; €3e88Fb&6T]h[0 ? F E B 2003 " | NTEGRATED HYDROTREATI NG AND 1 I 1
HYDROCRACKI NG PROCESS " *166166* 5 BACKGROUND Petrol eum refiners often
produce desirabl e products such as 10 15 turbine fuel, diesel fuel 0drkEB 2003
- other products known as mddle distillates as well as |ower boiling

hydr ocar bonaceous |i quids such as naphtha and gasol i ne by hydrocracking a
hydr ocar bon feedstock de, r_.e | e Feedﬁ Hﬁﬂﬂ“ﬂ@\ﬂ w
often subjected to hydrogzwigﬁ %ﬁi@fhg%eﬁﬂﬁp gas oi | m ‘ n“l
fromcrude oil by distill atht¥RR '399 s oi | conprises a=+e6166*
substantial portion of hydrocarbon conponents b0| i ng above 371 C (700F),
usual |y at | east about 50 percent by weight. A typical vacuum gas oil
normal |y has a boiling point rangBAGKGBOWNDS5 to 565C (600 to 1050F).
Hydrocracking is generally acconplished by contacting in a 20 hydrocracki ng
reaction vessel or zgne the gas oil or oth feedstock to,b ted with a
sui tabl e hydr ocr acki MGregum 3§fsn%ﬂd‘éfﬂerbdﬁ8§‘t'? Bé qlégst*t‘éﬁ%eraét ure
and pressure in the presence of hydrogen so as to yield a produ
cont ai ni ngtugbiae dueli giespbiveband pthes 50 bmwmeﬁsmae@i digiilatss @shweH afi ner .
The operating conditions and the hydrocracking catalysts within a
hydr ocr ackiowegr regiling rhyidnddaneonaceche fdquidsl sotht &g naphtha ranck gaselined byt s.
Al t hough a wi de variety of process flow schenes, operating conditions and
cat al ysg s hyateclaerimgus ety drocarbonefeedstociacdarived i feom ¢radeeoil, sfol examplel F E B
2003 always a demand for new hydrocracki ng nmet hods which provide | ower

costs and Re&dsbCHs ﬁwsdoﬁéﬁ@m,ecvé@tcdﬁydfobraomr@eaergéé bllé@ﬁWheTaW%;a@nhanced
product selectivity can be achieved at tovver conver5| on per pass (60%to

0% conver iR cRlelebeRin'ad by aNaLBR. AohBlo8 heaVl/déosi eekipRgezanc

However, it was previously el | eve hat any ant a oper ik ng at

E?'m"YY. Z‘E?ﬁfg]ub%ﬁtfa‘f}vfﬁ‘t%* ey ’ B e d@%b*ﬁf’ég‘ggﬂ"éb%%ﬁoﬁ'Z&Peﬁs. ve)
o conver Sy Rnops b coia ey baat: ?‘a@@éﬂtﬁse@w‘tﬁiq%itiﬁﬁ&ﬁa'}'&it ages.

SUWARY The present invention is a catal yti c h drocracking process which
provi dé% hh@gérqu'@tﬂ%”v@@ﬂﬁ&ewq’@ dd tg o1 4805Fkr yi el ds of
turbine fuel and diesel oil. The process of the present i nvention provides

t he yi el d advant ages . . o
Hydrocracking is generally accomplished by contacting in a

hydrocracking reaction vessel or zone the gas oil or other feedstock to be
treated with a suitable hydrocracking catalyst under conditions of elevated
temperature and pressure in the presence of hydrogen so as to yield a product
20 containing a distribution of hydrocarbon products desired by the refiner. The
operating conditions and the hydrocracking catalysts within a hydrocracking

reactor influence the yield of the hydrocracked products.

Although a wide variety of process flow schemes, operating

conditions and catalysts have been used in commercial activities, there is
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associated wth a | ow conversion per pass operation w thout conprom sing
unit ~ 5 economcs. O her benefits of a | ow conversion per pass Opﬁr’]?@ﬁ@[ﬂ
include the elimnation of the need for inter-bed hydrogen quench an
‘mnimzation of the fresh feed pre-heat since the higher flow rate of
recycle liquid will provide additional process heat to initiate the

catal ytic reaction and an additional heat sink to absor. he heat of
feaction. ANESE dPMand oo Y Rierarkingethads Wilch PRtk IS RSB DN and
i ght ends production may al so be obtained. Finally, the | ow conversion per
pass oper ahigherrlissif rrediiets yields: ally 48 ganaially, kpownpthat perrhancedopraduchne
enbodi nent the present invention relates to a process for hydrocracking a
hydr ocar bosatestivity foaaddeoakhisved hapiowes conversiors zert hasst @056 ofo: 90&)
passi ng a hydrocarbonaceous feedstock and hydrogen to a catalytic

deni trifi cabnesrsiondofciesall feed) Tabugin thiecoatalydio Hydnscratking aohe orHaveavdirtit ons 5
including a tenperature from 204 to 482C (400 to 900F), a pressure from3.5

to 17. 35MPayds5pfviciskonievadTthat anyidavhﬁtage%fl YpSRaRE af Yl tabceit doke
hydr ocar bonaceous feedstock from0:1 to 10 hr', wth a catal yst; and

e ond BRI 8 AP 400 05 gy il
oL11 PPEr UL RN, S bae i BRI oRd LRSS ol BBt

tenperature below the boiling range of the hydrocarbonaceous feedstock,

hydr ogen sdﬂﬁ”&@”&ﬁﬂa%ﬁmﬂ{,s&?ﬁjg%@?m@t NS AT 3PWARANVERPT SEhfass

hydr ocar bonaceous conpounds boiling in the range of the hydrocarbonaceous

f eedst ock; Pregessand ¢rnapstraigs theyunexpestad agvastagefe first liquid streamto
a hydrocracki ng zone containing a hydrocracki ng catal yst and operating at a
tenperature of 204 to 482C (400 to about 900F), a pressure from3.5 to 17.3
nmPa (500 to 2500 psig), a |iquid hoBUNMMARY.e velocity from0.1 to 15 hr';
and recovering a hydrocracking zone effluent therefrom (d) passing the
hydr ocracki ng zone effluent to the 20 denitrification and desul furization
reaction zone; (e) cdh@epresant imventersis a gadalytio hydrocranking pgcessapwhicat r eam
recovered in step (b) to produce a second |iquid stream conpri sing

hydr ocar borpaoédes highep bauid produdt iviedds tspacifiealyehigher wells| af urbires fuel bhdg
range of the hydrocarbonaceous feedstock and a second 3 0 7 FEB ?003
vapor str eafiessdill | Thagrdueds agane presamt dmagrionrblidde theyibld iadvaregesi ng at
| east a portion of the second vapor streamto the hydrocracking zone. In a

second embodisaBiated Wit aPbRSEHvVerdiYEe Pet PAsE Bbafatontwitiou COARITEMidHig unit
hydr ocracki ng a hydrocarbonaceous feedstock as descri bed above 5 in the

first agbodicBRamicd) WiRP bheli@H a Toup BEANKSRAY bbBadd oblkuBAGABEAYARE"

streamis embodi into a reflux heat exchange zo ocated in an upper end
o or e el B B0 ¥ e RS SBHh 3 88 Al phayR i
i ntroduced i 8ty0, 3 JeBU5HreHSht Yindd e highBP fbw! i WP Ryl BBl TSty
additional process heat to initiate the catalytic reaction and an additional heat
sink to absorb the heat of reaction. An overall reduction in fuel gas and

20  hydrogen consumption and light ends production may also be obtained. Finally,

the low conversion per pass operation requires less catalyst volume.



ioIn a third enbodi nent the present invention relates to a process for
hydr ocr acki ng a hydrocar bonaceous feedstock as described in the fi03tFEB 2003
enbodi ment wherein at |east'=a portion of the first vapor streamrecovered
i.n step (b) is passed to a post-treat hydrogenation reaction zone to
saturate aromati c conmpounds; and at |east a portion of the resulting

ef f1,uent from the 15 RPShs Rk NAl ASSHRLLAN (SRR Aaees 4 pragadageed to

produce at |east a portron o rqui ream conpri

hydr ocar bonaceous conpoupds boiling at t rature bel ow t he boiljng
Fange. of ¢ BV STk an AXUBAaTOPRBRRT S R SRPG AR PTOPSS SoTBRTGRS Hie
second vapor stream conprising hydrogen and hydrogen sulfide. 20 Further in
a fourth enBdsnefit {HPa8FEFeAt hydrpeattiopaceeysaiieadsteckn andokwgepgesr to a
hydr ocracki ng a hydrocar bonaceous feedstock which process conprises the
steps of : (ajtahdicsdenjtrificaijatr andrdesuligrzalionf readierozknerad réactian Zomditoris 2003
hydrogen to a denitrification and desul furization catalytic reaction zone
at react § onirmiuding andimpesdtare frohu204 ¢ a82WPA0CcIeG0H) oap2€eure frbB2 8.5 400
to 900F), a pressure from3.5 to 17.3 nPa (500 to 2500 psig), a liquid
hourly space Ver.8cimBa abobhe MBI GRIdDONRCRRIE AEARSspake§ taIBLR Joft thelO
hr', and 5 recovering a denitrification and desul furization reaction zone

ef f1 uent t NAUEIJcaMoriRboRd BbABtobReEAT | WERUAIPHY vifh % Noalydl dhd

pressure stripper utilizing a ydrogen-rich stripping gas to produce a

at o t onper S BT Nw oot K SRRl aoR rEA AP AR R BRERiReRorR 11 1O

f eedst ock, drogen sul fide and i, o ampni and a first liquid stream
conpri o ng RuPotnsdie et Shrninia g Flanopressumestiangt Hizhda ol

hydr ocar bonaceous feedstock; (c) passing at |least a portion of the first
liquid 49 r e AWFEQYCR- RN rBERRIRK 885 Z¥nPreditsni i gt avarRlr SHeARKI GRRIISING v st
and operating at a tenperature of 204 to 482C (400 to 900F), a pressure
from 3.5 t ohydragempaydmgarhonzseoup segpounds inpiing aloartegperatypabelovethsci ty
fromO0.1 to 15 hr'; and recovering a hydrocracking zone effluent therefrom
(d) passi ngbohlieghyahgec radc iendhydoscaredrfidasons feedshoekdemydrogén csuifiden amad
desul furi zation reaction zone; (e) passing at |least a portion of the first

vapor streammraonieand d firsstiguid(&tjedre comeiing hedrbcmpdhagenss compoaadd i on
zone to saturate aromatic conpounds; (f) condensing at |east a portion of

the resul ti mailidg infthe YeRde bf ME hftRobABbnhEstls favdsReRNE) ipaRsingafttibadt Zone
to produce a second liquid stream conprising hydrocarbonaceous conpounds

Feedst odf and b atont vigor s et i ARAT BLihdn 2 RO 1
Second vaporYEREHCKTE ofpid and sbefaindr 3 oo &aRire bt A0k AELE, oClo 3
second port ia%rcl)ui) fQOBtE), SaeBPeré%u}/eaPr%rm %tg & r(l]fé] tn?Pé’l1 (%SB't‘éxzsoo psig), a liquid
hourly space velocity from 0.1 to 15 hr''; and recovering a hydrocracking zone
effluent therefrom; (d) passing the hydrocracking zone effluent to the
20 denitrification and desulfurization reaction zone; (e) condensing at least a
portion of the first vapor stream recovered in step (b) to produce a second liquid

stream comprising hydrocarbonaceous compounds boiling at a temperature

below the boiling range of the hydrocarbonaceous feedstock and a second
3



heat exchanger | ocated in an upper end of the stripper to produce refl ux;
and (i) renoving and heating the second portion of the second vapor 03t FEBa3§(3
fromb5 the reflux heat exchange zone and introducing the second portion of
the second vapor streaminto a |lower end of the stripper to supply a
stripping nmedium BRI EF DESCRI PTI ON OF THE DRAW NG The drawing is a
sinplified process flow diagramof a preferred ' e diment, of the esent
ivent | on. VBBSTETARTERTRASRY BTRGee Bnd e e BHRC AEE Dn Hovhitinel
l'iquid product yields and a | ower cost of Er oduc(;i on %an be achi eved and
enj oyed i n'@3st astien gbiersesend vaPRGPERA R IE BYGrackaCKy ARy dr ocr acki ng
process. The process of the present invention is particularly useful for ~
5 hydrocracki ng a hy#r cc@esend ogmbedimentnithg Breseakt Arvitionafripies ta Her
organic materials to produce a product containing hydrocarbons and/ or ot her
or gani ¢ naperdesisstoo hytimeeackingea dydrdovarbomagepos ficedatock asmlesariizecdgbove

nol ecul ar wei ght. The hydrocarbon feedstocks that may be subjected to

hydr ocr gcKiipendirst Rentitrtitedt whetdie ait legittd eecdriecportionalfl thei geeoal vapbs and
synthetic oils (e.g., shale oil, 20 tar sand products, etc.) and fractions

thereof. | 'slrlééfr{ i%tén‘{lgod?é@' 6 arrBAlx hesdsicialnge 'Z3R6 Wlaitd 8 45 8n LPREAERY BY
conponents boil i1 ng above 288C (550F), 6 0”7 F E B 2003 such as

her ol OLLS. I her i
el e o Sridherct KRRIMLE, 8808 1EeRERHY bbfton'BF HifseBBd FeBPPNCr ! ©
distillat trai ght distill.at | t-d hal. il .

pyrol ys - SUPROLH Byt T refidiesybnbines SHRE BREVR Flrglucko g 2o
cracker di m‘%rlbéﬁ}gf@egupreferred 5 t‘wdr,ocrac_l ng feedstock is a gas oil or

ot her hydr RPen 30 SHEPYSHIRRIRY MBSy wei ght, and nost usual |y

at | east 75% by weight, of its conmponents boiling at tenperatures above the
end point of the desired product, which end point, in the case of heavy
gasol i A8, is gener al If & Hird RMbegigent tagnpiesent dnvengien retades &0 fopioFestne of
the nost preferred gas oil feedstocks wll

for hydrocracking a hydrocarbonaceous feedstock as described in the first

embodiment wherein at leasta portion of the first vapor stream recovered in
step (b) is passed to a post-treat hydrogenation reaction zone to saturate
aromatic compounds; and at least a portion of the resulting effluent from the
15  post-treat hydrogenation reaction zone is condensed to produce at least a
portion of the second liquid stream comprising hydrocarbonaceous compounds
boiling at a temperature below the boiling range of the hydrocarbonaceous
feedstock and at least a portion of the second vapor stream comprising

hydrogen and hydrogen sulfide.

20 Further in a fourth embodiment the present invention relates to a
process for hydrocracking a hydrocarbonaceous feedstock which process

comprises the steps of: (a) passing a hydrocarbonaceous feedstock and

4



1 o contain hydrocarbon conponents which boil above 288C with best results
bei ng achieved with feeds containing at |east 25 percent by vol ume( pfFEgheg;
conponents boiling between 316 to 538C (600 and 1000F) an especially
preferred feedstock boils in the range of 232 to 566C (450 to 1050F). Al so
i ncluded are petroleumdistillates wherein at |east 90 percent 15 of the

conponent 1l in the range from 149 to 427 30 80QF).. The petrol eum
i st 1t SyaRipr o et MGG Gt debBiieAlion Calall | ettion insh el
(boiling range, for exanple, from10 to 85C (50, to 185F nd v asol i ne
fracti ons "¢®dI9N% AeNe &HBH’?’OF%H”@%@HQI & leMpsAtaEs er”"Z@Qg %1%%2 Fg?i@ﬂ\;#? The
present invention is particularly suited for maxim zing the yield of |iquid
products 2907 nklauaressura deme 3di 42 i171HmP(2de s2500@siB| adiavdd hesdyt ock is
first introduced into a catalytic denitrification and desul furization
reacti on spaee tvaimityesf thiet hydrobarbofacedus’ fdedstdsk D0 erdirtoc‘r@d’kf,ngndone
effluent at hydrotreating reaction conditions. Preferred denitrification

and desul frwdxzaam'g@dé@iaﬁtchﬁ@n @apdddsufinfzationvedeidr eahé Refluetd tiidreflom;
conditions include a tenperature from204 to 482C (400 to about 900F), a

pressure E()Bg?hs%siﬁg 4Qe Je?ﬂL%d?PoﬁreE{?ng ta0h8t5Qﬁqu§Pé%)shré‘sirip‘b\éP dtitaHg lay hepace

vel ocity the” fresh hydrocarbonaceous Teedstock from0.1 t0 10 h~" with

Aol PRI H5boRs SaSCIP PR BT (RICLBLSE W cBlabisAg The
1y 92 SR ke tiBel8 AP hrTel SERL B B B e b R Vot
g Seh o T Ml SES AR ER L 645, i ten Sty eur
10 ammonia, and a first liquid stream comprising hydrocarbonaceous compounds
boiling in the range of the hydrocarbonaceous feedstock; (c) passing at least a
portion of the first liquid stream to a hydrocracking zone containing a
hydrocracking catalyst and operating at a temperature of 204 to 482°C (400 to
900°F), a pressure from 3.5 to 17.3 mPa (500 to 2500 psig), a liquid hourly
15  space velocity from 0.1 to 15 hr’’; and recovering a hydrocracking zone effluent
therefrom, (d) passing the hydrocracking zone effiuent to the denitrification and
desulfurization reaction zone; (e) passing at least a portion of the first vapor
stream recovered in step (b) to a post-treat hydrogenation reaction zone to
saturate aromatic compounds; (f) condensing at least a portion of the resulting
20 effluent from the post-treat hydrogenation reaction zone to produce a second
liquid stream comprising hydrocarbonaceous compounds boiling at a

temperature below the boiling range of the hydrocarbonaceous feedstock and a

second vapor stream comprising hydrogen and hydrogen sulfide; (g) recycling at
5



conventional hydrotreating catal ysts and include those which are conprised
of at least one Goup VIII netal, preferably iron, cobalt and nickd?7 FRPgm3
preferably cobalt and/or nickel and at |east one Goup VI netal, preferably
nmol ybdenum 15 and tungsten, on a high surface area support material,

preferably alum na. O her suitable hydrotreating catalysts include zeolitic

catal ysts, | Blis5oroh! & (B! Sbedt ShyS! SLB o e HANGASBRG!2dk®

sel ected from pal | adi um anﬁ plat 1 num iswWwthin the’s present

i nvention r hydr [N talyst b S in the
sare  eact (B yBRAES A RaSES shOTH Borist Yiahe FohaRPy AR Bp, Pl A1f "o
anount ranging from2 to 20 w.% preferab from4 to 12 w.% The oup
U ot al - wheRe eypager JSaeh e 2B e Sl Shifionet ARG G I PV S e o
preferably from2 to 25 w.% 8 U7 F E B 2003 The resulting effluent
from the déhirempringaancoheating thesgesand partioprofr bgcsecomdz warori sreamfoner r ed
w t hout intentional heat-exchange (uncooled) and is introduced into a hot,
hi gh pr ess dhe reftuxi hest egchangs zarenarsd mbrddatingskesecahd pottioa afdhe spcesdur e as
the denitrification and desul furization reaction zone where it s is

count er cur vapbt stredrhiimtpediower Bnd divied sEipPer iocsupphsa etippirid e, produce a
first gaseous hydrocarbonaceous stream contai ni ng hydrocar bonaceous
conpounds boiling at a tenperat 700F), hydrogen sul fide
and ammoni a, and a fir st BRIELPESGRIFJIQNSR JHE RRAWING Y cont ai ni ng

hydr ocar bonaceous conpounds boiling at a tenperature greater than 371 C. 1o
The stripping zone ig preferably maintained at a tenperature in the range
from 232 to 468C (450N"ecdraming issassmplified pspgasgeiiaw raiagramef @errafeired cati on
and desul furization reaction zone is not substantially cooled prior to

st r'i ppi ng @®@mbadimedt ofthe presentvrveritiont enper at ure due to unavoi dabl e heat

| oss during transport fromthe reaction zone to the stripping zone. It is
preferred that any 15 cooling of the denitrification and desul furization
reacti an zone effluent prior tREITAILEDDESCBIRTEON t han 56C (100F). By

mai ntai ning the pressure of the stripping

It has been discovered that higher liquid product yields and a
lower cost of production can be achieved and enjoyed in the above-described

integrated hydrotreating and hydrocracking process.

The process of the present invention is particularly useful for

15  hydrocracking a hydrocarbon oil containing hydrocarbons and/or other organic
materials to produce a product containing hydrocarbons and/or other organic
materials of lower average boiling point and lower average molecular weight.

The hydrocarbon feedstocks that may be subjected to hydrocracking by the
method of the invention include all mineral oils and synthetic oils (e.g., shale ail,

20 tar sand products, etc.) and fractions thereof. lllustrative hydrocarbon

feedstocks include those containing components boiling above 288°C (550°F),
6



zone at essentially the sanme pressure as the denitrification and

desul furization reaction zone is neant that any difference in pres§yrEEg #p3
due to the pressure drop required to flow the effluent streamfromthe
reaction zone to the stripping 20 zone. It is preferred that the pressure
drop is less than 690 kPa (100 psig). The hydrogen-rich gaseous streamis
preferably | ] - StELpRILN I a ter an out 1
M osoor the SHonrot arpstigitas B8l Rat R, bey AT TR UBhn Al ekt e
hydrogen-rich gaseous stream used as the strippjng 9 ~ 7.F E.B 2003

o U 1t BTGERIGI i Mo a e 9f M BEOMaRked, resifial,oike ORET
exchange zone | ocated in an upper end of the stripping zone to produce
reflux ther itHatasasyaight fum diskl\ades otveat-geasphalied allsaPwalvsipadestyed-aiisch
gaseous streaminto a | ower end of the stripping zone to performthe

stri ppi ng f tigh boiingSsyathéticasils, ccypler dilpandfcatheratkersdistililatesd A preferred

hydr ocar bonaceous stream cont ai ni ng hydr ocar bonaceous conpounds boiling at
a tenper at uhgdmceadiéng féedst@okl isCa( g@db)l srectree rydrdaaoibort Hactdr iHapinggazone
is introduced directly into a hydrocracking zone al ong with added hydrogen.
The hydr ocr 36dgt NGO%OHy WRIGIIOTErA Mmedte ushiallfPrR kRds 2%t B¢ Wailhtobf its
different catalyst. In one enbodi nent, when the preferred products are

m ddl e di st ichhiRntd D&M &f Ringstalited 865RCHIShd BOIRAL ¥Pin ddditl rphous
bases or |ow 1l evel zeo |r|t?%_ ases conbi ned wth ongéor nore ouéﬁeﬁ‘fn? or
Craup V12 o BUETAT T R0 HERPRRRLS gab 0 BRI R Phogd B "
ool i 1o or acRPrg SEL GBaoWRcR" B a5 e ke ErafereH GHRlbleRrSIotet ! or qup

VIl metal hydrogenating conponent. Additional h%dr Qr?%egati _ng conponent s nmay
be sel edPed PP dISIRFAREN FCAMBPONESD JYhieh fwilnabdve 882G owith dbashsesulihe

zeolite cracking bases are sonetines referred to in the art as nol ecul ar

si eves and ®ehdischieved cwiipdeeds sontdainingat lgrahi2Rapericanbiy wiumer of the
exchangeabl e cations such as sodium magnesium calcium rare earth netals,
et c. They arcenfpanehts botiag duateren edil o SRRST al(6p0raasd dD00H)adn eshgcially f or m
di aneter between 4 and 14 Angstrons (10-' meters). It is preferred to

enpl oy 10 RefériedHe8dstOOBbaitini the samge bIeBRHto 58620 M80ytoMiogbem)i | i ca/ al um na
nole ratio between 3 to 12. Suitable zeolites found in nature include, for
exanpl e, nordenite, stilbite, heulandite, ferrierite, dachiardite,

chabazite, erionite aped mdjuriddtfre patiolath eistiliateBatihareireat 1bAS1SO0 pelcede, for
exanple, the B, X, Y and L crystal types, e.g., 5 synthetic faujasite and

nor deni t16. Hiahd ' Rnfidridfhts 86l iih @Fe dakyd RBRE 180MbNP7oCY B0d! toPQO@ MY afwd er s
bet ween 8-12 Angstrons (10-' neters), wherein the silica/alumna nole ratio

is 4to 6. ' ' ' [ r : : is

R JRoldlin HATRIS Hay?08 oAb tbobrkilEe 'Bbth NBPIGREHAE Faltiohe
(boiling range, for example, from 10 to 85°C (50 to 185°F) and heavy gasoline
fractions (boiling range, for example, from 85 to 204°C (185 to 400°F). The
present invention is particularly suited for maximizing the yield of liquid products

20 including middle distillate products.

The selected feedstock is first introduced into a catalytic

denitrification and desulfurization reaction zone together with a hot

7



The natural occurring zeolites are normally found in a sodium1l o form an
al kaline earth netal form or mxed fornms. The synthetic zeolites YEFER ) 3
nearly always prepared first in the sodiumform In any case, for use E\Bs QQ
cracking base it is preferred that nost or all of the original zeolitic
nonoval ent netals be ion-exchanged with a polyvalent netal and/or with an
ammoni um sal.t foll owed by heating.to dec ose t.he a nium i Qns associ at ed
W Eh he Teolbefii as e REEN, 3 rbAr TR R e RO S 5o B hange
sites which have actually been decationi zed (g%/ further, renpval of water.
Hydr ogen SRMUHICRHON ARG dgsulurizaden reactign eaRAitions ¢ Svartreating reartiorul arl y
described in US-A 3,130,006. M xed pol yval ent netal - hydrogen zeolites may
be prepar 68N@ioN® iPAUdK chiatapergture rieam @4 ta 83 HdAPO P sahiaut Q088R). partial |y
back exchanging with a polyval ent netal salt and then calcining. In sone
cases, as pressune froas8.50to Bx/Atrhied (500 2800 peig),tahBquig doage spaoe nelociy be
prepared by direct acid 11 0 7 F EB 2003 treatnent of the alkali netal
zeol i t gs. of hthepripdstr radirecabbhdvboues tsedbteck esa O cfp arce ' lvidsta 10%
and preferably at |east 20% netal-cation-deficient, based on the initial

I on- exchapggrdt@RARb italfst R Addrhsiabfioh demydrahbayrchiakall e cl ass of
zeolites are those wherein at |east about” 20% of the fon exchange 5
capacity is satisfied by hydrogen ions. The active netals enployed in the

pref err od_hydr oot aclnag g ahydbieafnd8sPLESE okl SolehoNoap didzagenat | on

conponents are those of 0 ., Iron, cobalt, nickel, ruthenium

51 ) e YRR ATALE o R
i i . G L.VIB. e.qg., T
e 59 0l o Y i S SRABbRRS SPdl eo.

Broadl y speaki ng, any anount between 0.05%to 30 wt.% nmay be used. In

the~céée Stifhancorlittogan And for some,fvdsregnatiosr of r dgmalicise Juitadlg o 2

w.% The preferred nethod for incorporating the 15 hydrogenating netal is

t o cont achYerdreadiogi catalide iont U$e an Wie hpreseatUewrYionolale | 8ny okn@wrui t abl e

conpound of the desired netal wherein the netal is present in a cationic

form Fol convenficndd hydmireating watalydte @nddnblude dhesaawhich aest abmerisedkohl s, t he

resulting catal yst powder is then filtered, dried, pelleted with added

| ubri cant ait IdashdaesGuptViH rhetat préfecatsly tred, catralt arad nickeld more irefesdbiy o

tenperatures of, e, g.) 371 -648C (700-1200F) in order to activate the

catal yst zBHaHefRIBOSIEkE AR at! [Bdspdhe Btdupl URMet8l Yrefediy esdljbderi@iponent

may first be pelleted, followed by the addition of the hydrogenating

conponent d tat 4 Al T bt be

enpl oggd iaﬂau%dl t%fgdéﬁl);h W%rpgbﬁhg@ B’H}%%O%lfp oﬁm@%@hgﬁ%m Zaél@g]o'i te

cat al yst g I il tdve ive
f&ﬁﬁrggﬁtﬁsﬁ&gﬁyé‘@ﬂ%@ﬁg chfhads cthbeoi&ﬂfttc Scﬁltﬁéatg,géeé’ leeﬂ. - Rthe

catal ysts, such as al um na, Silica-al um na

cogel s, ahLupLelyHheWRoM thel RSk iéial R £ GHEE YRR Bali &G Shd platinum.

It is within the scope of the present invention that more than one type of
hydrotreating catalyst be used in the same reaction vessel. The Group VIl
20 metal is typically present in an amount ranging from 2 to 20 wt.%, preferably
from 4 to 12 wt.%. The Group VI metal will typically be present in an amount

ranging from 1 to 25 wt. %, preferably from 2 to 25 wt.%.



between 5 to 90 wt.% These diluents may be enpl oyed as such or they may 5
ctontain a mnor proportion of an added hydrogenating netal such aSUhFEBmp
VIB and/or Goup VIIl netal. Additional netal pronoted hydrocracking

catal ysts may also be utilized in the process of the present invention

whi ch conprises, for exanple, alum nophosphate nol ecul ar sieves,
crystalline chronosi]icat a other =~ C i ne . syl N
Crystalline chr om)sﬂ"? Jﬁ?@@“%%g"‘f«%\‘j"?‘ﬂ|tﬁ§ %%@%ﬂf%tgg‘ Fﬁdﬁﬁl@?‘%@Wl& The
hydr ocracki ng of the hydrocarbagnaceous feedstock in contact with 3.

yelr ocr aclaatgoR Z0HRya NS eEBHATROUL T e tane! prakerrangs wnagith fadis
preferably at hydrocracki ng reactor conditions which include a tenperature
from ~5 2B¥edugedintotahats Do Wessyre drippieg zone maiptainedat essant@lyit’e (500 to
3000F psig), a liquid hourly space velocity (LHSV) from0.1 to 30 hr', and
a hydr ogesamierpressirecas thet defitrdicatad and desdlfu(i20®D teaclion @o0eswieret B/
barrel). In accordance with the present invention, the term "substanti al
conversi ois ¢euriterwarrehtly Istrippepr withi at Isydrogereientgaseog Bream thprausees si on of
at least 5 vol. %of the 20 fresh feedstock. In a preferred enbodi nent, the

per pass fhVeask8ls | 'ﬁxgll‘b%aﬂb%nacéoas F stre B2 OfchtBmtHP C hidrebAfboraBoilis 1 N the
range from 15 to 45% re preferably the per pass conversion is in the

f Uy ' fi .
g | CBiRlaad Sing o ke sshapeaste v SRR o cam

cont ai ni ng hydrocar ceou oun boi ess than

Jone 15 oo PBYERC R Bt et D EGRPORARER, A=A beffiid P 0

hydr ogenati on reacti on zone to rogenatfe at least a portipon g e
oty o PUHBSARRISCR0WE GBMRUnB NG ahe BaSTapreRrERer g C:
distill ati_ particularly the jet fuel. The post-treat hydrogenation

react 1®n 7BASHIRRING Zop8 it REaTaERbMMRIRIBINeA &)@ taIpPeraHirerin 1RaiTaANg® MM mode of
operation and may utilize any known hydrogenati on catal yst. The effl uent
fromthe Ba2ttot4&HEC MAd tsyabeuti 36 Fpactheefflusné fiosn thedenitlicatiosoard to a
tenperature in the range from4 to 60C (40 to 140F) and at |east partially
condenseddesulfurizdtioe raasterordné iis notl shpstaatialiyb coclee qriorstor steippinigi amd i s
recovered and fractionated to produce desired hydrocarbon 15 product

streans anguld gnipdiee dowers & oRehpystufg efud ite hugdiiEise Siidaaadsshidahing s
bi furcated to provide at |east a portion of the added hydrogen introduced

|t o, Lhe, hafsgn Ak 16 291mon S dNe ) NGNMNGLIAGTIob o i pRbalianal adypor | on
and 200 oy LR S8 calin'dlid BEURRAZRP otitol ATE BitferfBYoE X 21 g
Pydr ocr ac R sa8SP e SEELABE: £,y AR g He e el HREHEne Ton, ' o
| east ab O%ng %t\'\éts'sg?\tia]\cll())/rthédéamé) pr7es'gur% gs %Rg %enitriﬂcation and desulfurization
reaction zone is meant that any difference in pressure is due to the pressure
drop required to flow the effluent stream from the reaction zone to the stripping
20 zone. ltis preferred that the pressure drop is less than 690 kPa (100 psig). The
hydrogen-rich gaseous stream is preferably supplied to the stripping zone in an

amount greater than about 1 wt.% of the hydrocarbonaceous feed to this zone.

In one embodiment, the hydrogen-rich gaseous stream used as the stripping
9



exanpl e, of the hydrogen sulfide is renoved and recovered by neans of
known, conventional nethods. In a preferred enbodi nent, the hydroge(p rg&fi
gaseous stream introduced into the hydrocracki ng zone contains | ess ZIE (%)

- wppm hydrogen sul fide. 5 DETAI LED DESCRI PTION OF THE DRAW NG I n t he

drawi ng, the process of the present invention is illustrated by nmeans of a

sinplified schematic, fl ow di agramjx i u tahls S

i nst runent at7'o ',“%&W9§%$PA%2°%&F ﬂéwjrﬁgﬂgﬁi}?&girgﬂ% ngt %%%85528% and
sim |l ar hardware have been del eted as bei ng non-essential to % 0 an
under st andi H@C%t\edt'ﬂ@”t%ﬁﬁﬁﬂﬁ@g“’l’%%‘P%\Q.Z t'R W@%ﬁé‘é"%\ﬁ rand,gen
drawing) a feed stream conprising vacuumgas oil and heavy coker gas oil is
i ntroduced iintredu¢iag phe casuding Reated aydrogen-riningassgugistieas into a lower end

her ei nafter-descri bed effluent from hydrocracking zone 31 transported via
i ne 32. Theofrthestripping 2cms tot peréorirsthier strigping fwtttiona line 2 into ~ 5
hydrotreating zone 3. The resulting effluent fromhydrotreating zone 3 is
transported via line 4 and introduced into stripping zone 5. A vaporous

stream cant ai ni ng hydrgcar.bons _and hygdr, n.p rd in stripplng zone
5 and co%t acts heat-exXch r?ﬁgra E%HQdegt‘ﬁ?qiﬁitt @Lﬁgi}yt%?%%’gﬂ%‘?%% Si g‘%%ﬂoved
fromstripping zone via line 7 and introduced, . intqg post-treat
hydrotreatin %'n@%%y%f%éth%eﬁaummmanae'BBSbsats r EREraY e nGPaE! r om
stripping zone 5 via line 6 and is introduced into hydrocracking zone 31
via line 6 af@n3meéC3F00%K)gasevrred from the strippingeongos irlreduesst dieactiynfoi s
renoved from post-treat hydrotreating zone 8 via line 9 and is introduced

i nt o heat - exa hydperacking Zore alosg mithnapdesohysidogdrs.| T hydrosradiking zemshanager 10
is transported via line 11 and introduced into vapor-liquid separator 12. A
hydr ogen-ri céorgaimesmnesosioaabedot thierdange ac diffegars catalysturini®nb embodimaened
fromvapor-liquid separator 12 via |line 17 and is introduced into acid gas

recover y1 0nghd® thé\ préfafred Pru@udts isfe imidtRAKS fithtad, ahé iprefedfed RYdrodckingas
recovery zone 18 and contacts the hydrogen-rich gaseous streamin order to

O s i oSS 6AEb A Yk SOTARIAM o) Safachul BIPNA o™
gaseous or more Group V!II or Group VIB metal hydrogenating components. In another
embodiment, when the preferred products are in the gasoline boiling range, the
hydrocracking zone contains a catalyst which comprises, in general, any
15  crystalline zeolite cracking base upon which is deposited a minor proportion of a
Group VIII metal hydrogenating component.  Additional hydrogenating
components may be selected from Group VIB for incorporation with the zeolite
base. The zeolite cracking bases are sometimes referred to in the art as
molecular sieves and are usually composed of silica, alumina and one or more
20 exchangeable cations such as sodium, magnesium, calcium, rare earth metals,

etc. They are further characterized by crystal pores of relatively uniform

diameter between 4 and 14 Angstroms (107" meters). It is preferred to employ

10



1 o stream containing a reduced concentration of acid gas is renoved from
acid gas recovery zone 18 via line 19 and is adm xed with fresh ma "B 2003
hydrogen which is introduced via |line 20. The resulting adm xture IS
transported via line 21 and is introduced into conpressor 22. A resulting
conpressed hydrogen-rich gaseous streamis transported via line 23 and at

| east a portj.on is.recycl viai, 5.Line 29 and ]line. 3 o) cracki ng
zone 31. ,&ﬁ8l'tﬁ8rh%\6?gi%ﬁe%ﬂv?lﬁgh'ﬂpd?'h%%ﬂlumlgﬂ 'Bgée{)%? g??‘%%%ﬁl%g? r1%sported
via line 24 a is [.ntroduced into heatexchanger 25 The resulti heat ed
hydr ogen- ﬁ%ﬁgg‘as@e '@SSF‘?‘@&’m"? Nt REIUE9 .o FRTH 8XaMBle: hERESNIES ﬁﬁ@t% ne 26
and is introduced into heat-exchanger 27. The resulting heated

hydr ogen- tegianglitee dersiesia, edashiarditemehabaziteo rarivnite and dadiaatigrer Sairakied
transported via line 28 and introduced into stripping zone 5. An aqueous
stream i s synthetiduzestitesi mcludee {83 eramiplegrthad,sXt Neadd dwecrygtadttypesne.g.,l i ne 9
and i s subsequently introduced into vapor-liquid separator 12 as .
her ei ngbowgntirsier labfbite ABn@aHERILHItE! I TAB SrRférredizaglitet &fc #dsebhevingl ts is
16 0 7 F EO 2003 renoved from vapor-1liquid separator 12 via line 34 and
recover ed.cfsthi B dimaan Bemedm 89 huAERFIHEQNGTLotse R TAPERES the
renmoved from vapor-liquid separator 12 via line 13, reducéd in pressure and
i nt roduced,yj | On: ZQN 4 ; e Al AvdL ogen
and nor na%“{?%%%@g‘t%%%?%&og%bgngso ?'s%grmvieg%'?‘g[% gﬂ%%&gbil%o%"z n'g t%. Vi a
line 15. A _Ljqui tream cont al,ni hydrocarbons is renoved from separation
zone 14 vipée‘e?}rj?gd ¢ “Bh‘?dSWﬁ@%%a?éH&%FE%U%’?ﬁ%ﬂ VE EMBODI MENT The process of
the present invention is further denonstrated by 1 o the foll ow ng
illustrative enbodinent. Al of the follow ng data were not obtained by the
actual perfornmance dhet hetyaleserirringveadlites abeitnonmelly dfoandiened sddiumtrative
of the expected performance of the invention. A portion of a hydrocracker

f eedstiack foaM] a8 dlikfing BHrBCHRtAISbIaS oP At fdtthsl NTH& Y Athbtit Leblitds areacked
in a conventional single stage ~ 5 hydrocracker at operating conditions

present ed rigarfoblay2 driouicdl et 1 A5 AeRirs MARCT D8y | iebanbeLde dingt her

portion of th ocracker fee i's hy ctracked 1n a

hydr ocr ackabalih tASe BSERIend ADkiARSUS A0t I SASTRal YA mERAAAL S

t he base case at opera conditlons presen ab to yl t he
product s desgrl pedo 0, Aabloe it YoiRaflrk @ PEhFLE iR ANEE AR Yn” eed at
followed by heating to decompose the ammonium ions associated with the
15  zeolite, leaving in their place hydrogen ions and/or exchange sites which have
actually been decationized by further removal of water. Hydrogen or

“decationized” Y zeolites of this nature are more particularly described in US-A-

3,130,0086.

Mixed polyvalent metal-hydrogen zeolites may be prepared by ion-

20 exchanging first with an ammonium salt, then partially back exchanging with a
polyvalent metal salt and then calcining. In some cases, as in the case of
synthetic mordenite, the hydrogen forms can be prepared by direct acid

11



0 7 F EB z003 TABLE 1 - HYDROCRACKER FEEDSTOCK ANALYSI S 80/ 20 Bl end
Strai ght Run Vacuum Gas QO | -Coker Gas G| Gavity, APl 21 (927 kg(n%Ep 2003
Distillation, Volunme Percent FCl BP664( 351

- )10716(379) 30767(408)5081743670880(471 )90965(518) FBP1050( 565) Sul fur, w.
%3. 01N trogen, PPML256Brom ne Nunber7.5 Heptane |Insol ubles, wt. % <0.05

2003 Tapl AR e, En SRel 2ER oS R PRI sl fadih aretibsbreact or
Qper at i ng Whiadi 4e0Bs Iddsy % eapd ! srefernblyaaiolealt 29I Meld-RbionRieficéd®0 psi g)

Liquid Hourly Space Velocity, hr' Hydrotreating Zone2. 18Hydr ocracki ng
ZoneO. 930vR458d ON dBitialHenrerebangmEaracity. shsperiisally-desiiadie apdstaglem

3(11, 000 .Sl 0 Pagsiin 2 ) VErS|
o8 L00NuTber "0} s oUEnare [Rfer Bifiein H Tt NodP e of R bthange
HT/ HC2A 8/ ddpadity td)s8BFpt b@dweogaroionso 382C (720F) End Point Distillate and
Li ghter** Recycle Liquid to HT first then to HC*** Recycle Liquid to HC
first then to HT19 Low Conversion Per Pass with Inproved Yields 11.82 nPa
(1700 psig) 1.13 3. 0Tt 8ctive* Inétalbd Bmpogedninnihg 1ared@eSCRRIro8ackidg O
33.3/27.8 C (60/50F) 07 F Ed 200,i TABLE 3 - PRODUCT Yl ELDS Base

Casel nventéaftacggts t/tHe pPédent W@ntibhiHs hpdrogehiiish 20MpaneAtsCdd fiddedaili ght
Napht ha (Cs-Cb) 6. 328. 765. 087. 04Heavy Napht ha

C~-127C10. 88 &A1, §§.9-i§%g?c%5)tf<%dk§i,r‘r@utﬁe@ﬂurﬁ??‘lﬁbdium palladium, osmium,
(260-50. 1658 1548, '3455 92550F) Di esel 288- 382C (550- 28. 7231, 9835, 1139. 09720

Tot o 05. 5ol 808 Mttt FoadShen 1S ety dihes proymoigtman 25p oo
Consurp R AR AR TR PR 3G Rl bbbl 28
(700 e O R OAh R S 0% L WAl 55 ol haling RaPircREantifll ' 725 2
can vary within wide ranges. Broadly speaking, any amount between 0.05% to
30 wt.% may be used. In thetase of the noble metals, it is normally preferred
to use 0.05 to 2 wt%. The preferred method for incorporating the
15  hydrogenating metal is to contact the zeolite base material with an aqueous
solution of a suitable compound of the desired metal wherein the metal is
present in a cationic form. Following addition of the selected hydrogenating
metal or metals, the resulting catalyst powder is then filtered, dried, pelleted with
added lubricants, binders or the like if desired, and calcined in air at
20 temperatures of, e.g., 371°-648°C (700-1200°F) in order to activate the catalyst
and decompose ammonium ions. Alternatively, the zeolite component may first
be pelleted, followed by the addition of the hydrogenating component and

activation by calcining. The foregoing catalysts may be employed in undiluted

12



5 30% Il ess internal volume as well as about 20% | ess catal yst inventory.

Because of the |ower hydrocracking reactor zone operating severity jnFERe03
20 ~ 7 FEB ?003 present invention, the conversion per pass is (educed
from60%to 30% These enunerated changes used in the present invention
provi de a | ower cost hydrocracking process as well as providing an

i ncreased, yj el f total m.ddle distillate pro I ntion
50 has (OMTs8 8o poicRiral8Bh8 S kB Ty EHGRRET T oBEE DL | on
and a 50% | ess hydrogen loss to fuyel gas. K 2 0 ~ FEe zoo3 CLAIMS. t . A
process f EFIARNRYY agﬁkti"’ﬁgc’%tal’ﬁ‘&ﬁ' dﬁ'ﬂ?ﬁ%n‘&’c@'&é?r § SiElL A5 AU %‘lﬁaog%‘ss
conprises the steps of: (a) passing the hydrocarbonaceous feedstock (1 )
and hydr o§éifataduraing gegetsnfa@ivatesh cays @sdulhaurlikgain oRropaftigNgt raNginGict i on
zone (3) at reaction conditions including a tenperature from 204 to 482C
(400 to 9bemeera5pokwt.8.f Tbes8 diluents Iia bafemploped tas LED0ompiey)maw | i qui d
hourly space velocity of said hydrocarbonaceous feedstock from0.1 to 10

h~' ang reopad aNdirdr{eopbitiohi sfadr added hydrentting aedtabsudteastd Grogpne
effluent (4) therefrom (b) passing the effluent (4) directly to a hot,

hi gh pressAysangfdridRep \(Mmedal! | zing a hot, hydrogen-rich stripping gas
(28) to produce a first vapor stream (7) conprising hydrogen;
hydr ocar bonaceous conpounds boiling at a tenperature bel ow the boiling
range of i 5 said hydrocarbonaceous feedstock; hydrogen sul fide and
amoni a; and a fir sBdditignab matak BrANERd ciEsPearkhgnsaineisr faYaglee e
conpounds boiling in the range of said hydrocarbonaceous feedstock; (c)
passi ng autifizessin thepprocess abfthe girdsantrigventioguwbichtcarapiiges) fernexample,
hydr ocracki ng zone (31 ) containing a hydrocracking catal yst and operating
at a tenpeafminophodpHziid el (skd@st ccrgtidfine ahmresslicates r and 3otheto 17. 3
nmPa (500 to 2500 psig), a liquid hourly 22 0 7 F EB 2003

10  crystalline silicates. Crystalline chromosilicates are more fully described in US-

A-4,363,718.

The hydrocracking of the hydrocarbonaceous feedstock in contact
with a hydrocracking catalyst is conducted in the presence of hydrogen and
preferably at hydrocracking reactor conditions which include a temperature from

15 232°C (450°F) to 468°C (875°F), a pressure from 3.5 to 20.8 mPa (500 to
3000°F psig), a liquid hourly space velocity (LHSV) from 0.1 to 30 hr', and a
hydrogen circulation rate from 355 to 4441 (2000 to 25,000 std ft/ barrel). In
accordance with the present invention, the term “substantial conversion to lower
boiling products” is meant to connote the conversion of at least 5 vol. % of the

20 fresh feedstock. In a preferred embodiment, the per pass conversion in the

13



space velocity fromO0.1 to 15 h~'; and recovering a hydrocracki ng zone
effluent (32) therefrom (d) passing said hydrocracking zone effl uefy F(Egzlbﬂ.l
to said denitrification and desul furization reaction zone (3); 5 (e)
condensing (10) at least a portion of said first vapor stream (7) recovered
in step (b) to produce a second liquid stream (34) conprising

"ange.of SHEERYannRAPREnadn it rBdk Hosfd SRRTE, Mons RS Dk 7,

conpri sing hydrogen.lo and hydrogen sulfide; and (f) recycling at | east a
portion o?paémngé@&mwaﬁaﬁngm( @Y t489%ai d hydr ocr acki ng zone (31 ).
2. The process of Caiml1l wherein said second vapor stream (17) conprising
hydr ogen and hydrogen sulfide is treated (18) to renobve at ~ 5 | east a
portion of said hydrid§erpssiiingfifet gaseonsehysiraearbgnageqas3traam wRBIAENIAGt he
resul ting hydrogen-rich gaseous stream contains | ess than 50 wppm hydr ogen
sul fi de) 4ydrerarpenacessisotompakntd baibngial satenparaive alesentiesoss 1feedst ock
boils in the range from 232 to 566C (450 to 1050F.) 20 5. The process of

d ai m i5 WhEDetH), sgtdrbgent hydragenpsefide amdsammupda fioh) the stipping ednatisa
tenperature and pressure which is essentially equal to that of said

deni tri f i gnbferabpnmtrdassed un i Fptliovagdtaghase imeng sistiieanthydddgerdon 0 7 F
E B 2003 6. The process of Claim7 wherein at |east a portion of said

second van@hcidd 98H (d hydFAIENalS bl sy B?;«g?ad?%@)éi‘é%ﬁe coddunsigcover ed

in step (e) 1s utilized as strippling gas In sald hot, high pressure

Cri . of : . . . . .
per ot ed P ITPTEYPUE ERRL or e USE AR g Rl angP0C o
f Caiml wh [ t | t d ti f id. d t

(17y s 1 eBateas Bviiesnaion efioR aaes din R 58 radRed S TR RIERE BTG

d of said stri 5) tog d flex; d sai d porti

of o5 B seBoriaialion WPREaeh PheraaBARE FramLlira: A Kagen hyREENaURBhange
zone (5), heated (27) and introduced (28) into a | ower end of said stripper
(5) to supiAt9lyst ri pRe reffineesi fiem the post-treat hydrogenation reaction zone is

preferably cooled to a temperature in the range from 4 to 60°C (40 to 140°F)
and at least partially condensed to produce a second liquid hydrocarbonaceous
stream which is recovered and fractionated to produce desired hydrocarbon
15  product streams and to produce a second hydrogen-rich gaseous stream which
is bifurcated to provide at least a portion of the added hydrogen introduced into
the hydrocracking zone as hereinabove described and at least a portion of the
first hydrogen-rich gaseous stream introduced in the stripping zone. Fresh
make-up hydrogen may be introduced into the process at any suitable and
20 convenient location but is preferably introduced into the stripping zone. Before
the second hydrogen-rich gaseous stream is introduced into the hydrocracking

zone, it is preferred that at least a significant portion, at least about 90 wt.%, for

14



9. The process of Claim1l1l wherein at |east a portion of said first vapor
stream (7) recovered in step (b) is passed to a post-treat hydrog Ft[gzm
reaction zone (8) to saturate aromatic compounds; and at |east a r iS
O the resulting effluent (9) fromsaid post-treat hydrogenation reaction
zone (8) is condensed to produce at |east a portion of the second liquid
stream conpri si ng hydrocar bonaceous conpounds boiling at a tenperature

bel ow t he B¥ampieg afathgehpdrogan csUlidl odredwsedans reecareretlbyameaas peast a
portion of the second vapor stream conprising 20 hydrogen and hydrogen

sul fide; lBnowheceomentissalometticaism b ahsreérrechembeditest, ploe thydrogeh-rsdn d
vapor streamis utilized as stripping gas in said hot, high pressure

stripper. gdsedild éthyam.iArodussld infd the AfdroB@ckigSzore Nontadys 1648 thdn $0 AS . A@
AN AS AfY O A@.A @

wppm hydrogen sulfide.

5 DETAILED DESCRIPTION OF THE DRAWING

In the drawing, the process of the present invention is illustrated
by means of a simplified schematic flo:/v diagram in which such details as
pumps, instrumentation, heat-exchange and heat-recovery circuits,
compressors and similar hardware have been deleted as being non-essential to

10  an understanding of the techniques involved.

With reference now to the drawing, a feed stream comprising

vacuum gas oil and heavy coker gas oil is introduced into the process via line 1

and admixed with a hereinafter-described effluent from hydrocracking zone 31
transported via line 32. The resulting admixture is transported via line 2 into

15  hydrotreating zone 3. The resulting effluent from hydrotreating zone 3 is
transported via line 4 and introduced into stripping zone 5. A vaporous stream
containing hydrocarbons and hydrogen passes upward in stripping zone 5 and
contacts heat-exchanger 25 and at least a portion thereof is removed from
stripping zone 5 via line 7 and introduced into post-treat hydrotreating zone 8. A

20 liquid hydrocarbonaceous stream is removed from stripping zone 5 via line 6

and is introduced into hydrocracking zone 31 via line 6 and line 30. A gaseous

15
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a] ca] ca]i6a] cdileas) cantadiing i ceductcedneghtraliea pt agu gas, i1 0sthaveq from acid gas

10% & ()-S10% & ()-f @10% & ()-!1 &0 ()-&10% & ()- >ASdEL10% & () - Y#

10% & () - z* keedeery zohd A% \8a (ine 3 91 i& ddmit€ddvih (fleshbihkd-Qpfhydrogenl @bigh( ) -
10/ 10/ 10/ #3710% & ()-6L10% & ()-1&3 10% & ()-+p !)a?bCl KS10% & ()-f

10%& () - F! L"ié@%n&icéh-via A& Z8. (Tfhe PSRN adra¥@ke (i3 trahspafdENI&3ine 21 and
109& () - 3f &#109& ()-$ 109& ()-! 109& () 10%& ()- MLOY ()-

, b@! & 109094 ihlroa&ddoing cbm p1=9 3 2 resulting compressed  hydrogen-rich
106100 () - 21008005 T bATS0e TP PS8 xBb @ #1055

O bonna (R SRR ARl i ine 23 e of oast 2 pqigg o fecycled via

15  line 29 and line 30 to hydrocracking zone 31. Another portion of the hydrogen-
rich gaseous stream is transported via line 24 and is introduced into heat-
exchanger 25. The resulting heated hydrogen-rich gaseous stream is removed
from heat-exchanger 25 via line 26 and is introduced into heat-exchanger 27.
The resulting heated hydrogen-rich gaseous stream is removed from heat-

20 exchanger 27 and transported via line 28 and introduced into stripping zone 5.
An aqueous stream is introduced via line 33 and contacts the flowing stream in
line 9 and is subsequently introduced into vapor-liquid separator 12 as

hereinabove described. An aqueous stream containing water-soluble salts is
16
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“hOdEXY: ! S" 109 () - yMLOY& ()-s 10% ()-F 10%& ()-. 07 FEB 2003
1098 ()-"10%& ()- 0zbdExY: " 109& ()-Ff$"10%& ()-" 109%& ()- 109%& () -
109%: ()- 10%& ()-5{}~xnbCl & 10% h& ()- 10 10 10s610%& ()-4 10%& ()-y2
109 ()-f O#109& ()-= }[<mbCl #10% h&' ()- | @10% h> h& ()-' @10% h& ()- !
@10% h[ h& ()-" @ 10% h&' ()-s! @ 10%h& ()-s N |["~""""""}oPls

109 & () - remaged) fromivapordiquid separat@#1IDvia line 34 and recovered. A liquid

& ()-!S@#10%hsh& ()-! 1 @#10% hi h& ()- "/ #} ##$f $$dE0PLs

10940% &' ()sttebd¥Eahia)nind AYtr&caibon2b88EE ¢gmpouriidd i&' rejroved from vapor-liquid
10% & () - $$SUERBEOPLs 109%&10% & ()- 10% & ()- 3

910% & () - fs%baYatdr (1- &a0Medt 8) redVEBHDi& drbsS@¥y&drd iftratiked into separation
YY. #1096 & ()--! SyY. #10% "-"& ()-- @ 10% & ()-! 9&* PA0%" c" & () -y

("10% & () -zone 14. A gaseous stream containing hydrogen and normally gaseous

5 hydrocarbons is removed from separation zone 14 via line 15. A liquid stream
containing hydrocarbons is removed from separation zone 14 via line 16 and

recovered.

ILLUSTRATIVE EMBODIMENT

The process of the present invention is further demonstrated by
10 the following illustrative embodiment. All of the following data were not obtained
by the actual performance of the present invention but are considered

ilustrative of the expected performance of the invention.

A portion of a hydrocracker feedstock having the characteristics

presented in Table 1 is hydrocracked in a conventional single stage

15  hydrocracker at operating conditions presented in Table 2 to yield the products
described in Table 3. Another portion of the same hydrocracker feedstock is
hydrocracked in a hydrocracker of the present invention using the same type of
catalyst as the base case at operating conditions presented in Table 2 to yield

the products described in Table 3. Yieids are calculated based on fresh feed at

20 start of run conditions.
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10% & ()-F9&'10% & ()- 10% & ()- 10% & ()-++',e,,-N-dEbCs , @ 10% & (F u
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10\L610% & ()-,4 10% & ()- 210 & ()-/MORE ()-, - 10K & ().,
10%: ()-9' S10%&! (T-%\( ALivsis
79b33dE: 1 10\,)

#109 () -1 Ls$10%e&0 () T ) |
109& ()-' 109& ()SYgdsus 4445! 5" 5#5dE: /

10 10@10% ()- 3S10%& ()-1 10%& () U - #10% ()- Y () F+
1098 () - #5$535WBRGiGEXABI 10" 100& () -1 109%& () -  A0MRA Ng/m®)
L0% () - 10% () - &10% ()-F 1066L777, 8b9dE: / 10! 10%’ () - G #10% () -

109%' ()-s 10%& ()-Y! 10%' ()- @ 10%& ()-b99 :[:::P;aB:/

10. @10% () -, 10%>8' () -F( 109& (he, & 109& ()o$- #109%: () - P;
S 9< < <<<|<<w—e'|9's%%°§f€y°§z"f‘% Fosd & ()-31010104 109%& ()-2 10%& ()-0
10%&' () - w==?n@@\BBBzX9. F 10" S610% & ()- ! X& #10%" 2" & ()- | N& #10% " (" & () -
&#10% & ()-" | @#10% 1B ()- | 69%&" 109 " & () - yBBBBEBAC" DoDnN/ (3B1)10% hé&' () -
10% h&' () -

10 716 (379)

30 767 (408)

50 817 436

70 880 (471)

90 965 (518)

FBP 1050 (5665)
Sulfur, wt. % 3.01
Nitrogen, PPM 1256
Bromine Number 7.5
Heptane Insolubies, wt. % <0.05
Conradson Carbon, wt. % 0.36
Nickel and Vanadium, PPM 0.4
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10% h& ()- ' 10% h& ()-%t10% h& ()-11111(1_JIKb@, & 10!!,, " 10%& () - sy
@LO% ()-F 109& ()-S&S10% ()- 10 h 10 h 10 h@10% h& () - KK$Ms MNOOG} [ <1@
10y610%&' ()-!1 @#10%&' ()-! @BH10%&' () - @" 109 ()-s! (@"109%& ()-s, " 10%& ()-s
OOOODPPP+QX QM " 10938 () - 10938 ()- 109%G& ()- 109G& ()- 10%3& () -

& S109G& ()- 10 10x QEBBIRRRISHNIMARYGE TRERANINGIOOEDITICNSOYGE () -

10938 () - SMLOYGE' () -, 10%G& () - RSZSSS5UUEMN " 10UGF1#10%GE () - (

109658 () - m8#10938" () -$ 10%G& ()-" 10938 ()-s  109%3&' () - UUUUUUWY =
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Per Pass
with Improved
Flowscheme Base Case Yields
Reactor Operating Conditions
High Pressure Separator Pressure 15.96 mPa 11.82 mPa
(2300 psig) (1700 psig)
Liquid Hourly Space Velocity, hr”
Hydrotreating Zone 2.18 1.13
Hydrocracking Zone 0.83 3.0
Overall 0.65 0.82
Combined Feed Ratio **1.5 ***3.0
H,/Fresh Feed 1954 std m¥m ® 1954 std m¥m®
(11,000 SCFB) (11,000 SCFB)
Conversion, Per Pass*, % 60 30
Total (Gross) Conversion, %* 100 100
Number of Gas Quench Points 3 0
Maximum Reactor AT HT/HC 27.8/16.7°C 33.3/27.8 °C
(50/30°F) (60/50°F)

* Conversion to 382°C (720°F) End Point Distillate and Lighter
** Recycle Liquid to HT first then to HC
*** Recycle Liquid to HC first then to HT
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"109B& ()--)\o\\]]1B]]dEg\= " F 10%& ()-F10%& ()-1F 109%& ()-1 10%& OF FE£8 7003
109%& ()-1 109%& ()-1]~"~~ dEg\= "1 10%&' ()-MLOY&' ()-, 10%& ()-1 10%& ()-?y
109 ()-1" 109%& ()-1 _j "W  dEg\= "L- 10%&' ()-3+ 109%& ()-1)

10%&' ()- @#10%&' ()-19$ 109% ()-1" 109%& ()- 7aaaaaaaaxnbC "&S10%& ()- 10 10
106109&' ()-3 10%& ()-, | 1-#10%& ()- f/ 109%& () - a#tcwedOf f gz[ 9nbC

| D@&, #10YDHDH&' () - SH10%&' () - ! @H10U@HE@HE () - ! ; SH#10% H H&' () -

L" 1094 ()-s! L" 10%HH& () - sg i ! 10% & () - & 10% & () -
10[A[A 10[A[A 10[A [A |[GX UYL

10% & ()-! "10%]1& ()-F 10%& ()-, dQsdad - kokkkll ulgfred

Wt. % Vol. % Wt. % Vol. %
NH3 0.15 0.15
H2S 3.20 3.20
C1-Cs 3.68 297
Light Naphtha (Cs-Ce) 6.32 8.76 5.08 7.04
Heavy Naphtha C,-127°C  10.38 12.87 7.68 9.52
(260°F)
Kerosine 127-288°C (260- 50.16 58.15 48.34 55.92
550°F)
Diesel 288-382°C (550- 28.72 31.98 35.11 39.09
720°F)
Total Middle Distillate 78.88 90.13 83.45 95.01
Cs. Total 95.58 111.76 96.21 111.57
Cs. Total 98.20 116.01 98.32 115.00
Chemical Hy Consumption 2.61 1600 2.53 1550
(SCFB)

From the above tables it is apparent that the present invention is
able to operate at a pressure of 11.8 mPa (1700 psig) or approximately one
fourth less than the base case, utilizes a hydrocracking reactor having about

5 30% less internal volume as well as about 20% less catalyst inventory.
Because of the lower hydrocracking reactor zone operating severity in the
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present invention, the conversion per pass is reduced from 60% to 30%. These
enumerated changes used in the present invention provide a lower cost
hydrocracking process as well as providing an increased yield of total middle
distillate product. The present invention aiso has a 8.89 std m¥m? (50 SCFB)
5 lower chemical hydrogen consumption and a 50% less hydrogen loss to fuel

gas.
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1. A process for hydrocracking a hydrocarbonaceous feedstock which
process comprises the steps of:
(@)  passing the hydrocarbonaceous feedstock (1) and hydrogen to a
5 denitnification and desulfurization catalytic reaction zone (3) at
reaction conditions including a temperature from 204 to 482°C
(400 to 900°F), a pressure from 3.5 to 17.3 mPa (500 to 2500
psig), a liquid hourly space velocity of said hydrocarbonaceous
feedstock from 0.1 to 10 hr' and recovering a denitrification and
10 desulfurization reaction zone effluent (4) therefrom;

(b)  passing the effluent (4) directly to a hot, high pressure stripper (5)
utilizing a hot, hydrogen-rich stripping gas (28) to produce a first
vapor stream (7) comprising hydrogen; hydrocarbonaceous
compounds boiling at a temperature below the bailing range of

15 said hydrocarbonaceous feedstock; hydrogen sulfide and
ammonia; and a first liquid stream (6) comprising
hydrocarbonaceous compounds boiling in the range of said
hydrocarbonaceous feedstock;

(€) passing at least a portion of said first liquid stream (6) to a

20 hydrocracking zone (31) containing a hydrocracking catalyst and

operating at a temperature of 204 to 482°C (400 to 800°F), a

pressure from 3.5 to 17.3 mPa (500 to 2500 psig), a liquid hourly
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4, The process of Claim 1 wherein said hydrocarbonaceous feedstock boils
in the range from 232 to 566°C (450 to 1050°F.)
20 5. The process of Claim 1 wherein said hot, high pressure stripper (5) is

operated at a temperature and pressure which is essentially equal to that

of said denitrification and desulfurization reaction zone effluent (4).
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5 without intermediate hydrogen gas quench points.
8. The process of Claim 1 wherein at least a second portion of said second
vapor stream (17) is introduced into a reflux heat exchange zone (25)
located in an upper end of said stripper (5) to produce reflux; and said
second portion of said second vapor stream is removed from said reflux
10 heat exchange zone (5), heated (27) and introduced (28) into a lower end
of said stripper (5) to supply stripping medium.
9. The process of Claim 1 wherein at least a portion of said first vapor
stream (7) recovered in step (b) is passed to a post-treat hydrogenation
reaction zone (8) to saturate aromatic compounds; and at least a portion
15 of the resulting effluent (9) from said post-treat hydrogenation reaction
zone (8) is condensed to produce at least a portion of the second liquid
stream comprising hydrocarbonaceous compounds boiling at a
temperature below the boiling range of said hydrocarbonaceous
feedstock and at least a portion of the second vapor stream comprising
20 hydrogen and hydrogen sulfide;
10.  The process of Claim 9 wherein at least a portion of said vapor stream is

utilized as stripping gas in said hot, high pressure stripper.
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