1 ED HYDROCRACKI NG PROCESS " BACKGROUND OF THE | NVENTI ON The field of
ar®™to | Nﬁ i nvention pertains is the hydroprocessing of at |east one
hydr feedstock. Petroleumrefiners often produce desirable
prod uch as turbine f | Wg ¢ts known as
mddl e di¥PPll ates as 'Iwggq\%g?ﬁ}d%ébl Hﬁ%ggémgous | i qui ds such
as napht ha and gasol i ne by hydrocracki ng a hydrocarbon feedstock derived

fromcrude oil or heavy frgagdkergUeneyEt THRINGEAMOR, Feedstocks nost
often subjected to hydrocracking are gas oils and heavy gas oils recovered

fromcrude oil by distillation. A typical heavy gas oil conprises a
subst anti al por fTherfiedd ohgdrtosdhitivthis mveotientpertauid isribe dlydvapragassing ogual |y
at | east 50 percent by weight boiling above 371 C. A typical vacuum gas oil

normal 'y hasleasbehé ihydrataribéndceioae fbetseek. PLhclcut roffrsrs dftei medaeki ng i s
general ly acconplished by contacting in a hydrocracking reaction vessel or

zone the gﬁésﬁ)éﬁl?yr?/g@&gﬁgfsﬁ%‘é%g)ﬁﬁe ?L&bl,%}e&é%%??n&‘o?ﬂb@rﬁ%é@%ﬁw as

hydr ocracking ca er conditrons orf elevated tenperature an
pressure in.the pr nce of .hydrogen so as to yield a product cgntaining a
G strbut i BHogB FoiRBEsss B BaRber BolBataltuafbihtcdtl e sidBier at Png
conditions and the hydrocracking catalysts within a hydrocracking reactor

i nfl uence DABNRANS gasqling QWHY%@PE?@IKE@ dydigcagoonTiegdstoak %‘Pr\!&@éfr@mderrand
for new hydrocracki ng nmet hods which provide | ower costs and higher liquid
product vyi etutle @ihar heghefracfiguisi thgrgnf oidn exempltheFpedsionks mnatiofteon great !y
i mproves the econom c benefits of a | ow conversion per pass process and

denonst r at ggbjebedtocrrodradkiag \wre igagesils dnd-h@aMr §4s oild Mcavbied bt rad OSURE
US- A-5, 720,872 Bl discloses a process for hydroprocessing |iquid feedstocks

BN T e e e
hydrocarbon components boiling above 371°C, usually at least 50 percent by
weight boiling above 371°C. A typical vacuum gas oil normally has a boiling
point range between 315°C and 565°C.

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 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.

There is always a demand for new hydrocracking methods which provide
lower costs and higher liquid product yields and higher quality products. The

present invention greatly improves the economic benefits of a low conversion

per pass process and demonstrates the unexpected advantages.
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hydr opr ocessing catalyst. The liquid product fromthe first reaction stage
is sent to a |low pressure stripping stage and stripped of hydrogen sulfide,
anmoni a and ot her di ssol ved gases. The stripped product streamis then sent
" to the next downstreamreaction stage, the product fromwhich is al so
stripped of dissolved gases dNFGRMATION DESGEOSURENSt ream reacti on st age
until the last reaction stage, the liquid product of which is stripped of

di ssol ved gases | mmd-gobberied1 @fisdisseses pfitdsariof HY&%%FQdHS@Fr@;SIﬁM'@- The flow
of treat gas is in a direction opposite the direction in which the reaction

stages are f.ar Iaui.d- L QPL NG S IS a
separat e s{%égog#&gﬁ’t'Bath%)rb?tréé'ceé\é\hgérrgbto%lr%tsgfnﬁgsgggﬁgM‘é&gg '”s%eﬁ%g%‘]& vessel .
US- A- 3, 328, 290, B1 di scl oses, a two-stage process for the hydrocracking of
hyclr ocar bolAGIRNSSSRE AT OB Saph deRetiosegs qamtains phedphoe.

US- A-5, 114,562 Bl discloses a [?_r ocess wherein a mddle distillate petroleum
streamis Rydiopreceasing catasbdibe liquidoprosiuct iiomaihe firstvegctea stagepisaent t

enpl oying two reaction zones in series. The effluent fromthe first

reaction ztma |§wgsesdureistippiog stdge amdkiippaddfihydrogkre salfidet amendniaaoden
stripping zone wherein hydrogen sulfide is renoved overhead along with a

smal | anDusihedlyidSeies §a RN STHESRIbpERISrotilict SifeARS heH s&Rndithé ARRt Present

at the top of the stripping zone. The bottom streamfromthe stripping zone
i s reheate Lot r 4.0 SR ' : oag i
saturati On?o@ﬁ%ré?% %ggﬁ&q Sgdtﬁef Hﬁé—]é{anm ? F@Q{ ﬁ@ﬁ”ﬁ%&%@?ﬁ@gbo‘%@%@%ﬁ?
catal yst. US-A-5,980, 729 Bl discl oses a hydr.ocracking,.process wherein a
hydr ovar boaeeH A0 SEBATR WENSH FouTRTRA FRASPA SHOR U DU ES deFiraaaon
contai ning hydrogen i s passed to a denitrification and desul furization
reacti on z¥Aget thephi@Hd eeodiya od yenchs sl stripeed g dissebisdoasestanst edliectedan up
the fresh feedstock. The resulting hot) uncooled effluent fromthe
denitrifi cpassad andordesthef processingn TonHowof igedit @geris &t aidireetion opposite
stripping zone nmaintained at essentially the sane
the direction in which the reaction stages are staged for the flow of liquid. Each
stripping stage is a separate stage, but all stages are contained in the same

stripper vessel.

US-A-3,328,290 B1 discloses a two-stage process for the hydrocracking
of hydrocarbons in which the feed is pretreated in the first stage.

US-A-5,114,562 B1 discloses a process wherein a middle distillate
petroleum stream is hydrotreated to produce a low sulfur and low aromatic
product employing two reaction zones in series. The effluent from the first
reaction zone (desulfurization) is cooled and introduced into a hydrogen
stripping zone wherein hydrogen sulfide is removed overhead along with a small
amount of hydrocarbons which were in the vapor at conditions present at the top
of the stripping zone. The bottom stream from the stripping zone is reheated

and introduced into the second reaction zone (aromatic saturation) containing



. pressure as the preceding reaction zone with a hydrogen-rich gaseous stream
to produce a vapor stream conprising hydrogen, hydrocarbonaceous conpounds
boiling at a tenperature below the boiling range of the fresh feedstock,

" hydrogen sul fide and amoni a, and a |iquid hydrocarbonaceous stream

US- A- 5, 403s4i69-®hsitivechalde snetaphydtbpehatiprdeatalysit i ng and hydr ocr acki ng
process. Effluent fromthe two processes are conbined in the sane

separation vessgS-ArBl08e729R Fdisciisesa MpdhretratRiNY proiceds Wndrdigen and a
hydr ocarbon containing liquid. The hydrogen is shown to be supplied as part

of the fee ] Y, .+ BRI EF
SumvaRy o HAECR R BaRE iredsiseiCHi AR RS aRanG Sone X oA IR 1 g
process whjch provides higher, yields. and ality. of liquid products yields,
bect 1 cal NyoBERds Pserd Srehliftiaionand t8suhi-Blion R foridie i cels o

t he present invention provides the yield advantages associated with a | ow
conver si onPpsiucpdwsiregrst ailfige apdiansnonidipthereky slgaonin thedeedniessstaakh t hat
| ower capital costs may be realized the use of this invention. In addition
, an over alhe resulting bot,iumcbokld efflseninfdommyttie atpaitriicatiampnd desuldurikzdtioght ends
production may al so be obtained. 3 One enbodi nent of the present

i nvention yehéfseydrogén BrppraSn fostrippiigosirrRcialitaifedd ceeanffilape@aie
feedst ock. The priocess passes a hydrocar bonaceous feedstock and hydrogen to

a denitrifj ' j y X . '

condi t 1 onsPERSp s ie PETEUI JeEchbRRchE3R| AMERRE ol BEEAE SR 0,
MPa to 17.3 a, a liguid hourly space velocity, of the hydrocarbonageous
feadst ook PIOSHER Avapdt SiisatscnmprSfid VB8t dhvirBoarbifar e Empauacs
denitrification and desul furization reaction zone effluent therefrom The
deni tri fi cbeiliogahadeawsmitig below e ballirg rangeehibedrashiertsipeksbydrgioeact | y
to a hot, high pressure stripper utilizing a hot, hydrogen-rich stripping
gas to prosultige anfliansmoiniayuind & tigquidhydoogarbenacedusdsteeambonaceous conpounds
boiling in the range of the hydrocarbonaceous feedstock and a first vapor
stream conpri si ydr rogen sulfide an nmoni a. At | east, .a
portion of the g%r&é%&%ﬁ% @8'@5&588r?p‘?"i‘r?ﬂﬁlg}‘ﬁaﬁ%%%%aﬂg&\!g&cr@%%unds
boiling in the ran?e of the hydrocarbonaceous feedstock passes to a

hydr ocr ackPie§esenETHuat A1om e IVPERGSSEES e §oeringd iy tharf@rop seraialignat a
tenperature from 204C to 482C, a pressure from3.5 MPa to 17.3 MPa, a

| i qui d houvésset pad sepatated irtofa vapd@.comprising hydragen. amd aywdoaasb@inng zone
ef fl uent passes directly to the hot, high pressure stripper. At |east a

portion of cdrtaining Bquidadtie 1Bidregen (st bk suppied 6B parnef thk feedst a
portion of the hydrocracking zone effluent pass to a post-treat

hydrOgenatét%hrﬁ@?&bbﬂﬂthéorﬁkﬂiréé’raéﬁhgréﬁcﬁtr@W@btr@af’e@.ﬁpounds- Condensi ng at

| east a portion of the resulting effluent fromthe post-treat hydrogenation
reacti on zone produces a second Iiﬁ‘ui d stream conpri si ng hydrocar bonaceous
conpounds boiling at a tcBBEREUINMAGR W REENVYENGIOMnge of the

hydr ocar bonaceous feedstock and a second vapor stream conprising hydrogen
and hydrogen suThé geesdritimtentiond®acadalgtic hiydcpacking psooaiss4vhich peovigesnd
vapor stream are recycled respectively to the hydrocracki ng zone, the

deni trifi cighenyials é?lﬁﬁéfdjéluviolﬁé;d:i@?brbé@@tbiMdﬁ,}?ﬂfbcifﬂy%é‘t%ﬁeld@ioﬂh

pressure stripper. At |least a portion of the ogen sultide nmay be

renoved T oMhFSHRIGLEPIN. TAS BROBRR'G e redentiffrflofitbrblideltne

hydr ocr acki ng zone.
yield advantages associated with a low conversion per pass operation without

compromising unit economics such that lower capital costs may be realized the
use of this invention. In addition , an overall reduction in fuel gas and hydrogen

consumption, and light ends production may also be obtained.



hydr ocar bonaceous conpounds boiling at a tenperature bel ow the boiling
‘range of the hydrocarbonaceous feedstock are recovered. In the present
i nvention the hydrocarbonaceous feedstock entering the first

" sdenitrification and desul furization reaction zone nay serve as a first

hydr ocar bonaceo@seferrBsdiatdnt ohtise pasréniricatan beRtssrus pterststioek havi ng an
average boiling tenperature |ower than the first hydrocarbonaceous

feedstock piproRARRingY PyARbcAPRSiacilstbeddiBckOfne BlothdiassHL s SLIi pper (o

serve as reflux or Irmto an I rate l'ocation I'n the denirtrification and
desul furization reaction zone.tg serye.as nch. .At. | east portion of the
second fee r88§rbﬁﬁ9088u§/ t%@%ﬁyﬂ@gﬁgﬁs %B%Wﬁgpé@gﬂra@%stri pper and
passed into the post treat hydrogenation reaction zone tg saturate aromatic
conpounds %efyIfusigatey reagiionzonenat rgaalion goee CORItIRNE iRvdine falestpyatire| uent
fromthe post-treat zone. Alternately or in addition, at |east a portion of
t he secondirbm2®GE Y toodBR° € @spriesediet ootk 3 6rviEa tad 7R difedy aaligligaesdy t hr ough
at least a portion of the catalyst in the denitrification and

desul f uri zggdcenvdIeast blheafRoddtbofabsR i ieRdstotkTRSHT 1 OF ' ka1t 8 Hrfhewhnt |
hi gh pressure stripper. BRI'EF DESCRI PTI ON OF THE DRAW NG The drawing is a

sinplifie S J ; i ik l.eventi on.
5 ""oErA L i e AR R RGe R A T Bz REETENghB

hi gher |iquid product vie|ds, and.a .l ower, cost,.of production_can achi eved
and enj oy et RErerb. The aePiiuctcyite PaSw BB ree! Rra e BEs2E "o
the present invention is partjicularly useful for hydrocracking hydrocarbon
oi |'s cont dafse§ dieeiy dadmtshighdresseriripRegdiizind @ hekiwdsogen-geldduce a
product contai ni ng hydrocarbons and/or other organic nmaterials of |ower
aver age badttippiggrgsisto praduteadirstiquid gtrean ecaupesingdiyghtcarbbrageamsuct nay
al so have inproved product characteristics such as inproved cetane and
snoke poi ndompeehdBbined ire iy angeastithe hydfocasbsonhdesusieddsiock egeina firste
hydr ocar bon feedstocks that may be subjected to hydroprocessing by the

met hod Of iRy ISHaaH QMphisRigUHRIrGgdn, MydREGen Sliidle M SYHJHA. At 1I8hSEa (€ T

shal e oil,
portion of the first liquid stream comprising hydrocarbonaceous compounds

boiling in the range of the hydrocarbonaceous feedstock passes to a
hydrocracking zone containing a hydrocracking catalyst and operating at a
temperature from 204°C to 482°C, a pressure from 3.5 MPa to 17.3 MPa, a
liquid hourly space velocity from 0.1 hr' to 15 hr'. A hydrocracking zone effluent
passes directly to the hot, high pressure stripper. At least a portion of the first
vapor stream recovered in step (b) and at least a portion of the hydrocracking
zone effluent pass to a post-treat hydrogenation reaction zone to saturate
aromatic compounds. Condensing at least a portion of the resulting effluent from
the post-treat hydrogenation reaction zone produces 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. First, second and third portions of
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tar sand products, etc.) and fractions thereof. Illustrative hydrocarbon
feedst ocks include those containing conponents boiling above 288C, such as
at nospheric gas oils, vacuumgas oils, deasphalted, vacuum and atnospheric
" residua, hydrotreated or mldly hydrocracked residual oils, coker

di still at efhe SddcHcdNEpdr&iredhPhid fe?t‘y@l%d @@Eé&%ﬁﬁﬁ%h@dﬁ@&a@ki{nﬁzone,

pyrol ysis-derived oll's, high boiling synthetic oils, cycle oilS and cat

cracker digt] . . i f i {1 or
ot hor - nyar S THERLR0 B CehirifizaeH a6k e, ARERR O i PRBBR B Ll
at least 75% Db ight, of jts c onents boiling at tenperatures above the
ehd poi nt  SHPPRE Aens i PRRIOARIINC (NOEIDSNBUIIER ey Pa FeREVEALEM eheavy
gasoline, is generally in the range from 193C to 215C. One of the nost
preferred gocons vaperelsant befak il isgeaycied toine bydiopb@ckingnganieedihe whi ch boi |
above 288C wth best results being achieved wth feeds containing at |east

25 per cent hiyro¢atbonacebus bempoupasasdilhgoat 4 tergpdettuvedseléw thd balingndng8s8C.
Al so included are petroleumdistillates wherein at |east 90 percent of the

conponent soprSI hydtoé ohﬁ@%@té{]féé'@smc‘akoreﬂg\@&edfrhe petroleumdistillates
0

may be treated t'o produce i ght gasoline fractions (boiling range, for
exanpl e, from 10C . A I f i L , for
exanple, from 86C Ibghggw Hﬂ%ﬁ@gﬂéwﬁ@ﬁrf’@ﬁé#e@%&% ﬁé{?Fg%ln;&ﬁ&et ed for
imzing, the yield of liquid d i ncl udi iddle distill
product s, e tishaenbiiicagen divktsBieedon acioniaguoey Sehisana st
denitrification and desul furization reaction zone at hydrotreating reaction

condi t i onshydnosadianagedusfeedstodatA secendinydogarhonacaous feedsietk baving
conditions or hydrotreating reaction conditions include a tenperature from

204C to 48afavergyeessiling tdmperadure IvRer tlarl hesfilsPhyd@achispnadebasr |y space
vel ocity of the fresh hydrocarbonaceous feedstock fromO0.1 hr' to 10 hr'
with a hydfgidstiid May gakalimdlarPliipSecéitPbNiiel 15, RighPresalireestibpér eadey st s.
as reflux or into an intermediate location in the denitrification and desulfurization
reaction zone to serve as quench. At least a portion of the second feedstock
may be vaporized in the hot, high pressure stripper and passed into the post-
treat hydrogenation reaction zone to saturate aromatic compounds and thereby
improve the quality of the hydrocarbonaceous effluent from the post-treat zone.
Alternately or in addition, at least a portion of the second hydrocarbonaceous
feedstock serves as quench and passes through at least a portion of the catalyst

in the denitrification and desulfurization reaction zone for subsequent

introduction into the hot, high pressure stripper.

BRIEF DESCRIPTION OF THE DRAWING
The drawing is a simplified process flow diagram of an embodiment of the

present invention.



" The term "hydrotreating" or "denitrification and desul furization" as used
herein refers to processes wherein a hydrogen-containing treat gas is used
in the presence of suitable catalysts which are primarily active for the

" renoval of heteroatons, such as sulfur and nitrogen and for sone

hydrogenation of aromati GSETSHERDESORPPIONOF THEMNBENTIGNf or use in the
present invention are any known conventi onal hydrotreating catal ysts and

'pPgi Ef'ilbf v i ron 3 GRER %’?fl%?qr@{fr@ i @apeﬁqagﬁ;@ R8RS Al B ot o
hi g sur  aBLPAbETR dBBre AatieYeRnS ErAEelpiho R hungsten, o

hydrotreati ng catal ysts include zeolitic catalysts, as well 7 as nobl e
met al cat ahygiosragién@piaeesaobl e netal is sel ected from pal | adi um and
platinum It is within the scope of the present invention that nore than

one type of hydmhengetéswoliheairgsentiaveaistsh isrpdrtieuladymsehadsi on vessel . The
Goup VIIl nmetal is typically present in an anount ranging from2 to 20

wei ght perﬁfc?‘rbcrélﬂ@rﬁ Fhidlobafddiiioifs éc?nt&%lN&hﬁ&‘ooﬁ%&%ﬂénd@h@tr@r@ﬂ%ﬁ(b et al

wll typica be priesent 1n an anount ranging from1l to 25 weig percent,

or o or bl y, 02 L 0,25, 1PL Ohb B RRRl T BSUEERDG 14 e o L he

denitrifica |on |za Ion reac n zone 1S rans erre

i ntentional heat e e (uncool ed) an i nt roduced o a hot . high
pressure st i%%rg%rﬁgg%,qg@géplgggrﬁ qvxéqq%ye[rﬂge lﬂ%g@m as the
denitrificati on and desul furi zation reaction zone where it is

count er cur 1 Bafrgdgetrmay etsahave @proved geeduct ohagaeiedsticsssyckeas pioveduce a
first gaseous hydrocarbonaceous stream containi ng hydrogen, hydrogen

sul fide, acstanearahsmbye ot dodaedued comtaminalsis sacH as ulfiustand nitrogen.
l'i qui dhydr ocar bonaceous stream contai ni ng hydrocarbonaceous conmpounds

boi | i ng at The ARSI AbOA FoSHRAEIR thah Aly3Ys SubjERf o hytbpebce’Bmd! 1y the
preferably maintained at a tenperaturée in thje range )Fdr}oPn 232C tgo®468c The

effluent f 6@% ﬁ?fn%h{.wmcﬁ éwh H&%‘I’éIé‘%hﬁ%&:hﬂfbtuc%t(b%‘réﬁélé dii$ not

subst ant i a coo

terper at urgargléﬁdgﬁ%pﬁga AP NS TRr G, SN oL (P react on

zone to th

feedstocks include those containing components boiling above 288°C, such as
atmospheric gas oils, vacuum gas oils, deasphalted, vacuum, and atmospheric
residua, hydrotreated or mildly hydrocracked residual oils, coker distillates,
straight run distillates, solvent-deasphalted oils, pyrolysis-derived oils, high
boiling synthetic oils, cycle oils and cat cracker distilllates. A preferred
hydrocracking feedstock is a gas oil or other hydrocarbon fraction having at least
50% by weight, and most usually at least 75% by weight, of its components
boiling at temperatures above the end point of the desired product, which end
point, in the case of heavy gasoline, is generally in the range from 193°C to
215°C. One of the most preferred gas oil feedstocks will contain hydrocarbon
components which boil above 288°C with best results being achieved with feeds
containing at least 25 percent by volume of the components boiling between
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- zone. It is preferred that any cooling of the denitrification and

desul furization reaction zone effluent prior to stripping is |less than 55C.
~ By maintaining the pressure of the stripping zone at essentially the sanme

pressure as the denitrification and desul furization reaction zone is neant

t hat any dBf3¥Q and&38ACpAEssinclided alepetmlélne distiiates whdrehp at Bast 66d to
flow the effluent streamfrom8 the reaction zone to the stripping zone.

It is prefgsiad: bitle ddtRoBRERS Woh iﬁ'?l‘?é’rébrf%/é Rom {490 R4 THEC

hydr ogen-ri ch gaseous streami1s prefera supp to the stripping zone

in an anou I Ly ' cent t . car 20us
feedst ook phugellt EputathS huhFt Rer Sl ks dhIR IPHERTSTBIRRIBRET e
hydr ogen-rj ch. gaseous, stream used as, the { ppi,ng nmedium.in_the stripping
e ay blboNINESENgR: 105 AReatpIe ot 0°6r 1056750 BR0 BPaNy agaoMsnEaE R cd” P an
upper end of the stripping zone to produce reflux therefor and then

i nt roduci n@poiling naggel drreg(anmie,e‘nomﬁﬁ%‘g@nzw#&z fhe poeserdinventionriso a | ower
end of the stripping zone to performthe stripping function. At |east a
por tion of parieufarlysuitetdor thaRirsizPeethboielderiliguit preaiciontidirigyiddie

hydr ocar bonaceous conpounds boiling at a tenperature in the range of the

f eedst ock s3ey) desul furi zation and denitrification zone and

pr ef er abl y&gfr“g%téyoa@?f 343C recovered fromthe high pressure stripping
zone is introduced directly into a hydrocracking zone al ong with added
hydrogen. The hitileast anéisepciehteatsjoakostivirodures ioto ewlenittitchtionf andie sane
or different catalyst. In one enbodi nent, when the preferred products are

m ddl e di sgeduifirieation headvionlineest HydloweaaekaretionicandiiohsUPreferrec@nor phous
bases or |ow | evel zeolite bases conbined wth one or nore Goup VIII or

Goup VIB %iglficaﬁgﬁ %ﬂ@%uﬂgrigégs@lﬁgﬁéﬁgﬁgn .cbﬂdﬁi'&%rb?rhy%ﬁﬁfmac%ﬁ n the

preferred products are in tt . oi I'ing range, cracking
o OO A R LB MO PR o B AR BB
Vit metal toh1y 7‘?'5%?52,6‘5 Ili(r:;ngid hourly space velocity of the fresh hydrocarbonaceous
feedstock from 0.1 hr'' to 10 hr” with a hydrotreating catalyst or a combination
of hydrotreating catalysts.
The term “hydrotreating” or “denitrification and desulfurization” as used
herein refers to processes wherein a hydrogen-containing treat gas is used in
the presence of suitable catalysts which are primarily active for the removal of
heteroatoms, such as sulfur and nitrogen and for some hydrogenation of
aromatics. Suitable hydrotreating catalysts for use in the present invention are
any known conventional hydrotreating catalysts and include those which are
comprised of at least one Group VIl metal, preferably iron, cobalt and nickel,
more preferably cobalt and/or nickel and at least one Group VI metal, preferably
molybdenum and tungsten, on a high surface area support material, preferably

alumina. Other suitabie hydrotreating catalysts include zeolitic catalysts, as well



' codponent. Addi ti onal hydrogenating conponents may be selected from G oup
VIB for incorporation with the zeolite base. The zeolite cracking bases are
sonetinmes referred to in the art as nol ecul ar sieves and are usually 9

" -conposed of silica, alum na and one or nore exchangeabl e cations such as

sodi um nagsesblenmetall catalysts veieze eag hbbleinets is etlectehrgmepa ddiurmberd
characterized by crystal pores of relatively uniformdianeter between 4 and

14 Angstr ofgtifd Ry S)tha ldhab ] \ a
el at vl y RGBT, it FEkfine scop R iR Breseihn it ePBh MatrR0ls Eh SR e
zeolites found,in nature include, for, exanple, nordenife,—stidbit

neul ana t 0 PestpfreAfbd S8l 8l od el 1of S3H5Y facBhERFEE Theralp S0

Sui tabl e synthetic zeolites include) for exanple, the B, X. Y and L crystal
types, e.ghetalintyrieally pragpnidinas ameunbranging BomrRdo gPaveichteeredti t es are
those having crystal pore dianeters between 8-12 Angstrons (10-' neters),
wher ei n t hpredetabbafratmudriton 32 wedightrarcent. sTie Gosoép VA metiahwilklypically bef a
zeolite falling in the preferred group is synthetic Y nol ecul ar sieve. The

natural ocgrisenbih Z€ahdues ram@ng domah Ity d5owsight pefceidbreferbblyrome & kal i ne
earth netal form or mxed fornms. The synthetic zeolites are nearly always

pr epar ed féswe&émkfgé}geﬁpdi umform In any case, for use as a cracking base
it is preferred that nost or all of the original zeolitic nonoval ent netal s

Fol | owed by neat i ndis seReABuE™ ek shPlinfoahls Snd BeR RO he
zeolite, leaving in their place l%é:lro,gen 1ons and/ or exchange sites which

have act ual8aftigB@angdse ensterasivithout riendipnalhrAtA*xcHRNGAR{BACOGIH) 8@ 1S or
"decationized" Y zeolites of this nature are nore particularly described in
US- A- 3, 130introslueed inibyeeliotp bighveresat rensitippingyztnegeaintaivkedtal esseptially theepar ed
by ion exchanging first wwth an ammoni um salt, then partially back

exchangi ngsawelpressureyasatherdeniteifiehticrahnd aledulfirzationl reastioy zohe vwiwre itdgses,

as in the case of
countercurrently stripped with a hydrogen-rich gaseous stream to produce a first
gaseous hydrocarbonaceous stream containing hydrogen, hydrogen sulfide,
ammonia and hydrocarbonaceous compounds, and a first
liquidhydrocarbonaceous stream containing hydrocarbonaceous compounds
boiling at a temperature greater than 343°C. The stripping zone is preferably
maintained at a temperature in the range from 232°C to 468°C. The effluent
from the denitrification and desulfurization reaction zone is not substantially
cooled prior to stripping and would only be lower in temperature due to
unavoidable heat loss during transport from the reaction zone to the stripping
zone. ltis preferred that any cooling of the denitrification and desulfurization
reaction zone effluent prior to stripping is less than 55°C. By maintaining the
pressure of the stripping zone at essentially the same pressure as the
denitrification and desulfurization reaction zone is meant that any difference in

pressure is due to the pressure drop required to flow the effluent stream from
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syhthetic nordenite, the hydrogen forns can be prepared by direct acid 10
treatnment of the alkali nmetal zeolites. The preferred cracking bases are
those which are at |east 10 percent, and preferably at |east 20 percent,

- -metal -cation deficient, based on the initial ion-exchange capacity. A

speci fi calthy régstioreRdree RthesdtAPbiBgGloneS 10fs pretdridEhatitife phagRravardLisn at
| east 20 percent of the ion exchange capacity is satisfied by hydrogen

T he o 853 e 858 Rb8. IR (R AQLA. I REBLE AN BRIARK dbpfiBidg Yo o

of the present 1Tnventionh as na n conponents "are oup
VITl, i.e.,, iron. cobalt, nickel. rutheniu r hodi u |} adium osm um
iridi um arig® ﬁ?’&%ﬁ'%ﬁ?”?m e AMYH qrga%gég@wgggf p"énepﬁgfo}p‘?@rmt ers may al so
be enployed in conjunction therewith, including the metals of G oup VIB,
e.g., nol yYgEeRatPanaceausfeedatockibabemens ther deytifisgtienenddassifdrization ne
catal yst can vary within w de ranges. Broadly speaki ng, any anount between
0. 05 per caoneankhe3hygregerichigasseugtstreany ubed asdbe stripgihg nusdiemadh thée nobl e
nmetals, it is normally preferred to use 0.05 to 2 wei ght percent. The

pref err ed gimsdIng zbAe nhé’;ﬁlgé wwgtﬁhiraauéélﬁrﬁddn@geﬁﬁbhﬂgxaﬁr@e_ 26nd Bcafif act

the zeolite basé material with an aqueous sol ution of a suitable conpound

of the degj | kL ly i lopic form

Fol | owi ng "add 4rEsn eorRe shinetfa ZBhe to plodice il i indien, °f 1
resulting.catal yst powder.is then filtered,, dried, pelleted wth added

[ bri cant radiiad eROtESThing healeR ryaiadiratich BraSeus Efeed e dlowegend
tenperatures of, e.g., 371 -648C in order to activate the catal yst and
deconpose %A AfriARINDARNE 19 pererm the BippingunsdPnt e conponent may first be
pell eted, followed by the addition of the hydrogenating conponent and
activation by ddlleastiangortioheofftbe digstiliquidthydrogatnaagobs strepirogattaining

undi luted form or the powdered zeolite catalyst nay be m xed and

copel | et ethydrddaredbhgdedis! cdrhy®lingd lesiinget ke &UYS rsthediahgerdfsh@r bi nders

such as alumna, silica gel, silica-alumna rlr%@r cogel s, activated clays
and the | ikgqdiBciPbARMNY 1RBISBRGHIRSMEANE BBnRriRMioR%one and preferably
greater than 343°C recovered from the high pressure stripping zone is
introduced directly into a hydrocracking zone along with added hydrogen.

The hydrocracking zone may contain one or more beds of the same or
different catalyst. In one embodiment, when the preferred products are middle
distillates, the preferred hydrocracking catalysts utilize amorphous bases or low-
level zeolite bases combined with one or more Group VIl 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 crystalline zeolite cracking base upon
which is deposited a minor proportion of a Group VIl 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
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wei"ght percent. These diluents may be enpl oyed as such or they may contain
"a mnor proportion of an added hydrogenating netal such as a G oup VIB
and/or Group VIl netal. Additional netal pronoted hydrocracking catal ysts

- -may also be utilized in the process of the present invention which

conpri ses,cdmposecaobsitica, alluminoaiv pb ajr enow) mﬁaw%eab@vmion@rs@hadd i ne
chronosilicates and other crystalline silicates. ystalline

chromos! | | R, Aatn@Biuin Aibiinh 98 6480 ridlaldeft: MThePare el 1. The

hydr ocr acki ng of ydr'ocar bolaceous feedstbc contact with a
hydrocracking_catal yst is .conducted in the presence of hydrogen an

b ef or abl yPrATasiRtPe B SeTsiEaas b feteBke R Em e B kBN 2 BB 4r at ur e
from 232C to 468C, a pressure from 3448 kPa gauge to 20685 kPa gazge, a

li qui d houMgsteae €1 el metars). (it isueferetioempaley zeclies haxing aralgivadyen
circulation rate from 337 normal nB/n8 to 4200 normal nB/n8. |In accordance

with the pigheilicaialuming moje tdto hetmeensiiaed 42t | Suitalde veokies fiowmd frower
boiling products” is nmeant to connote the conversion of at |east 5 vol une

percent ofndtbe inckele, fQesisinslls, mordénity, etititee de arapeite TRMtieriteh@adBardiRs s
conversion in the hydrocracking zone is in the range from 15%to 75% More

pref er abl ycfﬁa'&%zﬁ@erﬁ&ﬁ%&r?d"f’ jﬁ}ifgﬂh%gigé;)tg?tggﬁtrfe‘t‘ie%oiife%ﬂbﬁ%%tR)r60% It s

preferred that any cooling o Ing zone effluent prior to
stripping is |ess,than C. [The hydrocracki ngpressure .is. maintai ned. at
essenti al I§f es%?ggp%(gg?uqdel' ﬁys}/ﬂéy%ﬁ" iep%'eg?m‘i‘?%c f%WéS'F%énat“i‘W eNites
gaseous hydrocarbonaceous stream contai ni ng hydrocar bonaceous conﬁgunds
boi I'i ng at'he P%’é?ﬂtzﬁpﬂzteﬁeaég th%%ﬁ]h@wge:,crvﬁgalrwsrqlaw&eréd@%wgan1&- and
ammoni a fromthe stripping zone is preferably introduced in an all vapor
phase i nt AArggisns { tT@atmatedsh ydreaeindhe isiigafaluming mwle satiy grbtpbatle at | east
a portion of the aromatic conpounds in order to inprove

prime example of a zeolite falling in the preferred group is synthetic Y molecular

sieve.

The natural occurring zeolites are normally found in a sodium form, an

alkaline earth metal form, or mixed forms. The synthetic zeolites are nearly

always prepared first in the sodium form. In any case, for use as a cracking

base it is preferred that most or all of the original zeolitic monovalent metals be

ion-exchanged with a polyvalent metal and/or with an ammonium salt followed

by heating to decompose the ammonium ions associated with the 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-3,130,006 B1.

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

10



the quality of the mddle distillate, particularly the jet fuel. The
post-treat hydrogenation reaction zone may be conducted in a downfl ow,
upflow or radial flow node of operation and nay utilize any known
- ‘hydrogenation catalyst. The effluent fromthe post-treat hydrogenation
reaction zipg@tnmentpfeheaidaliyneabkeoites. aheenparaidicrackimgtbesesargehdseom 4. 4C
to 60C and at |east partially condensed to produce a second liquid

hydr ocar bORARAHE &t IéLAT0VbErEdnt, Bndl ﬁ’rbﬂs‘?gblg%tH’éé%i%pﬁgehﬁ@ﬁétaﬁc%ﬁ-i on of

t he hydrogen-rich gaseous 'stream i ntroduced into the t, high pressure

deni ¢ 1 ogereinttc baSEd RO KfeATolRichdiof BRbagH! A3neRls Al PsiaR e

into the process at any suitable and convenient |ocation. Before the

hydr ogen- r3thsigRieelass of zealites aratheswharain ahigaast efnerearipofithe ion

hydr ocracki ng reaction zone, it is preferred that at | east a significant
portion, a&xdheage @pavhy ighsatiséieddythydrogericnspl e, of the hydrogen sul fide
is renoved and recovered by nmeans of known, conventional nmethods. In a

preferred enmbodTiheattivd hetdlg dnogleyed ircthegpiatoued diydramdking odiatats oht o t he
hydr ocracki ng reaction zone contains |ess than 50 wppm hydrogen sul fi de.

DETAI LED Qﬁ@ﬁbggﬁt%éﬁioﬂ"gs m%gapﬁﬁgofrﬁoﬁ%g@&r wsb%fté}%ugr\ﬂm ng, a

feed stream conpri sing vacuu uced I nto the process via

tr ansport dith bRt ek, RuRBh Bt bRt FRatoRiR Loty HBENTREAS: t ea i &
line 2 and i s adn‘i xed with a hgdro%ers;ri ch gaseous stre mﬁéovi ded via line
27 and t heP'aWuMy iR @ddifiendodhese etals, pEerRTamoiers ray aisa be eamiead it o

denitrification and desul furization zone 4. The adnmi xture passes through
deni tri f i ceonjwictiondheeawittt, in¢ludingdhe daetals el GraumeVEB.ang., irrolybde rumland
adm xed with a liquid streamcontaining |ight cycle oil introduced via |line
6 and t he tuagstehi MheadmoxihtioEhydrogaaatinl hivtalighhdeatdlystfdaratarg it
desul furization catalyst zone 7. The resulting effluent fromthe
deni trifia@bbqanges Besadly spbarihgOany ahfouht ibetwééh D6 percent and 30
percent by weight may be used. In the case of the noble metals, it is normally
preferred to use 0.05 to 2 weight percent. The preferred method for
incorporating the 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 temperatures of, e.g., 371°-648°C 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 form, or the
powdered zeolite catalyst may be mixed and copelleted with other relatively less

active catalysts, diluents or binders such as alumina, silica gel, silica-alumina
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via line 8 and is adnmixed with a hereinafter-described effluent from
‘hydr ocracki ng zone 37 carried via line 31 and the resulting adm xture is
carried via line 9 and introduced into stripping zone 10. Aliquid

" -hydr ocar bonaceous streamis renoved fromthe bottom of stripping zone 10

via line 2@0% dctivaid d8¢s h thé liky #1 9o rtio iy ra@dfRObSwWEeheRBharoevi ded vi a

line 38 and resulting admxture is carried via I'tne 30 and i ntroduced

Lo T SRR bR eAnTnade o’ 5 hik B8 SNHEEH REISLER bk Al g e
15 and | nt iR 5aP9TO8 o aiec udhatagtine e e a fire B agdhRous
streamis stripped and carried upwards in stripping zone 10 and is

cont act ed Graup Wijbmedalnat i on zone 11 and a resulting effluent is renoved
fromstripping zone 10 via line 13. The resulting vapor streamcontained in

line 13 is intr ed intp heat exchange 4 an artially condensed
ef {1 uent ot r earfieTBRADER Prone RV Rt ek e CalsBanhy BrpE T G,
contacted with an aqueous streamcarried via |line 15 and the resulting
adni xt ure 18 @9@%%%9“6%‘@ Weéﬁ'ﬁtr‘ﬂé%ﬂtiﬂrawhlcﬁ‘ecompréﬁﬁf: foREdRIEd i nto hi gh
pressure separator 18. A gaseous stream contai ning hydrogen and hydrogen
sul fi de i salumimyEbsphate malgcylaresieves crysgialline ehrdrosilicates mamdxithand

i ntroduced into acid gas recovery zone 22. A lean solvent is 14

i nt r oducectrystallinensilicales. nCeyAglife AFormESIvEEY azd toré JulndessibedtihUshe
hydr ogen rich gaseous streamin order to dissolve an acid gas. A rich

; '?gegéli d gas is renoved fromacid gas recovery zone 22 via
vered.

sol vent cofigad
line 24 and recd A hydrogen-rich gaseous stream containing a reduced

concentat on ofy 25l 8k bEER RSP Rb R RERD AR R
hereat 1 TR GRRker L B Bel BBR Fay Bie A d Bl one
10. Another portion of the hydrogen-rich gaseous streamcarried via |ine 27
i s transpatthydradracking seagonaandions whictuinetidena temperature from 232°C to

468°C, a pressure from 3448 kPa gauge to 20685 kPa gauge, a liquid hourly

space velocity (LHSV) from 0.1 to 30 hr', and a hydrogen circulation rate from

337 normal m%m?® to 4200 normal m*m?®. In accordance with the present

invention, the term “substantial conversion to lower boiling products” is meant to

connote the conversion of at least 5 volume percent of the fresh feedstock. In a

preferred embodiment, the per pass conversion in the hydrocracking zone is in

the range from 15% to 75%. More preferably the per pass conversion is in the

range from 20% to 60%.

It is preferred that any cooling of the hydrocracking zone effluent prior to

stripping is less than 55°C. The hydrocrackingpressure is maintained at

essentially the same pressure as the stripper.
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hydr ocracki ng zone 37 as herei nabove descri bed. The third and renai ning
portion of the hydrogen-rich gaseous streamcarried via line 27 is
i ntroduced into denitrification and desul furization reaction zone 4 as
"~ hereinabove described. Aliquid streamis renoved from hi gh pressure

separat or 18 vi®héirésulftly fird gasebnd hodieatbontice clkatidapnadhiniggne 32. A
spent aqueous streamis renoved from high pressure separator 18 via line 19

and recov j 1 | dg{@‘ ge
corrpoundselg &?%’#%3?8@?‘?%%%ﬁ%ﬁ?%%?ﬁ'@ﬁ%@“@%’gq?.?ér)]{eH 3 aé?l 'recover ed.
A liquid stream cont ai ni ng kerosene boi l.i range, conpounds. i s renpved from
fr act onat NSOGB YEoGRE ShIfEE S St dthen B0 SBRIGLAGHE, patSiRBln
stream cont ai ni ng di esel boiling range conpounds is renpved from

fract i onatinBRdRerinzan gl yapphehase dia & reweaatdydroganalipn| reaalien Boae & ar bon
stream cont ai ni ng conmpounds boiling in the range greater than diesel

boi | i ng r amngirogengielatdsasta pertionexf the anomatic coomeilinas iz onder3d impaove ne 36
and adm xed with the fresh hydrocarbonaceous feed as descri bed herei nabove.

15  Exanphe duafity eegietaridid distitatepeicutrylib@ jsrRe].UThe podeweas the
characteristics presented in Table 1 is introduced along with a liquid

recycle Stf@@ﬁﬁ?%ﬁétﬂ)rﬁre‘é‘éﬂbﬁ A hbﬁﬁé&rgglc?ﬁ%ly@%iﬁé’&b@ﬁbﬂ?u?%@r?é‘?iéP”e at

operating ions presente resulting e ent fromthe
denitrification and, desul.furization.reaction zone js conbined w he
off1 uent (TR SR ARt a5ebY Llee h RBahBL o fed Tl Falatihi The
pressure stripper operated at a pressure of 12.2 MPa and a tenperature of
371 C. A |efjueat fiomrtbe noskiieak bydrogenatian certtionngons isyetarablysieslasbia ang in
the range of the fresh feedstock is renoved fromthe bottom of the hot,
hi gh pr esdempesaiurg rettencngs fromrddtc ¢o 60AC @ndhat lagsirpartialiykconpersed tat
operating conditions presented in Table 2. 16

produce a second liquid hydrocarbonaceous stream which is divided to produce

at least a portion of the hydrogen-rich gaseous stream introduced into the hot,

high pressure stripper, the hydrocracking zone and the desulfurization and

denitrogenation reaction zone. Fresh make-up hydrogen may be introduced into

the process at any suitable and convenient location. Before the hydrogen-rich

gaseous stream is divided and introduced into the hydrocracking reaction zone,

it is preferred that at least a significant portion, at least 90 weight percent, for

example, of the hydrogen sulfide is removed and recovered by means of known,

conventional methods. In a preferred embodiment, the hydrogen-rich gaseous

stream introduced into the hydrocracking reaction zone contains less than 50

wppm hydrogen sulfide.

DETAILED DESCRIPTION OF THE DRAWING
With reference now to the drawing, a feed stream comprising vacuum
gas oil is introduced into the process via line 1 and admixed with a hereinafter-

described liquid recycle stream transported via line 36. The resulting admixture is
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. Tabie 1 Hydr ocr acker Feedstock Analysis Vacuum Gas O | Specific
Gravity0.91Distillation, Volunme Percentl BP
C2225356103963042950448704759050295517Sul fur, wei ght percent?2. 22N trogen,
wei ght percent0.074(wt. PPM (740)Conradson Carbon, weight percentO. 15
Tabl e Zsumhép@rfte@iﬁrl%'Z‘Qn@%&'ﬂﬁwlx‘é@%@ﬁ‘ﬂé ‘h'ydfdgq%% i g@db ULt Ir | zat i on

t
Reacti on ZonePressure, Mdal2. 5Tenperature, -C393HydrocCracking Reaction

ZonePr essu . 2. i ion P 9

t ot al conv@r?%\fl‘g%@%% lﬁé ro%é@%ﬁ%@ngﬁg%gg@x@gﬁsl grﬁ%éivnataI1 ﬁf%%éﬁ?ﬂﬁ’dé‘}%@ S
99.5% and a summry of the overall pass bal ance is presented in Table 3.
These. r esulits deBAEHRAToRANG JRSUHEZAHORARNGH o) P ASNYUS BAseSORUTY  he
present invention when receiving a single feedstream Table 3 Overall Mass
Bal ance Fed@sitnfinatiomaBdsesiulfutigationgratalysiozhnet S apgl ds oglionadiyiadimixedwitbi@i a

01' G4 Naphtha Distillate Unconverted O Exanple 2 Mass Units 100.0 2.8
102. 8 2.4 (guidbtrearPeéntéihiry g;rﬁ cY0i2. &l ineduastsvidine B @id thef regditihgck havi ng

the characteristics presented in Table 1 is again introduced along with a

liquid recyghfixtitd Egi%;b@&‘?ht%u Rliehfttifidtidhi L éﬂﬁﬁé’t’iéﬂéété?%ﬁg %her gaction

zone at operating c trons presented in Table An FCC cycle oil

|0 an amuiheGhediindRAfiel b AtdMihhOsticn o BEEHLERESH b6 RISRENERT 1 N

Table 4 is

CT

via line 8 and is admixed with a hereinafter-described effluent from hydrocracking
zone 37 carried via line 31 and the resulting admixture is carried via line 9 and
introduced into stripping zone 10. A liquid hydrocarbonaceous stream is removed
from the bottom of stripping zone 10 via line 29 and is admixed with a hydrogen-
rich gaseous stream provided via line 38 and the resulting admixture is carried via
line 30 and introduced into hydrocracking zone 37. A resulting hydrocracking
effluent is removed from hydrocracking zone 37 via line 31 as hereinabove
described. An optional liquid stream containing straight run diesel is carried via
line 12 and introduced into stripping zone 10 to serve as reflux. A vaporous
stream is stripped and carried upwards in stripping zone 10 and is contacted with
hydrogenation zone 11 and a resulting effluent is removed from stripping zone 10
via line 13. The resulting vapor stream contained in line 13 is introduced into heat-
exchanger 14 and a patrtially condensed effluent stream is removed from heat-
exchanger 14, carried via line 16, contacted with an agueous stream carried via
line 15 and the resulting admixture is subsequently carried via line 17 and
introduced into high pressure separator 18. A gaseous stream containing
hydrogen and hydrogen sulfide is removed from high pressure separator 18 via
line 21 and introduced into acid gas recovery zone 22. A lean solvent is

14



internedi ate point in the denitrification and desul furization reaction zone
to serve 18 as quench and to contact at |east a portion of the catal yst
therein. The resulting effluent fromthe denitrification and
desul furization reaction zone is conbined with the effluent froma

hydr ocr ackifi@dtiegg vathd 24 Iriidlue asmte@ot/éw e 20bAH cBhfa%ﬁéJt'h% Ridrbgerer
operated at a pressure of 12.2 a and a tenperature of 371 The™ hot

O P SoSHER gakEARPERds i BN, LBLI@HYSH e sBheffe @a@f@“ts of

a straight |ese FAUiM aracterrs S’ prese

Tabl e 4 Co-Feed Anal ses t raigiht Run Di esel aht ecific
Gravity 0. B8ORS PVﬂa?'@aha@d eS80 2508 2300 A e discoieesov

15, 000 10, 000 Cetane Index 38 28 A liquid hydrocar bonaceous stream

cont ai ni ng KY@OEBIBIRSEBYE ISirRgM eontabINGA fedused sanceatiation ghacidigas is
feedstock is renoved fromthe bottomof the hot, high pressure stripper and
I S | ntrodueadoved botrhacit gds oecaaky zgne@ﬁe/iaﬁne)ﬁéraaltli iegdaonxet witbhieshr esent ed
in Table 3. The total conversion to hydrocarbons having a boiling point

l'ess than ﬁ@@uﬁ%y@l%g@%@ﬁl@h@s FBTREYd Yfa frfte2OVThalrbst aBRlaDfSs! S
presented in Table 5.7 An analysis of the distillate product indicates that

the sul furyeaocenld oLiinn #ﬁ&apﬂmﬁ%ﬁmg%n@?j%§ hE2Hlb Soflppustrat e

t he advantages provi rocess sen |nvent|on Tabl e

(5-] IQ/a;glr Iogl\/ﬁ pp|ngagaasnl%estrllzr?rﬁrql{;5 zgﬁec L1‘(5mAnoSther r';o E)rrl% h)%jrgggn enc ase Hé COrele

stream carried via line 27 is transported via line 38 and is introduced into
hydrocracking zone 37 as hereinabove described. The third and remaining
portion of the hydrogen-rich gaseous stream carried via line 27 is introduced into
denitrification and desulfurization reaction zone 4 as hereinabove described. A
liquid stream is removed from high pressure separator 18 via line 20 and is
introduced into fractionation zone 32. A spent aqueous stream is removed from
high pressure separator 18 via line 19 and recovered. Light gaseous
hydrocarbons and naphtha boiling range compounds are removed from
fractionation zone 32 via line 33 and recovered. A liquid stream containing
kerosene boiling range compounds is removed from fractionation zone 32 via line
34 and recovered. A liquid hydrocarbon stream containing diesel boiling range
compounds is removed from fractionation zone 32 via line 35 and recovered. A
heavy liquid hydrocarbon stream containing compounds boiling in the range
greater than diesel boiling range compounds is removed from fractionation zone
32 via line 36 and admixed with the fresh hydrocarbonaceous feed as described

hereinabove.
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Products Hydrogen Sul fide Amonia C, -C4 Naphtha Distillate Unconverted Q|
Mass Units 100.0 20.0 30.0 3.2 153.2 3.0 0.2 5.0 24.0 120.5 0.5 153.2 20
CLAI M5; 1. A process for hydrocracki ng a hydrocarbonaceous feedstock which
- process conprises: (a) passing a hydrocarbonaceous feedstock and hydrogen
to a denitrification and desul furi zatdxampleaicti on zone at reaction zone
conditions including a tenperature from204C to 482C, a pressure from3.5

MPa to 175 'VpaéA Pee'h s%&k‘*nfhi\“érln)‘)uﬁpé‘icﬁo FALS! b soﬁa\ﬁﬁgt@@ﬁé}%@fé?i%ﬂ%eous

feedst ock from r-1to hr-1 mnt a cata yst recoverlng a
denitrification.and urd n.reaction Z0 ffl from (b)
passing t h@f%%‘?ﬂt?a 'rf’ qtg@rﬁ I)I"F 'Qﬁ&tdﬂg% \Q’g Lﬁ%g Ctycgln&% ?%t?’fq uent
directly to a hot, gh pressure stripper ut|I|2|ng a hot, hydrogen-rich
stri ppi ng @&@'tf'ﬁb’v‘%ﬂ%d@!&déswmrg@t@ﬂ(ﬁ%@@i‘%’l FenaRteRRIRting §9NAY@PS car bonaceous
conpounds boiling in the range of the hydrocarbonaceous feedstock and a
first vapopresardadircdapld 2i hbehrgdulting effluand frome the dehitrificatiameand a and
hydr ocar bonaceous conpounds;

desulfurization reaction zone is combined with the effluent from a hydrocracking

zone and introduced into the hot, high pressure stripper operated at a pressure

of 12.2 MPa and a temperature of 371°C. A liquid hydrocarbonaceous stream

containing hydrocarbons boiling in the range of the fresh feedstock is removed

from the bottom of the hot, high pressure stripperand is introduced into the

hydrocracking zone at operating conditions presented in Table 2.
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- (c) passing at least a portion of the first liquid stream conprising

hydr ocar bonaceous conpounds boiling in the range of the hydrocarbonaceous
feedstock to a hydrocracki ng zone containi ng a hydrocracki ng catal yst and
operating at a tenperature from 204C to 482C, a pressure from3.5 MPa to
17.3 MPa, a liquid 21 hourly space vgppehty fromO0.1 hr-1 to 15 hr-1; and
recovering a hydrocracking zone effluént therefrom (d) passing the

hydr ocracki ng zone effluent (di t i pressure stripper;
(e) passing at |least a porti'gka@ﬂ%%g}?P%Qgto\l(}g&rﬂgggeam recovered in step
(b) and at |l east a portion of the Q%Qrocr&ckkﬁg zone effluent to a
post-treat hydrogenation reaction 78fBUT0283{t ate aromatic compounds; (f)
condensing at |east a portion of the resulting effluent fromthe post treat

hydr ogenati on reaction zgr)fg&-ﬁco \gg,uce a second |iquh@qstream conprising
hydr ocar bonaceous conpou s'bo?ﬁn at a tenperature below the boiling

range of the hydrocarbo f a second vapor stream
conpri si ng hydrogen and@é@%@gh@ﬂﬁgdﬁeé;r%) passing at |east a first
portion of the second vapor 3 E&@nto t he hydrocracki ngzé,‘gne; (h) passing
at | east a second portion of e Second vapor streamto e denitrification
and desul furization reaction zgne; (i) passing at |east third portion of
t he second vapor streamto the“hot, high pressure stri p:?) ; and (j)
recovering the hydrocar bonaceggs conpounds boi ling at asé()errper ature bel ow
ar bo

t he boiling range of the hydr naceous
30 429
50 448
70 , 475
90 502
95 517
Sulifur, weight percent 2.22
Nitrogen, weight percent 0.074
(wt. PPM) (740)
Conradson Carbon, weight percent 0.15
Table 2

Summary of Operating Conditions
Denitrification and Desulfurization Reaction Zone

Pressure, Mpa 12.5

Temperature, °C 393

Hydrocracking Reaction Zone

Pressure, Mpa 12.5
Temperature, °C 385
Conversion Per Pass, % 35
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- feedstock. 22 2. The process of Caim1l wherein the hydrocarbonaceous
feedstock entering the denitrification and desul furization reaction zone is
~a first feedstock and a second feedstock conprising a hydrocar bonaceous

f eedstream having a | ower average boiling point than that of the first

f eedst ock i s paS$edotaliconaorsigrpty hyardcafbonisehavirig hibglilingy peiatiess shan pper to
serve as reflux. 3. The process of Caim1l wherein the hydrocarbonaceous

f eedst ock i e L SLdnh£9td ' i i zone is

%323@@1 Qghéc@ﬁ %ﬁg{n?&erg éjf‘?ﬁ'e%véra‘i'ler’ﬁﬂbé'ééla%\% |§I'p(r)écs§1e?gédiﬂ{‘

a first feedstoc a secon stock conprising a hyd onhaceous

f eedstrea I RO I [ aver 11 int th at, of the firs

f eedstroc E‘T{é@/epgs Jﬁ}?sg\ﬁgﬁulg%g?ﬁ?)ﬁﬁﬁ&ﬁ t@%@%@éﬁ@%@ﬁﬁ%ﬁ&m Qrpppg%g% i on
and desul furization reaction zone to serve as guench. 4. The process of any
of O ains 1Ng BresephiMeEntionaLiEsel NGB SINAE RSP i si ng hydr ogen and
hydrogen sulfide is treated to renove at | east a portion of the hydrogen
sul fide and the resulting hydrogen-rich gaseous stream contains | ess than
50 wppm hydrogen sul fide. 5. The procesg,@h any of Gaim1l to 4 wherein the
hydr ocar bonaceous feedstock entering the denitrification and

desul furization reaction zone i nCseeql Mapsitdzlansce n the range from 232C to
565C. 6. The process of any of Clains 1 to 5 wherein the hot, high pressure
stripper is operated at a tenperature and pressure WHSUhiss essentially
equal to that of the conbined effluent fromthe hydrocracking zone and the
denitrification and desul ffi®€d%ati on reaction zone. 23 7. The process of

any of Clains 1 to 6 wherei yyddh@nmhetas ¢l gh pressure styggger

Hydrogen _ 2.8

102.8

Products

Hydrogen Sulfide 2.4
Ammonia 0.1
Cyi-C4 4.5
Naphtha 23.9
Distillate 71.4
Unconverted Oil _05

102.8

Example 2

100 mass units of a feedstock having the characteristics presented in
Table 1 is again introduced along with a liquid recycle stream into a
denitrification and desulfurization reaction zone at operating conditions
presented in Table 3. An FCC light cycle oil in an amount of 30 mass units and
having the characteristics presented in Table 4 is introduced into an

intermediate point in the denitrification and desulfurization reaction zone to serve
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IS 'oper ated at a tenperature within 55C of the conbi ned outl et tenperature
‘of the hydrocracking zone and denitrification and desul furization reaction
zone, and at a pressure within 800 kPa of the conbined outlet pressure of

" ‘the hydrocracking zone and denitrification and desul furization zone. 8. The

Process Ofaéaﬁeﬁéh %é'ta‘éoﬁté&aﬂéﬂé%%d?tléﬁ%f e SIRE iz Ofte tés at ed

at a conversion pass 1n the range from15%to %%/oand nore preferably

L0 TR T %@achf@%%@m@ﬁ RSPIGHEh BRI s S Botbliee ns

catal yst conpri si n kel and nol ybdenum 10, The process of any of Caim
1to9 whewgﬁrﬁ Qﬁg o aéwdmaﬁl@eaawsrﬁwg&rpﬂaﬁe%ﬂe the h@bé%‘/@ﬁ ed at
reaction zone condi t| ons including a tenperature from 204C to 482C and a
pressur e fpressBreasipact oparated a pregsura oAl R AR aAand a temperature of

U, . AYAfy. Al @ AFU. AYU. A@ A3{,.A h. AB{@A h,. Al S.A{,.Ah,.A S . Al,.AYhS. A

Y- ACAN, . AST1AS., THE ot High pZessure stripper is refluxed by the introduction of 20
@ | wr rrhc"Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a] ca] ca] ca] ca] ca] ca] ca] ca} ca] ca] ca]

(Ii/la“‘: ﬂi?]l??k )%glrl]ﬁ@ls%?]ag%]& ca r ?é& a:’] dahegihar e |st| % ecsg cea ablfca] ca]

caj ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] cal XG%*AXS J

&I 3%f $$$$$% xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! YXWBOBK&EEE! ' o' ' (Y(((@)
) 1*{**+d+++, O ,, .- X- .}xsnid_Z]] ca] é}’l?a cal] ca] ca] ca] ca] ca] ca] ca] ca) cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca(LJcaI]__ca calca]ca]calcalcal!'.u../ ///0d0o0OOML
1192222- 3344 eed Analyses

57"556T6667e778H8} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcalc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caBimdighe]Rar] DiegdB RBHE IO :

) A<<<=] ===; >~>>7k???Naad® AsAxA} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalc
a] cal ca] ca] ca] ca] ca] ca]Spdoific] Gedvily] ca] ca] cad.88] ca] ca] ca] 0#4ca] ca! xAABUBBBI C
CCADDDD" EOEEF\ FFF>GGGHf HHHI ST T ™ Ji JJ} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] Byikraj Rahge] @&] ca] c#0da33d] ca] ca]2zpg-8agca] ca] ca! JIKRKK
L Me MVMPNNN? OOO2 P8 PPPQU Qz QURYRI RRSPSSS/ TTT} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] cagukcadigal PEM a]l cal ¢apos] ca] ca] cabgmjocal cal ca] ca] cal!
T! UnUUWVI VOVWV' W WAKA XXXNYYY6ZZZ [ uf |
\Z\ g\ \\ *] ~]] } xsni d_Z] | czdtand ¢adeda] ca] ca] ca] 3g ca] ca] ca] cajz@a] ca] ca] ca]ca] ca
]ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calca]calca!]]$ r~ i " d "aYaaaCbbb3cccé&
dr ddePeVeee & f f/ gg} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca
] ca] ca] ca] ca] ca]ca ca] ca] cac]@ﬁ%ca ca] cal. ca] ca] ca] ca! hf hhi Ui i i g j k" kkkd
TI Zl dl | | Amm nwnn Qw’lq [e2m ceniaining @laqq,aép@aqs ajhaa]lea] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal pvo}r Rrrrrrrrrs
s' s- s1s7sChesapge i the vacuum gaswiHgedstock\s teinousd dpoajhabetdmaiidhgcal cal ca
] ca] ca] c”a] ca] ca] ca] c”a] ca] cha] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! vvvw
W=WZ WWW? X XDoty higtegressazzstripperzand (s initbtuaéed altdlthe ajydadccadikiiag edné aa] ca] cal ca
] cha] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] ca] ca] ca] ca!
V{i {{{"| d| bperklihy tenditionEPred<nted m Fakid S]Td Erhradrirlsisheshyatscaksadsal cal

ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]calca]lca]calcalgT/Iw].n

L9} Xsni d_i\a\gT%g]bon]lrz:gd?om} o8 T%§4§a? ]gcaﬁ% a]nca? T‘ca?rgac]fég? 85’?“"1 cajcalc
9

RSP Yo s %@g} T3S At ﬁagf 1 EipaApEHoa) cal cal

a]J ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca* Xt cE 10% ) -
indicates that the sultur concentratlon is less than 10 wppm. These results

demonstrate the advantages provided by the process of the present invention.
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Overall Mass Balance

Mass
Units
-
Feeds
vacuum Gas Ol 100.0
Straight Bun Diesel 20.0
Light Cycle Qil 30.0
Hydrogen 3.2
153.2
Products
Hydrogen Sulfide 3.0
Ammonia 0.2
C1-Ca 5.0
Naphtha 24.0
Distillate 120.5
Unconverted Oil 0.5
153.2
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a catalyst, and reco,vering a denitrification and desulfurization

reaction zone effluent therefrom;

(b)  passing the denitrification and desulfurization reaction zone
effluent directly to a hot, high pressure stripper utilizing a hot,
hydrogen-rich stripping gas to produce a first liquid stream
comprising hydrocarbonaceous compounds boiling in the range of
the hydrocarbonaceous feedstock and a first vapor stream
comprising hydrogen, hydrogen sulfide, ammonia and

hydrocarbonaceous compounds;

(c) passing at least a portion of the first liquid stream comprising
hydrocarbonaceous compounds boiling in the range of the
hydrocarbonaceous feedstock to a hydrocracking zone containing
a hydrocracking catalyst and operating at a temperature from

204°C to 482°C, a pressure from 3.5 MPa to 17.3 MPa, a liquid

21



109 ()- YL109& ()-1 10%& ()-1 10%& ()-110%& ()-./ ///0d00i K- KF3(

109& ()-Y&g 109& ()- #109& ()-Y! 109%& ()-Fl

109& () - 4FMLOY%& ()- Y ! 109& () - 00ML119222i K- KFY7! 109& () - F5! 109& () -

‘F21 10%& () - FOS

109% () - F. 10% () - F, l‘\d@r?@spﬁa)ceﬁ/é‘lééfli? 50, zzrazfzto%swmmuxea/&aﬁnd 4109 () -
| 109& ()-mvL! 109& ()- I0%& ()- 101010S; 109%& (

5A556T666i K- K 10% 0% ()-1M10%& ()-1t!10%& (

)-f10%& () - 67e778|—l88[§(4£6f3\?%%%%£ ‘%fﬂa’%ﬁp%%%%()- Y, 109 ()-Y) 109%& () -1
109&' ()-19% 10%& ()-1y# 109& ()-89999!:#:$: % & i _UKY 0- 10%&' ()-101010S;
10%«8{ (K ) K ?81(1)00/2@ E g -p(eﬁsls]mw%ﬁ( I%);drémg(z)edéefﬂm@mi(réet& ty:the\hot, high

;o AT K- -

10% I 10% 10% 10% A ===, > K- K
BT e T (T e

yL! 10908 () - ; >~>>?k???N@ K- KsOM 10%0&' ()-F. T 10%0&' () -, 10%0& ()-*z

109& ()-"! 10%3)&) () -pasEgO8t Iepst a portion of the first vapor stream recovered in

#10%08&' () - N@A@ As AuAv AWAXAI _UKsOM 10908 () - 10010010 ;

10%0& () - IMLOYE: () -igp 18N 6) AP UQeriion 3f ﬂr@’/@fdrby‘:rackmg zone effluent to
xAABUBBBI CCi K- K3910%&' ()- FIl' 109 ()-F Z10%&' ()-3 109%& () -4F

ég(i/%(yé) (;: Yg)l/(ioo/ef/(&( %) %P%&%ésh)ﬁé@%@(&ggﬁgﬁ zoﬁ@ot/@‘s(a}urate aromatic

109! () - 3y! 10%&! () - oFEF\ FFF>GG K-K3' 0 10%&! ()-33.f 109! ()-3,
109%&. () - 3) 109%& () - 3' COIBBRNYS 308 100& () - 3y#109&’ () - GGHF HHHHHH _UK3" 0
109&' ()-101010S; 10%&' () - 39109%&’ () - 3610% ()-34 10%&' () -

210%& ()-H SI 11 f)JI J Jddfdehnsi /ét&eééra SRS H(the r¥salll g@?ﬂdém%hﬁ)%&péérﬂs
109% & ()- Y3 1004& ()-Yz 109%¢& ()-JK RRKLVEMM K- K3 100

Lok & ()20 1006 & (19 Wsaeeetionresetion 7ons 1R RIESINSS Arend e (-

41 10% & - f2110% &, () - 90I 1094 &
NE 10§/(( &( %) 3) 10%% s(t %Qg%%karlbon%ce&s compounds boiling at a

6! 109% & ()-Y! 10%& ()- Fl ! 10%& &) 0%g! g) 10(10(10(,; 10% & ()- 8y 10% & ()-
QOQz QORYR! RRi K- K 3t tempergture-bglaw the keiinggange gh trghydrocatepaceous

f109%& ()-Y 10%&' ()- RSPSSS/ TTTi K- K3F(! 109%&' () - 3& 109&' () - 3#10%& ()- 3!

1098 ()-G3- 109%&' () -fecdoivgk andr sea@¥RvE)erBtaanuooMArging KBjroges and- 3@
109%&' () - 33&109& ()-Y 0:10% ()-3.3 10%&' ()-3, 109%& ()-3s*

109%&' () - LVMVNVOVWV" \iy Wi d0fidef ) - Y z 1094 &' () - Y 10% & ()-Y

109% & ()-1YL0% & ()- 3

(9)  passing at least a first portion of the second vapor stream to the

hydrocracking zone;

(n)  passing at least a second portion of the second vapor stream to

the denitrification and desulfurization reaction zone;

(i) passing at least a third portion of the second vapor stream to the

hot, high pressure stripper; and

() recovering the hydrocarbonaceous compounds boiling at a
temperature below the boiling range of the hydrocarbonaceous

feedstock.
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desulfurization reaction zone.
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desulfurization reaction zone contains catalyst comprising nickel and

molybdenum.

10. The process of any of Claim 1 to 9 wherein the post-treat hydrogenation
reaction zone is operated at reaction zone conditions including a temperature

from 204°C to 482°C and a pressure from 3.5 MPa to 17.3 MPa.
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