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The invention relates to hydrocracking, and nore
w@anobiocishar |y to nul ti stage hydrocracki ng. BAQKGROkEIDS/044582

ON THE INVENTION In the refining of crude oil, vacuum

gas oil hydrotreaters and hydrocrackers are enpl oyed

to renove i NnpIGH GBNYERSION HHYDROPROGESSIYEN and

netals fromthe feed. Typically, the mddle distillate

boiling material (boiling in the range from 250F -

735F) from VGO hydrotreating or noderate severity

hydr ocr ackers does htiLDh®EITHEYIN\GEIOKON0i nt, t he

cetane nunber or the aromatic specification required.
Renoval Thef invérdion rélajesitd hiydreciapkisaaneiquenstparticularly to

Shy%ruﬂggao%%te)nsy%ir&g?c%@ges (often known as upgrading),

creates re valuabl e m ddle distillate products.
Hydr opr ocessi ng technol ogy (whi ch enconpasses
hydr ot reati ng, hydrocracki ng and hydr odewaxi ng

processes) ains go~iARATS IN'PHEANVENGIQihe crude oi
by fundanental | y-—r‘ea'rmn'grng—nnpecm—es—% : e end

roduct R Vi Lendl y.

ot B8 erRirbbr SRR 1P Ut B 4IRS Glectert ahB 0l ¥

up hydrderhckers arevenigdloged tasteniavatmpintigs sticke as vlfur nitrogen and

al ternatl t olel i .
107 BRSO " hyplcsy frd e 84 Bre BolhfASfRckel g in
Re trentahye rpdv Z50° O 235F Nfgprs MGDregdrbewatingee matizvatk epeetity
which permit the mddle distjllate.to he hydrotreated

e EERRS 0B Rl Beetind bl pRa thrtodlrt i gaSTans

hy drshstRaspebifictpace@iiredr t he noderate severity

hydr ocr acki ng reactor. The.invest msngwﬁost savi ng

and/ or RETPHHo6hess IpitEsdn SiSRAYSTY ANEToB 95888 a0 Stages
15S € Pttt i olinttdl (pgfHdiid)! draktes Ryie QbILaBIk @hidbie digditlate products.

required. There are U S. patents which are directed to

PO PARReSHOR sPnBleak BHIE sRaamarszes PipEeaings
Pr @58tRickivg A8 8YdloaBRaxihd phdcSsseRRERRY to increase the value of

the crude oil by fundamentally rearranging molecules. The end products are
also made more environmentally friendly.

20 In most cases, this middle distillate is separately upgraded by a middle
distillate hydrotreater or, alternatively, the middie distillate is blended into the
general fuel oil pool or used as home heating oil. Recently hydroprocessing
schemes have been developed which permit the middle distillate to be
hydrotreated in the same high pressure loop as the vacuum gas oil

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

There are U.S. patents which are directed to multistage
hydroprocessing within a single high pressure hydrogen loop. In U.S. Patent

30 No. 6,797,154, high conversion of heavy gas oils and the production of high
quality middle distillate products are possible in a single high-pressure loop

with reaction stages operating at different pressure and conversion levels.
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No. 6,797,154, high conversion of heavy gas oils and

the production of high quality mddle distillate
w@emdneicss ar e possi bl e in a single high-pressuper/smps/o044582

with reaction stages operating at different pressure

and conversion levels.The flexibility offered is great
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|Qﬁuﬁ£tﬂ/&rdk¢éd¢d&@n t he hydrotreat| ng and hydrocracki ng
zones. U S, Patent 876 teaches the use of

count ePcuifaent N9 éﬁ%ﬁ@%ﬁﬁ&é@@a&%m@@rwﬂ@ with a
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invention, as are those di scussed above, 1s directe

t&oﬁ?%cesses for upgrading the fraction boiling in the
15 i ddl eydd $tgddtaloe efzaﬂgﬁe\&@é&@s e &’Jétﬁ cgﬁﬁteﬁ&}?f’éhyﬁ& in

hydrotreaters and noderate severity hydrocrackers

i dydiosemcyeisde maxinise diegelaradioidd (vacuum gas oil) to

near extinction. This invention preferably involves a

mul ti pl e stage process enpl oying a single hydrogen

| oop. It could, heMMWMARY BE TifetNVENHON fixed bed

hydr opr oc e r k| n

hyrop! OSSR ik APRCAE YR bl IUELOS BRI
20 amgodepsirsofor emrathlggzﬂmalratmambomsg in the middle distillate range

which is obtained from VGO hydrotreaters and moderate severity

hydrocrackers. It is also directed to cracking VGO (vacuum gas oil) to near
extinction. This invention preferably involves a multiple stage process
employing a single hydrogen loop. It could, however, be used in any fixed

25  bed hydroprocessing scheme such as mild hydrocracking, conventional single
stage or multi-stage hydrocracking and hydrotreating applications.

The instant invention provides numerous economic advantages. In the
preferred embodiment of this invention, co-current downflow and counter-
current flow are occurring simultaneously in the second or subsequent

30 hydroprocessing stage. Material may be removed from the second stage

without passing through all of the beds, in order to prevent overcracking.

Furthermore, the reaction zones are optimized for specific feeds,

resulting in lower hydrogen consumption and lower catalyst volume employed.
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The instant invention provides numerous economnic
advantages. In the preferred enbodi nent of this

are occurring sinultaneously in the second or
subsequent hydroprocessi ng stage. Material may be

r amvederftivn mdvlidm%a@ﬂdgls&ra:gevemsbh dhen thakshtaiged hr oargtal
all of th <fr| in order to prevent overcracking.
FOPERUIRY %bhy PEAKELt i on zones are opti mized for
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de icted in the Figure, a recycle punp is enployed in
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(further details are found in the Description of
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'east one reaction zone and the second st age havi ng

arfOllqw@#@@ﬁ ate effluent and a bottons effluent, said
met hod @onpédn%lma%gﬁ% O‘ffélald Vi Qa%a%ggﬁ ric ggs ST T 1o a

an oil "feed wth ydrogen-ric s stréamto forma
f eedst faskistocls) passing the feedst ock to a reaction

zone ofyt he, f F;r\?;tthék%ggtoc | & PedcBiodTB &'tﬂ@ﬁrs@gtage which

cond|t| ns cient to erfect a borling ran
conver & malnmd@jma@tlomﬁgsuﬁtmtwtﬁmem epdpiliog e@@gaﬁg

cataly e to a
cat al ¥l Gl B ERAG RS B LERodlssh AR 10 2, |
t he bo(¢)o rrspaa‘sfnlgumwﬂoénttdﬁ stepdbpioch Botagsh predsige paparata,
into an,qve headfr bot r L on.
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conbi n stream whi ch t col d
pr essu?‘g Serﬁlgilrkgtt ?overhead Rac‘uon of s?epa(c with the |9termed|ate

effluent from the second stage to form a combined stream which is
passed to a cold high pressure separator;

(e)  separating the combined stream of step (d) into a gaseous
component, a hydrocarbon liquid stream and a sour water stream;

(f) passing the gaseous component of step (e), which comprises
hydrogen, to a recycle gas compressor,

(g) combining the hydrocarbon liquid stream of step (e) with an
overhead stream from a hot low pressure separator;

(h)  passing the stream of step (g) to a cold low pressure separator,
where it is separated into an overhead stream ,which is subsequently
fractionated into hydrogen and other product streams, and a bottoms
stream, which is combined with a bottoms effluent of the hot low

pressure separator from step (g);

co-current downfl ow and count er curp@ntSTohoe4582



(e) separating the conbined streamof step (d) into a
gaseous conponent, a hydrocarbon liquid streamand a

WG oh/0g5ater stream (f) passing the gaseous coPQDUSDS/044582
of step (e), which conprises hydrogen, to a recycle
gas conpressor; (g) conbining the hydrocarbon liquid
st ream(ipf spassingahe bottdmafractiverdiste (s} toghehbtlom paessoire
| ow pressure separ at,or . . ' .
(o) £oSEPataRadr a5 Boliil s 3B5HHe, MOTRE bifphed et
separ akep (ghaad iato the dohiemd efftuestonstephihgh i s

subsequently fractionated.into hydro and qther . .
pr oduck}?st r%afﬁ@,gqéﬁamgBWS?tsgﬁ%ms(%flﬁ{eeggrﬁpm %rﬁgP% stripper, in
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ef f | uepkodeingtpegtuchitreart$ Anda9sitdrgs khiearaonbi ned stream
of step (h) to a product stripper, in which the stream

is COﬂf(IﬂCt efbcoanglis betturmeoat dtyp(w fofa ehewm 1amef athisesond
an over

ead stream and a bottqms stream; passi ng
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t her ebyarieasbngeRBnPaRd b6 itading SEWEN Ao obstsireBatalyst.
stream (1) recycling the bottonms of step(k) to a
reacti on zone of the second stage, which is naintained

at conditions gy EFOEStRIPTIGN GCTHE FIGURENG range
conversion, and contacting It wth hydroprocessi ng

cat al ydihe Fmreiusiralenppintesiated mustpyesUrtoneeessiir e
15l %&%Fn%atﬁ% BBohd 41896 MSELtEY bbthoadfrehY SHPBS PERSRias

schenme. The second Stage illustrates both co-current
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DETAILED DESCRIPTION OF THE INVENTION

20 Please refer to the Figure. Feed in stream 1 is mixed with preheated

recycle gas(exchanger BB) in stream 2 . Stream 2 is a mixture of recycle gas
from the recycle gas compressor(stream 16) and compressed high-purity
make up gas from the make-up hydrogen compressor B(stream 21). Stream
3 is preheated in heat exchangers AA and first stage reactor feed furnace C
25 and sent to the first reaction stage D. The first bed of first reaction stage D
may contain hydrotreating catalyst suitable for treating VGO. The bed may
alternately contain a mix of hydrotreating, demetallation and hydrocracking
catalysts. There may be a succession of fixed beds E, with interstage quench

streams, 4, 5,6,7 delivering cold hydrogen in between the beds.

30 The effluent 8 of the first reaction stage D, which has been
hydrotreated and partially hydrocracked, contains hydrogen sulfide, ammonia,
light gases, naphtha, middle distillate and hydrotreated heavy gas oil. The

effluent enters the hot high-pressure separator F(which operates as a flash
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Pl ease refer to the Figure. Feed in stream 1l is m xed

wi th preheated recycl e gas(exchanger BB) in stream 2 .
WwR0eaese23 i s a m xture of recycle gas from t hePeBUSIDE044582

gas conpressor(stream 16) and conpressed high-purity

make up gas fromthe make-up hydrogen conpressor

B(&tmeame? bdihg coSed daemcBanger@ eNepdresiream fieratF, stream 9,

exchangers AA and first .sta reactor,. feed, furn C
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stream from stream 9, containing the 1i1ght gases,

naghineabaaen{ttdp eerdpw hydregasssulfigediag et hydregen-rich

hy n fi Ar j ih$: t
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P) comressorifsfondibe thpressginranalme Oy cleabaakeb lthearsapipr pedivas <

he a [ r 10)
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as ni um bi.sul.fide | ution. St 9 .
coltdai i el ers a0 (ST Wl B RS B araegiy
t obistiédeol d hi gh- pressure separator (G . The overhead
streamfrom (G contai ns hydrogen, |ight

hydr oc stheanac® fos Fjasewmirasntte byldod gerefBudrits tlem(ts¢ rezation
20 it i Ul (RIS BT 5B g Sl BB
abpasseere Sdpardter (MMRURIrdYeArRgaapsidid id@t iydrotdrbenaceous
D it e R 285 SR ASRa Sl aDer
I e6RAVBERSS CONl WP FeEire! Separsdr LL(Borh BiingeAt HfeafeeR)ifomns
| nrecovery of hydrogen. The Figure indicates that the overhead material in
25 stream 37 is passed to hydrogen recovery. Bottoms from L (cooled in
exchanger CC) and M(streams 27 and 25 respectively) are sent to the
Product Stripper (N) for the recovery of products. The Product Stripper (N)
contains packing material, useful for mass transfer in fractionation. Butane,
lighter gases and part of the naphtha are removed overhead in stream 29.
30 Bottoms material is removed through stream 35 and heated (using heat
exchanger W and furnace K) before entering fractionator (0). Bottoms from
the fractionator (stream 18) is preheated in exchanger Y and furnace V and

combined with recycle hydrogen gas (stream 17), then pumped back to the
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stream 16. Hydrocarbon |liquid stream (stream 12) from
(G is let down in pressure to recover additional

sour water stream ( 13) which exits G contains all of
the ammoni um bi sul fide. Stream 15 from F, contains the
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Afsteeonqaaageﬁ?l conversion of reactants to products, the
m xture is flashed in zone R Light gases, naphtha,
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stage where the downflowing liquid cones in intimte
cont acThaidet dre ptikcasimioepreferably three to four, beds of hydrocracking

catalyst in reactor P. The catalyst system can comprise either on base or
noble metals. The final reaction zone, S, is particularly attractive for noble

metal application.
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 392°F (200°C). Such feedstocks
include vacuum gas 0ils(VGO), heavy coker gas oil(HCGO), heavy
atmospheric gas oil(AGO), light coker gas oil(LCGO), visbreaker gas

0il(VBGO), demetallized oils(DMO), vacuum residua, atmospheric residua,
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The process can be used over a broad range of _
appl i cdheonecess ostisinvenion lirespeclaiwisefulinheeproduction of

middle distillate fractions boiling in the range of about 250-700F (121-371 C).
A middle distillate fraction is defined as having an approximate boiling range
from about 250 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 and 525F (138-274C). The term “diesel boiling range” refers to
hydrocarbons boiling in the range from 250 to 700 F(121-371 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 Csto 400° F. 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.
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The process of this invention is especially useful in
the production of mddle distillate fractions boiling
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characterlstlcs of the crude oj] source

[ ef i ner yPirRliYdiosTagking SeBefieRs(Whick SRoundfEstage 1 or

Hysth o7 ) GE s @ﬁaa‘é@é}dteﬁﬁwﬁﬁufesofaro@remm°ﬁL9509F ohics10°
refers primari | i cation to hydrocracking

DU AOD B B BB 15 Hsaaian eigbeura ghs

r epith 8004 58148 MIF2StyMeRMahY Pho02850 4820hp
preferably Sa‘ggF SSOF%gl%?%%bi% a reész%)ﬁgobetv\eeﬁ)

15 5d¢+8c\6r85\99@fr9@| Q1 (%@haé (e p@ﬂ@rablé Oi hiord-§airdeHydrogen

( ?toﬁs%pl?)n'\%ﬁées ﬂ%rﬁ%@b%’byoel@@ﬁ Pt b§rQQQ>f mgdns hdro@a8n8
rate . hr=1 (v/v)

prf@$<éf8@b’l Wb o nhigm fqe§)4 O and over aII hydr ogen
consunption 300 to 2000 SCF per barrel of liquid
hyCeatalysir bon feed (63.4-356 nB/n8 feed). Typical
hydr ocr acki ng condi ti ons(which may be found in stage 1
or st adehvyonrerassiig zane EWYLCOBIRIN ey enacatelyshor se\sial

20 4%@!9&9#\ doA¥indtion>10
The hydrocracking catalyst generally comprises a cracking component,

a hydrogenation component and a binder. Such catalysts are well known in
the art. The cracking component may include an amorphous silica/alumina
phase and/or a zeolite, such as a Y-type or USY zeolite. Catalysts having

25  high cracking activity often employ REX, REY and USY zeolites. The binder
is generally silica or alumina. The hydrogenation component will be a Group
VI, Group VI, or Group VIil metal or oxides or sulfides thereof, preferably one
or more of molybdenum, tungsten, cobalt, or nickel, or the sulfides or oxides
thereof. If presentin the catalyst, these hydrogenation components generally

30 make up from about 5% to about 40% by weight of the catalyst. Alternatively,
platinum group metals, especially platinum and/or palladium, may be present

as the hydrogenation component, either alone or in combination with the base
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C), preferably 600F-850 F (31 5C 454C). Reaction
pressure ranges from500 to 5000 psig (3.5-4.5 MPa),

w@e@boesahd y 1000- 3000 psig (7.0-20.8 MPa). LHIRLCT/HIPET044582
from0.1 to 15 hr-1 (v/v), preferably 0.5 to 5.0 hr-1
. Hydrogen consunption ranges from500 to 2500 SCF per
?a’fegﬁlhydfogleihmidnd:di’lypﬂfneﬁarrb@ybdeaedw (BQsten, édt'ﬁaltﬁﬁr hi2keiB If

eed) . t rocessi ng, zone o

ofrareh e et prothom RlsanEac el Bake 0F o abodl .1 % to
c aBbitrmt boveighhef ingdaatysacki ng catal yst general |y
conprises a cracking conponent, a hydrogenation
corrponlamro&eahr@ daitalgzlfrlf usBdiC villcigpiadiyiesa asrapusiel of lernGrap
in t art. rackin nc ude

5 aFSTRGS camppa GRGr Ahd GELP o Samepin herre
asugpoftddydiea 6roU§5Yefia‘miry bése Svhadsysitirainaa\dxaehphdsadt

cracki n act|V|t often e

zé‘dﬂrofrég“”gT‘F?éa'kﬁ?t geralpg\l@?ﬁtgpéﬂ?%xgtﬁltrreglygge%mu,wa,(gl
TRaifiby Hig@RaMgsen, SeHERANEIHeahd nibikelandieRuM. ITyioicamp
VI, or Goup VI i metal or oxides or sulfides

t ifeefe BYdropeaingrcatn ystoe Rpsuistes: of nol ybdenum
tungsten, cobalt, or nickel, or the sulfides or oxides

10 { ka@E¥e ' |f present in the catal yst, these
hydr ogenati on conponents generall make . u from about
50 to0 ABBIfargdos g@)wq}ggn@@p sesyltg Qb {aéﬁ a Middle Eastern
AMEPnat i vel y, platinum group netals, espem ally
pl ati num and/ or pal | adi urg!@d& be present a
hydr ogenatl on conponent, either alone or in

15 crsaleiti on with the baseWe¥@P' hydr ogenat i ofNi-Mo or
conponents nol ybdenum t UMd¥t%&n, “cobal t, or Nikel . |f
present, the platinum grNipienid¥als will gendiMaWy make

up from about 0.1 %to abodeoid®s by wei ght oft 4aedites

catrVy o' (ApiMeratalvald i ng chfakyst, if used, Wid42.0

20 typically be a conposite of a Goup VI metal or
cdmpsoating téreperaturesand a Group VIl nmetal or conpound
t her eof support &PRECR)FoLUE2D ef r act ordPORHEN iR metal)
al um na. Exanpl es of hydrotreating cat &d00sta(zase metal)
al um na supported cobalt-nol ybdenum nickel sulfide,

25 niRdeetortiniaRrieesyre qudi@l t - t1ROGsABOA and 1000-2800
ni ckel - nol ybdenum Typically,
Gas/Oil Ratio (SCF/bbl) 800-9000 800-9000
Conversion, % 30-70 30-80 (per pass)
30
Total middle distillates from process 90-98

(250-700 F cut)

This example illustrates a maximum distillate yield of high quality
35 products, which may be obtained employing a second stage reactor of
reduced catalyst volume. Second stage LHSV is generally higher than first
stage LHSV due to a relatively contaminant-free environment (heteroatoms
removed in first stage). It is also notable that when noble metal catalyst is
used in the second stage, it generally operates at a lower temperature range

40 than base metal catalyst.



such hydrotreating catalysts are presul fided. Exanple
These are the conditions and results obtai ned using a
wobadessiEast ern VGO Stage 1 Stage 2 Catal yst PF/NB2005/044582
Ni-Mb or Ni-Wor Ni-WNi -M-WN -M-W+ Zeolites +
Zeolites LHSV, hr (Active Catalyst) 0.7 - 2.0 1.0 -

2viHAres anmngeDesper at ures: SOR-EOR) T 650- 825
500- 650( nobl e netal) 600-750(base netal) Reactor Inlet

Pr es?gL e, [ igtelPAlod RGdOpbaeskirBhetHeasialing dRadasotwo

( SCF 8 9000 80Q0-9000 Conversion, 930 -70, 30-8

( SEoeB e HRse ARl o0 008 [FCLTb o a b seage 5995
( 250ind @A iftefrédiatE RifficAX a4 Boftdrhaistiluahiesaia makedTum
distillate y| el d of high quality products, which may

b&OBBIIENA NS ChMVIBY SKHSa second stage reactor of

reducefé Cat@nﬁﬁln%’ﬁh BMeedSARPRHyEbaaeribiigds stheam to form a
general 'y hi gher han first stage HSV due to a

rel ativel y fBe#ReHs nant - free environnent (heteroatons

removeg,in pidsrsﬁb t5d RGBtoct fo ) ﬁea@h@rpz&%t é’fbl’w@fntsh%gé‘hﬁﬁlch

nobl e met al catalyst is used in the second stage,
general |y dpéraintaisedat eondjines suidpisat tgtaiicst # hpibeg taﬁ‘ﬂﬁ

base net al @'{/é’fls)(ﬁ'\tan%ﬁta'c@nrgfﬁlg%ﬁdﬂo%roc%s& catalyst;

i nt egrated droprocessin avi n east” two
st ages(c )eacnasgmeg@e hﬁlvemigaf atepl(bhiota mténgre@r@swﬁ sgparator,

and the Sec\%@reﬁtlé‘ggmbmed with the bottoms effluent of the second
stage and separated into an overhead fraction and bottoms
fraction;

(d)  mixing the overhead fraction of step (c) with the intermediate
effluent from the second stage to form a combined stream which
is passed to a cold high pressure separator, ’

(e) separating the combined stream of step (d) into a gaseous
component, a hydrocarbon liquid stream and a sour water
stream;

() passing the gaseous component of step (e), which comprises
hydrogen, to a recycle gas compressor,

(g)  combining the hydrocarbon liquid stream of step (e) with an
overhead stream from a hot low pressure separator;

(h)  passing the stream of step (g) to a cold low pressure separator,
where it is separated into an overhead stream ,which is
subsequently fractionated into hydrogen and other product
streams, and a bottoms stream, which is combined with a
bottoms effluent of the hot low pressure separator from step (g);

()] passihg the bottoms fraction of step (¢ ) to the hot low pressure
separator of step (g), where it is separated into the overhead

stream of step (g) and into the bottoms effluent of step (h);
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havi ng an internmedi ate effluent and a bottons
effluent, said nethod conprising the foll ow ng steps:
W@ 2006/0686%3 Nni ng an oil feed with a hydrogen-ri clrCTES2005/044582
streamto forma feedstock; (b) passing the feedstock
to a reaction zone of the first stage, which is
mai nt aijped pdssingrice torabises sfréamioéntept(b) tefd gotiua stripper, in

boiling range ¢ rsion an ntactin
ot ons o oot M eRpLR BpeRtelfte Mretuiupem e
stﬁg (b) tOprﬁdhk;’]damo\gﬁhwc&amas@a@babm,strwlnare it is
conbi n wth t ons effluent of, the.se st age
Coa s ol at ebsindiin® B TR st o Mol o REia R ar Ry
fraction; (ghbdiing ﬁ@)dhbt%tl@aﬁfshﬁﬂ(h botapis Qreadf, aptiep (c)
with the |nterrred| ate eff ent Lromthe second

firzﬂ %econd

to forMa cr¥s 'ﬁ@élhesP?t?gP'ﬁ Wﬁt%FH 19 ayzackan fone

hi gh pr essugt@gée/nﬁératscaﬁamtém)ed%@@@rﬁoﬁﬁdrﬁ@uﬁl&%n@wﬁﬁms
stream of ste Into a gaseous conponen

hydr ocar bonb¢lfwaaggp?@%'%@nﬂ coptactingit with @WF“@QFHC‘???'?Q
passi ng thecgg@gous conponent of step (e), which

conpri ses hydrogen, to a recycle gas conpressor; (g)
conmbi ni ng the hydrocarbon liquid streamof step (e)
with an overhead streamfroma hot | ow pressure

separ ator; (g Metwsidiglamd. whewinihgroaseeys ¢aypangnkof step
0(%51.3 R ﬁﬁ&}&hearﬁﬁﬁﬁé%tb%rbe?’\&%r% bhsdisg @emrc%s@as

0 an overhead stream .which is subsequentl
frmnf@ﬁ?ﬁ@(efﬁrﬁhﬁtr@nﬁwpéb'@ and ot her product strearrs
and a bottonms stream which is conbined with a bottorrB
ef fl uent of the hot | ow pressure separator from step

(9); 3) paSS| ng the bottons fraction of step (c ) to
t he hot3- | ow! e B ipdeof claim 1, wherein the second stage reaction zone

comprises two sections, the first in which the feed flows co-currently with

hydrogen, the second in which the feed flows counter-currently with hydrogen.

4. The method of claim 1, in which the first stage reaction zones
comprise at least one bed of hydrotreating catalyst, hydrocracking catalyst or
a combination of both, either alone or in combination with each other, and the
second stage reaction zones comprise at least one bed of hydrocracking

catalyst.

5. The process of claim 4, wherein the hydrocracking catalyst of

the second stage comprises a base metal or base metal combination.

6. The method of claim 1, in which the first stage reaction zones
comprise at least one bed of hydrotreating catalyst, hydrocracking catalyst or
a combination of both, and the second stage reaction zones comprise at least

one bed of aromatic saturation catalyst.
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separator of step (g), where it is separated into the

overhead stream of step (g) and into the bottons
webdobwessus of step (h);(j) passing the conbi nedPGL/USRNF/044582

of step (h) to a product stripper, in which the stream

is contacted counter-currently with steamto produce

an ovevheadretmetaod ahdaan Bah e the meamati daturpars catglyst

the battons tﬁ”e racponatlon

| forensess Radlk Ml satbRlbh el il REASDa: { o

stream and (1) recycling the bottorrs of step(k) to a

reacti e of the_second sta S mai nt ai ned
at con 1t| gﬂ?@ﬁtﬂ‘f’ of %'ﬁtf“i.’o'”d\‘@‘gb‘!“eﬁh%%? qkﬁﬁoﬁscﬁ? &
C%}(,ﬁg%b@,ﬂof anshsggor-gcting it wi th hydroprocessing

cat al yst. . The nethod of claim1, wherein the
gaseous corrponent of step (e) is passed t hrough an

am ne @bsorﬂ%rmarhberof Elgmﬁ’ﬁls\ﬁhé}gmttﬁe il Wé:&iy%r%pﬁb%% vacuum

conpressor, for the renova . The net hod of
cms mlsivameheavw qoher M‘ﬂdCQ?pag@arVéa’b'ﬂ@%ﬂﬁ‘e% gas oil(AGO),
gﬁ{ éo?(@F qre%e% £ gh bifive V\’Bér‘al%taﬁ |'28d B\Ff\ﬂélvhm
WS~ CO- urr Wt o en t e secon

t rvecnﬂlgedewtcm@trmﬂmem cesmaeﬁeasyohajtetdwh?&@dgéﬁchen Tromseh
”Esttﬁé%so{ ﬁt@ycrg %Il Ui th%%@?ﬂ a#w[j tF%Q?prroﬁé&ts't@Qms

ZONnes cb st ‘one rotreati ng

cat al yst, hydrocrackl ng catal yst or a conbi nati on of
bot h, th a 0

and t n0scclnamelgd lalu Bidg b bedist S6B5E, Ailsps
onpackied nodterdgidr ocr acki ng catal yst. 5. The process of
claim4, wherein the hydrocracking catal yst of the
second stage conprises a base netal or base netal

conmbi nation. 6. The method of claim11, in which the
first dtageThemethodnfz@mes, nonpeh the isterhediste effiuenbetithe
of h ot rea c / t a
o rLe B ComP R A RS Bk BER R Pl &

y4 Ocma@nt:mrofstee e&coheasageoamwbkbds efripped pmduct feat threat | on
cat al The nethod of claim6, in which the

ar%’h‘ﬁ{ erQ gegf &%t i on catal yst

12. The method of claim 11, in which the intermediate effluent

comprises light gases, naphtha, kerosene and diesel range material.

13.  The method of claim 1, in which the products comprise middle

distillate fractions boiling in the range of from 250-700°F.

14.  The method of claim 13, in which the products comprise

naphtha, jet fuel, diesel and kerosene.

15.  The method of claim 1, in which interbed hydrogen quench is

used in stage one.
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conprises a noble netal or conbination of noble
metals. 8. The nmethod of claim1l1, in which the
wo ewd®tweks possess a boiling point of at | easpCBORMN5/044582

9. The nethod of claim8, wherein the oil feed

conpri ses vacuum gas oil s(VGE), heavy coker gas

oi | (HC&D), heavy atnospheric gas oil (AG, |ight coker
gas oil (LCGD, visbreaker gas oil (VBG&), denetallized

oi | s(DW¥B) , Veemethodesicthira,1, ahewesphgiroteeatiegicdoaitions

Y R S e T R RN e e A SN
st nirg@eEIBe frtdufrir)n_. 50'62rﬁrd(t:ngh lso_dg pélgquqnsher squarhiircdn dduge) (3.5-
ot §iea 4B Thte TRV 3 Earf Bl iditebia G é«?\maﬁ@m

of ol rpRIEsHRA o%hé\gﬁpmrmrf&oﬁesomir@rghaaoobrsm brasdrian of
of the effluent fr mt e_CcQ (é}t}]{rent zone of the second

st ligyid hyglsocaehqn fged %“?’ PREH PP oG6EL from the

countercurrent zone. 12. The nethod of claim1l, in
whi ch the internedi ate ef fl uent corrpri ses |ight gases,

napht h kerosene an i.esel ran

Tor hod 181 < CTES FERCY §f caifdn e BRelau ALk R Hpdtians

i &9“1;ﬁhs@la&bbbtkﬁhﬂ@mbé%@@rb@rﬂﬂwebﬁh?é Bgfrd)rﬁ 4t)b‘EF ﬁh&ﬂ@ﬁ 95b F
from250-700T. 14. The nethod o

t heOfr Guatd’<Cle BRAFAISR PHRSSHIEHANIS E‘P”‘fﬁP@I throél’EBéQPO Qﬁ'é! (3.5-

keg. em aided rakeLPRMyafithefrasdetbick olinovwBIGh (WRY arded
hy dro% gquench is used in stage one.16. The net od of

cl evefe hhydmeméiqaswam ipdhg 1ange b Ham 3aore 2e8AmG ke a

fes'&rtrél%m.cfc [FATRRIr8&dibéh fe@Mad00 495 nih anBledPOO0F
(204C- 482 a pressure from 500 through 5000 psig

(pounds per square inch gauge) (3.5- 34.6 MPa), a feed
rate (LHSV) of fromO0.5 hr-1 through 20 hr-1 (v/v) and

over al |18y drag e tsR SR @ whkrdif RyBréRéhtih rc@H@mo@sOrQQner

SCF per barrel of liquid h drocarbon feed (63.4-356

nBEIrBPIseeeaction temperature in the range from 600°F through 850°F
(315°C-464°C), a pressure in the range from 1000 through 3000 psig (7.0-
20.8 MPa), a feed rate (LHSV) in the range of from 0.3 hr-1 through 4 hr-1
(v/v); and an overall hydrogen consumption in the range of from 300 to 2000

SCF per barrel of liquid hydrocarbon feed (63.4-356 m*/m® feed).

19.  The method of claim 17, wherein hydrocracking conditions
further comprise a reaction temperature in the range from 600°F-850° F
(315°C-454°C), a reaction pressure in the range from 1000-3000 psig (7.0-
20.8MPa) a feed rate (LHSV) in the range from 0.5 -5.0 hr-1 and an overall
hydrogen consumption ranges from 500 to 2500 SCF per barrel of liquid
hydrocarbon feed ( 89.1- 445 m® Hy/m?® feed).
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17. The method of claim 1, wherein hydrocracking
conditions conprise a reaction tenperature in the

W0 2006065643 f r om 400F t hrough 9500F (204 C 510 E)T/US2005/044582
reaction pressure range from 500 t hrough 5000 psig
(3.5- 4.5 MPa), a feed rate (LHSV) in the range of
from 02Q t dornkSméthed of viaw) 4 ainavhiohethalckadikingravgeronent of the

consunptjon in, . the range of fro 500,.t 0 250 per
PPt ol R nPBES At Bl S iR e

f eedite, &&othiThe met hod of claim 16, wherein
hydrotreating conditions further conprise a reaction
tenperature in the range from 6000F t hrough 8500F
(315C- 464C), a pressure in the range from 1000 through
3000 psig (7.0- 20.8 MPa), a feed rate (LHSV) in the
range of fromO0.3 hr-1 through 4 hr-1 (v/v); and an
overal | hydrogen consunption in the range of from 300
to 2000 SCF per barrel of |iquid hydrocarbon feed
(63.4-356 nB/nB8 feed). 19. The nethod of claim17,
wher ei n hydr ocracki ng conditions further conprise a
reaction tenperature in the range from 600F-850 F
(315C- 454C), a reaction pressure in the range from
1000- 3000 psig (7.0- 20.8MPa) a feed rate (LHSV) in
the range fromO0.5 -5.0 hr-1 and an overall hydrogen
consunption ranges from 500 to 2500 SCF per barrel of
l'iquid hydrocarbon feed ( 89.1- 445 n8 H2/nB feed). 20.
The nethod of claim4, in which the cracking conponent
of the hydrocracking catal yst conprises an anor phous
silical/alum na phase, a zeolite, or both.
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