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DI STI LLATES FROM M LD HYDROCRACKERS AND VACUUM GAS O L HYDROT

COVBI NATI ON W TH EXTERNAL FEEDS IN THE M DDLE DI STI LLATE BO LI

FI ELD OF THE I NVENTION This invention is directed to processes for
upgrading the fraction boiling in the mddle distillate range which is

“nvent on | nvot RRCESRToRHE BRRORTEIR T BRI Rn AL RIORE T o ogen’
| oop. BAWWL@I’E@ERWWD@WDROGRACKERS Aﬂvaoumm ®AS olvacuum gas
oi | hydrot reat ers and _F%?rocr ackers are us urities such as

sul fur, nitfodeR [l GOMBINALION WJ%EXTERMQEEE S MR ddl e

distilliate boili ng mat ermApEpiS TR A Bbﬁ.ltl@ﬂﬁﬁd!?m 250F- 735F) from VGO
hydrotreating or noderate severity hydrocrac does not neet the snoke

poi nt, the cetane nunber or the aromatic specification. In nost cases, this
mddle distillate is separatﬁﬁmﬁg@g@'ﬁddle distillate
hydrotreater or, alternativery; i | late is blended into the
general fuel oil pool or used as honme heating oil. There are also streans
in the diesel b0|I|ng range, fromothey units such as Fluid Catalytic
Cracki ng, DBISIP¥ENUSHS H{je&ﬁa lPHsesssy {‘P@ upgrading Glf@t'ﬂﬁépﬁﬂgr’f@;t hevery

of ten, exi %adng dHtMER rafy e WhidrE3 ioBlginéd ﬁomveéqwcm&%t&% dritod¥rafesur e

limts required to proceSs these streans and the m | d hydrocracking unit
provi des amewppphvdigctackets: Erisinveatieninyolypypduvitiplegitagapensess r eans. There

have been mﬁ: Iméﬁ% d processes in which hydroprocessing
occurs w t?i ﬁqeg P‘)(j‘ﬂbgroce sing loop. International Publication No.
WO 971 38066 ( PCTI U897104270)) publ i shed Cctober 16, 1997, discloses a
process for reverse Stag'é&&Bngﬁw?'iﬁlMﬁgﬂ or systens. This

hydr opr ocessor reactor SysSteémtoRptiSEs—tWo—Feactor— Zones, one on top of
the other, in a single reaction loop. In the preferred enbodinent, a
hydrocarbon feed is passed to a denitrification and desulfurlzatlon zone,

whi ch is t Kethed@liping gheruderd, wagyuregas gl hygrolreatars and hydigiceaskafid t he gases
are separ abt ddBikinovE ifplyifes SN, ddH RATAISIRrh i UPPET Z0ne

wher e hydrocrackin otreati n? occur”. Deeper treating preferably
occurs in ¢cludefip ryptC@Hb th@"ﬁddl%iistl Iaje. b@'f%@aiﬁz@ thodigds éhe eangenf i gur at i on

From the dEARASCET 2 o ARatr P il eeBhS PRl BRBEF Y 0Tl owi ng thie

stripper i Bydiocradiérsidoes nobyrbedtiecstheke pding tise cstaaémmbep@sthet reat reaction
zone dovvnstream of tﬁg denitrification desglgfeu(%l zation zone in order to
T

¢3er do(STUKG: PROCESS FOR THE PRCDUCTI ot H 01 QUL T REﬁWmWII\Illmlli\lllllﬂll

saturate afQMAUCSPEGHGRIANSIN nopst capeg. thiggni stillgtis feparaiel¥s a sinil ar
confi gurat !J;S{j”ta&@d b?%tm%lébls?tillaP@hydrUﬁeat@r 98 Qitértativelyt thel hiywd the

hydrotreater fol ? he stri pper and the post-tréat reaction zone.

SUMVARY OMdistifate N\M inty the aenesalifuglailtnashor vsrd as eme heiaing pilate i s
hydr ot r eat g bk 'af‘soséf*é%nﬂhlﬂhhé’ %%é%&mg%gasfrﬁn\gortﬁé‘ﬁw ' R R

hydrotreating reactor or erate S ocrac I ng reactor but
t he rever skluist Gafaiytic SvackingrRelayed Gnhihgymd Vlsbrehlemgélhairreqmes i s not

enpl oyed in th ant i nvent.ion. msnt cQqs saV| and/ or

a1 1 es Smigor Vel b Srng Mrse By AR ERET e, S ies bR aB R o

si gni fi cangressuredinitsyegaira © prodeisthese 'stréiimts eantmde etk aidescraskingt

required. O her %dvanta es mcbgde O%tgl:? édrogen Br essures for each
step) as vl PrQUIdES M APPORYBILIPE SIreirngRYs LuBarading ofdhese slieamsach product .
There is also a maxi numyield of upgraded product, w thout the use of
recycle liquid. The invention is summari zed bel ow. A method for

hydr opr oceBgradaye hean seaeqyavipusly sisstasedperssestiivwhiofpl oyi ng at | east two

gteggts' ON ZQNGSprdbdNidy Sectird Withiin' £ 8Rble Wy drétBre SIIR 00! Hteh{ltiohs! ! oW ng
Publication No. WO 97/38066 (PCT/US97/04270), published October 16,
1997, discloses a process for reverse staging in hydroprocessing reactor

systems. This hydroprocessor reactor system comprises two reactor zones,
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(a) passing a hydrocarbonaceous feedstock to a first hydroprocessing zone
havi ng one or nore beds contai ning hydroprocessing catal yst, the

" hydr oprocessi ng zone bei ng nmai ntai ned at hydroprocessi ng conditions,
wherein the feedstock is contacted with catal yst and hydrogen; (b) passing
the effluent of step (a) directly to a hot high pressure separator, wherein

the effluent is contgcted with a hot, drogen-rich stripping gas to
produce a 948" tQPP&;g’}ﬁ ?:tgﬁbr"i‘ §iswl%wgééh°%hgﬁf'&ﬁﬁezg eous conpounds
boi | i ng at embodIifRENRtah HyBrd2atsiN feB8 iPRadseldo haidfrifidatioR&rfdy dr ocar bonaceous
f eedst ock, hydrogen sulfide and ammonia and _a |iquid stream conprising

hydr ocar bofasdtigatienpens ddighvis| the dpvegszoori mhedffuant of this remgyis of sai d

hydr ocar bo f X i ng.. t r r ) (b),

A ter cool FOAEd SRdIRERRLEL e donr RETIORFY e KRGO SIAG AR sl

cont ai ni ngtathel ywper zone, vilezte diydiocdaakingeart hyaigotoeatimgysay ovder ®deper s
contacted countercurrently with hydrogen, while the |iquid streamof step
(b) is pasgﬁﬁt"f%p %f@gg'(ﬂ%f’fso'ﬁ?h?é?p%%?ﬁeng t he overhead vapor stream from
t he hot hydrogen stripper of step (c), after cooling and contacting with
wat er, the overhead vagor stream conpri si ng. hydrogen, ammoni a, and hydrogen

. 0g
sul fide, aMond ati NR- Pi9§R7 29 digdosasp erifigurationsimilaigpdhatiafh pressure
separ at or, r et : i ,gg,@ i dr ocar bonaceous
gases are %@ngzggmggé?ﬁggﬁtmaﬁ%?g@?@%de%e Pb{ofr;h&tnr{ﬂgcol d high pressure
separ at or denitiificativnidesiiliwizdtiatezane, hhwegerurFollawing thisr stppeer,isand napht ha and

m ddl e di s§jl.]. SS o. fractionatiagn: (e assin he liquid
stream 1 r Rt TG BV Bl eBRIC el oS & s el Teag it AR Bprurtam

hydr opr ocesftha glenitrificatiohieselfwirdtiby doo irerdes toghtarite argnmdtid ni ng at | east
one bed of hydroprocessin at al vs jtable for aromatic saturation and
ring openi ?@%p%'fg{seiig ﬁ@gllﬁ?‘qtﬁ'ﬁq'égiaﬁg&é?%a Sﬂﬂﬂﬂirc avehrpietiwtng

condi t i onse 1) Pl NG YEIOER T 96 G5 wmoﬁ%al%aﬁatréa@eﬁfeﬁovnhssiﬁ@eﬁapeér hydr ogen;
3 (f) passing the overhead fromthe cold high pressuré separator of step
(d) to an ambthemast-tigatreachgrizeren sul fide is renmoved before hydrogen is
conpressed and recycled to hydroprocessing vessels wthin the |oop; and (Q)
passing the effluent of step (e) to the cold high pressure separator of
step (d). BRI EF DESCRI PTI GBUMMARE RAAENSYENTON 1 illustrates a

hydr oprocessing | oop in which the post-treatnent reactor is a mddle
distillate upgrader which operates at approximately the sane pressure as
the first Witagasimantion, thEingiudie distillatelisthydictatedinthepaarseisighng | oop in

whi ch the post-treat msg{?rreactor i S, thqﬁ:_ same as that of Fi gure 1, but
oper at es HEPHURIO0N 8% e ACUHALIIHQ! hydretreaingyeactos of Hie MRIGAE e et al

catal yst is%véﬁ%y'd?oérﬁé!(iﬁg?i?éadtér?B&f‘iﬁ@ﬁe&&@é%ﬁg&nﬁmgh%ﬁﬁsml PTI ON OF THE
| NVENTI ON Description of the Preferred Enbodi ment Description of Figure 1
Feed in stereRiayad Inthairgiegengests necsmployag it thgdnstantinvemiéoniptheydr ogen i n
stream 42-in\7&‘fmgﬁﬁéjo§?§§viaﬁ%dfm%ﬁl?é ﬁr@;&ﬁv@&%&éﬁ@eﬂ%@of@‘&ﬂ@@ger train,

as are the gas streans. e mxture o now i n stream 34, is
furt her hdydeapendpop aresignifizanteaice a3 saparateimiddie distillate hyStoteeaterdg t hen

Feact or 2 MehyAdlrell AoReERIKnRYS bEBHe Bl R Gl Bhe il bl bader 1y
hydr ocr ac kstep, Gatwedlyas opfirhalteydregerbeorsuaiption stidarsagk o edch fredact3, with

intersta uench streans, 4 and 5 deljveri h ogen i n between the beds.
4 gel'h(tq-zre InS also a ma)gr;hum yield of upgra&ed proggct, &/ﬂkogt tne use of recycle

liquid. The invention is summarized below.

A method for hydroprocessing a hydrocarbon feedstock, said method
employing at least two reaction zones within a single reaction loop,

comprising the following steps:



The effluent 6 of the first stage reactor 2, which has been hydrotreated
and partially hydrocracked, contains hydrogen sulfide, ammonia, |ight
*gases, naphtha, mddle distillate and hydrotreated vacuum gas oil. The
effluent enters the hot high pressure separator or flash zone 8 at heavy
oil reactor effluent conditions where part of the diesel and nost of the

lighter material i.s s r at ed fromt% convert 511 The. hot high
pressure s arB?%stmghﬁg'eamsC@ OfACERUR ieedsto ﬁﬁ] h{lgg 88@?'??%'@a%°rﬁentroduced
at the bottom ﬁ@rhngbhemahrtﬁetbeaeu@maﬁﬁrrganyﬂréﬁrocsggnﬁg@a&ryss tagi marily

hydr ot reated heavy gas qil, boiling eratures greater than 700F. The
val ve 10 i ndi CBY‘E@F’EQ"I’&?S'BQ égg‘ﬁp@'”gén?'@ thydseriosessinghenditionsed oil is
sent to the fr pcontains the
overhead from ?ﬁ%fﬁﬁé @8 g%??&ﬁe&éée%g’ﬁ%%sé%ggﬁrm% S cooled in

exchanger 22 (by steam generatr on or process heat exchange) before entering

bed of hyol r oy BRI RTEEh @RArBIPR R Sior iR e Rttt cr curr ent
f1 owi ng hydr og@hefeimtheséffigaitisdontatted wmrdmeid hydinogemr&ﬁ stdppivg gas hydr ogen,
anmmoni a and hydroggn sul fide, along w.th I| §¥fff arid naphtha. The

di fferenti al RTRAYER A YRRt IreAME ’\‘A“B[é?fngh'é BEURCBRCEWSer / r eact or
23 and cold hl@émadsmttr&m@eﬁeye erdtlrd BelbW thé doig rAvNgeentheol val ve 50.
Stream 26 is cooled in exchanger 27 and joins stream 14 to form stream 16.
Water is injechydiogaibpaasacysyeedaterk; hedrogpa suifide and aremevia anske of t he
anmoni a as armﬁm Tyl sul f| de react
to form ammoniu %r su+rﬁ%gmp\?\§m§h |gééc%lgth(\g/ertegé ﬁ‘?gfln%lrgéﬁﬂﬁ@

i nj ection). Thapmoxiewmtely i theeange of sa]dli‘gdrdwrhmmlceouﬂﬁaedﬂwkst r eam 16
enters the cold high pressure separator 17. Hydrogen, |ight

hydr ocar bonaceous gases, and hydrogen sul fide are renoved overhead through

stream 19. (dyly dsgaty thevapestreant eftepdb], fer tbslingtareppatial t he hydrogen
sul fide absorber 20. Ammoni a and hy drogen sul fide are renoved wrth t he sour

water stream (FRIEERRARN 19 2 bRt Byrogen apPghcoMabing at leagiangihad of7. 5

Stream 40, whi i GREAG BV NAER i isdbntiifed boutEMRI@ARPHithN cOMPressor 30
and splits into streans 29 . Stream 32 passes to the hot hydrogen
stri pper/ r eacthydrogen, Stfv'@éhﬁ fﬂUl@ §tf§8me?ft3é@ fbr)(ﬁrpéﬁﬁeé’dmf@@tlﬁmtlmse as

i nterstage quench. Streans 4 and 5 are diverted fromstream 31. Stream 29,
cont ai ni ng hydrogen, is conbined with hydrogen stream 42 prior to conbining
with oil f(ded pasrs'tmrtheov&meadwpphystr&ajmfro%tﬁeshcﬂcbwﬁrmalrim ofent to four
separate | ocatj.on u'fstre mofd ctor Z.ho o]0 vvl:.thfeed stream 1
(through stre %) ecfctoﬁ) Ng,ay ﬁ?’@; @",‘%@’5 rée er%‘fed e%d Y?ﬁ%ugh stream
46, to the hotstieadt cgaprising hpdegén eamninonid, land kghrajencsutide] alongdvitto t he

m ddl e distillate upgrader (stream 35) conbine with recycl e diesel or
kerosene or tdi9pk9 %%g‘oe% ?%@Q%ﬁ@“dﬁ%’hﬂ?ssﬁ?%ﬁ@@' W Bai ni ng make- up

hydrogen, passg@rddent H?d@EﬁsUﬂdE%BQ@ﬁﬂth}B@é&%ﬁQée&% gdse8Erst r eam 41,

whi ch exits conpressor” 37 containi ng npr esse streans 35, 42
and 46 are di vemoxed OYW@eﬁﬂc@ﬂ@Oﬂi%lﬁrfﬁWédﬂﬁmmlqg'%dﬁﬁ%ﬂé of one or
nore multiple ch as

Ni - Mo, Ni -Wans%ﬁ gfat%f’ gm%%ﬁ rﬂd%%rrwa s‘g?ér a?trpggagalr?gﬁ%p ﬁg opening to
i mprove di eselamrmﬂdladlqtumltesarespasaeﬂtmﬁaelncmmf'ohp | evel and cetane i ndex.

In the enbodi nent of Figure 1, the mddle distillate upgrader is operated
at approximately the sane pressure as the first stage reactor 2. Quench gas

(stream 47g) mpashingité iqeld e@damTreim des hoohyrPOgEmstrippacoibtep atyRemat ur e.
Stream 24 may be copbined with recycle diesel or kerosene (stream 48) from

the fracti onatS6FORhBYArABrOSEREING RPerthgisereRe BYUropracessing Zepe to be
processed and &R i s conbi ned
W th stream Zéf%rﬁ)tr%:"gﬁg?glegﬁfﬂﬁﬁég\d ?ﬁ@drhb%'g{ ggﬁﬁ%tk?ﬁpggnupgrﬁ 12. Stream
24 enters t he argmatiosatutation@ndamgaenening wehateinrtha liguid is norutagledt he cat al yst
beds 13. Stre [ | ate
upgrader 12, b CytBffetsing Bindfions Fih e AP BBt T (cee
exchanger 15) tpresbece pOhyogeri;h stream 26 to form stream 16, which is
sent to the effluent air cooler and then to the cold high-pressure
separator 17. Water is continuously 6 injected into the inlet piping of
the effluent air cooler to prevent thg deposition of salts in the air

cool er tubes. In the cold high pressure separator 17, hydrogen, hydrogen
sul fide and ammoni a | eave t hrough the overhead stream 19, while naphtha and
mddle distillates exit through stream 18 to fractionation (stream 39).
Description of Figure 2 As described in Figure 1, feed in stream1 is mxed
vvrth recycl e hydrogen and make -up hydrogen |n stream 42 The f eed has been

T 1 o 1. . o o



The effluent 6 of the first stage reactor, which has been hydrotreated and
partially hydrocracked, contains hydrogen sul fide, ammonia, |ight gases,
‘naphtha, mddle distillate and hydrotreated vacuum gas oil. The effl uent
enters the hot high pressure separator or flash zone 8 at heavy oil reactor
effluent conditions where part of the diesel and nost of the lighter
material is separated fromthe unconverted oil. The hot high pressure
separat or KBs ®assingdhe pyesad from the Q%hléb@fﬁﬁﬁu&s%}é@atqlip?étﬁ@déﬂ at the

bottom for strippi t r; ' TR A drotreated
heavy gas oil, k‘ggf‘{%‘?’ﬁ%}b&? ,q@ﬁ;enr%eﬁrygfdtﬁeég ugrﬁga{g?eléﬂ]?%%nb%h%dfhéeé% ve 10

i ndi cat es t hat cpmgsessed arsl reeyitled tb byfropecessnginessalewitkid tbe lodps sent to
the fractionation section in stream 11. Stream 21 contains the overhead
fromthe hot h?& pressure separator and may be joined by external feed 7.
Stream 21 is then cooled in exchanger 22 7 (by steam generation or
process heat exchange) before entering the hot hydrogen stripper/reactor
23. Stream(@1 PP&&EQG%)%%?B‘I of step (U dnthe erld high Ripasiieseraraleyf Hat al yst 52,
whi | e being cogi d W th countercurrent flow ng hydrogen from stream 32.
The overhead stream 26 from hot hydrogen stripper/reactor 52 contains

hydr ogen, ammoni a and hydrogen sul fide, along with |ight gases and napht ha.

It is cooled in exchan y/ v A ?ﬂa‘ m 36) into the stream
26 to renove nost of t%\-\ﬁE% DE%F?%T'UN & L sol ution (amoni a
and hydrogen sul fide react to form anmmoni um bi sul fide which is converted to
solution by water injection). The streamijs then air cooled by cool er 45.
The ef 11 uehiop drlteTHetes p RubispErcasting aon ewBigh dheposi B0 eackBar at or

17. Hydr ogeNa rhibigiBtdistingfeasjragarasifien sprtesat APonMEP Bk Sathéi de are
removed overhead through stream 19. Hydrogen sulfide is renoved (stream 51
) from t he PsessEERP$ e fifst staae serGtos ul fi de absor ber 20. Ammoni a and hydr ogen
sulfide is renoved with the sour water stream (stream 48) fromthe cold
hi gh pressure separator 17. Stream 40, which contai ns hydrogen, is

conpr essed Figure @nflustsdes a Bodmpioasskingdoominovisich dwnpoR remtietireator eam 31 i s
diverted fromstream 29.for. use,as .intersta uench. Stre 4 and 5 are
di verted f oieSEriLy Gt oBFae1 SRt Bshites AP B Oy NI BF  med w t
hydr ogen sktagamedetopr AGiobleometrieatalydyisvsdd inithe pestdredtimeamehctdvbke- up
hydrogen 38 is conpressed and sent to four separate | ocations, upstream of
reactor 2 to conbine with feed stream1 (through stream42)) to the hot

hi gh pressure separ atgETAIED DESCRAPTRAINGS THEINVENTIOIN hydr ogen
stripper/reactor 23, and to the mddlie distilTate upgrader (stream 35) to
combine with recycle diesel or kerosene or to be used as interstage quench.
Strean138,Dggaﬁgbmuggmgphgéﬁgd@¥q5 Bnt Passes to the make-up hydrogen
conpr essor . From stream 41, which exits conpressor 37 containing
conpressed hydrogen, streans 35, 42 and 46 are diverted. 8 In this

enbodi nment h 1ddl.e.distjl|ate upgrading reactor 12 operates at |ower
pressure tﬁg%cﬁﬁgkgfvz?gU&%Le reactor 2. Liquid (stream24) fromthe hot
hydrogen stripper 52 is reduced in pressure (via valve 28) and is conbi ned

wi th make- hydrogen (.stream 35) after the second stage of conpression of
the. ke ubERG I DURA d0s BHELWIA Socycleciupkpgerkand BhE- GF MufTeash N s r oarm 50)
may be addggldh 420 thefebfthas been'Prefietted irﬁaﬁﬂf&esé%bﬁfe%hgéﬁtréihﬂ exchanger
25) to the mddle distillate upgrader 12, ich is preferably | oaded wth
one or nor as Betithegasriigamsrelthg mbdurg ofdeed and gas.nay in stecaraRd. isp hydr ogen
is avail ab : S j bl e bed
applicati %’?‘%ﬁ'&%@?%ﬁ%ﬁ? Q%@:ﬁgeé;%h%ﬂﬂifé#@ggﬁgd éltﬁéaéﬁg Létrﬂll'é‘reus of heat
exchanger sedtersathe festrstagendewniidwd fikedjbegremdonr2 Teplirshbed 34¢f .reéxter head vapor
38 fromtheg cold hi.gh ssur.e separatqr 49 is essential hi gh-purity

nydr ogen e rievsceeiain VSRR AR A s mbls R Folar® Ut Bl L otor i s
sent to t heataRke-THerBYHYIgen stetisRator fixdd. béderd) Mithsrlérsade quendty dr ogen
(stream 29) is sent to the high pressure reactor 2, the high pressure

separ at or greamg 4nd ﬁﬁ&PYf‘d@QM?QﬁSb’P/W@?’&F“Q@?dSBOt tons (stream 18) from
the col d high-pressure separator 17 is sent to the fractionation section
(stream 53) after pressure reduction. Stream 14, which is the effluent from
the mddle distillate upgrader 12, is used to heat the other process
streans in the unit (see exchanger 15) and passes to the cold high pressure
separator 49. The liquid effluent of dold high pressure separator 49,
stream 39, passes to fractionation. Feeds A wide variety of hydrocarbon
feeds may be used in the instant invention. Typical feedstocks include any
heavy or synthetic oil fraction or process stream having a boiling point
above 300F (150C). Such feedstocks include vacuum gas oils, heavy




9 For the first reaction stage, typical feeds will be vacuumgas oil,
heavy coker gas oil or deasphalted oil. Lighter feeds such as straight run
~diesel, light cycle oil, light coker gas oil or visbroken gas oil can be

i ntroduced upstream of the hot hydrogen stripper/reactor 23. Products
Figures 1 and 2 depict two different versions of the instant invention,

directed pr t |t | e tillat rqduction,as vveII as

to product 1SR arushtelor herd Fida aflgne §nfh WaspeBhuBldfasied ARe " vent i on

i s especi al;iaynamefyulroarackédecpmtealmi foyedfsulfidad bantbriia | lighthgesdg, act i ons

boiling in n 8 of a@out 250F- 700F $121 C- 371 g A nddle distillate
@aag% anHdde odbd,

fraction i digiVipteand ydrotreaied ¥agMIm 988, e et o 700F. At
| east 75 v@n%rsnﬁ@hsfmahbr&%ume@ar%rbhﬁaé}pimwai Re&ly dilYeabigfd! e

distillate have a nornal ' ng ﬁgl nt of greater than 250F. At |east about
75 vol % preéfimﬁppdlawwh%e paATt otribe cliggsebarth mosbof thﬁdtghtezmm@edalssu |l ate

have & nor mabahikd o B8 Abofler g, TR ol feiartibibeqdi st i L ate”

i ncl udes t K& aiese erosene ran rac The

ker osene orse} ef trayse44 tvith Ihydg:gpmrmh gasnigteoduekdrat the)bcbtmm rfcamgﬂpdnag ween 280F
and 525F ( 38C—ﬁ74Cé ‘h&e term"diesel boiling range" refers to

hydr ocar bo SR 4Pt he range from 250F to 700F (121 G371 C). Gasoline
or naphtha may also be produced in the process of this invention. Gasoline
or naphtha normally boils in the range bel ow 400F (204C), or C5-. Boiling
ranges of \Séﬁqaahg'ipwaaetv hydettgate heaysas ol boling @) tesapeeiiiesr refi nery

T VALY WhddleRia JoEOThe BNk HARARSURE BLbSTe N ddiRelbfigeCl! source.

| ocal refi ery markets an rices Snother product of
t hi s i nventheoancarsesdkt wilbosérst to the flactroamagen Eeamrﬁﬁ&ﬁebm TROF. 10

Condi tions Hydroprocessing conditions is a general termwhich refers
primarily in this application to hydrocracking or hydrotreating, preferably

hydr ocr ackisk@aml D€ chhtafis the dg6rHe@a Ftoph theAfotdfigh picRduicdsdpagatbes 1 and 2, may
be either a VG&O hjvjdr otreater or a noderate severity hydrocracker.

Hydr ot r eat S¥§aBbAHIS sesied inRchaegel %@afﬁtfiﬁmtg@nﬁaﬂaﬂmr@rwmﬁt 400F- 900F
(204C 482C xcrpérfgfe bRy eﬁ@?ﬁg&ﬁ@ﬁoﬁy‘@@é}gé&gpﬁ/@a Cfr 24 &t a{ﬁt 00 to 5000

pS|g (pounds per quare I nch™gauge prefer _ 000 to 3000
psig (7.0-fows dnmyvardymredglnathed(o_fmdyot@fatnt)gsataiystﬁa @hilhbeingv/ v) ; and

overal |, Y ESARERASART ST a5AoReh 5 shedich.of 11 1 o

The overhead stream 26 contains hydrogen, ammonia and hydrogen sulfide,
along with light gases and naphtha. The differential operating pressure
between the hot hydrogen stripper/reactor 23 and cold high pressure
separator 17 is maintained by control valve 50. Stream 26 is cooled in
exchanger 27 and joins stream 14 to form stream 16. Water is injected
(stream 36) into the stream 16 to remove most of the ammonia as ammonium
bisulfide solution (ammonia and hydrogen sulfide react to form ammonium
bisulfide which is converted to solution by water injection). The stream is then
air cooled by cooler 45. The stream 16 enters the cold high pressure
separator 17. Hydrogen, light hydrocarbonaceous gases, and hydrogen
sulfide are removed overhead through stream 19. Hydrogen sulfide is
removed from the stream in the hydrogen sulfide absorber 20. Ammonia and
hydrogen sulfide are removed with the sour water stream (not shown) from

the cold high pressure separator 17.



In the enbodi nent shown in Figure 1, the first stage reactor and the m ddle
distillate upgrader are operating at the sane pressure. In the enbodi nent
*shown in Figure 2, the mddle distillate upgrader is operating at a | ower
pressure than the first stage reactor. Typical hydrocracking conditions

i nclude a reaction tenperature of from 400F-950F (204C-510C), preferably

650F- 850F (343C- 454C)... React i , f 00 to 5000 psi
(3.5 9.5 KR 40 QbR G)OsIyOSeIEHY 925 ETTPIESoRd 7 RRRPIEREY  anges
from 0.1 tgoldnddplitd %déétg%a]?ﬁgtgraaalm. (steear 32 paksds tdhd M BPdRBRUNMPL i On

ranges from 500 to 2 per barrel of liquid hydrocarbon féeed (89.1-445
m8 H2/ nB f s¥iPper/teaciondt Aredraddps divester i siieamdy febHE@PA only one

catal yst: e RRUR Gherht Lyeiints 4 Bnf SLNALRR o SR ST SGkABBER 2l ys!

general ly conpri a cracking conponent, rogenati on conponent and a
bi nder. Suchntairiag hgdrogandswehibiradomith hydrogen $treamat pridite combirkingng

conponent i.ncl yde an anorphous silical/alum na phase and/or a zeolite,
such as a Wﬁ@%asfﬁnzgol ite. Catalysts having high cracking activity

often enmpl oy REX, REY and USY zeolites. The binder is generally silica or

al um na. The hydrogenati gn _conponent will be a Goup VI, Goup VII, or
G oup VI 1 Makeyp B?de‘BQP'EI% ipporapiessad and septigriourserasatedPsations. or nore of

| ybdenumupﬁfﬂ@ﬂﬁto%a&&b@{& corftbinBiwithabed Sfreahiel aﬁﬂoh'gﬁ%%earn @@iéﬂﬁs ther eof .

| f present the catalyst, these hydrogenation conponents gererally make
up from abthe hakigh pegssute seEparatpr Gdhrgbgh streaimed&; 4o the/kot hydregemat i vel y,

plat§ U GG PRS2 BRBRCH BLY Pl AL 1S ARMNQL ARy =Y. D pr esent

as the hydro ion co nen her "al'one or I'n on with the
base net al (dtyechno §&Ntatcommbine withneoycle diekglhardernsenelords berysedadzal t, or

nickel. If_present, th atin roup. netals will generall ke up from
Sbout 0. 1 WCSEEBSHENST, yreaBT S CLBAIRRG ESHERYR BYCroBER ASSEL AP M catal yot.
i f used, V\hﬂdketl.g)hfcﬂbd\;/dn BEMPres8PYEI FRom stréa AU vhidh Ristdonfbressrpound

thereof, and a Giqup VIIl netal or conpound thereof supported on a porous

r ef r act or y 3h&£9Btainiod campegssad hydrogeanpreamsfdnidinnd #bare diyettedal ysts are
al um na supported cobalt-nol ybdenum nickel sulfide, nickel-tungsten,
cobal t -tungsten and ni ckel - nol ybdenum Typically, such hydrotreating

cat al yst s &he middleulidtilldtedupgrader Bxeconsists POSTe bivVIDRGET REAIHIGedY- 1810l D

HYDROCRACK X F INE gﬁpl f kedM | d
Hydr ocr ac kg%ggr?ﬂu}d;ﬁgﬁ%rggﬁ(ﬁgg tga"f hI 4t Q&"g‘oﬁ{dﬁﬂ%gﬁ@? Bgﬁlfe@ker Gas
G | M ddl e kesdipfon Bramafiasaturaticaandiring dpknidyciodnipacve digdél produdtd Vol une %31
Liquid Volu nver si on<680F<700FHydr ot r eatj ng, Cat al yst Nobl
met'al | zoo) LSS S 0Ha A8 PR WHFLRILERE Mdsto TS SHBoRIret ot
Bed594720 TRignes 81 teenidbieldiMillale BidraBar i@ Gpotatoll aRappxinsislyRREQARRO0H?
Partial Pressure, psia8001900Cetane Uplift (typical)7 to 152 to 7
pressure as the first stage reactor 2. Quench gas (%tream 47) may be
introduced in order to control reactor temperature. Stream 24 may be
combined with recycle diesel or kerosene (stream 48) from the fractionator
when no other external feeds (stream 7) are to be processed and cooled in
exchanger 25. Hydrogen from stream 35 is combined with stream 24 prior to
entering the middle distillate upgrader 12. Stream 24 enters the reactor at the

top and flows downwardly through the catalyst beds 13.

Stream 14, which is the effluent from the middle distillate upgrader 12, is used
to heat the other process streams in the unit (see exchanger 15) and then
joins with stream 26 to form stream 16, which is sent to the effluent air cooler

and then to the cold high-pressure separator 17. Water is continuously



The Tabl e above illustrates the effectiveness of upgrading the effluent of
the first stage reactor, which has been mldly hydrocracked. The effl uent
*is hydrotreated in the mddle distillate upgrader. Cetane uplift
(inprovenent) is greater, and at | ess severe conditions, using a catalyst
havi ng a nobl e netal hydrogenati on conponent with a zeolite cracking

conponent tha en . .using a.cat st..havi ng base net al dr,ogenati on
conponent s "&Jﬁgtsmfr‘ﬁ%ﬁ? "3% PARIBY ﬁﬁ%sefgﬂ%@r"tgqoc’&ﬁgﬁée‘(?ﬂt F% d%‘gﬁ" B8 hi gher i f
external digesaks Inthgirfpits tbds. ahehadeidthigppiaseard sdpdrigtor tir gh Pressure
Separator 44. 13 CLAIMS A net hod for _higlroprocesm ng a hydrocarbon

f eedst ock, hydregerebydaoensvifge agd ammpeppdengdhiquabdbs Svatheadidieam t hin a

singl e reaglg WPI]iIé iﬁlgﬁhthé a‘?ﬁ“rﬁid@féﬂ?gﬁl%‘t’éﬁ&iﬂﬂ% atn 484G krseliorRRgA

conprising the tollowng steps passi ng a hy rocar bonaceous feedstock
to a first (siyehro@Odbcessi ng zone having one or nore beds contai ni ng
hydr opr ocessi ng 10 catal yst, the hydroprocessi ng zone bei ng nai ntai ned at
hydr opr ocessi ng conditions, wherein the feedstock is contacted with

cat al yst armbdeyiptiopest, Figure 2

As described in Figure 1, feed in stream 1 is mixed with recycle hydrogen and
make-up hydrogen in stream 42. The feed has been preheated in a process
heat exchange train as are the gas streams. The mixture of feed and gas,
now in stream 34, is further heated using heat exchangers 43 and furnace 51.
Stream 34 then enters the first stage downflow fixed bed reactor 2. The first
bed 3 of reactor 2 may contain VGO hydrotreater catalyst or a moderate
severity hydrocracker catalyst. There may be a succession of fixed beds 3,
with interstage quench streams, 4 and 5 delivering hydrogen in between the

beds.

The effluent 6 of the first stage reactor, which has been hydrotreated and
partially hydrocracked, contains hydrogen sulfide, ammonia, light gases,
naphtha, middle distillate and hydrotreated vacuum gas oil. The effluent
enters the hot high pressure separator or flash zone 8 at heavy oil reactor
effluent conditions where part of the diesel and most of the lighter material is
separated from the unconverted oil. The hot high pressure separator has a
set of trays 44 with hydrogen rich gas introduced at the bottom for stripping

through stream 46.

Stream 9 is primarily hydrotreated heavy gas oil, boiling at temperatures
greater than 700°F. The valve 10 indicates that pressure is reduced before

the unconverted oil is sent to the fractionation section in stream 11.

Stream 21 contains the overhead from the hot high pressure separator and
may be joined by external feed 7. Stream 21 is then cooled in exchanger 22



(b) passing the effluent of step (a) directly to a hot high pressure 15
separator) wherein the effluent is contacted with a hot, hydrogen rich
“stripping gas to produce a vapor stream conprising hydrogen,

hydr ocar bonaceous conpounds boiling at a tenperature bel ow the boiling
range of the hydrocarbonaceous feedstock, hydrogen sul fide and ammoni a and

a liquid streamco 20 hyd b ds, boi | i

apprgxi mat étlwsat?ﬁnﬂag‘r%’% ! oroqro§§§s{jt9c &Kgﬁﬁ%gﬁgﬁggg?#gggg? g‘l{?Ll n?c) passi ng
the vapor siéRaehetrigderfeddior 236.'[Sfreéiﬁ%iﬂwsadbivrﬁ/ﬁ’érﬂyahrcﬁ@ﬁ(bﬁﬂé@bfO_FL to a
hot hydrogen stripper containing at |east one 25 bed of hydrotreating

catal yst, Whdiotrepting salalyst ﬁ&t‘@é@%:’éﬁjﬂg eprigetedryvith coyntercHaRtdlawing whi | e t he

liquid str § i5 passed to fractionation; (d) passing the
over head vg‘g‘giogtse{]réog'?nsgfr o%t'e hot hydrogen 30 stripper/reactor of step

(c), after cooling and contact with water, the overhead vapor stream

conpri si ng drvo ey qmar‘on'b rof LI QLS entrsudefr' det akon tvvith | i ght gases
and naphth SVEMER PN 871 UL & et o 318 § %Ggﬁ, hydr ogen
sul fide, angdiogeh arhthonidhyslt hgdrogemagifidesalgeg ®ith digket gesee\eed over head,
anmonia i s rermvei fromthe cold hi 99 ﬁ\zaq[ssur_e_ separat or as. anmpni um

“la

bi sul fi dei HaPW@?s s .Cﬁﬁleér'" SKEhanger grisHpigsted {atraamAta infpdhe | | ates are
passed to Easthi B @treRidve nost of the ammonia as ammonium bisulfide solution

(ammonia and hydrogen sulfide react to form ammonium bisulfide which is
converted to solution by water injection). The stream is then air cooled by
cooler 45. The effluent from the air cooler enters the cold high pressure
separator 17. Hydrogen, light hydrocarbonaceous gases, and hydrogen
sulfide are removed overhead through stream 19. Hydrogen sulfide is
removed (stream 51) from the stream in the hydrogen sulfide absorber 20.
Ammonia and hydrogen sulfide is removed with the sour water stream
(stream 48) from the cold high pressure separator 17. Stream 40, which
contains hydrogen, is compressed in compressor 30 and splits into streams
29 and 31. Stream 31 is diverted from stream 29 for use as interstage
quench. Streams 4 and 5 are diverted from stream 31. Stream 29, containing
hydrogen, is combined with hydrogen stream 42 prior to combining with oil

feed stream 1.

Make-up hydrogen 38 is compressed and sent to four separate locations,
upstream of reactor 2 to combine with feed stream 1 (through stream 42), to
the hot high pressure separator 8 through stream 46, to the hot hydrogen
stripper/reactor 23, and to the middle distillate upgrader (stream 35) to
combine with recycle diesel or kerosene or to be used as interstage quench.
Stream 38, containing make-up hydrogen, passes to the make-up hydrogen
compressor 37. From stream 41, which exits compressor 37 containing

compressed hydrogen, streams 35, 42 and 46 are diverted.



(e) passing the liquid streamfromthe hot hydrogen stripper/reactor of
step (c) to a second hydroprocessing zone, the second hydroprocessi ng zone
containing at |east one bed of hydroprocessing catal yst suitable for
aromatic saturation and ring 10 opening, wherein the liquid is contacted
under hydroprocessing conditions with the hydroprocessing catalyst, in the

f hvd - (f i ng . tF head f l.d_hj gh
Separ at or 7 S eBfEHiment 1B RSB YRHRERE RoBPILRPERIes 861 s T emoved
bef ore hydiggenpresswernthar trefitsbstdgs esactdred Liguitly Stiedrh Qag fdmberisel s

wi thin the | oop; and ( assing the effluent of step (e) to the cold high
pressure sé\bfﬁf‘gﬂeﬁrStQ@P%)f522'§é%d‘{Q§’ﬂ'“?.’eSFH@ Wf%\%&%%}awf I8 GAMbiInggher ei n t he

hydr opr oceggi I HiA j r | : rature of
£ om 400F S D B o St S BT B0 1 o

5000 psig 2e (Rke-lguhwirpger) comprassiB7.nRetycle kergsene ondiesel (stsea® hr' (vl v),
and hydr og ?BSIH[T? ' 1. t r . 5 t ._per barrel of
liquid hyd%@%g} on %%%]?Qg{sléqus%%ﬁp@uggmfsgeeé)a_ eé?%ﬁg’{:{ﬁ? ocess of claim1
or 2, wher exochargeri2b) totheaniadid digtilatadpdrades1fwiich &t mpfetalflajoguedf er abl y
conprise a t erature in, the range from 6 -850F (.343C-454C)) reaction
pr ggsur e i an?m@\er%rﬁgrq begs o nob?e etal caglys?qg. %art of(the make-up )

hydrogen is available as quench (stream 47) between the beds for multiple

bed application. Reactor effluent (stream 14) is cooled in a series of heat

exchangers 15 and sent to a cold high pressure separator 49.

Overhead vapor 38 from the cold high pressure separator 49 is essentially
high-purity hydrogen with a small amount of hydrocarbonaceous light gases.
The vapor is sent to the make-up hydrogen compressor 37. Compressed
make-up hydrogen (stream 29) is sent to the high pressure reactor 2, the high
pressure separator 8, and hot hydrogen stripper/reactor 23. Bottoms (stream
18) from the cold high-pressure separator 17 is sent to the fractionation

section (stream 53) after pressure reduction.

Stream 14, which is the effluent from the middie distillate upgrader 12, is used
to heat the other process streams in the unit (see exchanger 15) and passes
to the cold high pressure separator 49. The liquid effluent of cold high
pressure separator 49, stream 39, passes to fractionation.

Feeds

A wide variety of hydrocarbon feeds may be used in the instant invention.
Typical feedstocks include any heavy or synthetic oil fraction or process
stream having a boiling point above 300°F (150°C). Such feedstocks include
vacuum gas oils, heavy atmospheric gas oil, delayed coker gas oil, visbreaker
gas oil, demetallized oils, vacuum residua, atmospheric residua, deasphalted

oil, Fischer-Tropsch streams, FCC streams, etc.



1500- 3500 psig (10.4-24.2 MPa), LHSV in the range fromO0.25 to 15 2.5
hr') and hydrogen consunption in the range from500 to 2500 scf per barrel
~of liquid hydrocarbon feed (89.1-445 nB H2/ma feed). 4. The process of
claim1, wherein the hydroprocessing conditions of 5 step 1 (e) conprise a
reaction tenperature of from 400F- 950F (204C-510C), a reaction pressure in

0.1 10 15 FoP RIS fedcior ol Safel Bads i 0 M gt B Al BBEE00°, " 2500

scf per bagasbil @ deasphaltedyailr dightdrdieedesuch 89sttaighbrunitiiesy| Night epele . 10 5.
' condi .1 ons of step

The process.of .claim1l or. 4, wherein the hydropraocessin '

1 (o) pr of Bitdionf ofihsasdll o idigksngan il ot b BiGHiGeS HPSHRASS GENSSOF

{ 343C- 454Chot hRfI6GEPSriPpEFRAERi28. t he range from 1500- 3500 psig (10.4-24.2
MPa), LHSV in the range from0.25 to 15 2.5 hr', and hydrogen consunpti on
in the range from500 to 2500 scf per barrel of liquid hydrocarbon feed
(89. 1-445 W‘odi%/té‘ﬁ feed). 6. The process of claim1l, wherein the feed to
step 1(a) comnprrses hydrocarbons boiling in the range from 500F to 1500F.
20 7- The process of claim1l or 6) wherein the feed is selected fromthe

gr oup. coNSEek 101 Ghd FIEHIE 8 ifbrent VBRSNS SF RIRASHY ifvdfion” rectd§’ Y €Y
primarily to high quality middle distillate production as well as to production of

heavy hydrotreated gas oil.

The process of this invention is especially useful in the production of middle
distillate fractions boiling in the range of about 250°F-700°F (121°C-371°C). A
middle distillate fraction is defined as having a boiling range from about 250°F
to 700°F. At least 75 vol%, preferably 85 vol%, of the components of the
middle distillate have a normal boiling point of greater than 250°F. At least
about 75 vol%, preferably 85 vol%, of the components of the middle distillate
have a normal boiling point of less than 700°F. The term “middle distillate”
includes the diesel, jet fuel and kerosene boiling range fractions. The
kerosene or jet fuel boiling point range refers to the range between 280°F and
525°F (138°C-274°C). The term “diesel boiling range” refers to hydrocarbons
boiling in the range from 250°F to 700°F (121°C-371°C).

Gasoline or naphtha may also be produced in the process of this invention.
Gasoline or naphtha normally boils in the range below 400°F (204°C), or Cs-.
Boiling ranges of various product fractions recovered in any particular refinery
will vary with such factors as the characteristics of the crude oil source, local

refinery markets and product prices.

Heavy diesel, another product of this invention, usually boils in the range from

550°F to 750°F.
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gas oil, visbreaker gas oil, FCC light cycle oil, and deasphalted oil. 25
$- The process of claiml, wherein the cetane nunber of the |iquid being

- contact ed under hydroprocessing conditions in step 1 (e) ranges from2 to
15) 9. . The process of claim1l, wherein the hydroprocessing catal yst
conprises both a cracking conponent and a hydrogenati on conponent. 30 10.
The process_of _¢claim9, wherein the hydrogenation conponent is sel ected
fromthe gﬂaﬂ¥ﬂ$ﬂﬁ%isting of Ni, Mo, W Pt and Pd or conbi nations thereof.
16 11. The process of claim9, wherein the cracking conponent nay be
anor phous or zeolitic. 12. The process of claim1l, wherein the zeolitic
conponent itydsepecessing conditions igacagnecaiieing whigh refery priggyily RS and REY

lities. 3L . i _ : :
Zone of st dpPicyis B eRiERGaf o ol Bl Bol IR, EGAPRNGY ThapT occss! 19
hydr opr oceSastrejage reactdr, 8¢ depidtefdn Fidlifes 1 and 2, may be either a VGO

hydrotreater or a moderate severity hydrocracker.

Hydrotreating conditions include a reaction temperature between 400°F-900°F
(204°C-482°C), preferably 650°F-850°F (343°C-454°C); a pressure from 500
to 5000 psig (pounds per square inch gauge) (3.5-34.6 MPa), preferably 1000
to 3000 psig (7.0-20.8 MPa); a feed rate (LHSV) of 0.5 hr' to 20 hr (viv); and
overall hydrogen consumption 300 to 5000 scf per barrel of liquid hydrocarbon
feed (53.4-356 m®m® feed).

In the embodiment shown in Figure 1, the first stage reactor and the middle
distillate upgrader are operating at the same pressure. In the embodiment
shown in Figure 2, the middle distillate upgrader is operating at a lower

pressure than the first stage reactor.

Typical hydrocracking conditions include a reaction temperature of from
400°F-950°F (204°C-510°C), preferably 650°F-850°F (343°C-454°C).
Reaction pressure ranges from 500 to 5000 psig (3.5-34.5 MPa), preferably
1500 to 3500 psig (10.4-24.2 MPa). LHSV ranges from 0.1 to 15 hr'! (viv),
preferably 0.25-2.5 hr”'. Hydrogen consumption ranges from 500 to 2500 scf
per barrel of liquid hydrocarbon feed (89.1-445 m® Hy/m® feed).

Catalyst

A hydroprocessing zone may contain only one catalyst, or several catalysts in

combination.

The hydrocracking catalyst generally comprises a cracking component, a

hydrogenation component and a binder. Such catalysts are well known in the

11
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"()- 10% f)}ése%@, the platinum group metals will generally make up from about 0.1% to

about 2% by weight of the catalyst.

Hydrotreating catalyst, if used, will typically be a composite of a Group Vi
metal or compound thereof, and a Group Vil metal or compound thereof
supported on a porous refractory base such as alumina. Examples of
hydrotreating catalysts are alumina supported cobalt-molybdenum, nickel
sulfide, nickel-tungsten, cobalt-tungsten and nickel-molybdenum. Typically,

such hydrotreating catalysts are presulfided.
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POST-HYDROTREATING OF MILD HYDROCRACKER
DISTILLATES FOR CETANE UPGRADING

Feed

Mild Hydrocracked
Distillate from Vacuum
Gas Oil/Coker Gas Oil

Mild Hydrocracked
Distillate from
Middle Eastern

Blend Vacuum Gas Oil

Mild Hydrocracking 30 Liquid Volume % 31 Liquid Volume %
Conversion <680°F <700°F
Hydrotreating Catalyst Noble metal/Zeolite Base metal/Alumina
Hydrotreating
Conditions:

Catalyst Bed 594 720

Temperature, °F

LHSV, 1/hr 1.5 2.0

Gas/Oil Ratio, SCF/B 3000 5000
H, Partial Pressure, psia 800 1900
Cetane Uplift (typical) 7t0 15 2t07

The Table above illustrates the effectiveness of upgrading the effluent of the
first stage reactor, which has been mildly hydrocracked. The effluent is
hydrotreated in the middle distillate upgrader. Cetane uplift (improvement) is
greater, and at less severe conditions, using a catalyst having a noble metal
hydrogenation component with a zeolite cracking component than when using
a catalyst having base metal hydrogenation components on alumina, an
amorphous support. Cetane uplift can be higher if external diesel range feeds

(7) are added upstream of Hot High Pressure Separator 44.
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10s<109%& () -1 MLO% ()-1109%& ()- 10 10 109<109%& ()- XX$YEYFYXY] YKYi J, b'
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10% & ()-' 10% & ()-' 10% & ()-' YYYYYYYYI R3b10% & ()-' 10% & ()-

10% & ()-' 10% & (A methda f’er roprdceséingZa ﬁ?&%ﬁ%k@%sﬁo&ﬂ ,said method
'10% & () - 10% & ()-"10% & ()-"" "10% & ()-"' ?ZSZf ZgZuZvZwZxZpV8b'
employing multiple hydroprocessing zones within a single reaction loop,
5 each zone having one or more catalyst beds, comprising the following
steps:

() passing a hydrocarbonaceous feedstock to a first hydroprocessing
zone having one or more beds containing hydroprocessing
10 catalyst, the hydroprocessing zone being maintained at
hydroprocessing conditions, wherein the feedstock is contacted

with catalyst and hydrogen;

(b) passing the effluent of step (a) directly to a hot high pressure
15 separator, wherein the effluent is contacted with a hot, hydrogen-
rich stripping gas to produce a vapor stream comprising hydrogen,
hydrocarbonaceous compounds boiling at a temperature below the
boiling range of the hydrocarbonaceous feedstock, hydrogen
sulfide and ammonia and a liquid stream comprising
20 hydrocarbonaceous compounds boiling approximately in the range

of said hydrocarbonaceous feedstock;

(c) passing the vapor stream of step (b) after cooling and partial
condensation, to a hot hydrogen stripper containing at least one
25 bed of hydrotreating catalyst, where it is contacted countercurrently
with hydrogen, while the liquid stream of step (b) is passed to

fractionation;

(d) passing the overhead vapor stream from the hot hydrogen
30 stripper/reactor of step (c), after cooling and contact with water, the
overhead vapor stream comprising hydrogen, ammonia, and
hydrogen sulfide, along with light gases and naphtha to a cold high

pressure separator, where hydrogen, hydrogen sulfide, and light
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step (c) to a second hydroprocessing zone, the second
hydroprocessing zone containing at least one bed of
hydroprocessing catalyst suitable for aromatic saturation and ring
10 opening, wherein the liquid is contacted under hydroprocessing
conditions with the hydroprocessing catalyst, in the presence of

hydrogen,;

(f) passing the overhead from the cold high pressure separator of
15 step (d) to an absorber, where hydrogen sulfide is removed before
hydrogen is compressed and recycled to hydroprocessing vessels

within the loop; and

(g) passing the effluent of step (e) to the cold high pressure separator

20 of step (d).

2. The process of claim 1, wherein the hydroprocessing conditions of
step 1(a) comprise a reaction temperature of from 400°F-950°F
: (204°C-510°C), a reaction pressure in the range from 500 to 5000 psig
25 (3.5-34.5 MPa), an LHSV in the range from 0.1 to 15 hr'! (viv), and
hydrogen consumption in the range from 500 to 2500 scf per barrel of
liquid hydrocarbon feed (89.1-445 m® H,/m® feed).

3. The process of claim 1 or 2, wherein the hydroprocessing conditions of
30 step 1(a) preferably comprise a temperature in the range from
650°F-850°F (343°C-454°C), reaction pressure in the range from
1500-3500 psig (10.4-24.2 MPa), LHSV in the range from 0.25 to
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4. The process of claim 1, wherein the hydroprocessing conditions of

step 1(e) comprise a reaction temperature of from 400°F-950°F
(204°C-510°C), a reaction pressure in the range from 500 to 5000 psig
(3.5-34.5 MPa), an LHSV in the range from 0.1 to 15 hr’! (v/v), and
hydrogen consumption in the range from 500 to 2500 scf per barrel of

liquid hydrocarbon feed (89.1-445 m® Ho/m® feed).

5. The process of claim 1 or 4, wherein the hydroprocessing conditions of
step 1(e) preferably comprise a temperature in the range from
650°F-850°F (343°C-454°C), reaction pressure in the range from
1500-3500 psig (10.4-24.2 MPa), LHSV in the range from 0.25 to
2.5 hr'', and hydrogen consumption in the range from 500 to 2500 scf
per barrel of liquid hydrocarbon feed (89.1-445 m® Hu/m’ feed).

6. The process of claim 1, wherein the feed to step 1(a) comprises

hydrocarbons boiling in the range from 500°F to 1500°F.

7. The process of claim 1 or 6, wherein the feed is selected from the group
consisting of vacuum gas oil, heavy atmospheric gas oil, delayed coker

gas oil, visbreaker gas oil, FCC light cycle oil, and deasphalted oil.

8.  The process of claim 1, wherein the cetane number of the liquid being

contacted under hydroprocessing conditions in step 1(e) ranges from 2 to 15,

9. . The process of claim 1, wherein the hydroprocessing catalyst comprises

both a cracking component and a hydrogenation component.

10. The process of claim 9, wherein the hydrogenation component is

selected from the group consisting of Ni, Mo, W, Pt and Pd or

combinations thereof.
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13. The process of claim 1, wherein the second hydroprocessing zone of
step 1(e) is maintained at the same pressure as the first

hydroprocessing zone of step 1(a).
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