as 30-1P0%s§cond refinsry §tr@amw0ul§lgdaopeesmnvedmtheprocb@s Bleoendr,r ef i nery

o e o ot £ i BRI Intnk AR ABES B therang bR iy S O
(St andard net hodBar aﬂ%de‘ﬁtendﬁrdm@hodirefoaldetmhwmng:mte&ﬂmaﬁ@dorﬁtbﬁt ant theogen
content of refi |IabI e. se ingclude ASTM D5291 for
det er mi ni ng théﬂﬁglqlrogeggﬁfgﬁfﬁ? reé’"&%?’@é}ﬁaﬁ%lﬂ?aﬁ'ﬁ?%mﬁ@ﬂg&%w 15 about
1500 ppm ?I t ro@ﬁﬁ%ﬁ&ﬂ'ﬁét@‘iﬁﬁ&gm n%gﬁﬁ%dn%‘hf o€ 5@E4Th RbAGidiEmoré tHapgen
content of 12 SLESHN SR bt Mithgen® ASTM B785 My be veed fort dgtleutmrn%m%nthe

nitrogen content of a stream containing less than about 1500 ppm nitrogen.

system it

ASTM D2007 may be used to determine the aromatic content of a refinery
stream.

20 The second reaction stage contains hydrotreating cataly-st, 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, ﬁitrogen
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 advefsely affect the catalytic

~performance or life of the hydrocracking catalysts. The catalysts in the |
hydrotreater are selected for removing these contaminants to low values.
Such catalysts generally contain at least one metal compdneht 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 VHIi elemenits include iron,

cobalt and nickel. While the noble metals, especially palladium and/or ‘
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" ASTM D2007 nmay be used to determine the aromatic content of2Jalyr2666 nery
stream 20 The second reaction stage contains hydrotreating -catalyst,

mai ntai ned at hydrotreating conditions. Catal ysts-known for hydrotreating
_-are useful for the first-stage hydrotreater. Such hydrotreating catal ysts
are suitable for hydroconversion of feedstocks containing high amunts of

sul fur, nitrogep, / t ai ni ng. .nol.ecul es | S feature of
“the present inv 'ﬁ%qﬂ gy% %@}{ﬁg}&d i eo?rr'agﬁmﬁﬁ’ab?%wuﬁé’y‘%@r%%ﬁst'Bﬂf'?eat
f eedst ocks C(‘)nthymomgatlr@sqﬂtmystﬁm@otm@trwmw% Adhyltoysttidn Qohfplont '

adversely affect :the catalytic nce or |ife of the hydrocracking
catalysts: The G4IPAP ?@4 h?%@ gﬁb‘? rysfgengiion campenasd(s) oy thesatalystg

t hese™ cant ani nagitblyorahgavread atRsut 0. ﬁaqb aBaLd 096 by mp&@%ﬁ%@@ﬁ@@%ﬁl at

| east one al co one t sel ected from 30 Gou I-on).
and/ or at st© | anbiparabaut 58 tecabeut 25 %y weight@fcnoup Vi MEEIAC

t at I d m and
Fngst on. 83?&?|‘if@é‘*‘g’ﬁgﬁﬁﬁkﬁ‘?@hﬁe‘?'%é%@gﬁqP@Bﬁﬁ%‘m. TR e e

nobl e netal s, e%@'wtawh?redbelp&mammwsowelgﬁtdrﬁbhséd'oﬁﬁmﬁwpigm bMh& - may be
ot her. el enents

*included. al \
' Ih;gr gt (raeat ?ngnc;ecg? zgyétrbe‘?&gggmg& \@nlﬁ%qrggqfahgpg OmRoRcTifs Hb@ﬁaﬁqt@)ﬁtmﬁbonent s
i's not preferrdmmTheoadmwM(cs)thetulﬁyleﬁgﬂn&Tal@mg}mr&@q(e%gthn t he
tal yst om 5% to about 10% by we of .G.o
-&aua rotar W cXislnaittEs éwapﬁﬁﬁm%tebeﬁmmmnbtsﬁas@wtgscfsrwe'cﬂ@w@ns. o
met al corrpﬁrmbé&Sbjec@altcu's%ﬂfﬁﬁhgiﬁeﬂﬂéh ﬁéﬁtg%@?er%é Irl Rin

' i ght of total L“P where t he ercen ages wel ght aseg on the
ﬁﬁ. ght of the Sula le Oﬁéa’bﬁtéomﬂseapﬁg or ege mp@@mownk@cﬂm@ents in
the catalyst Meybalpend Bné BEnf dh | 1f a .
conbi nati on of at | east ﬁ'p\ﬁ 3fhﬂ)& EHH 'b%lnﬁ/ 't"?ﬂSt%'brrponent S
‘present as (ni %'V%ﬁPﬁ@fglnlﬂgcohﬂlﬂanmowdpmﬂnacb partieulanly predémed.t r eat ment
prior to pggper use in hydrocracking. Suitably, the catalyst conprises one.

:or nor e conponents of nickel and/or
The hydrotreating catalyst particles of this invention are suitably prepared by

blending, or c_ofmulhng, active sources of hydrogenation metals with a binder. .
Examples of suitable binders include silica, alumina, clays, zirconia, titania,
magnesia and smca 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 1‘200°F (649"0) to produce the finished catalyst particles.
Altemative_iy, equally suitable methods of preparing the amorphous catalyst
25 particles inciud_e preparing oxide binder pafti_cles, such as by extrusion, drying
and calcining, foillowed 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 usefL:I 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 middie distillate
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cobal't and one or nore conponents of molybdenum and/or tungskigrz006 Cat al yst's
cont ai ni ng cobalt and nol ybdenum are particularly preferred. 15 The
hydrotreati ng cat al yst particles of this invention are suitably prepared by
bl endi ng, or co-nulling, active sources of hydrogenation netals with a

- bi nder . Exanpl es of suitable binders include silica, alunmna, clays,

Gse of af um na tctop VG Botihae i 3bRu AR P20l B SRROH AR my bo

added as desi r eTb vél%b, ppefeaibly % velos, df ed cd?ﬁ\idﬂeﬁ{s?{% tﬁ@hﬁd&*@%étfﬁ%le have a
application. The bl ended corrponents are then shaped, such extrusion,

dried and. cal ciMymaipoilipg ppiet afﬁlfﬁé?fmﬁlt@bol&@@@?ﬂmythemmaﬁm ledat

brepar i ng. the 2oubpENoRl Breferdhil 958k &t oS fllSienks StneR PR
bi nder partifcl dmvesundrme bbijing pbintisf lees tnyi00eF, The teral ThiddRIdisfiRtd gyved by .

depositing the dr,ogenat tals on_the oxide particles, using nethods
such as inpr egHﬁ%PSﬂg?oﬁqgiugﬁﬁg.&?Q?ﬁeblﬁtN%ﬁ@@ keroggm Hpﬁﬂﬁtgamgﬁeffﬁiﬁi@ﬂ@genat i on

‘metals, are thefhd kerbsisie 6 jéﬁﬂeﬁflﬂhlﬁ&h%ﬁ%@fs' ifendb@1d 'R

- hydrotreat| ng catal yst. 30 The subject proc

SS IS espema?ly useful in the
production of redapEtyedange af about Bﬁﬁ‘fﬁ 52‘6;"%638‘101@74‘16)113@ trentgem dfliesdlout

orocedure. by Soupgaiodis riEt IR 16 B nicBB BB LSS HAH & boiting

range of atmut 2ZBBEH~7 DO fi24 °0i331 e CY. hedisdline lop AaShIRR is/Mbrifallpthé € &Pk ?
I ng

- vol % of the cgﬁ%’) %Snts of the mddle distillate have a nornmal  bol
(pm nt of great 4°
\;

2 nor mhl boi i oy e rd RERRRDAGER S Bl Ml Baferd ot vy 1O

gndpRint fractiop of guailable hydreearbons afheaboilieg point sngas 75

i ntended to i n&lithdech fretelisesdhe chatactanisticsaofthé ennieasiiesduedd, irsfinarp kel
fractions. Thﬂm’:lf%tg Sﬁ-BSU& n]cgé gt&' ehepe%lllclzer}g n?a(yerﬁ) ASaer standaré]st Sngdﬁid to

.refer to a

1_5_ and D-3699-83 for further details on kerosene and diesel fuel propertles

" The effluent of the hydrotreater is subséquently fractionated. The fractionator
bottoms may be subjected to subsequent hydrocracking-and hydrotreating. -
The range of conditions and the types of catalysts empioyed 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 dlscloses preferred embodlments
25 . of the invention. Not included in the fi igures are various pleces 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 themis .heat exchanger 20. Each vessel contains at least one reaction zone.

The first-stage reaction, hydrocraéking, occurs in vessel 5. The second-stage

reaction, hydrotreating, occurs in vessel 15. Each vessel is depicted as
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t enperature range of about 280F-525F (138C-274C), and the t%eium200k esel
~boiling range" is intended to refer to hydrocarbon boiling points of about
10 250F-700F (121 G371 C). Gasoline or naphtha is normally the C5 to 400F
(204C) endpoint fraction of avail abl e hydrocarbons. The boiling point '
ranges of the various product fractions recovered in any particul ar -
refinery will vhayingdhick catalystf taiso rThedhstlrBactiinAlcREES isTbi &acihqg hiRstCr ude
oi | source, ref&ge%l-ocal rkets, product prices, etc. R_e?er%_nce i s made
to ASTM st andar BRINBIGHEEA 1, hersesgad repstipn vessal i Rds fansermpvisgon ker osene

and di esel fuel nfnbgéﬁfdoh&ﬁnipr% BRd %Hﬁétﬁ:%o@f:ui&%&omg Bgéérﬁatteﬁﬁeljabssjtrggpey.t o

subsequently fracti| onated. 1e fractionator tonms nay be s

subsequent hydrdéuERREHSURetrA yaficoriteeicatalyst valmeria thyefirsf reaotiti véssabtoand
the types ofg Cajal dpAisstQHRRY §nk nt- treatnments are the

. same as those which ngil be e%(rp géggkinﬁd 't%%gﬁ%)?‘f?sg’t&g'ﬂ%é@asgﬁﬂ&ﬁﬁ# cat al yst
conpri si ng zeol flangs, segensingron thetmtio ofdhkfirstesitiery steaieb ehe secndseffiy mde

Not i ol uded | rotiey TERAGRRL So bRl Heeet 20 and B A Pretsmenont such
‘as heat exchangalametriomdags & IsetwpenPe: 1aihd £ IOPAHRER Sreferiddi voluniéific Peflfo c
el's,

* essential to the,i ventjé‘an. Ip Figure 1, two downfl ow reactor vess
and 15 are depi'ﬁpg ek ‘30 themis heat exchanger 20. Each vesse

.contains atiQl east one reaction zone. The first-stage reaction, =~ ~
hydr ocr acking, occurs in vessel 5. The second-stage. r.eaction, . _

 hydrotreating, 'Bétindegratadyyeesss; g firstaefinenesiseamiisis ¢opibirteddwitisa 15 havi n
hree catal yst enlfiéh dadedlis s { | racking a first

éef‘i nery strearﬁ?i he se%or‘lec?i, ?eg%‘?'ﬁgﬁe@zéﬁfrﬁf?e%@séﬁpﬁe %Fﬁﬁ%ﬂm

ni-t r ogen- cont aiexiting famacarddratréam 8| ispalsssd fo first mastimoveksepsi nery stream

17. A suitabl g 2L 1) 1., 0f the catalyst volu jp the first
. reaction vesseﬁ_'%\ﬁg(_gé H‘)éeﬂ g%{{%&?%{m_@@l ‘{]?%ﬁ?'ﬂs ﬁﬁ%atsﬁ'glaﬁg%%%gwpwqﬁ%%_sm
- enconpassedba hemaihder baigg vadémpanibogts o liiteasas) iﬁcIQHinbbﬁdfdc%ﬁionrq%fst.er y
stream.to the ﬁﬁc%ng refi nqerlr_:é/. stream Typical ratios generally Tie
‘between 20: 1 a é fiy f?geﬂ'rb agepys stream 4 shown in the drawing is a blend of
: - make-up hydrpgen 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 gaé

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 streém: 8 joins the combined feedstock
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“volunetric range is between 10:1 and 1:10. A nore preferre@ Juyl20detric
ratio is between 5:1 and 1:2. 10 In the integrated process, a first
refinery stream 1l is conbined with a hydrogen-rich gaseous stream4 to

. forma 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 509 r the 1 engi nder_ bei ng varying anmpunts of |ight
gases, i ncl udi ng} Eé&r (ﬁnﬁ%ﬁ VGRS Zgg %ﬁ@mn oPgENYESSe 1%@’55&5@1@”@9% 4
shown in the drawd agts as strddnend. of nake-up hydrogen 3 and recycl e hydrogen

. 26.. Wi le the use of a recycle hydrogen streamis generally preferred for
econoni c reasons, it is not required. First feedstock 1 may be heat ed I n

one or o e exChig8sid eulniad, (HGIAYASK: Y, oSHEALRRAAPaR LeR 12, o0

in one or nore heaters, such as re
bei ng i nt r oduceeptalyst Freh as hydietreating\iatalyst, Ghich xs\knauﬂalhgaﬂabomraﬁﬁomg

o ef o 2Bl ooou OBk by L S AR i ok cHERROeSTi 2 o o
and 11, (whi ch:lessta pmtrenbfmmdnwamgempwmmeéaronaq@édsnl@cﬁ he first and

t he second reaction stages, respectively. The effluent fromthe _
hydrocrackl ng stage, stream 14 is cooled in heat exchanger 20 by stream 2.

Stream 2 boil's Hydnogémstfba&ﬁalméﬁmmo%l@ HWVOQF#‘: ﬂdnﬁf&bn@Yé“dsﬁr gp! . light gas
oil, atrmsp er| Oo |, or a mXxture hr ee. Stream2 ener ges

from excharl s??%ﬁﬁi@ah%aé@%|h’.(€§39@ﬂr5é@ﬁmlmﬂal§atlmg tromr ges from
exchanger 20 t(h H g@né&ms'&ferﬁ&%?ﬁé’ﬁ&seﬁtpﬁ%ﬁé&ogen in stream 8 joins the

onbi ned feedstock 16 17 before it enters vessel 15. Stream 17 enters
chessel 15 for hydrotreatment, and exits as stream 18. The second reaction

s Dydr ot roat i eany o bg sl AbBorEon e E b CotEtn diermat &Rty Whidhent f or
converting at Inenshe eeq@ee:tedchy hefat ekehanige| sgtnascinmzatiegthanger #0. Second
15 stage effluent 18 emerges from exchanger 10 as stream 19 and is passed to
-hot high pressure separator 25. The quuid 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 passee, through stream 26, to
the compressor 40, where it is recompressed and passed as recycle to one or
256 .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

36  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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| east a portion of the aromatic conpounds i-n the second fedsly@®d Hydrogen
- stream 4 may be recycle hydrogen from conpressor 40. .10 Alternately,
. stream 4 may be a fresh hydrogen stream originating from hydrogen sources
"external to the present process. Stream 18, the second reaction zone
ef fl uent, contains thermal energy which may be recovered by heat exchange,

such as in heatfoexefamitont8minaffrith R YR ellfieeMl aHmEnEWiHich hapm
exchanger 10 aﬁ stream 19 and is_passed to “hot high pressure separator 25.

The |iquid effl negated i thegeantiqihstpgessand may be presenbin rescticntefBuant22 i s
passed to fractjgongd QY 8587 r 25,
stream 21, is conbine J\?Qh I\-llvatgzé frg%ggé:‘rﬁgé% B%tféégp%é%rﬁgﬂ%ﬁégnow
cool ed stream 2gpaiatien gondat 8 dérdpératine pr the sange G0l epa0atoor 35. Li ght

liquids are paslﬁgq:_éﬁg{’:r actionation in stream 27 (which joins stream 22)
- and sour wa?er 'S 'r ed through stream 34. Gaseous overhead stream 24

passes to aim ne absorber 45, for the renoval of ‘"hydrogen sulfide gas.

Purified hydrogen. {hen passes, through stream 26, to the conpressor 40,
where it is re &H‘ﬁi%fé%aéﬂ23&%1"%&@5é@paigtEﬂer&fr@ﬂ@nta_tpr@ﬁéomrocme@e@e@ﬂ t he
. reaction vessebgsalind sheafh ﬁe{%{éﬁbtr%téﬂ%%m iﬂrkei&%héﬁ%c{i&?s_‘i,e&}&éiQﬂea ones.
© Such. uses of h drogen,are wel nown 1n tHe art. An exanpl e separati on
~schene for a hydpoddiegtienatenbgitonedd Aprefaued tistilate praiudPhas atboling

5, 082, 551, 44 he LT Ie [ f which is_1, rgted .30 herein by
reference _?%r g@ﬁ{ ﬁﬁ‘gﬁg‘é@@" R@#ﬁ'&%&%‘ﬂfﬁéﬁ"%ﬁﬁggﬁ?@?u Froline of Bsf‘pei"tha '
contacting a ghsetionshaving®befitg pbint ida@ewmﬁ{ﬂheﬂe;ﬂgéédﬁ%traﬂg% %-hboﬁr is

ol ution, such as an al kaline aqueous solution, 17 12 July 2006 for -
~'enovi ng cont aRPREREERYURCh as hydrogen sul fide and ammonia which may be
generated in the reaction stages and may be present in reaction effluent

19. The hydrogen-rich gaseous stream 24 is preferably recovered fromthe
separ at i on- zon® Figurg % gﬁ@dc‘anﬂmw reacteresselsdgeand 18.04E-dpafedr The QOF- 200F.

15 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. i’he first
reaction vessel 5 is for cracking a first réﬁnery 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 cétalyst vélume
in the first reaction vessel {o the catalyst volume in the second reaction vessel
encompasses a broad range, depending on the ratio of the first refinery
) | : s_tream fo t_he second refinery stream. Typical ratios gene-rélly'ii-e 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 12, -

In the integrated process, a first refinery stream 1 is combined with.a
hydrogen-rich gaseous stream 4 to form a first feedstock 12 Wh.ich is paésed'
to first reaction vessel 5. Hydrogen-rich gaseous stream 4 contains greater
30 than 50% hydrogen, the remainder being varying amounts of light Qases,
including hydrocarbon gases. The hydrogen-rich gaseous stream 4 shown in
. the drawing is a blend of make-up hydrogen 3 and recyclé hydrogen 26.
While the use of a recycle hydrogen stream is generally p.referred for
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Liquid stream 22 is further separated in fractionator 50 ti@Jpy@eRfce

overhead gasoline stream 28, naphtha stream 29, kerosene fraction 31,

di esel stream 32 and fractionator bottons 33. A preferred distillate

_ product has a boiling 10 poi.nt range within the tenperature range

- 250F- 700F. A gasoline or naphtha fraction having a boiling point range

~Wwithin the tenperature range C5-400F is also desirable. In Figure 2, two.
downf | ow r eact §iCOPEBYGIaasons,.dhg nebregyired. dBisstdeeditockh nayrbet heatéd mtange

reaction, hydr Qfhess 5 i &V . S e .
- hydrotreating, Qﬁccurségﬁtr}a@%ésrge lr‘l .e @ﬁﬁﬂe\/@g&% %ggoﬁégﬁf@%g %%"@%%‘fwt%ne
‘reaction zonehygegenviciseiredns 4de pieateestrasn NAviStgatht 25 theh dityedlicdieds. The
first reactio IS O, 4 Cr agki first refiner tream 1. The
second reacti oﬁr_&\?éécglﬁn%léé?ls&f%hrerég'ﬁo@%ﬁga%'t"? W&@E‘m’ﬁﬁ?‘éﬁaﬁ'%p@ﬁaﬂyomt i c
mol ecul es f Bomoec@8, Bdocatddr Fhe secondsitagain I3cated irbuddsabt® widrgnetric ratio
of the catal ysrLn éOI urrﬁ I n th%lfi rst reaction vessel to the catal yst vol une
in the second M¥dENEEANG REdERblY L hasses a broad range, depending on the
ratio of the first refinery streamto the second refinery stream Typi cal

ratios general ﬁ lﬁlﬁf? between 20:1 and 1:20. A preferred volunetric range
i s between 10: Tngsdfluent ompthedirshstage, sbeam rdds heateddn rhaat exthianges2@et ween

5:1 and 1: 2. | gyl 14 L ' treaml is’
combined with a hydr Qggﬁfﬁs‘?ﬁbﬁggeou ers??fggr%ﬁ a{ngf'r]t %’?@?ﬁeﬁﬁ@m‘% eedst ock
12 whi ch i 30 padwténot’thigh pressurecseparator 56 sHe lidiid bydamPsremégbs Gasenys

stream 4 cont ai ,. % hydr pgen h enai nder, _bei ng varying
“anounts of i ghq&/gggg@ﬁb Ee%gv%gﬁae ﬁa?aggfoéyo%'ﬁ'g@ﬁéﬁ‘;%ésﬁacﬁaamGpoégﬁami ch
{gas EO:JS ?]t (r]I eanBd razﬂgesmt's prodt{ﬂ:ﬁs stresmafor Qéscﬂin@aiﬁﬂd}?(pgtnmlsﬁeak? daydrogen 3 and
recycle. rogen 26. : e use of a recycle rogen streamis '
gengr al | yypr e? %qu’%qy@%%hﬂéﬁgéeq&tég%&@ @@dﬂ%’ﬁ%h)f%‘afé%ﬂgf 13.;andstream
required. Firsg9tendsdras klehnBftol8 hfatifd in one or nore exchangers or in
one or nore_ heaters before being conmbined with hydrogen-rich stream.4 to

create stream 12. Stream 12 is then introduced to _
The gaseous stream 34 emerges from the “hot/hot” high pressure separator

55, and joins with stream 2, which boils in the diesel range and may be light
-cycle oil, light gas oil, atmospheric gas. oil, or a mixture of the three. It further
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 cohditions
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.
Alternateiy, 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
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" first reaction vessel 5, where the first stage, in which mzdiuy@oegki ng
preferably occurs, is located. The second stage is |ocatedin vessel 15,
‘where hydrotreating preferably occurs. The effluent fromthe first stage,

.. stream 14 is heated in heat exchanger 20. Stream 14 energes from exchanger
20 as stream 17 and passes to the 10 "hot/hot" high pressure separator 55.

The liquid stre energes fromthe "hot/hot" high pressure separator 55
and proceeds toﬁ%i@?ﬁ%’ﬁ%gwa%@?g}éﬁ g iuigefiysnt et thehot highduessiret r eans f or

gasol i ne and’ nagpdpdnator 25 amnds2 is{'ﬁégs@ggél?@cﬁﬂrﬁibhl %h o(lgrﬁéﬁ{i ?gse’cifsk to the

inlet of hydrotreater 15, and stream represents clean botfons naterial.
15 The gaseous S{GA0fPAYSCARLAIGESS iSiteRM &b is Rembined with witepfromsaineans2par at or
55, and j 0i ns Wok Bodlinge Mo dibd Bk 3 L 858 idi and may be
light cycle oil, light gas 0oi_ |, at ergés&:lo ejriirbcr&gg‘gsfﬁ%?@fa hﬁﬁé}%ﬁ?wﬁure of the
three. It fd@tHEParaghdy.nbightiicUidsgrernageed ta Tctonatemindteairo27 (whiemt eri ng

vessel 15 for ‘ t : its as .stre 18. The_second
reaction zone, _%P‘Igg)r%g%lgw%@s@%ﬁ%ﬁ%ﬁ%ﬁnﬁ%vegttﬁioé'ggt@@ﬁ@ %QoGﬁ?eo@at al'yst
: su](c:P as hyd][ ot reverhasy stecaah Qélpassd_isitofamieem@b?i@%¢oﬁmeQ@m@Uéii&”S g d.
sufficient for gconverti at st rtion of the nitrogen conpounds and -
. at 25 l-east a@gpqq% nsuér}%etﬁ‘rﬁe‘*-?%%aihggwﬁﬁéhﬁmeamsm@@%&mm det ock.
Hydr ogen st r earthd comprdseor 40 Wohete sl F@iprb sl eﬁﬂ‘ﬂi’é’s%?ﬁ ak réﬁ(cg-:- o diygately,
ydr

rogen stream originating from ogen sources

stream 4 rrg}s be a frg?sé1 hyg _ _

external td% h&"yesd 8if resicion ¥esselipant asamuensh strear &rmodling theaeattidruent |
cont ai ns t her mabpegesdyn WeeL&F KAV, : it exchange, such as
- j-n heat exchanger 10. Second.s@g%&%e?r%ﬁ@n@%@ 'Eyrfr%{'g'g's from exchanger 10
s stream 19 and is passed to hot 19 12 July 2006 high pressure separator

25. The I'iqui d1gkfdhd6ier 95 rhifinbiRbe me%r?ls%regesnlfaruﬁing a gaseous component of
the reaction effluent 19 (stream 24) with a solution, suICh_as an alka!ine
16  aqueous solution, for rerrjoving contaminants such as hydrogen euiﬁde and

' ammonia which'may be generated in the reaction zenes 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 hasa boiling

)

| point range within the temperature range 250°F-700°F. A gasoline or naphthe
25 | fraction having a boiling point range within the temperature range Cs-400°F is
also desirable. '

20




separator 25, stream 22 is passed to fractionation. The ovierlo@80&§aseous

stream from separator 25, stream 21, is conbined-with water from stream 23

for cooling. The now cool ed stream 21 enters the cold high pressure 5

. separator 35. Light liquids are passed to fractionation in stream 27 (which
~joins stream 22) and sour water is renoved through stream 41l. Gaseous

_over head strea E‘ggggsses to ami ne absorber 45, for the renoval of o
hydr ogen sul fi d; Purified hydrogen then passes, through stream 26, to
the conpressor 40, where it is reconpressed and passed as recycle to one or

- 10 .nore of the {eactlpn vessel s, and as a quench stream for cooling the
reaction zones!: SdtvhintarategrhydiRpopyeision rrosess havinget leastiiwe stages, ddvh -
absorber 45 may in L0 onponent of the
reaction -effl uent (1% s‘t)(?g;gg%&&]g%l t qu&éé(ﬁEﬂ?;?S%?é%(&gﬁ)rég Yan al kal i ne 15
aqueous sol & ion, for renoving contaninants such as hydrogen sul fi de and

“amoni a whi ch may g t|on on may be present -in.
“reaction effluent ?@ %ﬁﬁ{bﬂhlgéjogg%tr?ﬁb %@BC@&' &réaﬁY‘gﬁg?'i'"Eh gAaoMBl y
recovered from the sepatraamda famnaﬁadtfeedsmer ature in the range of
100F- 300F  or 100F-200F. 20 Liquid stream22 Is further separated in _
fractionator 50 to produce overhead gasoline stream 28, naphtha stream 29,
~kerosene fraction @&, ﬂaﬁﬁgj thelrsfebdsidoitirh fdafibh 288 BfthB‘?Eét% 3 A
preferred gbstl | l'at e prg@gqt has a boili poi nt range wt
t enper at ur ér ange 250FWRSORS "W"'{:}ﬁ@@ﬂlahéo tiongpsuflicierfo effactid hmluimmngg
boi ling point range w§ ¢5RE al so
(de3| rabl e. 20 CLAI V5: 16]1‘%rrlélﬁttggraté§?# ’%%@ﬂ%@%%ﬁ@‘%gg?%%’é nghaV| ng at.
| east two stages, eachno@taéigd!qwdsﬂ‘@se|cng1pane1htemnd nonealieasddons phass,
conprising: (a) combi ’Bd?ﬂpnﬂ'nefn't .St refinery streamwth a first
hydrogen-ri ch gaseous stream ‘o forma first feedstock; -

15 = (¢) passing the first reaction zone effluent of ste;S (b) toa heat
exchanger or series of exchangers where it exchanges heat wzth

H

a second refi inery stream

(d) combining the -,ﬁ‘rsf reaction zone effluent of step (b) with the
20 o second refinery stream of step (c) to form a second feedstock;

| (e) passing the secqnd feedstock of step (d) to a reaction zone of the
o | C ' sec_ond stage, which is maintained at conditions sufficient fof |
converting at least a portion of the aromatics present in the secand
_ 25 g reﬁnery stream, to form.a second reacticjn zone effluent;

(f) - separating the second" reaction zone efﬂuerit of step (e) into a- fiquid
stream compnsmg products and a second hydrogen rich gaseous
stream; ' '

30 _

(g) recycling at least'a portion of the second hydregeh;rich gaseous

stream of step (f) to a reaction zone of the first stage; an_d
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(.b) passi ng the first feedstock to a reaction zone of the TAJulyt2084 age, 10
15(c) ‘20(d) 25(e) 30(f) (9) which is-maintained at conditions sufficient to

~effect a boiling range conversion, to forma_ first reaction zone effluent
.conprising nornally liquid phase conponents and normal |y gaseous phase .

conmponents; passing the first reaction zone effluent of step (b) teo a heat .
exchanger or seri eihgf exchaﬂg 5 where it exchanges heat with a second
refinery stream cdbbi Ravgngrae fiayid stream comprisingrisoduats obstepdd temep. (b)

with the second refingractish&RMBIIMS VARréiR) dstock;
passi ng the second feedstock of step (d )rl préﬂéégr%ﬁs%ng)ﬁg?ggﬁg second
stage, which is naint aif®eht %Sffﬁ@ﬁw&m%dw@fmﬂdrmofmm middle distilge at

| east a portion of the t r 0 efinery stream to
form-a second reactloﬁﬁggﬁg éﬁ‘??%&ﬁ?mg%gbgm ﬁﬁé'eecf E@é%ﬂ’(ﬁ’c?é&’&glon zone
ef fl uent of 5step (e) into a Ilqw d stream conpri-sing products and a second

" hydrogen-rich gase a I | east, a portion of the .second-
hzdrogen rich ggsegﬁg pr%éséé, %08?9@@ él?ﬂj? vdrereindbe reaston gare of stend ()i r st -

stage; and 21 12 Jid maRifified b} cormitdnsGutidrent tdleh‘fébtﬁtﬂo@l?r? %Ebr?\}e?

fractionation colum ere uct reams

- products of ste
(F:)orrplrjl se gas orp (Bermaﬂrg}[rfegﬁ?ﬁyrsgﬁﬁm%{ﬂéﬁh@mﬂt%ﬁfe or m)re mddle -

distillate :
' 3 The process according to Clai'm Tor2 wherein the reaction zone of step 1(b)
10 is maintained at condltrons sufficient to effect a boiling range conversion
( o of the first refinery stream of between 30% and 90%

4. The process according to Claim 1 wherein the fi rst refinery stream of
step 1(a) has a normal bozlrng pomt range wrthm the temperature range
15 500°F 11 00°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 Qil (VGO).

20 6. The proeess according to Claim 1 wherein at least about 80% by VOlume‘
of the second refi nery stream of step. 1(c) boils at a temperature of: Iess
than about.1 000°F ‘ '

e

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 borlmg pornt
within the middle distillate range.

8.  The process according to Claim 1 or 8 wherein at least ebout 80% by vofurﬁe

of the second refinery stream of step 1(c) boils with the temperature
30. . range of 250°F-700°F. : : -
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" streans, and a bottons streamsuitable for further. procest.Jufy.200e process
according to Caim1 wherein the reaction one of step 1(b) is maintained at
conditions sufficient to effect a boiling range conversion of the first
‘refinery stream of at- | east about 25% 3. The process according to Caiml
or 2 wherein the reaction zone of step 1(b) 10.- is nmaintained at conditions
sufficient to edfecThé@pheisd B&ar Walall ' i ner HRE
stream of between 30% gnd_QO% 46ﬁﬁ ﬁoegmrmggreﬁg&%}:nc@rgg}eﬁgn{ téf@gﬁwgrei n
the first refinery SePdiehinn syathelic aiagkedhstock nornal boi | i ng point range
Wi thin the tenperature range 15 500F- 1100F (262C-593C). The process o
accordingto daim1 or 4 wherein the first refinery stream of step 1(a) -
i s a Vacuum Gas!®@ IThevagess 26cadinghe Cirimcesrsd whareindha getandGemidry Stradifilogi N

' | '80% f the & fi ner I f 1 "
boi 1 & at 2 Porper artigh 1 Wiiedeq hdf BiEGAR Puosisistng bt ik P lotiassr of hg
to Gaiml or 6 wheaileand aimdsphetic gouil. 50% by volume 25 of the second '

refinery streamof step 1(c) has a nornmal boiling point within the mddle
‘distillate range. 8. The process according to Claim1l or 6 wherein at |east

about 80% by vdalqu Enar ; ' ds wth -
the tenperature 3(r)nq~ Pgﬁkeé?g$a%@%@ﬁg(')c_(;)gallﬁQZ%hq%!H%égfag%&g'?%%eaeag?%#cesfs_ o
according to d ai nﬁ?ﬂ/\ﬂé}ﬁﬁ’%a@ peomatics santest phgregtes thaseabaft 50%tep 1(c) i's a
synthetic ggacked stock. -10. The process according to Caim1l or 9 wherein
the second refinery streamof step 1(c) is selected fromthe group

consi sting of M2ghTThepriceswadcordingtut Clgins 1 opith whergh BeRepRErRcSatelly - 11-

Glop 1(0) hac an aPbnep e B AnarhEice PulR o ShelecbBnabastscss.

13. Thg process ac(_:ordiﬁg to Claim 1 wherein 'the.reaction zone of step 1(5)

stage is mainfained at hydrocracking_ reaction conditions, includi_ng a

15 _ reaction temperature in the range of from ab_b_ut 34‘0;C to aboutr 455;’0
(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 oilivol cat h) from
about 0.1 to about 10:hr' and a hydrogen circulatiqh rate rangihg from.
about 350 std liters H./kg oil to 1780 std liters Ha/kg oil (2,310-11,750-

20 - standard cubic feet per barrel). |

14. The process accordin'Q to Claim 1 wherein the reaction zone of step 1(€)
{ _ is maintained at hyd:_rot-reating reaction conditions, including a reac_:.tioﬁ‘ |
~ temperature in'the range of from about 250°C 1o about 500°C ‘
:7(4$2°F—932°F), a'rea'ction pressure in the range of from about 3.5 MPa
25  to24.2MPa (500-3,500 psi), a feed rate (vol cilfvol cat h) from about 0.1
to about 20 hr™, and a hydrogen circulation rate in the range from -aboﬁ_t |
35(} std liters Ha/kg oil to 1780 std liters Hz/kg oil (2,310-11,750 sféndérd
cubic feet per barrel). ' ' ' o
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© 10 12. The process according to Claim1 or 11 wherein the Peltti?806 ef i nery
_strearﬁ 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)
--stage i s maintained at hydrocracking reaction conditions, including a 15 -
reaction tenperature in the range of from about 340C to about 455C"

(644F-851 F), aqse r e of abo 3.5-24.2 MPa -
(500- 3500 poundlg pgfﬁé g@grgge%a?l%?nb%w@ ﬁ%? Bm(%'&ng %Pn‘c’:é‘f’g‘lﬂ? from
about 0.1 to about tileﬁllatesir@ld having dr iy mng@tﬁtﬁhtﬁ@térﬁb@m‘hﬁr@% from

about 350 std liter, E/ to 1780 std liters H2/ kg oil , 310- 11, 750
20 standard cubic f barrel) 14. The process accordi ng to Caiml

wherein the reaction zone of step 1(e) is nmintained at hydrotreating
reaction condit incl u %gg%ga reaction tenperature in the range of from .

about 250C to a dutA%W&gra FACOBIyTSIoN Rrecrssiawingrat deast &we stagee, eathge of -
from about ¥ 5 MPa sthgd @os&ésﬁn@@ﬂléa@ﬁ@n@re’é@@orpﬁr?? %ﬁgi‘iﬁ rate. (vol oil/vol
foge

cat h) fromabout 0.1 to about 20 hr', and culatlon-rate in
the.range fromabout 350 std liters H2/kg oil to 1780 std.liters H2/ kg oil

251015, 120180 o S o Sl ol

process accordl ng to Caiml ng at e dst
stream having a boili ngtff-‘%mé@fwfmifrstfmaoekperature range 250F-700F. 16.

An integrated hydroconversion process having at |east two stages, each
st age possessing at |east one reaction zone, conprising: 10(a) (b) 15 20(c)
10 (b} passing the first feedstock to a reaction zone of the first stage

' ( which is maintained at conditions sufficient to effect a boiling rangé
: conversion, to form a first reaction zone efﬂuent comprising
normally liquid phase components and normally gaseous phase_
components; :
15
‘ (c) passing the first reaction zone effluent of step (b) to a heat
exchanger or series of exchangers, where it exchanges heat w:th

other refinery streams

20 (d) passing the effluent of step (c) to a hot high pressure separétor,.
where if is separated into a liquid stream which is passed to
fractionation, and a gaseous stream, whlch is combined with a
‘'second refinery stream which comprises light cycle oil, Ilght gas 0|l
: ‘atmosphenc gas oil or mixtures of afl three;
25
(e) passing the combined gaseous stream of step (d) to a reaction -
zone of the second stage, which is maintained at conditiohs "
sufficient for converting at least a p’onidn' of the 'a'romati'cs'_ present
.in the second reﬁnery stream, to form a second reaction zone |
30 effluent; | A '
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“~(d) 25 30(e) caonbining a first refinery streamw th a first2wydegen-rich -
gaseous streamto forma first feedstock; passing the first feedstock to a
reaction zone of the first stage, which is nmaintained at conditions
~sufficient to effect a boiling range conversion, to forma first reaction
‘zone effluent conprising normally liquid phase conmponents and normally

.gaseous phase co e : i - f reacton,.zone effluent qf step .
(b) to a heat exch ngeryre?) g'fé?ﬁs]'g?tllé;ge%%%er%#goh‘g?eopg,e'bmé’??t?p ﬁ)c'ﬂg’r@@%”'ﬂeat
with other refinery ststreamscomprisingprodhetseintiaisstondfhyatden{ich dadedud10t
- hi gh pressure separ at Olotre \ﬁ{nere it is separated into a liquid stream which
-I's passed-to fractionat 8 , and a gaseous stream- which is conbined with a
second refinery stream which conprises light cycle oil, light gas oil,

at nospheri c-5gas oil or mxtures of all three; passing the conbined gaseous
~ stream of step (d) @b Ze¥eling pblsastapertigh of e sasend hydiogga-richigastouss

nmai ntai ned at conditi ORfreamtfistey %{%Cwyﬁééﬂﬂeﬁpﬁ%ﬁ%ﬁ %]ﬁdapor.ti on of

the aromatics present in the sec I nery stream second
reaction zone effluent; 24 12 July 2006 (f) (g) separating the second

reaction zone effl t nQEsi j I Ok stream co ] Si ng
“products and a secgﬁ’c} ﬁy%jsrlﬁ g’%-'@:‘i]étgéaag%gﬂ'i‘bﬂgbgé’é?ﬁuc(?sE?S?em{oa _
, T . fractionation column, wherein product streams compriseagas or

10 naphtha stream removed overhead, one or more middle distillate
C streams, and a bottoms stream suitable for further processing.
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recycling at least a portion of the second hydrogen-rich gskyP06 stream of
step (f) to a reaction zone of the first stage; and (h) passing the liquid
stream conprising products of step (f) to a fractionation colum, wherein .
product streanms conprise a gas or 10 naphtha stream renoved overhead, one

or nore mddle distillate streans, and a bottons stream suitable for
further processing. 25 12 July 2006 HYDROCRACKI.NG PROCESS TO MAXI M ZE

DI ESEL ~ W TH | MPROVED AROVATI C SATURATI ON .© ABSTRACT OF THE DI SCLOSURE A

V@0 stream'i s i HYIDROCRACKINGPROCESSYTOY g;nx% §msqen zone
All

. wthin an integrate

' hydrocracking 5 reamwm V?M@gﬁ?ﬁ'ﬁf tic-cont ai ni ng
"feed stream and the bl ended streamhydrotreated in.a hydrotreatl ng . ,
~reaction zone. Heat exchangeABSIIRACTHEOFEEE DIBELOGUIRE r acki ng. reacti o,n
zone and the hydrotreating reaction zone, permtting “the ‘tenperature -
control of the initial hydrocracking zone. .The integrated reaction system

provi des a si ngl\éGO0strez’ isgﬁiﬁawmtdrycraﬁlﬁed B Rydibéthbiang Féﬁiftl@ﬂ‘zf)ﬁé withf in

¢ ~two reaction processes égure 1..26
7 " an integrated hydr conversion process. Effluent from the hydrocracklng

5 | reaction zone is comblned with a light aromatic- contalmng feed stream and

" the btended stream hydrotreated in a hydrotreatlng reactlon zone Heat
, exchange occurs between the hydrocracking. reaction zone and the -
- hydrotreating react:on zone permtttlng the temperature control of the :nmal
hydrocrackmg zone. The integrated reactlon system provides a smgle
10 hydrogen supply and recnrculation system for use in two reactlon processes '

Figure 1
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