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13 from 250° F.-735°F.) from VGO hydrotreating or moderate severity

14  hydrocrackers does not meet the smoke point, the cetane number or the

15 aromatic specification required.

16

17 Removal of these impurities in subsequent hydroprocessing stages (often

18 known as upgrading), creates more valuable middle distillate products.

19  Hydroprocessing technology (which encompasses hydrotreating,

20 hydrocracking and hydrodewaxing processes) aims to increase the value of
21  the crude oil by fundamentally rearranging molecules. The end products are
22 also made more environmentally friendly.

23

24 In most cases, this middle distillate is separately upgraded by a middle

25 distillate hydrotreater or, alternatively, the middle distillate is blended into the
26 general fuel oil pool or used as home heating oil. Recently hydroprocessing
27 schemes have been developed which permit the middle distillate to be

28 hydrotreated in the same high pressure loop as the vacuum gas oil

29 hydrotreating reactor or the moderate severity hydrocracking reactor. The
30 investment cost saving and/or utilities saving are significant since a separate
31  middle distillate hydrotreater is not required.

32

33  There are U.S. patents which are directed to multistage hydroprocessing



There are U S. patents which are directed to nultistage

hydr oprocessi ngwithin a single high pressure hydrogen |oop. In U S Patent
No. 6, 79W0h24¢9/dsse9h conver si on of heavy gas oils and thecprusdesiosesal of hi gh
quality mddle distillate products are possible in a single high-pressure

| oop with reagithiea sHggBRhIESsUré ngdragerdlobbemewts PRESING sy esyver si on
levels. The flexibility offered is great and allows the refiner to avoid

decrease ih prBUGRRVEGRIAN Of Heayigas %\'ﬁ anA dhe gradustioreofhigh Audlithgiddiei t al cost .

Feeds withy vadiyhiRge a@uhe@g\ré aameﬁssln@témght@%&saﬁe I@bf)fv@t'h%éct%‘ﬁc“ons of
the process, thereby nininizing the consu I on of en and reduci ng

capital irfvestAgsr oparing aiiferrpt pressae aOQSOEY%'é'OBH%\Lel'Sos fieMikility st age

hydroprocessi gigeré@[s §rBst aHLEIWsItRE r&inePdisldhy desbhdd mtp%duc‘t\éﬁau.@f benef it
of this invention I1s the potential for sinmultaneously upgrading difficult

cracked stfoc k\sh'%Hh%ﬁﬂDE@me mjEmizing ¢apital east. Cemdsrwithh¥arging boiigVi sbr oken
Gas G| org Str%ﬂ ﬁﬁ‘ocﬂd@a e nt GRSy ogslo?tlt% %obéé@%%&&l@@g@r&g‘;ssur e

envi r onment req I're hy rocrac I ng

provi des \er ythhicghsuraptian efl hydmoesranidagadedingeanital oivesiment.pr oducts in a
singl e high-pressure loop, using multiple reaction stages. The second stage
or subsequent stages may be a conbination of co-current and counter-current
oper at i onl0 The.So&abNa. $, 7,028 also diselosemmuitnstboel bydroprosessiog fafthd eed t o

uset ul P AdUCh8aalh SIS ARSHALL A MLEPRUIER ol AL AR, B 2l vot

vol unes. rogen consunpti Snount  of
equi pnentl12 s m:tq;mmymd.simmltdriebyslyupgmmgld)ﬁflculmcrablsen stocksnsuntchs WGt

nydr opr ocbos AR BBRCot S PrGa Viertored ol sESERRELRLY | cast one
hydr ocr acki ngatrspheridi@as Stlendlidhgire ragﬂdpeas;umﬁm&qumeht lqages fgpossess an
envir onmepst hn%iYé Rgdrgcrlagl\gnget eroat om content. Light products, such as

16

17  U.S. Pat. No. 7,238,277 provides very high to total conversion of heavy oils to

18  products in a single high-pressure loop, using multiple reaction stages. The

19  second stage or subsequent stages may be a combination of co-current and

20  counter-current operation. The benefits of this invention include conversion of

21 feed to useful products at reduced operating pressures using lower catalyst

22  volumes. Lower hydrogen consumption also results. A minimal amount of

23 equipment is employed. Ultility consumption is also minimized.

24

25 U.S. Publication 20050103682 relates to a multi-stage process for

26  hydroprocessing gas oils. Preferably, each stage possesses at least one

27 hydrocracking zone. The second stage and any subsequent stages possess

28 an environment having a low heteroatom content. Light products, such as

29 naphtha, kerosene and diesel, may be recycled from fractionation (along with

30 light products from other sources) to the second stage (or a subsequent

31 stage) in order to produce a larger yield of lighter products, such as gas and

32 naphtha. Pressure in the zone or zones subsequent to the initial zone is from
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napht ha, kerosene and diesel, may be recycled fromfractionation (al ong
with Iight products from other sources) to the second stage (or
subsequenwob@gsyeosn order to produce a | arger yield of pcrgist@s/opsseduct s,
such as gas and naphtha. Pressure in the zone or zones subsequent to the

initial zaqne 409 thr1o0bQQigtiewdPPanise pressurerin tHEaiRitiahgoriey, #56ideLtd grotibe i niti al
zZone, in order to provi ae cost savi ngs and m nim ze overcracki ng. Mbst

refinerieg rlﬁ?SEW'm@Wt”'rHFeﬂYPTcr%ﬂ&l ty for optinmal asset utilization.
During pl anned and/ or unpl anned shutdown of Residue Desul furization unit(s)
feeding FCC unit, it is desirable to reduce the conversion in the FCC feed

hydr ocr acKer Mﬁvarrea@?anOrUﬁéw FCkeunitat felbeapacty fareptifel asseh stilizatiant s

di scl osed sabqy, IMedaQﬂfl@ﬁ?an?ﬁeg%thQ)f'R%%%% Désuufﬁﬁm.uﬁungg) of
on-speci fi catl on et and D esel ucts during | ow conversion

oper ati on.6 2 feﬁldﬁbﬁl f&fcenibft l%lﬁ@l%éﬁbﬂ%lbl rédmﬁhemmrétqndn thsr FErdeethconvert ed

oi | (UCO ,#J&Jd e d gen

consunpti on c}ﬁ , ' E%{O%gjrq@ﬁzatl cféégautttgrﬁt?lgﬁﬁo?ﬁg E}éﬁ‘l&%dl e distillate
products fé& ordl%t:l¢&ewab@ne@ips10®addiesls the fa&wegmueﬁ a separate Post Treatnent
uni t. SUWWARY TH I C | oped to
desi gn aNpM;\rtl z?ll: conﬁ?/ﬂergylﬁowr,i ??83 ?‘i{g OQ\ ‘?e?a )~ uni Pr@ mﬁ‘i“%ﬁ
unconvertid oil to adr@&siam ItICRpoeraitoeps of this inventi on are sunmari zed

as follows: A thodf ck, said
met hod e\r,;@l oyi ng mul t| Eqaé"r&% Lﬁ%%%i%bﬁé 'asz%%%égﬁmg nmnacg}s?\?%el% é('r eaction

| oop, eact? zone havi( nJg:(b)rfeomrthe"rHCR ma!tfaégmg Fostignit amﬂmaduse thgdrtogenf ol | owl ng
st eps:

13 consumption. Normally, further aromatic saturation of the middle
14 distillate products from a low conversion HCR is achieved in a
15 separate Post Treatment unit.

16

17 SUMMARY OF THE INVENTION

18

19 A new process scheme has been developed to design a partial conversion
20  hydrocracking (HCR) unit, feeding the unconverted oil to a FCC unit. The

21  steps of this invention are summarized as follows:

22

23 A method for hydroprocessing a hydrocarbon feedstock, said method
24 employing multiple hydroprocessing zones within a single reaction loop,
25 each zone having one or more catalyst beds, comprising the following
26 steps:

27

28 (a) passing a hydrocarbonaceous feedstock to a first

29 hydroprocessing zone having one or more beds containing
30 hydroprocessing catalyst, the hydroprocessing zone being
31 maintained at hydroprocessing conditions, wherein the

32 feedstock is contacted with catalyst and hydrogen;

33
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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 opr ocwemypszene bei ng mai nt ai ned at hydr opr ocessi ng@CTarsdoosio8dss1
wherein the feedstock is contacted with catal yst and hydrogen; (b) passing
the efflugnt of step (b%agé.ﬁ@ﬂ{éém&&t%fg@b (erboawcsg%@h@ﬁ%s%h% wher ei n
the effluent is separated to produce a va[) stream conprising hydrogen,
hydr ocar b@naceous conpoSARRaYi Wh‘?f@'natf"e& uepbisseParatehtol RIRAYUGRsa AR ng
range of the hydrocar boggegpusniiemst ehyﬁiydw@é}béhaééoqgc%gomma and
aliquid stream conpri sing hydrocarBbonac€ous conpounds

approxi matdel y in the rabhgéngftaiermperature balowahabdeting rargaiefitbek; (c) passing
t he vapor stream of step n [.on, to a
hot hi gh pSr essure separ ayé&aﬁfgﬁ]géﬁ&g%é@& H%Im%ﬁe?lg{)&é)gﬁg ﬁ@'iﬁdnrggan

over head Vapor stream aadda liguglsteeas exmpisinghBydrpearbheadeiogai d stream which
conpri ses -hydrotreat ed range, 1s
passed to72 second hydrg%&ggg@ﬁbﬁgﬁyo%ﬁgﬁﬁmeﬁbghgéérﬁ éeéfgsf/agdr head vapor
stream frdm t he hot hi ghygmoestonacemsdeedstockof step (c), after cooling and
contact with water, said vapor stream conprising hydrogen, anmoni a,

hydr ogen éﬁlflde Ilght gases and naphtha, to a cold high pressure

separ at ori0 where hydr@mgpassing'd'reommr stnédr dbé stepr{bl) éﬁegkcbohr}giam:parhalnaceous

gases are,yemoved over negdy. SINBNS ot hEAAEEhHL STt GRErL flgh pressure
12 flashed, thereby producing an overhead vapor stream and a
13 liquid stream, wherein the liquid stream, which comprises
14 hydrotreated hydrocarbons in the middle distillate range, is
15 passed to a second hydroprocessing zone;
16
17 (d) passing the overhead vapor stream from the hot high
18 pressure separator of step (c), after cooling and contact with
19 water, said vapor stream comprising hydrogen, ammonia,
20 hydrogen sulfide, light gases and naphtha, to a cold high
2] pressure separator, where hydrogen, hydrogen sulfide, and
22 light hydrocarbonaceous gases are removed overhead,
23 ammonia is removed from the cold high pressure separator as
24 ammonium bisulfide in the sour water stripper, and naphtha
25 and middle distillates are passed to fractionation
26
27 (e) passing the liquid stream from the hot high pressure separator
28 of step (b) to a hot low pressure separator, where it is flashed
29 to produce an overhead stream comprising gases and a liquid
30 stream comprising unconverted oil;
31
32 (f) passing the liquid stream of step (e) which comprises
33 unconverted oil, to a steam stripper, where lighter material is
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ammoni um bi sul fide in the sour water stripper, and naphtha and m ddl e
distillates are passed to fractionation (e) passing the liquid streamfrom
t he hot hwohogrss®ar e separator of step (b) to a hot | ORCPNSIES086831
separator, where it is flashed to produce an overhead stream conpri sing

gases and @ |iquid streagmeesdbidrthést 468 QAYST stR@AnDiand o fiquidaesdnng t he
liquid streamof step (e) which conprises unconverted oil, to a steam

stripper, dhere |ighter WHREFIBPriSes sEIRRGE $nGoRYSHEL Plals E?CVM‘HGP stream and
a liquid sfream which conprises stripped unconverted oil, is recovered.
BRI EF DESCRI PTION OF THE FI GURE The Figure | |l ustrates the flow scheme of
the currert invention. DETRRIEERESCRHFEONKF i
vari ety ofs hydrocarbon feeds nay be used in the i nstant invention. Typical
f eedst ocks include any heavy or synthetic oil fraction or process stream
havi ng a Woi IThﬁgFis@ﬁ%tlusé@é@ﬁethsglz%%h@mf@)e c@wiRN ifveatien.ocks i ncl ude vacuum
gas oils (G, heavy coker gas oil (HCGD, heavy atnospheric gas oil
(AR, light coker gas oil (LCGD, visbreaker gas oil (VBG), denetallized
oils (DMO8 vacuum residua, atnospheric residua, deasphalted oil (DAO,
Fi scher - Trd)psch st r eams 5l GhE b BEd R BHiIoNIOEMHENSENTBR O | and other FCC
product streans. Produ cprﬁ'e—pmvess—o{'—ﬁn—mvvm—rs especi al l'y
useful inl@he production of mddle distillate fractions boiling in the
range of glboq{. 200-700T (121 -371 C). A mddle distillate fraction is
defined a$ having an appr oxi mate boiling range

A wide variety of hydrocarbon feeds may be used in the instant invention.

13 Typical feedstocks include any heavy or synthetic oil fraction or process
14  stream having a boiling point above 392 F. (200" C.). Such feedstocks
15 include vacuum gas oils (VGO), heavy coker gas oil (HCGO), heavy
16 atmospheric gas oil (AGO), light coker gas oil (LCGO), visbreaker gas oil
17 (VBGO), demetallized oils (DMO), vacuum residua, atmospheric residua,
18 deasphalted oil (DAO), Fischer-Tropsch streams, Light Cycle Oil, Light Cycle
19  Gas Oil and other FCC product streams.
20
21  Products
22  The process of this invention is especially useful in the production of middle
23 distillate fractions boiling in the range of about 250-700°F (121-371°C). A
24  middle distillate fraction is defined as having an approximate boiling range
25  from about 250 to 700°F. At least 75 vol.%, preferably 85 vol.% of the
26 components of the middle distillate have a normai boiling point of greater than
27 250°F. Atleast about 75 vol.%, preferably 85 vol.% of the components of the
28 middle distillate have a normal boiling point of less than 700°F. The term
29  "middle distillate" includes the diesel, jet fuel and kerosene boiling range
30 fractions. The kerosene or jet fuel boiling point range refers to the range
31 between 280 and 525°F (138-274°C). The term "diesel boiling range" refers to
32 hydrocarbons boiling in the range from 250 to 700°F (121-371°C).
33
-5-



from about 250 to 700F. At least 75 vol.% preferably 85 vol.% of the
conponents of the mddle distillate have a normal boiling point of greater
t han 250RvoAboYmBa®s about 75 vol . % preferably 85 vol . %rofi/ush@sosssppnent s
of the mddle distillate have a normal boiling point of |ess than 700F. The

term " m ddl e clasdihé bRrh8phth8 éldydRso b&Bradiuese In the @roddeelof eiglinkentassene boi | ing
range fractions. The kerosene or jet fuel b0|I|n poi nt ran ge refers to the

range bet \Reerpmn%ﬁﬂ“%ha (‘%Ba'b’m in thgLapgs F}‘?' Wi 409 (B2 £1.195 Gsdpige”

refers to 3hyqu-arémm@ rBRgdd OariBué PRoduBIEE:tbAE Facd9Eredan BQQBa&;éaﬁbr 371
C). Gasoline or _naphtha may also be produced in the process of th

i nvent i on.4 GIstnemavilbyary xpthtsygh rﬂ%f-‘rt‘hfﬁlqsy}h%ﬁm@cﬁeﬁs'fﬂ%frt%@@dséll"ow 400T
(204C), ors C%ohpcedff&gi rgﬁﬁé#y'rﬂ&ké%%spre{jﬁjd{%hb&*'s product fractions

recovered in any part refinery w vary with such factors as the
characteriéstics of the crude oil source, local refinery markets and product
prices. Co,ndlé(? WnsHydroprocessing conditions” is a general term which
refers primarily Mthis appllcatlon to hydrocracking or hydrotreating.
Hydr ot r eat8i ngHydrogradessisgicnoditiors”as a gaoernabtermeniieh tafensepriverifeiarthis00T. - 950T.

2040. - 4820. a T 464C); a pressure between 500
'Eo 5000 pg)l g)a(pﬁ’g%aﬁ tglp‘w"’%pa%”g% cjlroQr{i‘g"e’)%(s 5) 34, 6p|\/Pa)u preferably 1000

to 3000 pwig (7.0-20. 8 I\/Pa) a feed rate (LHSV) of 0.3 hr-1to 20 hr-1

2000 scr or B Pf b Songhe’ B R Bt Tl AL S 1E ey
Typi cal hayedr (()‘g](())&'cmsng? ¢mmcr-4m1§ )i preferdiely 800®a860 6N (316164 r& of from
400T. - 950

Reacti on pr edLEF"e gﬁﬁ"@?”fiogrﬁgégéstrpgggéﬁ G%I‘?ed%?‘g;r’? Elg%g i 453r ec12 erably
14 (3.5-34.6 MPa), preferably 1000 to 3000 psig (7.0-20.8 MPa): a feed rate
15  (LHSV) of 0.3 hr-1 to 20 hr-1 (v/v) preferably from 0.5 to 4.0; and overall
16 hydrogen consumption 300 to 2000 SCF per barrel of liquid hydrocarbon feed
17 (63.4-356 m*/m® feed).
18
19  Typical hydrocracking conditions include a reaction temperature of from
20 400°F.-950°F. (204°C.-510°C.), preferably 650°F.-850°F. (315°C.-454°C.).
21 Reaction pressure ranges from 500 to 5000 psig (3.5-4.5 MPa), preferably
22 1000-3000 psig (7.0-20.8 MPa). LHSV ranges from 0.1 to 15 hr-1 (v/v),
23 preferably 0.5 to 5.0 hr-1. Hydrogen consumption ranges from 500 to 2500
24  SCF per barrel of liquid hydrocarbon feed (89.1-445 m®H,/m? feed).
25
26 Catalyst
27 A hydroprocessing zone may contain only one catalyst, or several catalysts in
28 combination.
29
30 The hydrocracking catalyst generally comprises a cracking component, a
31 hydrogenation component and a binder. Such catalysts are well known in the
32 art. The cracking component may include an amorphous silica/alumina phase
33  and/or a zeolite, such as a Y-type or USY zeolite. Catalysts having high
-6-



1000- 3000 psig (7.0-20.8 MPa). LHSV ranges fromO0.1 to 15 hr-1 (v/v),
preferably 0.5 to 5.0 hr-1 . Hydrogen consunption ranges from 500 to 2500
SCF per baioredy/mssedsi qui d hydrocarbon feed (89. 1-445 nBHPCHAISb@sm¥es3Cat al yst
A hydroprocessing zone nmay contain only one catal yst, or several catalysts

i n conbi nat i ogtackifg abtivily @fteAekiplsy REKAREY andalSY 2kbiites OTRE | bﬁ\ﬁérl@ cracking
conmponent, a hydrogenation co onent and a bi nder. Such_cat al sts are wel |

known in the ggneral r?é"cé‘rqi@wﬁ' CE%@MEFRSGWWWW”EW'”W

si | icalal uym ngrddpaAe orEH6GS VEI rihéfﬂl bf ExidSd/6Ns Afded tP(erbMp®ré¥érdH§/Yoﬁ<£&4 ite.
Cat al ysts havi ng hi ghcr acki ng actrvrtg@loften enp REX, REY ‘and USY

zeol i tes. 4Th(—:mB'ieeré'ﬁ°|V%deéﬁb wngsjensicp h%f"%?'uﬁi W& suffiges oy @xiggenat i on
conponent M | hoRRy alf@fé’ééﬂtWthe@é&%t Yhdse Wdr@é?r‘éﬂoﬁ/bbrln BR&MS Qﬁer‘éw des or

sul fides thereof, preferably one or nore of nolyb enum tunr{g ten, cobalt,
or nickel ,6 ormakeug oM @%Jté?/o tvabost 40%eryaupight of the eafalyst. i Afarnativelt al yst |
t hese hydr g t S H?az%‘rfd @about  40%
by wei ght gfeﬂ eHL@g al yst Qt%%l ?Zrnat I?\?’Ht@u t/ﬁjg%%glm%bé&eg especially
pl at i num &hd/as thediyHeagienajiomegmbenent citbar alaee Phid doyrekiorfomawitrothedasponent |

ei ther alaqne Q) ﬁgéd}B&QﬁdgﬂfutcBﬂmg%EﬁtsWyP@%nﬂgﬁﬁftéw QEQQF%?HCQQI Gpmponent s

nol ybdenum tungs ni c plat i ndm gr oup
metal s wild gwaserd] the nha;tklelrrugmﬂpmntalb(mﬂ gehet%yt maké op frofvatout Rei%gis  of t he

catal yst. ll—lydgb%turg?%woxéﬂ ég {éfyg{ypl cally a conposite of a Goup V

metal or conpound up VII'l netal or conpound thereof
support edldn a porous refractory base such as alum na. Exanpl es of

cui i de, 1 cndibfePer- R bPlaR S ERR e A RR e T BRI Typi cal 1.
such 14 compound thereof, and a Group VIII metal or compound thereof supported on
15  a porous refractory base such as alumina. Examples of hydrotreating
16 catalysts are alumina supported cobalt-molybdenum, nickel sulfide, nickel-
17 tungsten, cobalt-tungsten and nickel-molybdenum. Typically, such
18 hydrotreating catalysts are presulfided.
19
20 In some cases, high activity hydrotreating catalyst suitable for high levels of
21  hydrogenation, is employed. Such catalysts have high surface areas (greater
22 than 140 m.sup.2 /gm) and high densities (0.7-0.95 gm/cc). The high surface
23  area increases reaction rates due to generally increased dispersion of the
24  active components. Higher density catalysts allow one to load a larger
25 amount of active metals and promoter per reactor volume, a factor which is
26 commercially important. Since deposits of coke are thought to cause the
27  majority of the catalyst deactivation, the catalyst pore volume should be
28 maintained at a modest level (0.4-0.6). A high activity catalyst is at times
29 desired in order to reduce the required operating temperatures. High
30 temperatures lead to increased coking.
31
32
33



hydrotreati ng catal ysts are presul fided. In sone cases, high activity
hydrotreating catal yst suitable for high | evels of hydrogenation, is

enpl oyed.wBuodv/osadval yst s have hi gh surface areas (great ecTiusaomsbhddd3m sup. 2
/gm) and high densities (0.7-0.95 gnicc). The high surface area increases
reaction rat q;segéﬂgt.érpofgﬁg@fag,lryd eRbb8Rsed di spersion of the active
conponents. Hi gher density catalysts alTow one to |oad a |arger amount of
active metlal £I6#Re [sfeioths Figete r eact or vol une, a factor which is

commerci aljl y Ih WQbF&:@BS sShelR€ fRRARA8E] (%tRJan?Q}(@ p%é@ed faHE Mp blrixeguse the
majority of the catal yst deactivation, the catalyst pore volune shoul d be
mai nt ai nedt atbes hyseitsaterapastoy 0. Hysiregen neq&fearhraegh yream datdreps 29s at
times desiy ed; bdiducHBam!forh SHUER f ForfiNIanPSo GRLAIS Nand suRAT at ur es. H gh
t enper at ures to I ncreased coking. Description of e preferred

embodi menté Plrydmenem betwesntthe firt god éecons hadss apd ée@m anshibine bedis ekh f eed
(Stream 9); i Wiele reactor 10.

Hydr ogen paszrgg&taﬁf(gﬁg eI:thfee} {&Bté%ér%ﬁﬂ? %gg?s a @f é@gfée%tl% romstream 1.
From st redm Ndr@méma@}'&hmmramswﬂhe@@d impuptieswheteroatonfs) sech and
second be 0 ng

Hydr ot rea?tsar a%grﬂlt @&%% leﬂg, %ﬂe rgﬂp)%%& aﬂ{i Sga@%eﬁglecfl%tgrrggjtg ﬁ%éét\éa+%f1 st,
wher e nost0 ofis ableevesed i npurities (heteroatoms) such as nitrogen, sul fur
etc. are rem)ved and sonme degree of aromatic saturation is achieved. The
hydrotrea 1ted reactor effluent (stream 12) exchanges heat in exchanger 5
wi t h t he IReactherhyldestrbated reaator 2ffaenbistreamett) excimandels deakinheadeangds 5and
stream 9 ypon vi ng,t hanger 5), Stream 12 is flashed in _hot high
pressure ]lsl’epaYY'Lﬁtg? r%%t%rth%ﬁ%ﬁre(a &“8% Qrehterme ?&é‘%@?@%?}ﬁd\%ﬁ"&ﬁ@ 0

recover npst upbn leaving the exchanger 5). Stream 12 is flashed in hot high pressure

15 separator 40 at high temperature and pressure conditions to recover most of

16 the unconverted oil (UCO) components in the liquid phase (stream 13). Vapor

17 leaves separator 40 overhead in line 22, and heat is exchanged with

18 hydrogen stream 31 in exchanger 25. Stream 22, which is made up of more

19 than 85wt% diesel and lighter material, preheats the fractionator feed (not

20 shown in the Figure) and generates high pressure steam. Stream 22 is finally

21  cooled to about 200°C in the hot high pressure separator vapor/recycle gas

22  exchanger 25. Stream 22 is then flashed in hot high pressure separator 50.

23 At these relatively high pressure and low temperature conditions, most of the

24  hydrotreated jet and diesel range material is recovered as liquid stream 27 at

25  high pressure, which is pumped(pump 35) to the feedstream (stream 11) ,

26  which passes to hydrocracking reactor 20, for further processing. The

27 overhead vapor from the hot high pressure separator 50, stream 23, is then

28  cooled in an air cooler (not shown) before entering a cold high pressure

29 separator (not shown). The overhead vapor stream, stream 23, comprises

30 hydrogen, ammonia, and hydrogen sulfide, along with light gases and

31 naphtha. In the cold high pressure separator (not shown) hydrogen, hydrogen

32 sulfide, and light hydrocarbonaceous gases are removed overhead, ammonia

33 is removed from the cold high pressure separator as ammonium bisulfide in
-8-



t he unconverted oil (UCO conponents in the liquid phase (stream 13). Vapor
| eaves separator 40 overhead in line 22, and heat is exchanged with

hydr ogen wore@msseot i n exchanger 25. Stream 22, which i CrA$R008/086381 nor e
than 85w % di esel and lighter material, preheats the fractionator feed (not

shown in tjhe tﬁéQaﬂﬁhatéﬂgtrigﬁéerr@é&ﬂh@bmlnﬁmﬂéSiéfil%téé 8RPassbl &M 22 i s
finally cooled to about 200C in the hot high pressure separator

vapor / r ecycl dragiien@ioPhanger 25. Stream 22 is then flashed in hot high
pressure separator 50. At these relatively high pressure and | ow

tenperature conditions, nost of the hydrotreated jet and diesel range
mat eri al i4s rededariSdrasses tqhetdowpressriosenaratar 6% whese dtis 8ashgdi ch i s

; !
punped( punp 3adndk @ k%vge%go%gr@gﬁﬁaﬁﬁeeﬁm&mpmssm ﬁéebaggtgfﬁét cgﬂ% &t rom

hydr ocr acki ng reactor 20, processing. The | eé
t he hot hibgh remexed pe stiepars and Bpsedte P&A cmconverteldal) stipped3Q.nThe ai r

I ; ' . | t
chowny . Tie dhatft Aeleam A Skl drinidin LD SO B R SR BN (T i
and hydr oden rsatefialde thealGRhstrganh Lighter npderiad isiethavaglastséreaim2. héetcol d hi gh
Er essure sepafat fLed PaCHsgeSrHQt‘BHLl iQMh%% %J‘é{ gde%‘?é\Nsl!#'derﬁ"?he e?d?&lnh.' ght

ydr ocar bonaceous gases are renpbved overhead, ammbnia 1s renoved fromthe
col d hi ghlopr Sdeidmve ¢pacabumes agthastmeam 9N siipper botiems N6H{E CEY) do beedres

£ e DA, ATl gL 5 A SR PR T SORHCT
Vapor i s reno\edeqyslesdil sqmnfiied, Viaepunog 45 e/ sforegs druen 3@pahatrecycleosit ons ar e
emoved o8, R e TR TS IR AR B et e °C,
li ghter nmt ergsato strednine 1 USDeat eRighelateghih @xchariger i18lpriosta etenefd as stream
26 Jet and gl esel range iRt opial e M b NI AN Aol ThSdaks b Gy om the

16 stream 26 from the UCO stripper 30 is sent to the main product stripper, and

17 the offgas is sent to fuel gas (not shown).

18

19  The hydrotreated, stripped UCO (stream 16) from the bottom of the UCO

20  stripper, is an excellent quality FCC feed. At this point, a part of stripped

21  unconverted oil (stream 18) is sent out as FCC feed. Further saturation of the

22 FCC feed is thus avoided. Only a limited portion of the UCO (mixed with

23 stream19, is passed to hydrocracker 20 for further saturation of aromatic

24 components and conversion to distillate products. The amount recycled back

25 is based on the desired overall conversion level.

26

27  The second stage hydrocracking reactor 20 is loaded with hydrocracking

28  catalyst and operates under a clean environment (no heteroatoms), ideally

29 selectively converting the UCO to desired products and further saturating the

30 aromatic components to achieve required jet and diesel properties at different

31 conversion levels. Stream 32 is a sidestream from stream 1. From stream 32,

32 streams 7 and 8 add hydrogen in between the first and second beds and

33  second and third beds of reactor 20 respectively.

9-



Side draw 17 conbines with stream 19, stripper bottons 16 (UCO to becone
stream 19. A side stream 18 nmay be taken from bottons stream 16. Stream 19,
recycl e owb,200908pasped, via punp 45, to storage drum 70PCThisS200809688E Oi |
exits storage drum 70 through stream 2 1 and is punped, by neans of punp

55, to streamgtd theFhydratdakihgirSadt8@i®8nd Ryds6MBKEg reddtond & deRighBlier i ng
hydr ocracki ng reactor 20 for further aromatic saturation. The overhead

i quid st RearfPRibemaimnumecairersian desyed. BYIring laws{icopyersion apgraHiopr bguct

stripper, sang, hﬁre%img?éa&ién%mhin&é?néwéﬂthgagm@ne%mﬂ\@)as thEfighey ot r eat ed,
stripped UCO (stream16) fromthe bottom of the

stripper, 1s an
excel | ent 4qualonvgrsipacaseditiordsr toigchieye fajget denidfigatign a@ﬂrJ)egB@ﬂiZ@H%nverted
il t i t: j f the FCC feed
ol (stream g, tbgglégazgre%&n@ﬁycﬁ‘&&amﬁg r%{akgrﬁg%gc%a? 4f Bigpn. of L he ee

is thus avoide Imted portio m xed with stream 19,

i s passed 6t o depdersonacker 20 for further saturation of aromatic conponents
and conver7si on to distillate products. The anobunt recycled back is based on
the desired overall conversion |level. The second stage hydrocracking

react or 2@ i sTHeoafthent\@$treanhyi®) of seadnidrstpgsahvadrgerackingiresstar 20ds coeldér a cl ean
envi ronment (,no { [ I j [ the UCO to
desired p?od&&%ﬁgéﬁégarsﬁﬁ regggﬁgégfﬁﬂgagﬁgggégh%ﬁ?3&\(%{#68ﬁgnts to achi eve
required joet feactiombtesieled andpetd loepressute sémaretor ligodsoesmorStiteamel2,. St ream

32 is a sjdestreamfrom strea . Fromstream 32, streans 7 and 8 add
ycr ogen V'n- B GEeHRES S 28 pornBaMITRR i s SR Fenpe e AP heas o
react or 20Q r estfeant 23 &r yuriheBebblirighendiyd remnpesitof highrprasdune rddyclenghs.
hydrocrac\l}'ien reactor 20 are Pesi ned 2 for the maxinmum conversion desired.
Do ng 1 oer RDEratason i PEHAe ERle ot bresae PP CaLH TN
mai nt ai ned atsehb® theMactieglienakutich @ot $hwvr)ifghaetuct recoveey. si on case in
order to 1aschi eve target denitrification and desul furization.

16 EXAMPLE

17

18  The following table highlights the advantages of the process scheme of this

19 invention over a conventional process scheme for a 65,000 BPOD (barrel per

20 operating day) hydrocracking unit: The table indicates that there is no need in

21  the current invention for post treatment in order to reach desired product

22  specifications. Furthermore, less hydrogen is consumed in the scheme of the

23 current invention than in the conventional case.

Conventional Process Scheme New Process Scheme
Process Scheme Single Stage Once-Through Targeted-Hydrogenation Hydrocracking
Fresh Feed Rate, BPSD 65,000 65,000
Overall LHSV, 1 hr 0.7-09 07-09
Product Yield Base Similar to Base case
Jet & Diesel Quality Needs post treatment for aromatic saturation On specification product at all desired
at low conversion conversions:

Jet : $<10 ppm; Smoke Point>24mm
Diesel : S<10 ppm;Cetane Index>50

Chemical H> Consumption Base Base - 160 SCFB at 60% conv.
Base — 100 SCFB at 40% conv.
Base — 50 SCFB at 30% conv.

24
-10-



5 The tenperature of the hydrocracking reactor is reduced at |ower 6
conversions. 7 8 The effluent (stream 72) of second stage hydrocracking
react or 2A90i280986d9ed 9 (i n exchanger 15) to preheat secenl/Usk@gosdssnct or
feed (stream 11) 10 fractionator feed and cold | ow pressure separator
liquid stream Stream 72, 1 1 now rengnpgng€d stream 74, conbines with hot

hi gh pressure separator vapor 12 stream 23 for further cooling and the
removal of? hi gh pressure recycle gas. 13 The hydrocarbon liquid fromthe
col d hi gh Ppreasdfie ckeRaga:or (not shown) is 14 sent to the fractionation
section (not shown) for product recovery. 15 16 EXAMPLE 17 18 The foll ow ng
tabl e higH i ghls theetipgdRt Bykapreeessing dhydrasarbep ieadstenk, s3if gnetliod nvent i on
over a conyention i VARD: 20

operati ngrb\cgay) hy?r%@égﬁfﬁﬁg%ﬁ :o @Ee%ér&sé&%%di cat ggp\t%%?afﬁ(g{re IS no
need in 26l the cuearegach AoRMDAURT Pae opaere eatalyshikads. FoMBFgiRd thep reach
desired prpduct 22 |§)Q\ﬁ§d' ggesgtions. Furt hernore, |ess hydrogen is consuned
in the schenme of t% current invention than in the conventional case.
24CLAI MS What is clainmed is: 1.) A nethod for hydroprocessing a hydrocarbon

feedstock,9 sai d met h@%gﬁgﬁh@ﬁmgrorgg}btoégégodgﬁgé%é%sasﬁr?g zones within a

single reaction | oop, havi ng one e catalyst beds,

conpri sin t he fol | dwidngpretegsing zone having one or more beds containing
11 hydroprocessing catalyst, the hydroprocessing zone being
12 maintained at hydroprocessing conditions, wherein the feedstock is
13 contacted with catalyst and hydrogen;
14
15 (b) passing the effluent of step (a) directly to a hot high pressure
16 separator, wherein the effluent is separated to produce a vapor
17 stream comprising hydrogen, hydrocarbonaceous compounds
18 boiling at a temperature below the boiling range of the
19 hydrocarbonaceous feedstock, hydrogen sulfide and ammonia and
20 a liquid stream comprising hydrocarbonaceous compounds boiling
21 approximately in the range of said hydrocarbonaceous feedstock;
22
23 (c) passing the vapor stream of step (b) after cooling and partial
24 condensation, to a second hot high pressure separator where it is
25 flashed, thereby producing an overhead vapor stream and a liquid
26 stream, wherein the liquid stream, which comprises hydrotreated
27 hydrocarbons in the middle distillate range, is passed to a second
28 hydroprocessing zone;
29
30 (d) passing the overhead vapor stream from the hot high pressure
31 separator of step (c), after cooling and contact with water, said
32 vapor stream comprising hydrogen, ammonia, hydrogen sulfide,

33 light gases and naphtha, to a cold high pressure separator, where
-11-



(a) passing a hydrocarbonaceous feedstock to a first hydroprocessing zone
havi ng one or nore beds contai ning hydroprocessing catal yst, the

hydr opr ocwemypszene bei ng mai nt ai ned at hydr opr ocessi ng@CTarsdoosio8dss1
wherein the feedstock is contacted with catal yst and hydrogen; (b) passing

the effluent of stephfddgeH, hg&idg¥nisQifide BHd IIhORydbESBYRScHRBY8EPT . Wherein
the effluent is separated to produce a vapor stream conpri Si ng hydr ogen,

hydr ocar bdhaceous co?fﬁd@ﬁ‘@ge%BY?mﬁad AMROPIE A EBRVFISTAR (PRI BI%HOi | i ng

range of the hydr OCaﬁr’é@ﬂﬁf@%@H§raft&%§35nﬁ’|‘ﬁ5muﬁyl§1§19ﬂ€é‘lnst%fsbgrewét'&g anmoni a and
a liquid stream conprising hydrocarbonaceous conpounds boiling

appr oxi mat‘el y in t hestriepRjeard naehtoa Apd midde Bistibaies @t passgdttock; (c) passing
the vapor stream of glepntfn-after cooling and parti al condensation, to a
second hot™ hi gh pressure separator where it is flashed, ther eby pr oduci ng
an overhedd vapor streamand a liquid stream wher ein the liquid stream

Whi ch COMPY 1 SeS Y A1 @ pealifg ARFAIRANRo ot 6 HhAdIEdheldddrabe " ange.
is passed to a secon ydr opr ocessi ng zone; (d) s ng t ver head vapor
stream frdin t he hot dfisggp f:tr)é@;sthIOéIos\emfasalrerseparamrewher@)lt isdfasked ool i ng and

contact wigh water, ,

hydr ogen sc’tl fide, I i'g ngagrgg{}%rﬁéé&agﬂéﬁ%Bﬁftogklggbg%)lﬁ%% %I'E?@sgg%?e

separ at or |0 wher ehydr ageprjsirgyanaegeerteibif; i de, and | i ght hydrocar bonaceous
gases are, renoved overhead, ammonia is renmoved fromthe cold high pressure

separator as ammoni um bi sulfide in the sour water stripper, and naphtha and
mddle digxill ates affjgpgsamgebe liguid stream of step (e) which comprises

13 unconverted oil, to a steam stripper, where a vapor stream is

14 removed overhead and a liquid stream, which comprises stripped
15 unconverted oil, is recovered.

16

17 2) The process of claim 1, wherein at least a portion of the stripped

18 unconverted oil of step (f) is passed to a fluid catalytic cracking unit as
19 feed.

20

21 3) The process of claim 1, wherein at least a portion of the stripped

22 unconverted oil of step (f) is combined with the liquid effluent of step(c)
23 to form a liquid stream which is passed to the second

24 hydroprocessing zone.

25

26 4) The process of claim 1, wherein the second hydroprocessing zone
27 contains at least one bed of hydroprocessing catalyst suitable for

28 aromatic saturation and ring opening.

29

30 5) The process of claim 4, wherein the liquid stream is contacted under
31 hydroprocessing conditions with the hydroprocessing catalyst, in the
32 presence of hydrogen to produce middle distillate products.

33
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fractionation; (e) passing the liquid streamfromthe hot high pressure
separator of step (b) to a hot |ow pressure separator, where it is flashed
t o producwoanismsssdhead stream conpri sing gases and a | i quirds2eo8osFss1

conpri sing unconverted oil; (f) passing the liquid streamof step (e) which
conpri ses UNGONVerthetrotdss df @laimsit Bl tHe@Foprabdsthgicoraniohs of ream i s
renoved overhead and a liquid stream which co%l ses $tl’| ped unconverted

oi |, is récoveredStP (B) $ARPHPS R ESCtGN tenperure ohHeMAd? far®30dast a porti on

of the strj pped urmmaesw Ohlreé&noﬁtp?éssﬁfé.nltﬁeP@fg@%rﬁ@oeté bUG@pQ?t alytic
cracki ng unlt as feed. Uiﬁﬁ)n% rocess of cla wherein at | eas

portion of4 the st(Pgp® H8Y ipthe '@F‘Q%lfréﬂ‘ Qf1)t° i18 hedni(Vhedwi t h t he

liquid effd uent ofy aFo%Bﬁ%n&?mﬁl‘Rfthhé raq@edro?ﬁ 56618 WO Eeriper BAFSRA Lo the
second hydroprocessi ngw one. 4. process claim1l1, wherein the second
hydr opr ocessi ng zdfeid ﬁfcﬁiaf@fh e@'é%%ﬂ %ﬁ@wnofeeﬁifdroprocesm ng catal yst
suitable for aromatic saturation and ring opening. 5.) The process of claim
4, wherein the liquid streamis contacted under hydroprocessing conditions
with the Hydropr oddediraepssf £layots, whareimthegrygsenieeessingrsaindiiges of o pr oduce
mddle digillate (o} | n the
hydroprocz}ssi ng CSF]E& ﬂ?gh %?)Jlg-g&?np?ﬂ%,?%ecéﬁm]grglast@]egrh rrfﬂee;'?tnpjgﬁro enper at ure of
f rom 400T10 - 950T. 660486501 (843C.-464’@acrerchionppressure én the rahge frannge f rom 500
ES/ 5?00 pgl' 9 (3. 54303546 %kig @08.455Y Mk 8sUINER LhgT%3mbo b8 1d 3 51"

hr-1, and hydrogen consumption in the range from 500 to 2500 scf per

13 barrel of liquid hydrocarbon feed (89.1-445 m® Hy/m? feed).

14

15 8.) The process of claim 1, wherein the hydroprocessing conditions of

16 step 1(e) comprise a reaction temperature of from 400°F.-950°F.

17 (204°'C.-510°C.), a reaction pressure in the range from 500 to 5000 psig
18 (3.5-34.5 MPa), an LHSV in the range from 0.1 to 15 hr-1 (v/v), and
19 hydrogen consumption in the range from 500 to 2500 scf per barrel of
20 liquid hydrocarbon feed (89.1-445 m® Hy/m® feed).

21

22 9.) The process of claim 9, wherein the hydroprocessing conditions of

23 step 1(e) preferably comprise a temperature in the range from

24 650 m® Ho/m® feed F.-850 m® Ho/m® feed F. (343°C.-454°C.), reaction
25 pressure in the range from 1500-3500 psig (10.4-24.2 MPa), LHSV in
26 the range from 0.25 to 2.5 hr-1, and hydrogen consumption in the

27 range from 500 to 2500 scf per barrel of liquid hydrocarbon feed

28 (89.1-445 m® Ho/m® feed ).

29

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

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

32
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hydr ogen consunption in the range from500 to 2500 scf per barrel of liquid
hydr ocarbon feed (89.1-445 n8 H2/nB feed). 7.) The process of claim®,
wher ei n twe 2hgadisegsocessi ng conditi ons of step 1(a) prefreraiskgososdspri se a
tenperature in the range from 650T. -850T. (343 C -454 C), reaction
pressure in t4we) r ahgerocsdd ok 2in A5 WBefish the(fdd & silected/ah, thé gd(p N t he
range fromO0.25 to 2._5,hr-fl , and hydrogen consﬁ%gnion i.n the range from
500 to 2500 scf p&PNYSHNGPH \GeUMARSPIN)EYAINEBRNS EaRs @ dglayedcoier 1o/ ns
feed). 8.)3 The propeohn, Aébrehréryak. oiMRECEIght Eytte Bi}{(éhame@§$‘$eﬂ!eag)ilﬁ30nd' tions
of step 1(e) conprise a reaction tenperature of from 400T.-950T. (204C. -510
O, a reaction pressure in the range from 500 to 5000 psig (3.5-34.5 MPa),
an LHSV ins the y ange drb@Bsbs Lidif 11§/hEFe1r4-tr{eW))ﬂ}qpr86&shﬁgdéa%%} consunption in
the range from’500 to 2500 scf per barrel of |iquid hydrocarbon feed

(89. 1- 445 ;B H2/ nBoMpEggs both)a qraekipg serapanestt apd & Midoodepatieri n t he

hydr oprocessi ng cpfibhafs of step 1(e) preferably conprise a tenperature
in the range from 658 n8 H2/n8 feed F.-850 nB H2/nB feed F. (343C -454 C),
reaction gressure in the range from 1500-3500 psig (10.4-24.2 MPa), LHSV in

the range §r 0. t [ , / i i e range
from 800t b’ S Hacesd dfciaim 125 RHe RHHB IR ERAAIPLO RN 8)© | 202
H2/ nB feed ) . 10spletiad frorodesgrooh cohsistinglof NihkioeV\h RtlaedfReeat t 0 step 1(a)

conpri ses hydrocarhons bail jng.in the range from 500T. to 1500T.11.) The
process o% claimf erern e feed is selected fromthe group consisting
of vacuum2Xgas oil, heavy atnospheric gas oil, delayed coker gas oil,
vi sbreakey; gag Of by offledds Piafi G &n8lein trdHadiidr BARbS Rt Rldy be

14 amorphous or zeolitic.

15

16 15.) The process of claim 11, wherein the zeolitic component is selected

17 from the group consisting of Y, USY, REX, and REY zeolites.

18

19 16.) The process of claim 1, wherein the middle distillate products produced

20 do not require additional treatment to meet product specifications.

21

22 17.) The process of claim 16, wherein the sulfur content of jet fuel is less

23 than 10 ppm, the smoke point is greater than 24mm, the sulfur content

24 of diesel is less than 10 ppm, and the cetane index is greater than 50.

25

26 18.) The process of claim 1, in which smaller amounts of hydrogen are used

27 than in single stage once-through hydrocracking.

28

29 19)) The process of claim 18, wherein the amount of hydrogen used is 160

30 SCF per barrel lower than the amount used in single stage once-

31 through hydrocracking at 60% conversion, 100 SCF per barrel lower

32 than the amount used in single stage once-through hydrocracking at
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12.) The process of claim1l, wherein the hydroprocessing catal yst conprises
both a cracki ng conponent and a hydrogenati on conponent. 13.) The process
of cl ai mwd,20emss@6n t he hydrogenati on conponent is sel ecras2dososssthe group
consisting of NN\, Mo, W Pt and Pd or conbinations thereof. 14.) The

process of; cl ai m 310% whesedion t4iR) 50 SCKip_REbEPEMONEthaithe SR canmiseBavS or
zeolitic. 15.) The process of claim 1l wherein the zeolitic conponent is

sel ected f¥omthe SﬁngﬁuﬁtaSSﬁ@F%f'?rﬁbgrbhde?C@S'V,”g REO L0V P e0l i tes. 16.)
The process of claim1l, wherein the mddle distillate products produced do

not require additional treatnment to neet product specifications. 17.) The
process of4 cl#i-ln 1de Ripesssi 4 claid 1s Whelgin thsysinetreating Occyrgdn thesfirsless t han 10

ppm the syroke poirBicrioh Bh83hE hyHRRAcKHEBecliRbnthe EekortiQBAGINL Rhedi esel is
| ess than 10 ppm and the cetané Index I's greater than 50. 18.) The process

of claim16 in which smaller anpbunts of hydrogen are used than in single
stage oncesthrough hydrocracking. 19.) The process of claim 18, wherein the
anount of hydrogen used is 160 SCF per barrel |ower than the anpunt used in
singl e staye oncet hrough hydrocracki ng at 60% conversi on, 100 SCF per
barrel |ower than the anmount used in single stage once-through
hydr ocr acki ng at 40% conversi on, and 50 SCF per barrel |ower than the anount
used in slihgl e stage once-through hydrocracki ng at 30% conversion. 20.) The
process of, claim 1, wherein the hydrotreating occurs in the first reaction
zone and nydrocracking occurs in the second reaction zone.

12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
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