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The present invention relates to the field of hydroprocessing. In

particul ar sent invention relates to hydropr ocessr i A high
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13 Septenber 2002 fraction, is then passed downwardty through a second

cat al yst W&l Pathdor &eeemgwtol Hengstebeckteacimespecmbining theveflfiuehifrera@nd

cat al yst drarkih zanblvnmdﬁyuﬁﬁamh feedstotkethd passing thestesultant on of t he
ef f1 uent donstithéd 8t hﬁﬁhr&@é@bﬁfééd fsparétior-zone.PAthedVier IRthid effiuBnt] Hdme
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requi r ed vithdra\leinga-nofhalegasduis fractiohind e hurmélly lauid fraiction fromt a firste

i nvent i ogapdlpstitsbRe Theffﬁirhﬂlyfg%ebuﬂfraér&f%d@lth@sé&i‘ddﬁ%maﬂyﬂham usi ng
a single hydrogen supply and "a single hydrogen recovery system |n another

aspect) the present invention provides a method for hydrocracking a
refinery stream and hydrotreating a secohd refinery streamin a

reactor and with a conmon hydrogen feed supply w thout poi SO”'”HW"B@U (Hm”"”m
feed to the hydrocracklng reaction zone with contam nants present 1

feed to the hydrotreating reaction zone. In another aspect, fhe pres@%’
invention I's directed to hydroprocessing two or nore dissimlar refinery
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20 zones. The process serves to prevent contam nants present In the second
refinery stream fromfouling the catalyst in the first reactlon zone. A
preferred process conprises conbining a VGO streamwith a 13 Pertember 2002
hydrogén-rich gaseous streamto forma first feedstock; passing the first
feedstock to a zs hydrocracking reaction zone, mai nt ai ned at hydr ocr acki ng
conditions sufficient to effect a boiling range conversion, to forma

hydr ocracki ng reacti on zone effluent conpri si ng nornally | i qui d phase

conponents and nornally aseo hase conponents i n he entlre
hydr ocr acki nfjaetione isi than passe 9 tﬁ'tonghﬂsﬂe&ﬁt‘ﬁ’ Gthg ¥rature
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feedst ocks pliquid frgm betweer thabedscans parmitvapar sgrareted by tha geparatarite Rassne)

mai nt ai ned athrcmg:lwatalushbaﬂg helowi thel separaloR: f i ci ent for converting at |east a
portion of the nitrogen conmpounds and at feast a portion of the aromatic
conpounds prYshRatNoi 516031824 tesches mreacterhgvingatiieashatomhednaniaining §

reacti on zonbydro¢ragking catadysh and arhgttomeed containiogia dewaxing catalyst: fne ef f | uent
into at leashydiotarhon feext mbdure dsseparated owith thecheayien stream bgis@ous st ream
separ ating thydrbérgoket! intthe fop bed ofthe veactartaridthe figbiee streanil combiined withit e
stream and theaffient fromi thiedap bed apd the combinatidrecatalyticallydesvaxgd Imthiec h
gaseous st r ebottdnobede hydr ocracki ng reaction zone. 40 IN THE FI GURES Fi gs.
| and 2 show enbodi nents of the invention with two reaction zones in a
singl e r enct Howeesrsatditibnag devélopments 8 avededfod hydroconvdrtingidissimitant i on wi t h
reaction zonrfinely steapjsaising & shglshydrogbrescuede Ml praserd ivpventibmisedirddbed
vessel s. -3 o slishegibesdyer 2002 WO 991 47626 PCT/ US99100478 DETAI LED

DESCRI PTI ON OF THE | NVENTI ON This invention relates to two reaction
processes, using two dissimlar feeds, which are conbined into a single
integratgg reaction process, using a single hydrogen supply and recovery
system The reactant and produfiymMaRNSORNHE ARENABNCONdi tions in the
present process are sel ected tﬁ‘d‘m‘n‘['a'm‘n'at‘r'n'g—t atal ysts or products
whi | e nmai ntai ning catal yst perfornmance and process efficiencies. The feeds
t o the procemsnd agebiitieineniionpsdvidesd meted Yor sddticithemombe bf redegr veadeRrdquiedd for| esser
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and a secondwoFefingry strebrRAUSing v\ §lhg[é%f’dgé‘ﬁ suppfldndea ¥ingledydesgerount s of
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treating a rgldédrieting b refidrp e AAaNaloteRlRg aSeashd PfineRétrddrgipaand a
nore ar onmat 'grﬁrﬁé é‘él%@r"laﬁd ﬁ'? he%nﬁﬂﬂﬂq?}ad%g%d%ﬂpbwtvﬂﬂfoﬁi BéisOhing 8% .

usi ng a g Nofe8d Y By redtflon SSHYRIY coMBRMENtpiSRNE inftAY feditot he
cracki ng  catggp ﬁ:tr‘@!aii tr6€%ﬁé"lﬁ%ﬂ&t%ef§sﬁé&? i€ pRI¥ent MiveRGSYIsSt T eam or
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compound?, 4 @@%ﬁ% 9@0 Jrbfiedtef, S@Hith Bomains s @y en!
process that rg,g(pgn wt% hhose
containin an i gher
sul fur nag lty)ue%e%rea e e present process E‘}@ errg? Peed streans 19or 20
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gas oil, deasphalted oil, and the Ilke. The flrst refinery stream may have
been processed, e.g. by hydrotreating, prior to the present process to
reduce or substantially elimnate its heteroatom content. The first
refinery stream may al so conprise recycle conponents. 30 The first reaction
step renoves nitrogen and sulfur fromthe first refinery streamin the
first reaction zone and effects a boil r@g range conversion, so that the
normal ly liquid portjon of the first reaction zone effluent has a nornal
boi l i ng range bel ow t he nornmal boiling point range of the first refinery
feedstock. By "normal"” is nmeant a boiling point or boiling range - 13
Septenber 2002 MD 99/47626 PCT/U899/00478 based on a dlstlllatlon at one
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mol ecul es in the first refinery streambeing converted in the first
«reaction zone. Preferably the normally liquid products pq@ggﬂbmb@rpm first
reaction zone effluent contain | ess than about 1000 ppm sul fur and | ess

t han about 200 ppm nitrogen, nore preferably | ess than about 250 ppm sul fur
and about 100 ppm nitrogen. Reaction conditions in the first reaction zone
i nclude a reaction tenperature between about 250C and about 500C
(482-932F.), pressures fromabout 3.5 MPa to about 24.2 MPa (500-3, 500
psi), and astwean, tofoun @secord feedstockapassingrthe seeanst feedstock & ageeand20 hr' s.
Hydr ogen ci reastian zene maintaingd at genitiens syfficient far convierting @b laasha pertlepef st d
liters Hz/ ktherrpmagics pessent i the seeend-Efire]y sireamptoform risecondeagtionr d cubi c
feet per bakerg $ffluent:separating thesrecond 1 gong effluertinte atleastapeut 340C to
about 455C distiliate fraction andea secondbydreger-rich-gaseous sireary and secyalingaff r om
about 7.0 Measta paticotof it secand hydrageo-reh@asepis stream totherfirsineatlion ed

catal yst syzomen it has been found that preferred process conditions
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will be sudpiddlesstat SE?H"ﬁ%l? IE aggas R e
hydr ocr acki M 93S§PHS 51162 tt?léhec 'P ?P RYAACHALEMhe or nore conponents of

ni ckel %hd/or cobalt and one or nore conponents of nol ybdenum and/ or
tungsten or one or nore conponents IblfTLﬂﬁiGﬁ@ﬁand/or pal | adi um Cat al ysts
cont ai ni ng Qi ckel nol ybden I ckel . and .t um and

ol | ad um VB Sapd FEiErmioBRee pf B i ShisHivn SO PR P BRR KRR o) e
of this inwesdel.OFigd)BYand e shéve BRAbEdimeits bf the thivegtiorowitls featiitn doaes in3egakrate

sour ces of hydrogenatlon netals W th a blqder Exanpl es of suitabl e binders
i ncl ude si |'Y6E3§ls, and Adeparation wpe, betyesn g vessels t ani c, magnesia and
silica-alum na. Preference is given to the use of alum na as binder. O her
conponents, such as phosphorous, -6 13 Sept enber 2002 WD 99/ 47626

PCTI US99/ 00478 may be added as desired to tailor the catalyst particles for
a desired application. The bl ended conponents are then shaped, such as by
extrusion, dried and cal cined to produce the finished catal yst particles.
Al ternative, equally suitable nethods of3preparing t he anor phous cat al yst
particles include preparing oxide binder“particles, such as by extrusion,
drying and calcirung, followed by depositing the hydrogenation netals on
the oxide particles, using nmethods such as inpregnation. The catal yst
particles, containing the hydrogenation netals, are then further dried and
calcined prior to use as a hydrocracking catalyst. The effluent fromthe



113 Sept enber 2002 WD 99/ 47626 PCT/US99100478 further containing nore than
.10 ppm netals and nore than 0.1 % by wei ght sulfur, typi ¢:§bb¥temb@€2©¢lan 1
wt % sul fur and 0.2 w% nitrogen, and nore than 50 % aremati cs. The netal s
are believed to be present as organonetallic conpounds, but the
concentrations of netals referred to herein are cal cul ated as parts per
mllion pure WOt9M762@he contanminating nmetals in the feed typiREAYUSIINMY ude
ni ckel , vanadi um and iron. The sulfur is present as organic sul fur
conpounds and the wt % sul DETAK.EDDESCRIPAIONGE THRINVEMEIONI sul fur. The

resi duum feedstqck will typically have higher sulfur and nitr n contents
than the feedst odiS M¥CRPB r&?ﬁ"% fo %@dﬁﬁql%p GFEcS, PRIDE ﬁ‘i"%g’é%%lﬁf &ggﬁ- Wg‘&‘éfe t he

second ref i pibinedtin@ABingle MYedrAdd RadRH prdtedsCiRNEa E‘iinEIcQQ%geﬁ StppWyf ar@nd et al
inmpurities fromthe feedstock and to saturate or otherw se_renove
aromatics, lepRMeDIYS§Mhdhe jeastaniard peaductdinys angyseaction eenditionsdr theimrgserieavy
aromati c I cll : i :
naceept abi b e aeg sdec R Rk ot Ok of roih S AL o fing catalys
conbi ned arpkrivonanee apd prooessteffeniensies. \THeyiehds drethe pvaness indludsy al fitst refinkiyrsgream

produtts r TG des e iRE S RomtBhe R s O B Folilb 8

ef f ecti vel yasphaMeadsgshd 4 sedvidrefihery Streaneohich oontains eelativelyugredter ansumvsestt

cont am nati on of tth@z‘% al yst caontagi ned therein. Tg,e S nd refi ner%, st ream
may have beEPPAHABE FUlii-BRE Bromalife(4F PIOSEY IHRATBTUIAY e _gordgeéanga%reﬂ wely
feedst ogk f@QéanifB&isRER 8RN cRICRIAE Sonditi¥iR And B oADMY Rrafl€ fel uRES tRAGRESNdiRndSed
to hydrotreat feedstocks to renove sulfur and nitrogen inpurities, )

hydr ot r eat | Hgndwegrated prosessywiinga sipgle brdrogen supely apd segvers Srstem Wit faufing
include ar ' I )

(482- 932F) ‘ﬁ%‘?’é‘é‘é‘ﬁ% %%@?g%‘gégeu%ﬂ Wi tﬂhggg 85%%8‘5395&53?%5& ?‘g%g- 500 psi),
and a feed ovgtosackingltheosdconbiefipery striyani.r om about 0.1 to about 20 hr's.
Hydrogen circul af i [ |1y . I baou 5 td
liters Hzl kg oi f}&ts %&E[/egfﬁﬁt:rte ﬁmﬁ' ?‘ gérhg{ ]I%If/\yk%d) %ﬂtﬂ?én gg%?pfht&%%gg taéﬁ%aag)aﬁtcubi C
feet pers baj00eF.)(260PCyfisnslBowviticia die tompératiRatadeldfSO0T-ADYEF f (2605887 @J). TeO0C to
about 4550’\&644- 851 F.). Preferred total reaction pressures range from
about 7.0 NP BN stieanpmay cqsain nitroegmasurliygressat as orgaenirparh FaRRAuN Ay n
catal yst foimdud®s REAS thid 1 phiP1tGh FMnRERNEPIRRAS biRe&fthAl f£3d0 WRth High R  Or
conmpound thereof, and a Goup V III nmetal or conpound thereof supported on
a porous r edfmitsagsp pndafurgineiding thesepantainingup tpf-6 vty (apd bigher) aktogerand up
catal ysts 1 -l i I

ni ckel -t ung‘ét% eﬁ%ﬁlﬁd&gﬁ#? @%st%n&g%g{egilc Sﬁ?%g?ﬁbféﬁgu%@{??ggkéé?f;%%% R

hydr ot r @ht i the ficshreabtjan zona centpindess tHandbolit 200 ppmutifregen apd tesetheni025ewpeci al | y

useful int r j i i.Std t r i iliQg.in the
onge of "anuiby B SRpd) sLAFlGIA R b lob R e pR, hbllliol ™, L0C
~i WO 99/ 47H8ki-ii Sepbatiestand aghaReneCTHEABYe Gk 78finesy hMr¢anmst inpludingdeedstocBytoa
mddle distjll.ate fraction, having a boiling.range of .apout 12| - C.
(550 S00p 1 7 EeabfictiAne R BBt sl AR ocdtair o6 g Bpov S0 pa
conponent s axphilieResihrberabl¢licss ihah absut DAYV Epra asphai@les, kad kﬁdﬁggﬁﬁérﬁmy ofss tagat er

t han abgut 121 {2S0F.) and furthernore that at |east about 75 vol %
preferably "bl?qo%mb?spbﬂtfn% T oRPif @rstdfﬁmé steeampp inclydelight as @il hsawy ges

nor mal boi | éigadfRingas @), $t8:3sht biiAghs 31 lddas hﬁﬁ&?ﬁl, fifeQiKee e fivd dctirry

d
distillate" is intended to include the diesel, jet fuel and kerosene
boi | i ng r an¥jecammaast hayp beenmyecessedotsgrhy hydrofreating, prionfgithe prgsepbpugsess higduges
i ntended t o,r&f, : f - =D ﬁﬁm)s and
the term" d? es eﬁ&g%ﬁy ?ﬁ%’%ﬁ%@k&?‘%“?‘ﬁ? %ﬁﬁd@%ﬁﬁ{%ﬁgﬁzﬁ%r%@?o% ol Ti ng
poi nts of atgeydle agmpongms. C. (250- 700F.). Gasoline or naphtha | o is

normal | y, t he Cs {400F, n int fr i f i | .

hydr oc a)r!%ons. Th%ﬁb%?ﬁﬁgﬁcélgﬁggﬁf g‘?‘%ﬁggg‘r%ﬁsn Wgsﬁgﬁalfﬁ%ﬁsth%ﬁ%gﬁgi?e&rs & |%)nn%1 €
recover ed i firstregctiparzbhe addoeffecifaibiotling raigelconrversionyisb ithas tiemotmallyliquidiportibe
characteristiges.of the crude,0il .source, ref.iner ocal . mar ket's,...pr oduct
s, ot oot BB hiion donh eren aas el Bling Hke 958 thaoreL BB o0,
further detaingsofahe KRt fFRBE fadtdtodk. EBS FndriRl” iP 2R 4 boFiing poift drBofling ritigecess
a single hydrogen supply provides hydrogen for both the first and second
reacti on zones. Make-up hydrogen is conbiéted with | ow pressure recycle
hydrogen fromthe second reaction zone, and the conbi nation passed to the
first reaction zone. Unreacted hydrogen fromthe first reaction zone is
passed w t hout substantial cooling to the second reaction zone. In contrast
to conventional processes in which the unreacted hydrogen !'o fromthe first
reaction zone is separated fromthe reaction zone effluent, cooled,

o o L T o, g, o o - Y




In an' al ternative enbodi nent, the second reaction step is for hydrotreating
a low boiling refinery streamto reduce the aromatic content of a 58 ond
refinery stream w thout overcracking. A substantial port il september ¢ (ﬁg ght
feed boils i nygohgEper ature range bel ow the tenperature ranget@iseb/hRrd 1 r St
refinery stream and generally in the mddle distillate range or slightly
hi gher, so batedtontaiistilladereatone atnivgphrent pressurengpchas tHatdsaoomd ineddti6Gn zone

produces substanti gl .amoynts. of hi ual ity mddle distjllate fuels. Thus,
P onst abtunage. meroivist et Ao ReRy s hlot belet i
boi | i ng poindtmil ®INREFoisk EndiormeSvilidpaanghenperadRs TAOPOE)ss in'the 6t RAEYON
streamw th at |east about 75% v/v of.its conponents having a ngr nmal

boi | i ng poiZAte Marpesentigled RiaasranCrReking SeRyerons (e 7 derrer Rrodictekbidrel of a
preferrad saeaRf 1dvefl iR Cohvamm is EBRerRHCRRR 1Pk PEERS BmPREARI siRs, for
hydrotreating a second refinery stream containing a |arger anmount of
aromati cs tekamplehibe mipiguny boilingaojnt sempesgivre of the desidatogle c Bt xtent pironyersior eans
i ncl ude strai ] o5 b hract | tion
i) 1ol darp b Bl Ry b R R Rt SRR SR b o
cracked ito produtdOb8iting 826 tHeIeSemteteogperaB@O2 PCT/ US99/ 00478 products from

an FCC or a cok i ncludi ng |ight an eayv 1l e..0i,l and coker gas oil;
Goasphalteq of | Tt ariortbne ka0 Binkaatl afic Hasc2REmeR R 687 | kb

Wi | e ajosulysdcaion prldu@9aid wicadied icbpseaad thedfrstiefiners streammviitely a diqhids & t he
m ddl e distillate range, t hat additional nol ecul ar wei ght reduction by

0

cracki ng i STMFREULRIANS, BAFORRAY SAHFABEPHASHIWPONHYS e i 2PN RIS o
reacti on zZQiRa88d8ydbleh, GARLAINRrRAGVAHIRUDAADISH BHATBAY, I8 tRprédes, tHRS .
which contribute to undesirable mddle distillate fuel properties if they
are not rerfisyteepctipmgensds mefntainadaheanditians myfBeienitta eifect e bellisg sanga consmersinar y
streams MR EaAdE oAb olat kaQbbbRS SOy His080RE 6504 rCRleALY RhnpllaRge N
hydr ocracki ng catal yst® contacted wth the second refinery St ream e
present si nvidws,iadfeast2 Sthsvddasedf thaicarhponsuts pr the firsg refinstycireany whirditbodabaveyt i ¢

cracking activit¥.dor boili oknt reduction increases.. hydrogen

Concurti oobiasher 8 cpfisntfl OB rehSINZRACR, HRBERGRSHHic HA SR D phout

i ncrease W&SO°R. dpefating it doatérsien jevels achigh anthoehis atseadthin thektapelofthet r eam ar e
introduced .as separate sireans, to different locatiops in the int t ed
it aoony ertteanon. e bliifiapes Rakenom 4° i bebogn gl Sub S ogib Bty

t hr ough botviahinkeorffron® Abcang0% e ®Be 6P RelunRAThE Akt Zatesh zobefflukhtghfurtheeds are
enpl oyed as,  the second refinery strea an optional bqgttonms recycle stream

: m A
to the f r decicesdin pirogerndapifyr copigriavith SLisa abfvt a0o\! HS Nitkeen cmigining
conmponent s Rfledul iR BeQHEt ek P QfdmelR@BhverRd b Mle filst RAekidH fbne 2Prefdrdbty _
reaction zone effluent 120 is passed to interstage region |25, a region in
t he react orthe/earmelly lipuid iprasoets afesent iretha Sirst mactiandong eBlentcentiaint less bhani ahout
| i quids an Ak ' ' ced
into the rceiggta?gﬁ Stz{)ne gé{ég&}%ﬂgh%ﬁﬂ(rﬁ ngrj1 a%’ﬁrng%% g{e?elr%l ?égﬁ{h?nrr%#g%%}j
reacti on effpncsudfucgndabdur Kppesnirdgenchances of thermal gradi ents or hot
spots in the re i,on zo bel gw.- I.n_th racess,. .second refinery stream b5,
T Conbitned wi ¢ REBPRSRARERYap S deistar AR Fea Rl i s bbb nec
f eedst ock Idbput@soed ahdsabdans (BEC (4823-98 IR, pressirds forpstRudl)s Mith tpabsgd4o t he
i nterstage rﬁgi on 125. Hydrogen added in streaml;lag restores the hydrogen
react ed i_nlYI (500735300 nsh cand e%ddﬁté,(v%!r%‘/‘ioécaﬁa? from P‘i“eodl_ tiofabg‘t’}fzpi}’(‘,i-e_nt
hydrogen i sipfeed cibfiatsvak lﬁx‘%?@ﬁ&%l%' inQnd Jaﬁ%effrarﬁ bbduR356 1@ Mt ORKe Yiid ©

[

stream 140 may 1 nclude recycle rogen, may al so i nclude nake-up

hydr ogen, d&8@sdiligrs Shvkeled (B th-bh e siandardbicifeay pen bazrePa Prafertadgeactipncess

! ocat i on, lt&nh&ﬁmﬁéﬁé}%%m b%n%°d3 th %}:Q) t&erSa&A olg l‘FFl. J Pr. rr% %ta?g[al tish
first reactroh zone ertliuent I's passe or““conbi nati o’ wi e cofbi ned)
second f eedstsuaies fdngafromuabshtand MPh ky abidne2GANMPal(&£0p® 8 H00 pst). aWitiathe
substantially.the sgnme pressure. as the first.reaction zaone. Ln the

embodi ment. RPUEL palelat sfsiemibias been iqund Bat ptefetsed praggen o RULEs EMdBnent s ar e
separ at ed fdoaticfi ok fedbtseR MWith HydrsEen GRIRPRyRGEEcKin} dol@itiohd @i

regi on. The entié%aeﬁgor stream 130 H??Z 1i rH}tQﬁV\D 991%47626 13 Sept e%ber
2002 PCT/US99/00478 is passed without substantial cooling to the second
reaction zone 20 for supplying at |east a portion of the hydrogen for
reacti on of second feedstock 15. The second feedstock 15, in conbination
with at least a portion of the effluent fromthe f rst reaction zone, is
passed to second reaction zone 20, maintained at conditions sufficient for
converting at |east a portion of the aromatics present in the second
refinery stream to forma second reaction zone effluent. Since the first
reaction zone effluent is already relatively free of the contam nants to be

o o . . o o, . = o Y T




J.
Second |iquid stream 35, shown in conbination with first liquid stream 135
to formconbined liquid product 100 in Fig. 2, is passed to fractiognation

zone 40, whi §DO'9§/f7Fs 6p| cally a distillation section corrpn% ﬁ t..fﬂggaé&%mre

at mospheric stillTation colums and optionally o one or nore vac

distillati %garss@ﬁae SPsoouf'1 3.8 MHa (HaBSHI2D. 7P @todoea@eb pgm éals Wbl rio DeMekn AT €

recover ed. actionation zone 40, in the preferred dinent, is operated

to produce ahowhdTB9p9 sl lisers Hulkg gil 62, éQQ‘é&ﬁ% scfibpl)ca bﬁﬁxmemn 8brihA.SknS Fi g.

1. These inchud t S 50, heavy napht ha
stream 55, e’raggg é’gﬁs?far“éreﬁ'?g%tran%goglbgggr tos rea@&%m qui d bottons stream
Z\E \r/]\/nibchI COBt aimhs fitst aeheted mopabmdsabhtymroaaot mdrqo:ratmlymh s[tgmebuhaﬁard al s) :

iC oil gbove a target te at ater t a 60C1500F
S al 50w (RHMSVRHALSE I BitensOn il BEME B2 oo ey A FAROL T eed & Por

processing p?és%ﬁvé@ﬁfsﬁnct@a)@rs euasdértedl ealst@yfdrhd dratdu gm, forleRa@hpledini NS AutdnEC uNi t
or a dewaxing unit for king a lubricating oil base stock ., At |east a

portion of Na ASRR4D t@rsafcé@sumofw@a@t is incgmofateshesgin by ecferengefor all purppseat e
fractions (H d‘?ocr&icf 85'@ useltl fopgle(?frst@éd)cu&?i/on@la?@wa?kﬁd%ﬁy & Eg'xe}a@ tﬁtbe first
reaction ZO yc e stream90 1s illustrated In |g

treating a lwémmubng esgalm@omeusmd craskingsompenentand a lil)tdnmnmcmf@mpeuem hmn

nei t her an at nospher a bott

i st 1 2o R BRE Pt BB odpe et st mdy i oo
99/ 47626 PGHdckingbmpenelt dmd/draeedlite sﬁxch saCYitype zzolite, ari Wtrastablel Yappd 20iteat i ng
the catal yst co tal ne ther a disgil Iate st ream nma Qgti onal |y

erein
be recycl ed’rl"‘ﬁlg H’ateg%éF‘gP%n‘éé“‘l‘asl? SASHPTRARHS cfaGL‘P% FORBPBRS Y

illustrated in Fihgsydrdgehaforfisonpdn¥ftiof theafalystparti@edib kddectdPRém e Rfhedts
second reaction zone 2% are in separate reactor vessels 80a and 80b, and

the int er st tepfoyide ratalytighydrogenationsachixitn t Adlgass garemetabeasapeaentiselested m t he
react or sVesRah the dzs\%v%xp(lb'ﬁﬁﬁdlll&ﬁ&o SftidchRAnd AP FoRARPGIRHEYIIUPAL One or
nore refinery strea I ne one Or nore recyc streans (e.g.

li nes 90 aNptaB®) ¢lements axc@ehéralist ¢hmenafGnoem Vredergenss meladtsclamnmm}'@en@d
If used in_t ce Str 8 Y. e m xt ure of
1 o feeds. af‘g?lfg%ae érofuf’f\}“ere clnric’elflj eafe'n tl?lglg%ong)g ﬁqtdh'%f’i rst
hydrogen r |panacgmmuﬁurﬁ,tmeﬂlm dnd@latimuino r'Thefamoaht(s) eéﬁﬁdroﬁnaﬂlﬁﬁcompimexh(sb m
heated in feed fur na 110 assed 1o eact.i on ream
17D is a h;}‘ﬁ‘?‘ﬁ’é"éﬁ & lef’ﬁ‘%? %Mgéﬁo\%autslbé#yrg@§&ﬁ %égﬂ’ g’ﬁream
175, an@d CQoimpobiént(g) @dtfcdnalouFao Hfoud Z6y:gartigh of Brdupt VI iaat doipoa&i@),~ S
ef fluent 120 recovered frogmthe first reacgtio ssed to

i nt er st age PleYletsA 23 mstal Qride®) Rrs P partdy welely o ? t"r‘ét““'@é’ﬁ’a?”&?’ied € PIFftageHar at e
from the raaGhasnt4RT8don the WRIRAT ofthé é‘a%@gl%@fo?é%lﬁd;ﬁ% "The h \Mly]'ﬂﬁ bifhtioh r eam 135

are recovered fromzone 125. First separation zone is preferably
a single floammponessinsid cotrlyshingy be in the 0¥lﬂl9|aéd/@bfh¢ﬁhlipb¥§1!q formyiif eifomhwmatienc ond

reaction z s

separ at i on%eg%gsrtqg? r'ﬁa T@%edo%yslge o’({)eﬁgg éézlasg tasﬁm?%ﬁ &%é} ltthll

subst antsi al Hewubjhﬂeq)mmlﬁcmlgﬁeMmt ﬁmmsﬂo pm;m: useon hxdmeraekldg wBtitablyt, the

cccura i n IRE bhdrer e ey SRy B okl S Roph 8 G et apor
occurs in tHe prx Yree WP Bt G S Badl ol apor
stream 130 dompondnitsoffmslgbdessp andlos mngsmm ohe br noret dompsrannef platin and/ozone

20. Vapor st e fiu-ther, b 0 when b nd dwith ther cool er
feed strearﬁfl ‘ﬁ!&‘ﬂe&&agﬁ stCO"%‘W’hg‘Hg?fF’éfg‘P@y denigs RiCks ﬁ“ Mgt patPses at a
m ni mum |nmaxodpguaaﬁmsﬁggam%hﬂﬁgwmas when addi ng the vapor stream 130 to -
t he second reaction zone. A preferred v@gor stream 130 is maintained at a

t enper atbure of athehydrocragiing eatad vy particley of thisipycatipn ayay bg prapared by blendingiut
S00F ( 2600)co€’:ﬂdlhﬂgsafcuw BLREAO Y dffgeh £R7 l_;@é??b&hh G BiHaet. 3€)Jan§3\es df@g&aﬁblé he

tenperature of first reacti'on zone. st separatlo one
li kewi se nebindess includesilice, hluging, dlayse ziacaniz titaianinagnrsiaand sdicaabissns in this

vessel . 1N PRAGLLER gfeh B8 isd bf HmiRG RPN O HeFLRSFALKE Subk ad HsHfPh!
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tenperature for the separation unit, based on the deil gn and netal | urgi cal
Jdimt of the materials of construction of the unit ccord

preferred first separation zone is -15 c WO 99147626 1{335%%?@?5%5&3002
PCT/ US99/ 00478, bispdeai ned at a tenperature of at |east aboutpegdafdbodolsa’C)
nore preferably at | east about 500F (260C) and nost preferably at |east
about 650Fnfag bd &dded WP désirell RetallerThesatdl ybt parﬁéleihcafdhmm‘d apphcatibenTiedbiendtd 5. 1 n

Sopar At | onSOTETCBs BidNTL AP ik 8o BLAHMIER oS ERERA i BAGHCE dhecitished
separation i

(Fi s, |3, e LA bl B Brep BRI plSiRbR A3t |
passed to particlseiodnde preparingowidedindeppartiglps, suchiag mKW%@mé&'llwa“éGh'Glmﬂgens
A R T R e U
second reaes mq:megmtmcm élfHeIcatatylst 2etidles, etmpamagﬁndhlydmgemﬁnd netgia pettharfuthere 30
into a vapﬁ dst reau,I a. seco rao A %at%\t ream 35. Vapor stream 150 is
purified afdct@eya °8‘8 §‘°’d‘8§‘8 fed f Of Ynd 2. In the enbodi ment
illustrated in Fheeffldgnt ﬁeﬁahdﬁfst fpuctd)n&bnem;ﬁﬁes sormaltpligeid phase bohpdrhts

| i quid st 135 dth nmbi dI d 100, dt

fraot| onat FBNTEREY BBEOHITET EPPYHIS: AP PO GEMo S Ph5n BBRTEEA BB | si ng
at | easp oaee@aém?hﬁeh roftl thé fifst RhLRA z%@é Ulmomfe‘ﬂhb ﬂ)c@ﬁidgpmekéaxn&ﬁ/ at

| east one vacu stillation colum. Alig pr oduc |'east one m ddl e
di stil | at ezgnecdiiuent igmarmally] sqnﬁr@recb@tqneﬁsnprmae@tlcar@npeeavewéat depfeguing
bottons pr he
Feact ! on 7 otk afflil St BARICPIIReqlRt FARKEHIINHACAIONS shidillch °2

(e.g. greatssyclehls aab@tute e Qrocess thehmumailngdEegus [dipsestonipenssits e

reoyol o st P ot SEhauR 4 FARAGHAR S frlAbaEs BURTER ke o

| east aspourhd withad subisentialguolihgb dh bmmynmnbf tha &Neytxdma thet etnhr.éreﬁﬂuent freraugh

pr oduct stre 75 f.or roce55| n sewher e, unit or a. dewaxing
Ot or e g epeligpdreas Pavarep ek bt e gk S BAASER ShaiuRh 1BF et at oo
in Fig. 4, sé‘c@ﬁmdctidn%hd lal seenNd2mbaBihefin) teFirkt roRAiBH FédeSefMYNER sefatatétDit
desirably recg;cl ed to the first reaction zone. A second refinery stream5

cont ai ni ng SeRspREIbdhesamepressurs and the sameesineratrs 25 the disstgsaghon wnecvdat ock
whi ch resubdg dﬁ&nﬁ)ns(ﬁmpirht%?%eéﬁsrﬁ%@199&’5‘55&0%@‘Jeb&doer@&ét%n%&hwﬁ{&ym s of
asphal tenes to "be detri nental drocracki ng catal yst contained in the
first réac@ﬂ@hor@bmlmmhﬁr@ranghgﬁmhng which mjght @cenr ibthasammtqdgap phasets t o
first Trachlafzonfod tlivaFBHIATtdals i A oolRidh dhehist feiBn LoRCT T ONS
and a first bottons stream second |qU| stream’35 IS passed to
second fr aeffluontas secpnramdne a 2id<) séparatior parreadridon leasttagpontien afmonmally gdesub f uri zed

distillate i on oLt ast _a.portion of
first bt SHEREPPEIRRAGR B OOl ek Ty S0 FRLF Plainh B CLf eam 90
to the fi r$¢ﬁnee,rasm:amnswmmranm iy écxca:s\krnlanﬂmrrbaoncrr cohtairérppord olf detredtdost r eam
270 may .be recycl.ed via .second,.l] rec ream 290 to the second
reaction zGR¥S: O i@ sepgration zong i q‘t 199/ 47626 PCT/ US99/ 00478

Product streansTH, méaol’&ﬁxyﬂmgeﬁhs&a tﬁ)@ﬁ{sﬁﬁég&@h%né Ricombed withdgbsonar
f eedst ocl cs tl n ot her processes i ncl udi gg) a Tube prqocess or an FCC process.

ne or nor &eties;stienn, amdithegambined fredstogk, “Bé“ﬂ’é&’?@!“éb’ added hdragerst reacti on
zone for h)égﬁtﬁ’iﬂfn@g £ ficadBd!Rra LOMICHAIAMLAMHld Al Feaklich ddibrhikiFgY C! ©
stream 280, inclu one or nore of desulfurized vacuum gas oil 260, at

| east a porn@quemn@irat@a@rmreamgze@mmreseﬁﬁc@mteamcz@smémt aporiiepeftthenitogeni on of
desulfurlz ?Qﬂ so
recover ed eé@ﬁf %r ac E%n%wdﬁaézjig%rg féezs%goﬁef"g&gg\ﬁl&g T?x%‘?eﬁbs?o&'sl 2. 3
and 4 showmawﬂometamugbnnamrbeﬁl afahd @hcted zomesom gragity flowy in edotmwmdbrsdmbtmn |t

w il be rec?g Wdzrgld atma_;t't one or nore addi tional reaction zones upstream of
to the first react gnnzé’ﬁae“yand one or nore additional reaction zones
downst ream of the second reaction zone, may al so be present in the reactor
vessel or in acconpanying reactor vessels. As used herein, the relative
positions "upstreant and "downstreant ar_?_ related to a reference position
by the direction of liquid flow through the reactor vessel. Enploying a

m ni mrum nunber of reactor vessels in the present process nay be preferred
for econom c reasons. 15 However, depending on the particular application
of the present process, the required total catalyst volune may require
mul tiple reaction vessels. It will be further recognized that the process
as described herein may be incorporated into a |arger process involving

ot her




¢, .
thydr aconver si on reactions. Reference is now nmade to the foll ow ng exanpl es
.of a specific enbodi nent of the ?0 invention, which ill u&\éate he Znef It
of the procegg) dafs7d2pi S i nvention. Exanple 1 A reactor qgar ed
contai ning 65 vol % Catal yst | over 36 vol % Catal yst 1|1 (see Tabl e I) A

heavy VGO (Feedrnd secrbnaakﬁcﬁorl btpp wefer inyaindteeatisgla wicoind f2fAéry Scedb bt dmyidiniegen over

Catal yst 1. ht cle oil (Feed in Table | appr t he
sanme vol ur%‘f‘Aq“’d“g" pUlest Mém(?Bﬁf E’ftaé‘fi“at'ﬁlcf}ﬁ’ﬁo%ﬂd? Pf‘ﬁ%’% @Y ’f"}% ‘%P
Cat al yst 1509y 6f th&-atomaried ark kem&Rddiont (B Secand rdfidgty! maxaruetﬁeamug:atee @rdcessTabl e

[11. Table I Cong;m tionvVal % inreactorCatalyst4% Ni / 20% W/ _ 20
o641 USYCat Bipjesl Bydrpjreating fupchipns alspomeludn remoying hetgropgmygualy gpslfunangs i enper

2002 PCT/ %@8%&90 E) éatal% kkﬁ%ﬁ%ﬁngﬁ@ ety Ghe Mt&%ﬁn%ﬁqgasﬁ SRstof@e of i ih

(Feed B Feed A)48.5 wt'% Feed
G avity2l.tBd &ea119lsmmqubglerdemmbiﬂmGq_xﬂq_\zegaggu'lrtgwomzwc materials during

%2. 930. 59 osi t,onParaffi e I s/ Napht h
enesls. 1A Teg B A EIY 46 a?ﬁueafd%' S?%ég?%ﬁéé% 31%?%?]( 111532?21 qt‘%’ tﬂey

2887) FFO. %@%ﬁi%%%%&ﬂﬂﬁ&&bﬁ&mm 3P di3T b&dP, Alé peridifpoditBd 5620yl 701 90
878/ 937626I 6@59? 89995I 99. 5967I 1031736/ 795934| 1003 Conparati ve Exanple In
a conparat? f‘H’g Eﬂﬂ‘ént ities of Feed A and Feed B fromthe

exanpl eg above A&ﬁé:&nﬁﬂé@c&ﬁﬂeﬁﬂe@ stibail bds@, bodltg Jolt? ratigh thich i§ Alphacth&dithwd t h
5000 SCFB hydrogen 5 over Catalyst., A at the rate of addition used jn

Exanpl e 1.°fithg ﬁebwﬁnfre/éﬁrf%ta&fiygmams ARET AROHNt ol slfy MugesnAnd aromalist B,
Condi t O”Srrg;ﬂﬂuéseééﬂe&%l]%ﬁltiﬂ gmg@,gag SuitRh Secbhd reﬁﬁéry%t}ems @mua@e dat a,

t he cracki Yy, as neasure e conversi on rrponents in

the feed tdeagdoled wodpooramuds, crde hléaqi;mmmm dlsnélsuqmomxsbqtgm}s (redgeesr in the
process . Ofcrbdoil GRARRLAGL ARnh Rl i, APV EAA 0B BTBALAN o fER Ry o

nore surprising is S|gn| I'can rogen consunp
pr ocesss of resiier)i Aveasphalted odirislalsie smrabreesa&md reﬁnécﬁ ﬂredinstA felsxdhmnﬁ‘eddembk Vi t Y,

wh i dd| tillat tivity is.th | t f t
Dot T g | aVEAEIEe R REHE Breseh pihses itbieh BoBBE et fonereet sty ©
range. - 18havink al@kinal delhx@qeﬁgmosll?%s&@m%e(eomy difmheER{ ﬁSea&tﬂ(BEQBﬁbTe nmp,

FPres sureConver sion <6 consunpti on blMd
the feed boxsls between 316|_g and 816°C (600°-1500°F, and pregab y that at least about 50

vol% of the second refinery stream has a normal boiling point temperature of greater than

) about 538°C (1000°F). The residuum feedstock further contains a high concentration of
asphaltenes, making it a generally unacceptable feedstock for hydrocracking without a
preliminary hydrotreating step. Asphaltenes may suitably be determined as the
normal-heptane insolubles content per ASTM D3279-90.

In the normal-heptane insolubles determination, approximately 1.0 grams of a refinery
stream sample is mixed with n-heptane in the ratio of 100 mL of solvent per 1 gram of
sample. The mixture is gently refluxed for a period of 15-20 minutes and then allowed to
cool for 1 hour. The sample is then warmed to 38°-49°C and filtered through a prepared
filter pad which has been pre-wet with 5§ mL of n-heptane. The precipitate is washed with
three portions of 10 mL of n-heptane, dried at 107°C for 15 minutes, cooled and weighed.
The mass percent of normal-heptane insolubles is determined as a percentage by weight of
the original sample.

Feedstocks usefully processed in the present invention are those containing more than

about 500 ppm asphaltenes, and up to as much as 10,000 ppm asphaltenes or more; and
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Distillate Sel ectivityFee7423006752307814405. 7dA50Fee742300Ef f | uent
fronb602307813375. 2d A5Reactor 1 + Feed
BOFee7423007102307916244. 8dA50Fee7423007] 023063dCSOFee752386ptembgea902
f r on72023067 WESREAt or  10Fee7723007402307519433. 8dCSO O . 0 REF/USINETSN 10 m
N3,~-mONpOO N f ~' S W 99/4T626 Exa Il 13 Se tenber 2002
~Cf |/ usggfaﬁmsomalwné meseithap 40 pam mesls and eS| |ﬂam&2f b Sy yveighe sulfnggyrically wa

hydr ot reat g, i fhag %Mﬁﬂl@ymmwgeﬁ raﬂ@ﬁﬂo?&hh&%@%a}@xghlgcsl ]ﬁdh@me\%& Bl end

Vacuum Resi duum FeedDe rees APl 4.6S eCific Gavit , ccl
9%. 73Ni t r 0 arerbeligNed 96 bel Frebanit as qrgwmmmwmnndsnmtlmpmnmfmﬁeals W R4
Product vyi el mt he dr,ot reat | abl

Tabl e 11Yi e?tg"edcto ot C%‘ Zrngd g$ ar@% ?é‘gir?r?[% 51 rea% m% t:ﬁs 'Ifl

Pr oduct s TBheGud¢d ﬂ?pllcﬁﬂ)slnclﬁdé\ﬂlcké\y, V%lmdluMBnﬂ:éeniSﬁlhef suuifur M\bhesglntas depanic sulfur
ht haCS- 18081. 70

nt ha180- 3368BPeda Y HASTI s celguted bestd on lsmerghsaliys The fosidyom

VGO690- 100@dedst8ek/wiHOpid@ BMiave Righeitut faP4hrd d@éken chaenth thdh t}k&ﬁedstock to the
Resi duunml000+12. 460. 100 900Fuel G |1 690+14. 487. ?ré_O 70S - 20 {

Sept enber 3% 2eaggoryeng 7 BpBissagmplegegceess thg segoad %‘ﬁTnyJFi“Béﬂh)(ﬁé‘&F&Wfl&hs oi |
product fr %H,adam@?gh %wp}l mqﬁaalrlﬁsmm fﬁﬁr?@ne‘fé%ﬁstbéd%ﬁ% sl drQuiiwise t he

products shown in . Table I Yi el ds and Product Properties from
Hydr ocr &c k|r¢xgoweraeormésalmqludtzgljeavmnwgmstfch ompurities.Repacibllyheayychromaticat er TBP
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products remaining in the effluent from the second reaction zone are effectively isolated from

|qU|d

5 the first reaction zone to further prevent contamination of the catalyst contained therein. The
second refinery stream may have been hydrotreated or demetallized prior to being used as the
feedstock for the present process.

When the above-described process is used to hydrotreat feedstocks to remove sulfur
and nitrogen impurities, hydrotreating conditions typically used in the second reaction zone

0  will include a reaction temperature between about 250°C and about 500°C (482°-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 range
from about 350 std liters Hy/kg oil to 1780 std liters Ha/kg oil (2,310-11,750 standgrd cubic
feet per barrel). Preferred reaction temperatures range from about 340°C to about 455°C

5  (644°-851°F.). Preferred total reaction pressures range from about 7.0 MPa to about 20.7
MPa (1,000-3,000 psi).

The hydrotreating catalyst for the beds will typically be a composite of a Group VI
metal or compound thereof, and a Group VIII metal or compound thereof supported on a
porous refractory base such as alumina. Examples of hydrotreating catalysts are alumina

0  supported cobalt-molybdenum, nickel sulfide, nickel-tungsten, cobalt-tungsten and
nickel-molybdenum. Typically such hydrotreating catalysts are presulfided.

The subject process is especially useful in the production of middle distillate fractions

boiling in the range of about 121°-371°C. (250°-700°F.) as determine by the appropriate
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from 340C t C (.84 r.eact i e re i.n the r e of, 3, 5-24.2
MPa( 500- 35 d%’%g’h‘ s‘g%é‘r%%a E‘)é"?“e‘ﬂ}“r%gﬁ*}s%édgﬁn%“l? E)hfisiﬁ% r§a°f“8’éc’i"'r%att"gﬁ‘??/e(‘%ﬁg)“doﬁ“?" 98
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of the second hydrogen-rich gaseous stréam rst reaction zone.

The pr ocessangdawast Prefetpblyoatdeasi about IHEE €459°R). Bhireacted hydragen &romithe secord of
bet ween 30"/&5’&1% %&%@Wa tb %'éfn’% cBht‘a[%Enaﬁﬁ A4 LD IEP R he ﬁrst TR DRESS
C r the first re

according to aim1l erein inery”stream has a normal boiling
poi nt rahge wi t Refererive it mvpmadd tortke figuvgs WABRGissBRCpleEaRd ka(ejliments of the

invention. Not included in the figures are the various pieces of auxiliary equipment such as

heat exchangers, condensers, pumps and compressors, which, of course, would be necessary
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4. The process according to claim1l wherein the first refinery streamis

.deri'ved froma hydrotreating process. 5. The process accorgi&g i)o ﬁ@ltm 1
wherein the first refinery streamis a VG. 6. The procegs SRIEDPES o]

clai m 1 wher avamomdr6iseast 80% by vol une of the second refi nerpcTatsoe@arsboi | s
at a tenperature of less than 538C (1000F) 7. The process according to

cl ai m 6 whéorei conmpletd prastssing $stisyne\and wirishofouidee knovmread nedd bycthgseskilledin has a
nor mal boi ltﬂe point within the mddle distillate range. 8. The process
according to claim7 wherein at | east 80% by volunme of the second refinery
st ream boi | s wi thFighk atsaigie dawvnfiev reactgevesiel 8@ toraiByas 1€as{ REOver@BY alighed The

process according to ¢laim1l.wherein_t second refiner treamis a
Dynthet | o cstetbnes o i gepeioh sone o 15 s 6 SR FSAsBSG st A SpBuo
accordi B t&acEbidRe 20 WRF Rintbvidihisakatdntidingnad Yrdatie amblécules Gloard &dodd om

t he group consisting of straight run VGO _|ight CyCLH%?ﬁQi | . heavy cycle oil
and cooker refisrostieam By A syilablsvghumetricane, plfhe gatplystolime 1 thgfisieartiop &ongecond

refinery sty gRubdfs e ATEE deEendrBRiBR Lok enBERAsSs alUieHA ,-EQ%%a ddp@ndid§én
process according’to claim 11l wherein the second refinery stream has an

aromat i cs drereemof the figpt exfinery straam torthgsecead refinerystroaraskypicat mtigs geperally kai m 1
wherein th L Req L FShal ' f1.dl t cond
oacti on 7 osSeh 2811ahd Thor AibiefR ¢0aRaRE HAlE N bebeciTBASMA A, WewBRC TN
the sam® pipefawdevohsnditieratip isbetweeadt] anl zZAne. 14. The process according to
claim 13 V\/nerei? the tsecond react%o? éone IS nggnt ained,at.,a et:%erature
and at a pressur® Tt RSttt WKL ARGy SYHRE TRREOR mf"ﬂ@"q]@r{%% 9P and

t he pressurfesdsticath a7Medoim atfing fdedstoék 105aeiiclDid heaedin first. feddfurmac® CH54hd

according to claim 1l wherein the se,cond,é,eaction zone IEel:f.fl uent is separated
in a separ eI FRrercion spns U copigined it '@d%?‘?&?rl’(ﬁ%ff’gﬁ)e st gaseqpsdesdus stream

and a |1 quisfesh 1 PPNtk prddd& (RICDOS By RS/ ek %ﬁ&e@tﬁhﬁéﬁn‘é@ﬁ%ﬁﬁ@oi he

second hydrogen-rich gaseous stream’is recovered fromthe separati on zone
at a t edpedighigases inchuigimghydsarben gacs Fisteasans fadetpam 170 shewngn thedigre

according t LAk V ' | QLA ' | orm at
ot ong ifs il & iR Iand Btk IEERTIYE. WIAE MARELEL e OF 1 2
accor di ng thydogen stredm i§ genepilly geaferrayl fat edosemic reasensyitdsihas retjuired.| Inghe st r eam

120119 @ D9SRB SRR e SR
produci ng ao effees @ boilig kange conversion, to form a first reaction zone effluent 120 comprising
‘0 normally liquid phase components and normally gaseous phase components
In an alternative embodiment, the second reaction step is for hydrotreating a low
boiling refinery stream to reduce the aromatic content of a second refinery stream without
overcracking. A substantial portion of this light feed boils in a temperature range below the
temperature range of the first refinery stream, and generally in the middle distillate range or
5 slightly higher, so that the process of hydrotreating in the second reaction zone produces
substantial amounts of high quality middle distillate fuels. Thus, at least about 75 vol% of a
suitable second refinery stream has a normal boiling point temperature of less than about
538°C (1000°F). A refinery stream with at least about 75% v/v of its components having a
normal boiling point temperature within the range of 250°-700°F in an example of a
0  preferred second refinery stream. The process provides a method for hydrotreating a second
refinery stream containing a larger amount of aromatics than the first refinery stream.

Suitable second refinery streams include straight run middle distillate streams from a crude

fractionation unit, including stréight run diesel; synthetic cracked stocks such as cracked
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20. Tﬁe process according to claim1 for producing ajet fuel. 21. The
process according to claim 1l wherein the distillate fraction recovered from
t he hydrotreater reaction zone effluent further conprises!

boi ling in tYH¥¥44f8e c5 -204C (400F) 26 PCTIUS39/00478
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: I_’: : !1200/0/5'2 iﬂ ¢ st re%‘lé’g}g g&% 5)3%5681 eé Wg%g-zgxgeﬁﬂ maintained at conditions

109B&' (p-  IsifiRAsst (o) ednb'len‘tmg iahieast |alp)0t110ﬁ of (HiE ardngdtitd peRseny in e 68084 fefingF% & () -
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pst tttttt ~\airGddy!rBlad e rée dthd &ﬂz%ﬂ&n{ fo-bemovkd in the second reaction zone, the first
10°910% & ()-!2s!'10% & ()- $'10% & ()-G tft LLU‘Q'XdE~\ =0T | 10%| & ()

1 109%1| & () _rqac@@mmn& e(t}uent passes largely unc anged throtgh the second reaction zone. However,

0:%4” & () - . bt ahikg Wﬂl@‘u{v}ntml@)e%kéeﬁ& of ﬂ%ﬁ#é‘t%&'@ég&@ﬁn\ee%em plays an important
1,110%| & () -#10 ()-z! zGlO%| & ()-S 10%| & ()~
s1096| &9( ) a0 pveex@ymcaemwmc'be&dmm éezurtea@mi WE@M}-@?V(")@ e fifshuearigpr( 2one,
the effluent carries with it substantial thermal energy, which is passed to the second feedstock
in the interstage region between the two reaction zones. This permits adding a cooler second
stream to the integrated system than would otherwise be required, and saves on furnace and
heating costs. As the second feedstock passes through the second reaction zone, the
IS temperature again tends to increase due to exothermic reaction heating in the second reaction
zone. Having the liquid first effluent in the second feedstock serves as a heat sink, which
moderates the temperature increase through the second reaction zone, and therefore reduces
the requirement for quench gas introduction. The heat energy contained in the liquid reaction
products leaving the second reaction zone is further available for exchange with other streams
0 requiring heating. Generally, the outlet temperature of the second reaction zone will be
higher than the outlet temperature of the first zone. In this case, the current invention will
afford the added heat transfer advantage of elevating the temperature of the first reaction zone
effluent for more effective heat transfer. The effluent from the first reaction zone also carries
the unreacted hydrogen for use in the second reaction zone without any heating or pumping
5  requirement to increase pressure.

Second reaction zone effluent 25 contains unreacted hydrogen, a hydrocarbonaceous
component and impurity gases generated during reaction, including hydrogen sulfide and
ammonia. The second reaction zone effluent 25 is passed to second separation zone 30, for
separating a liquid product from a normally gaseous product, often in a series of separation

0  units operated at varying pressures aud temperatures in order to maximize the efficiency of
the separation, and to produce a high purity hydrogen stream. Ammonia and H,S produced
during hydrotreating are removed, typically by water scrubbing, and optionally by scrubbing

using a sorbent such as an amine adsorbent. An example separation scheme for a
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both hydrogen sulfide and ammonia. A preferred hydrogen rich gaseous stream 150 is cooled
and recovered at a temperature in the range of about 38°C to about 149°C (100°-300°F) or
preferably in the range of about 38°C to about 93°C (100°F-200°F). The now purified
hydrogen rich gaseous stream 150 is repressurized through compressor 160, and distributed
10 to various locations in the process. A portion of stream 150 may be introduced to second
reaction zone 20 as a second quench stream 145, added to the second reaction zone to absorb
some of the excess heat from the zone generated by the exothermic hydrotreating reactions
occurring therein. An additional portion of stream 150 may be introduced to first reaction
zone 115 as a first quench stream 155. An additional portion of stream 150 is combined with
5 make-up hydrogen 95 for use in the first reaction zone 115. An additional portion of stream
150 may be introduced to second reaction zone 20 as stream 140 (Figs 1, 2, 3 and 4).
Second liquid stream 35, shown in combination with first liquid stream 135 to form
combined liquid product 100 in Fig. 2, is passed to fractionation zone 40, which is typically a
distillation section comprising one or more atmospheric distillation columns and optionally
0  one or more vacuum distillation columns. A light product and at least one liquid product are
recovered. Fractionation zone 40, in the preferred embodiment, is operated to produce a
number of distillate streams. Five streams are shown in Fig. 1. These include light product
45, light naphtha stream 50, heavy naphtha stream 55, kerosene stream 60 and diesel stream
65. A liquid bottoms stream 70, which contains unreacted and partially reacted products and
5  materials which boil above a target temperature, (e.g. greater than about 260°C/500°F) is also
withdrawn. Stream 70 may be recovered as product stream 75 for processing elsewhere, e.g.
additional distillation, treating in an FCC unit or a dewaxing unit for making a lubricating oil
base stock . At least a portion of stream 70 and/or at least a portion of one of the distillate
fractions (i.e. streams 50, 55, 60 or 65) may also be recycled to the first reaction zone 115. A
)  recycle stream 90 is illustrated in Fig. 2.
For treating a residuum as the second refinery stream, it is preferred than neither an

atmospheric distillation bottoms product or a vacuum distillation bottoms product be recycled
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3(Z210% & () - 945 égx@ilségﬁs(nl)wﬂg @% ﬁ]r(h)er exﬁl%awg;[s Hithstrated in Figs. 3 and 4, in which a
first reaction zone 115 and a second reaction zone 20 are in separate reactor vessels 80a and
5 80b, and the interstage region is now a first separation zone 125 separate from the reactor

vessels.

Feed to the first reaction zone comprises either one or more refinery streams (e.g. line
85), one or more recycle streams (e.g. lines 90 and 280), or a combination of refinery streams
and recycle feed. If used in the process, first refinery stream 85 may be one or a mixture of

10 feeds.

In Fig. 3, first refinery stream 85 is combined with first hydrogen rich gaseous stream
170 to form first feedstock 105, which is heated in feed furnace 110 and passed to first
reaction zone 115. Stream 170 is a hydrogen-containing stream derived from recycle
hydrogen stream 175, and containing optional make-up hydrogen 95. First reaction zone

15 effluent 120 recovered from the first reaction zone 115 is passed to interstage region 125,
which now serves as a first separation zone separate from the reactor vessels. A vapor stream
130 and a first liquid stream 135 are recovered from zone 1235.

First separation zone 125, which is preferably a single flash separation unit, is in fluid
communication with the second reaction zone 20 and with the first reaction zone 115.

0 Following separation, vapor stream 130 is passed to second reaction zone 20 at substantially
the pressure of the first reaction zone and without substantial cooling. It will be recognized
that some incidental heat loss occurs in the processing vessels and piping used in passing the
vapor stream 130 from the first separation zone 125 to the second reaction zone 20. Vapor
stream 130 may further be cooled when blended with other cooler feed streams. However, it

's  is desirable to maintain such heat losses at a minimum, in order to save heating costs when
adding the vapor stream 130 to the second reaction zone. A preferred vapor stream 130 is
maintained at a temperature of at least about 350°F (177°C), more preferably at least about
500°F (260°C) and most preferably at least about 650°F (371°C), up to the temperature of the
first reaction zone.

0 First separation zone 125 is likewise maintained at a high temperature to minimize
heat losses in this vessel. In practice a target first separation temperature is the design
temperature for the separation unit, based on the design and metallurgical limit of the

materials of construction of the unit. Accordingly, the preferred first separation zone is
-15-
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maintained at a temperature of at least about 350°F (177°C), more preferably at least about

500°F (260°C) and most preferably at least about 650°F (371°C), up to the temperature of the
first reaction zone 115. In any event, vapor stream 130 is passed, without substantial cooling
after separation, for blending with a second refinery stream S and further blending with

i hydrogen feed stream 140, to form a second feedstock 15 (Figs. 3, 4).

Second feedstock 15, after heating in feed furnace 10, is passed to the second reaction
zone 20, 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 25.
The second reaction zone effluent 25 is separated in second separation zone 30 into a vapor
stream 150 and a second liquid stream 35. Vapor stream 150 is purified and recycled as

described for Figs. 1 and 2.

In the embodiment illustrated in Fig. 3, second liquid stream 35 is combined with first
liquid stream 135, and the combined liquid stream 100 is passed to fractionation zone 40,
which is typically a distillation section comprising at least one atmospheric distillation
column, followed optionally by at least one vacuum distillation column. A light product, at
least one middle distillate product and a liquid bottoms product are recovered. Liquid bottoms
product 70 generally contains unreacted hydrocarbons from the reaction zones and
hydrocarbons which boil above a target temperature, (e.g. greater than about 500°F/260°C).
As shown in Fig. 3, at least a fraction of liquid bottoms 70 is recovered for further processing
as recycle stream 90. Up to 100% of liquid bottoms 70 may be recycled. At least a portion
of the liquid bottoms may optionally be withdrawn through product stream 75 for processing

elsewhere, e.g. an FCC unit or a dewaxing unit for making a lubricating oil base stock.

In the embodiment illustrated in Fig. 4, second liquid stream 35 may contain materials
which are not desirably recycled to the first reaction zone. A second refinery stream 5§
containing asphaltenes, e.g. a residuum stream, is an example feedstock which results in a
second liquid stream having sufficiently high amounts of asphaltenes to be detrimental to a
hydrocracking catalyst contained in the first reaction zone. Accordingly, first liquid stream
133 is passed to first fraction zone 40 for separation into one or more distillate fractions and a
first bottoms stream 70 and second liquid stream 35 is passed to second fractionation zone
240 for separation into one or more desulfurized distillate fractions and a second bottoms
stream 270. At least a portion of first bottoms stream 70 may be recycled via first liquid
recycle stream 90 to the first reaction zone, and at least a portion of second bottoms stream
270 may be recycled via second liquid recycle stream 290 to the second reaction zone.
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hydroprocessing under conversion conditions via third recycle stream 280, including one or
5 more of desulfurized vacuum gas oil 260, at least a portion of desulfurized diesel stream 255
and at least a portion of desulfurized naphtha stream 250. Desulfurized C4- fraction 245 is
also recovered from second fractionation zone 240.
The drawings in Figs. 1, 2. 3 and 4 show two reaction zones contained in one or two
reactor vessels. It will be recognized that one or more additional reaction zones upstream of

10  the first reaction zone, and one or more additional reaction zones downstream of the second
reaction zone, may also be present in the reactor vessel or in accompanying reactor vessels.
As used herein, the relative positions “upstream” and “downstream” are related to a reference
position by the direction of liquid flow through the reactor vessel. Employing a minimum
number of reactor vessels in the present process may be preferred for economic reasons.

15 However, depending on the particular application of the present process, the required total
catalyst volume may require multiple reaction vessels. It will be further recognized that the
process as described herein may be incorporated into a larger process involving other
hydroconversion reactions.

Reference is now made to the following examples of a specific embodiment of the
20 invention, which illustrate the benefit of the process of this invention.
Example 1
A reactor system was prepared containing 65 vol% Catalyst I over 36 vol% Catalyst I
(see Table I) A heavy VGO (Feed A in Table IT) was contacted with 5000 SCF/Bbl hydrogen
over Catalyst I. A light cycle oil (Feed B in Table II) at approximately the same volumetric
'5  flow rate was contacted, along with the effluent from Catalyst I over Catalyst II. Conditions

and results are tabulated in Table I11.

Table I
reactor
Catalyst 4% Ni/20% W /20 % 64
I USY
Catalyst 3% Ni/21% Mo /3%P 36
I
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residuum hydrotreating unit.

Table 1

Arabian Blend Vacuum Residuum Feed
Degrees API 4.6
Specific Gravity, g/cc 1.04
Sulfur, Wt % 5.73
Nitrogen, Wt % 047
Nickel, ppmwt 46
Vanadium, ppmwt 105
Carbon Residue, Wt % 24

; Product yields from the hydrotreating step are shown in Figure Table II.

Table II
Yields and Product Properties from Residuum Hydrotreating Step
TBP Cut LV % of Sulfur,

Liquid Points, °F °API VR Feed Wt %
Products

Light Cs-180 81.7 0.36 0.007
Naphtha

Heavy 180-330 56.5 2.04 0.013
Naphtha

Diesel 330-690 31.9 13.46 0.068

Desulfurized 690-1000 18.9 27.40 0.259
VGO

VGO Product 690-1000 - - -

Desulfurized 1000+ 12,4 60.10 0.900
Residuum

Fuel Oil 690+ 14.4 87.51 0.705
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Table I1I
Yields and Product Properties from Hydrocracking the Desulfurized VGO
Product from the Residuum Hydrotreater
TBP Cut LV % of Sulfur,
Liquid Points, °F °API Desulfuri ppmwt
Products zed VGO
Feed
Light Cs-180 80.0 8.51 <5
Naphtha
Heavy 180-330 54.0 23.99 <5
Naphtha
Diesel 330-690 40.0 74.80 <5
Desulfurized 690-1000 - - -
VGO
VGO Product 690-1000 323 5.00 50
Desulfurized 1000+ - - -
Residuum
Fuel Oil 690+ - - -

In Table IV the yields and product properties for the overall integrated process are

listed. The benefit of the present invention can be seen by a comparison between the
columns entitled “LV% of VR Feed” in Table II and in Table IV. Table II lists data for the

comparative case, with residuum hydrotreating without hydrocracking. Table IV lists data

for the invention. Including hydrocracking in the integrated process resulted in significantly

higher yields of naphtha and diesel, the desired products of the process, and much lower fuel

oil yields.
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Table IV
Overall Yields and Product Properties from the Combined Process of this
Invention
TBP Cut LV % of Sulfur,
Liquid Points, °F °API] VR Feed Wt %
Products
Light Cs-180 80.2 2.69 0.001
Naphtha
Heavy 180-330 54.6 8.61 0.003
Naphtha
Diesel 330-690 36.7 33.95 0.030
Desulfurized 690-1000 - - -
VGO
VGO Product 690-1000 323 1.37 0.005
Desulfurized 1000+ 124 60.10 0.900
Residuum
Fuel Oil 1000+ 12.4 60.10 0.900

Table V shows that the cetane number of the diesel product was much higher for the

integrated process than for the comparative process using only residuum hydrotreating.

Table V

Residuum hydrotreating

only

Hydrocracking process

Process of the invention

Cetane Index

45+

60+
55+

Although only specific embodiments of the present invention have been described,

numerous variation can be made in these embodiments without department from the sprit of

the invention and all such variations that fall within the scope of the appended claims are

intended to be embraced thereby.
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Claims:
1. An integrated hydroconversion process comprising:

a) combining a first refinery stream with a first hydrogen-rich gaseous
stream to form a first feedstock;

b) passing the first feedstock to a first reaction zone which is maintained
at a reaction temperature in the range from of from 340°C. to
455°C.(644-851°F), a reaction pressure in the range of 3.5-24.2
MPa(500-3500 pounds per square inch), employing a feed rate (vol
oil/vol cat h) from 0.1 to 10 hr' and a hydrogen circulation rate ranging
from 350 std liters Ho/kg oil to 1780 std liters HJ/kg oil (2,310-11,750
standard cubic feet per barrel), thereby effecting a boiling range
conversion of the first refinery stream of at least 25%, to form a first
reaction zone effluent comprising normally liquid phase components

and normally gaseous phase components;

c) combining the entire first reaction zone effluent with a second refinery
stream having a boiling point range below the boiling point range of
the first refinery stream to form a second feedstock;

d) passing the second feedstock to a second reaction zone maintained at
a reaction temperature in the range from of from 340°C to 455°C (644-
851°F), a reaction pressure in the range of 3.5-24.2 MPa(500-3500
pounds per square inch), employing a feed rate (vol oil/vol cat h) from
0.1 to 10 hr'' and a hydrogen circulation rate ranging from 350 std
liters Ho/kg oil to 1780 std liters Hy/kg oil (2,310-11,750 standard cubic
feet per barrel), which are conditions sufficient for converting at least a
portion of the aromatics present in the second refinery stream, to form
a second reaction zone effluent;
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3. The process according to claim 1 wherein the first refinery stream has a
normal boiling point range within the temperature range 262°C-593°C (500°-

1100°F).

4, The process according to claim 1 wherein the first refinery stream is derived
from a hydrotreating process.

5. The process according to claim 1 wherein the first refinery stream is a VGO.

6. The process according to claim 1 wherein at least 80% by volume of the

second refinery stream boils at a temperature of less than 538°C (1000°F).

7. The process according to claim 6 wherein at least 50% by volume of the
second refinery stream has a normal boiling point within the middle distillate

range.
8. The process according to claim 7 wherein at least 80% by volume of the
second refinery stream boils with the temperature range of 121°C-371°C

(250°-700°F).

9. The process according to claim 1 wherein the second refinery stream is a
synthetic cracked stock.
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15. The process according to claim 1 wherein the second reaction zone effluent is
separated in a separation zone to form at least a second hydrogen-rich
gaseous stream and a liquid stream.

16. The process according to claim 15 wherein the second hydrogen-rich
gaseous stream is recovered from the separation zone at a temperature in
the range of 38°C-149°C (100°-300°F).

17. The process according to claim 16 wherein the liquid stream is fractionated to
form at least one middle distillate stream and a bottoms product.

18. The process according to claim 17 for producing at least one middle distillate

stream having a boiling range within the temperature range 121°C-371°C
(250°-700°F).
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. The process according to claim 1 wherein the distillate fraction recovered

from the hydrotreater reaction zone effluent further comprises components
boiling in the range C; —204°C (400°F).
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