WO 2006/065643 PCT/US2005/044582 HIGH CONVERSION
HYDROPROCESSING FIELD OF THE INVENTION The invention relates
to hydrocracking, and more patrticularly to 5 multistage hydrocracking.
BRERSROVUND ON THE INVENTION In the refining of crud& B Syaisid#as2
gas oil hydrotreaters and hydrocrackers are employed to remove
impurities such as giiur @H%%@w“%m;},&ggg%feed Typically,
the middle distillate boiling material (boiling in the range from 250'F -
735'F) from VGO hydrotreating or moderate severity hydrocrackers does
not meet the smoke point, the cetane number or.the aromatic
specification required. Reridud? SHiHéte MYEMHENIN subsequent
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ehcofipisaes hppetrekiilg, hydrocracking and hydrodewaxing
processes) aims to increase the value of the crude oil by fundamentally
rearranging molecules. The end products are also made more
environmentally friendiya2Rdmmnesbeasesithisyeiddledistillate is
separately upgraded by a middle distillate hydrotreater or, alternatively,
the middle ldigtilegdnisdténdise pitodseugaseral vsroiieptos enésed as
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saving, aR@/eEiliies SRMIRG A BS IgNHICANSINGE BceaRakaitrdniddir
distillate hydrotre Ier Is not reqéured There are U.S. patents which are
dlrec?e(ar?g Fr S ﬁé@ae'oﬂﬁa%processmg within a single high pressure
hydrogen IGsarel nBheesénpusticN s 87SRISY WiHRIEBPRASISIRIastes
heavyogas milsvang theyaensicienel ek quriEMdnitele distilatepeadststs
are possibledn. a.single bighipressurs losp wih saaignstages operating
at diffeten pressur rsion

hydrocracking and hydrodewaxing processes) aims io increase the value of

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

20 In most cases, this middle distillate is separately upgraded by a middie
distillate hydrotreater or, alternatively, the middie distillate is blended into the
general fuel cit pool or used as home heating oil. Recently hydroprocessing
schemes have been developed which permit the middle distiilate 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 1.8, patents which are directed to muitistage
hydroprocessing within a single high pressure hydrogen loop. In U.S. Patent

30 No. 8,797,154, 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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-1 WO 2006/065643 PCTIUS2005/044582 The flexibility offered is great
and allows the refiner to avoid decrease in product quality while at the
WO 263die minimizing capital cost. Feeds with varying bBfHYRy%E%re
introduced at different sections of the process, thereby minimizing the
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Straight-Run 10 Atmospheric Gas Oills utilizing the high-pressure

5 JMXARSARENt required for mild hydrocracking. U.S. Patent No. 5,980,729
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1, é6 teaches the use of countgrcurrent flow in _hydrocrackers to
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plycessis.ignt Guieadhag GieafrhvirhmdyeiitipinQhenBidaight-Rudistillate
10 ARGBsHNEh isoiRinad-Fahy GG Rraieire Aleip-ARt MALRIALE Reverity
hydrocrackers. Itis also directed to cracking VGO (vacuum gas oil) to
né‘é{? BYRIRERR Bhis disclosure preferably involves a multiple stage
proces$ énipddsrihtia SiBgfler By drsaiesretonplittane kkdnowenkng beitised in
any: iyebhecsmulontesrasiaavash e seli-asiRY I SBYIaeRkIng
conventional single stage or 25 multi-stage hydrocracking and
h{8P6treating applications. The embodiments disclosed herein provide
numerdus geasonhic. &dRanEE§assinah éhopreferf sduniehaaieme Aovco-current
dewpiiau-rad eavaigrerigRabflavsasapccurring simultaneously in the
second or subsequent hydroprocessing stage. Material may be removed
from the second stage without passing through all of the beds, in order to
prevent overcracking S8iMAYermore, the reaction zones are optimized

for specific feeds, resulting in lower . . v .
This disclosure, is directed to processes for upgrading the fraction boiling in the middie

>t
in

20 i . N
distillate range which is obtained from VGO hydrotreaters and moderate severity hvdrocrackers.

i is also directed to cracking VGO (vacuum gas oil) to near extinction. This disclosure preferably

involves a multiple stage process employing a single hydrogen loop. It could, however, be used in

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

The embodiments disclosed herein provide numerous economic advantages. In the
preferred embodiment, co-current  downflow and counter-current flow are occuring
simultaneously in the second or subsequent hydroprocessing stage. Material may be removed
from the second stage without passing through ali of the beds, in order to prevent overcracking.

30 Furthermore, the reaction zones are optimized for specific feeds, resulting in lower

hydrogen consumption and lower catalyst volume employed.



hydrogen consumption and lower catalyst volume employed. 2 WO
2006/065643 PCT/US2005/044592 This embodiment provides much

WORMKERAversion than that obtained in normal once-thro&§H/U52005/044582
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hydrocrackers. As depicted in the Figure, a recycle pump is employed in
this invention to move the bottoms material to th%\a%e%ond Stage

“hi i - COUVETS1 an t taned 10 o%r%a-lrgr?ce-throuch
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urther details are found
inythecrReseription of the Preferred Embodiment): In a first aspect, there is
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stages,’da E’H)sfage NAving At least one redction Zone and the second
siagerhavirgan tidsmtersegiate effluent and a bottoms effluent. said

method comRISING INRJRNRAIG aiRAs:(e) sormilaing ARl feedkvil Rund in e

hydrogen-rich gas stream to form a feedstock; (b) passing the feedstock
i@ esrericton PoRebiridd mEdsnge: which is maintained at conditions

sufficient topffect 2, balling: range-d SHanversionend wentaeingethuitiuving at least
hydroprocessing catalyst; (c) passing the effluent of sEt@p (b) to a dhot hig
h

pressites sefsfatties ViR A'idEaniBInGt it Y DERbMS SHtkneoFt fine a0

SeendEinggnand separated Hinan, aerheadiftaciosantkolitors steps:
fraction; (d) mixing the overhead fraction of step (c) with the intermediate
20 effludft frofTREEEES R L5018 b MPPEBHTHEASHERT HiRiTE

passed fesgtgtotd; high pressure separator; (e) separating the combined

stream qf, step,{d)iife,@ Sa55RLS (S AMRRISAL AL YEHAC AR Phich

stream and a sour water stream; (f) passing,the gaseous component of
step (e) ,'W%W%B?ﬂﬁi%%d’%'ﬁﬁaﬁbﬂgw, t?oe%?gtc"iz/ RI'G8<Shpressor: (q)
combinirgrtverdrydeot arntatiiniddineaymrafret@s ey wathlest. overhead
stream from'a hatjowregidig seharaigicBHReaRinghe st eapLefistep
(g)toa (ifs)rligrleoi\{vispcrzg%s#nrgdSweigvatrhaé%%ttoms 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
effiuent from the second stage to form a combined stream which is
paséed to & cold high pressure separator,
(e}  separating the combined stream of step (d} intc a gaseous
component, a hydrocarbon liguid stream and a sour water stream,
{f) passing the gaseous component of siep {e}, which comprises
hydrogen, 1o a recycle gas COMmpressor,;
(g} combining the hydrocarbon fiquid stream of step (e} with an
overhead stream from a not low pressure senarator,
(h)  passing the stream of step {g) to a cold iow pressure separator,
- where it is separated into an overhsad stream ,which is subsequently
fractionated into hydrogen and other product streams, and a botioms
stream, which is combined with a bottoms effiuent of the hot low
pressure separator from step {g);



where it is separated into an overhead stream which is subsequently 30
fractionated into hydrogen and other product streams, and a bottoms
tre ich is combined with a bottoms effluent of the h 161,5)1 r
“é%%%a‘:’r% ‘E:grg#’om step (g); -3 WO 2006/065643 PCTIUS2005% )ﬁfgﬁﬁ’%ﬁéygg
passing the bottoms fraction of step (c) to the hot low pressure separator
of step (g); wherssting sepsvated iindotitve o weshéadcstre dut biv stepsigeand
Into the boliame, PR @ SR (B pasinakomBInediieam of

step (h) to a product stripper, in 5 which the stream is contacte
counter-cﬂﬁ%ﬁﬂhﬁﬂﬂtﬁtgtgﬁrﬂ%oﬂi%aﬁ‘é‘énéﬂf 58 H¥ad stream and a
bottoms gfieampagkinpdssimgrifiecoctteas sfretam(lof iste pmdechisidtipeaiion,
shereby prodHGRAPEIAUSIHERMS AN RDIRRMS SHsaRaMisemyieling

the bottoms of stepék) to a reaction zone of the second 10 stage, which is

maintained' & EBIFaRi BFRESL ARG SRIBOSHE ¥ Bbiling range conversion,
and contiﬁigng Basiihhwdroprgeesing-cafassly) BRIERRESERETION
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and countgr-cur, - I f i ehyeen
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1OF THE IRggeNTioN DB arepidfiRasry ket R Hirrsaagiing is
mixed withepgelweatecsisecystccgas@ingiange hBB)rrostrsan @tafteam 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(strea ) e RGP R N D R ARG exchangers AA
and first stigereaetindeafamntey@(28 aotisent tydmpfiatasagtion

1staggRpkherfissthed odifipstiigarian stagedd. may sontihhydiateating
catalyst suitable for treaU%z\)/GO. The bed ma ‘aa%l};g;rraqaé?%contapag mix

of hyER6R BV RITLR Uil ROBRIEACHA Al

intermediate effiuent.

DETAILED DESCRIPTION OF THE INVENTION
20 Plzase refer {o the Figure. Feed in stream 1 is mixed with preheated

recycle gas{exchanger BB) in stream 2 . Stream 2 is a mixture of recycie gas
from the recycle gas compressor(stream 18) and compressed high-purity
make up gas from the make-up hydrogen compressor B(stream 21). Siream
3 is preheated in heat exchangers AA and first stage reactor feed fumace C

25 and senf io 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 interétage quench
streams, 4,. 5,8,7 delivering cold hydrogen in between the beds.

30 The effiuert 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

4.



catalysts. There may be a succession of fixed beds E, with interstage
guench 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

WRVAIeHESted and partially hydrocracked, contains hydrogefS(Hfiges/044582
ammonia, light gases, naphtha, middle distillate and hydrotreated heavy
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recover additional hydrogen in the cold’low-pressure separator (L). The

UsouatiRalie ! StrE¥foRH SUHRACHIRAE SUsRTheA N oM SifhdinD
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the t Low Pressure Separator (M). Hydrogen-rich vapor and light
hydiStiiffonaceous material is removed overhead through stream 23

(and Coolsﬁégmghewere&@ﬂg FEMIR SUL LANCRIERSH & SRRRIBIPT
L(comblnlng with stream 1
20 stages Dand P. Stream 25 is reduced in pressure and sent o the Hot Low

Pressure Separator (M). Hydrogen-rich vapor and light hydrocarbonaceous
material is removed overhead through stream 23 {and cooled in exchanger X)
and sent to Cold Low Pressure Separator L(combining with stream 12} for
recovery of hydrogen. The Figure indicates that the overhead material in
25  stream 37 is passed to hydrogen recovery. Bottoms from L (cooied in
exchanger CC) and M(streams 27 and 25 respeclively) 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 {siream 17), then pumped back to the



recovery 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

Wbt Sthbper (N) for the recovery of products. The Prod BETSFRIpEP4IH2

contains packing material, useful for mass transfer in fractionation.
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stream 29. 30 Bottoms material is removed through stream 35 and heated
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20 tothe hot high-pressure separator (F) for recovery of hydrogen and liquid

products. Enroute, it is cooled in exchanger Z1.

There are at least two, preferably three to four, beds of hydrocracking
catalyst in reactor P. The catalyst system can comprise either on base or
noble metais. The final reaction zone, S, is particularly atiractive for noble

25  metal application.
Feeds

A wide variety of hydrocarbon feeds may be used in the instant
invention. Typical feedstocks inctude any heavy or synthetic oil fraction or
process stream having a boiling point above 392°F (200°C). Such feedstocks

30 include vacuum gas oils(VGO), heavy coker gas oil{HCGQ), heavy
atmospheric gas oil{AGO), light coker gas oil(LCGO), visbreaker gas
oitl(VBGO), demetallized oils(DMO), vacuum residua, atmospheric residua,



20 to the hot high-pressure separator (F) for recovery of hydrogen and
liquid products. Enroute, it is cooled in exchanger Z1. There are at least

two,

preferably three to four, beds of hydrocracking catalyst in reactor P.
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the instant invention
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deasphalted oil(DAO), Fischer-Tropsch streams, Light Cycle Oil, and Light

etic oil
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hedoMaxinstge: biesel LCO, Hydrotreatingstgelydrocracking P -LO®aximum Dieset

W rgeracking P: 1000 psig-3000 psig +  Maximum Jet +
@OO ps"dgggez Hydroc‘rya%glr%c LHSV=0.5-4.0 Diesel
Or T: 600 -850 F «  Maximum Naphtha
Stage 2- Zone Q Base Metal Stage 2:
hydrocracking P: 1G00-3000 psia
Stage 2- Zone S- Aromatic Saturation LHSV=0.5-5.0
{Noble-metal} T:500-750 F

The process of this invention is especially useful in the production of
middle distillate fractions boiling in the range of about 250-700F (121-371 C).
A middle distillate fraction is defined as baving an approximate boiling range
from about 250 to 700 F. Atleast 75 vol %, preferably 85 voi% 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 distiilate have a normal boiling point of less than 700 F. The term
‘middie distillate” includes the diesel, jet fuel and kerosene boiling range
fractions. The kerosene or jet fuel boiling point range refers o the range
between 280 and 525F (138-274C). The term “diesel bailing range” refers to
hydrocarbons boiling in the range from 250 to 700 F(121-371 C).

Gasoline or naphtha may also be preduced 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.

-7 -




LCGO Stage2- Hydrocracking LHSV=0.5-4.0 Diesel Or T: 600 - 850 F
Maximum Naphtha Stage 2- Zone Q Base Metal Stage 2: hydrocracking
P: 1000-3000 Asia Stage 2- Zone S- Aromatic Saturation LHSV=0.5-5.0

Kb Blesitatad) T: 500-750 F The process of this invention is BShaERfy/044582
useful in the production of middle distillate fractions boiling in the range of
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Gasoline or naphtha normally boils in the range below 400F (204 20 C
or CEAT BRI BONRE PARGES AN ARTGE P oYY ARt RIRe e i d

@ny pditicdtasyefinery will vary with such factors as the characteristics of
the crude oil source, local refinery markets and product prices. -7 WO

2006/065648 B MIE/eZaBENILREE bR AL LORIBRRE dasiaRg 1 o
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feed {89.1- 445 m® Hy/m® feed).

Catalyst

A hydroprocessing zone may contain only one catalysi, or several

20 calalysts in combination.

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 inciude an amorphous silica/alumina
phase and/or a zeolite, such as a Y-type or USY zeolite. Catalysts having

25  high cracking aclivity 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 Vill metal or oxides or sulfides thereof, preferably one
or more of molybdenum, tungsten, cobalt, or nickel, or the sulfides or oxides
thereof. If present in 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 componént, either alone or in combination with the base
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hr-1 to 20 hr-1 (v/v) preferably from 0.5 to 4.0; and overall hydrogen
consumption 300 to 2000 SCF per barrel of liquid hydrocarbon feed
(63.4-356 10 m3/m3 feed). Typical hydrocracking conditions(which may
MeEPredGPStage 1 or stage 2) include a reaction temperatJHeTH F26R/044582
400F-950F (204 C- 510 C), preferably 600F-850 F (315C-454C).

React] [ . r ' b-4. -
R i AT SO
hr-1RGRANp IRFSZBN 6. 875 BeRA Wil paRsERIY TeakRumpaDRPaHbRd flotd
500 50260 SCheugt bameloatdigatid hydrocarbon feed (89.1- 445 m3
H2/m3 feed). Catalyst A hydroprocessing zone may contain only one
catalyst, of ¥EQHRAINSCEAN RISt RPE oM biRiGRIY. Pend dsyReRita skm G rovr
Gatalistigeherally comptisesd, arackiGeopmiplanemnt, olechygingenation

companentand 2 RIRR' RUER SAIALSIS AT ue RO WA N, the: axt. The

cracking component may includé an amorphous silica/alumina phase
and/BYEPYERIHTS RKSR A I BRLP DRV SRS et HaWiTE &5
high settakint kectivitys e nobmiplaygRENG R Bk b aeoliteBysiduy,
bindg&c,ilsl,lggggﬁ@{y@iégg, tgg@gpgsu]}%&ydrogenation component will
be a Group VI, Group VII, or Group VIl metal or oxides or sulfides
lineréodmpeferably one or more of molybdenum, tungsten, cobalt, or
nickel, or the sulfides or oxides thereof. If present in the catalyst, these
hydrogenati8ii&8ragsherite asetatyesprrike tprsindabMidSes a5'eBbut
40% €Q/Veight of the catalyst. Alt%pativFIy, platinum gro meEaIs,
especially platinum and/or palladi a’ : y be present asﬁggg_
hydregepaion component, either jogg & in combination witiyghs base -8
WO 2006/065643 PCT/US2005/044582r metal hydrogenagipn,
components molybdenum, tungstexi;idolyalt, or nickel. If piNséniythe
platinum roup metals Wi}lglfgteneral derikes up from about Ot Zesltesabout

206 By weiGhtOf ke Caalst. HydrBtfeatihg catalyst, if used;Swift-&pically
© 2 SmARYRL AR G
SOR-EQR)°F 650-825 500-650(noble metal)
600-750(base metal)
25  Reactor Iniet Pressure, psig 1200-2800 1000-2800
Gas/Oil Ratio {(SCF/bbl) 800-3000 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). [t 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.



5 VI metal or compound thereof, and a Group VIII metal or compound
thereof supported on a porous refractory base such as alumina.

BJ)%? f hydrotreating catalysts are alumina supporte 0
@gﬁt-mo ybdenum, nickel sulfide, nickel-tungsten, cobalt- l%%g é?}ﬂ%{n 82

nickel-molybdenum. Typically, such hydrotreating catalysts are
pregediiced. disbxampde These are the conditions and results obtained

using a Middle Eastern VGO: Stage 1 Stage 2 15 Catalyst Ni-Mo or
Ni-Mo or 1Ni-WASY INBIRIRI-RIEcon RieRROMetREbiifring FAARbRYPHSY,
gr(') @%éaééea éaa&adgs%é Qa?n‘ér’gQéﬂ-i&él-QTQ%%?wM(%Eﬂgg@f%%ﬁﬁif)tage
-EOR)F. 650-825 500-650(no ta -750(base. metal) 25
e G E ety
(SCPmwF8odefUDene-880® Conversion, % 30 -70 30-80 (per pass) 30
Total midglp distileipstamdqreeassiB 99d (250 facutcbhisexample
illustrates a ma%igag{y gjstillate yield of high quality 35 products, which
may be obtaine emp?oying a second stage reactor of reduced catalyst
volume. Sebonaasie hesedQréie mmARigheTonmef firgistairoeHdieh
due to a relativedyreantanethanidiian erasioiirentd batereaioms; remeved

in first stage). '%9&%%05@@'somg&wgswq%m@%%ﬂgégis«ayyf?ed in
the second stage, It genera P/operate at a lower temperature range 40
than basé%etaﬂ’%%ﬁﬁﬂ&? effluent of step (b) 1o & hot high pressure separator,

where it is combined with the bottoms effiuent of the second
stage and separated into an averhead fraction and bottoms
fraction;

(d}  mixing the overhead fraction of step (¢} with the intermediate
effiuent from the second stage 1o 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;

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

(g} combining the hydrocarbon fiquid stream of step (e} with an
cverhead stream from a hot low pressure separaior;

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

O 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 effiuent of step (h);
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-9 WO 2006/065643 PCT/US2005/044582 WHAT IS CLAIMED IS: 1. An
integrated hydroprocessing method having at least two stages, each

ing at least one reaction zone and the second stqgg
“%%%‘?ﬁ’é?ﬁ%%ég effluent and a bottoms effluent, said method com@%%t %82

following steps: (a) combining an oil feed with a hydrogen-rich gas stream
to form a(jieedsieskadhcpassingthetfesdstoskid reagtictzosdppitha

firt stage, whidyih aielhe st absansiions sullcipahty alecladaging

range conversion and contacting it with hydroprocessing catalyst; (c)

passing the efflBEREEF e Eh)S S HBPRigRI PRI R#  ior, where it
is combingg withatismpbtedmtoetiisertof thetepipdratigetandtbepinated

into an overheag fracfian, ARICPSHOmMS: BAEUARHSHEWinghpverhead

fraction of step (c) with'the intermediate effluent from the second stage to

form a cofibineE ARG ARNPTS BLEERE I dIERAHRGIF I S5 e second
separator; (e) sefpgeatihigithe rwanibined atreadiiohsteiifBnirtoediedaseous
component, a hygiaeasRgR digkid sHe ARARM B SR VAT hyaHEAReBing

passing the gaseous component of step (e), which comprises hydrogen,
to a recycle gascealﬁ ressor; (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 intF PEBVE Redd e AFIRNdRI PSR GORRAYENT Of Step
fracte) atedsaddiydibgerraing etiserbysortinct isphasing faadesotstigrns

stregih MGt i rem RipRAavdh-gs bottoms effluent of the hot low pressure
separator from step (g);

3. The method of 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 isast one bed of hydrocracking

catalyst.

5, The process of claim 4, wharein 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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() passing the bottoms fraction of step (c ) to the hot low pressure
separator of step (g), where it is separated into the overhead stream of
into the bottoms effluent of step (h); 10 WO 20 6
@%&@%%5/044582 (j) passing the combined stream of S%é%?{%?zﬁ};&%(mssz
product stripper, in which the stream is contacted counter-currently with
steam to -produn@mmrbm@lrsteemmd mb@tt@ﬁwcsyamd#)cmﬂg
(e Qaa ISAIN BLBIFRLRIATANG RdAIeRY Producg product
stream ané a bottoms stream; and (i) recycling the bottoms of step(k) to

a reaction zone of the second stage, which is maintained at conditions
sufficient o effetiieambbitivi gfrelaige ¢ omvetisiotheaiaddstntiechnss#swidh

hydgg%%iﬁéﬁoamsg ag%@%yg@%ihe method of claim 1, wherein the gaseous

compon step (e) is passed through an amine absorber prior to
passing to a recycle gas compressor, for the removal of H2S. 3. The
method oficlainThe wiaeieintlaisespntstag eheeaictien Zanepraeepiaesn

¢ . ot : ) . _ |
the L e N ST,
metHBH GtheraaRs PRGN BRESRISY 18 O MR AOM femedeitein pHEEMO).
leastzenerheshialhystradepatingreaithlys dnatetrar kinD A2 afysther-Bropsch

COWJQ@A@&W%&M%@#@ BSRL @a%%%%%%@&%%ﬁ&e%@.

the second stage reaction zones comprise at least one bed o
hydrocracking catalyst. 5. The process of claim 4, wherein the
hydrocracking catelysttofdtbiecsdon st compases stimse cnetadisys
basgdag;@l famhination. 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.
11, The method of elaim 3, in which the intermediate effluent of the

second stage comprises material from flashing of the effluent from the co-
current zone of the second stage, as well as stripped product from the

- couniercurrent zone.

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

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

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

distiliate fractions boiling in the range of from 2506-700°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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-1l. WO 2006/065643 PCT/US2005/044582 7. The method of claim 6, in
which the aromatic saturation catalyst comprises a noble metal or

vg&r%g)%%%%%g of noble metals. 8. The method of claim 1, in %@%&é@ﬁ}w«ms&
eedstoc thod 0

S'possess a boiling point of at least 392F. 9. The me
claim 8, wherein the oil feed comprises vacuum gas 0ils(VGO), heavy
coker gas oil(HCGO), heavy atmospheric gas oil(AGO), light coker gas
0il(LCGO), visbreaker gas 0il(VBGO), demetallized oils(DMO), vacuum
residua, atfnospherketbatiofsidaabpmaget SHEROI I FHE PP psch

stregmprbiohtdayin @ihgdahircyele GasrOhangruberRER wadpet), a

strea}rrepss.u %LeO Jh%dﬂ‘?ﬁhf’d f

im_1. in which the product,stri
oo RSB TNE HO Bk BUNE PSAUSR LIRSl 6.
intefhB dHE® erfiershiatt thESYe s faraBGEdprrdsInatelitr fraRe
flasbirgaphieogbiuemslioptithethomrrentzope pithaseopndsteys) as

well. rinped pr f Q rent zone. 12. The method of
clair“n ufh ?’r@%ﬁ%&%o?ﬁég%térmeﬁgz e uzéngtgi‘:omprises 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 fidm 25be7oeirod 4f FEEHhestest brdivcegkinosandrians
D;O%Qﬁﬁri%@m Pi}ﬁﬂoﬁ@@hﬂ&ﬁa&&?fwﬁhéﬁﬁﬁgé @Ec}dfﬁmgsehrlﬁgfr bsorrethod
orc odes | Interhe rogen gquencn | N, S one. -
Wi L St Tl S S e A

alm

whetdiMRydrafeestial dohaYioRsheorpare’ & eeueida iErmpaiiiransom
400bvdEnughr8gsHct2edapdt2G)ihe arepSHradroBI®RIETDEgF OO0 psig

o RS IR 38048 Mol LoV

roug and

18.  The method of claim 16, wherein hydrotreating conditions further
comprise a reaction iemperature 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 {(LH3V) in the range of from 0.3 hr-1 through 4 br-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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overall hydrogen consumption of from 300 through 2000 SCF per barrel of
liquid hydrocarbon feed (63.4-356 m3/m3 feed). 17. The method of claim

wd»WibeLgin hydrocracking conditions comprise a reaction tempaa46 i8s:
the range of from 400F through 950F (204 C- 510 C), a reaction pressure
range from 500 through 5000 psig (3.5- 4.5 MPa), a feed rate (LHSV) in
the rang@®of fiim Beititod® Heimn @/ whigh dhe cidiidreg@nasensahtipgtion
in the-saner R dpamaQRipaRa0S ehdishobawetablismisk ydsacarbon
feed {.t89.1- 4&1}5 m3 H2/m3 feed). 18. The method of claim 16, wherein
hyﬁ%{r%é)trir?& conditions further comprise a reaction temperature in the
range from 600F through 850F (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 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 m3/m3 feed). 19. The method of claim 17,
wherein hydrocracking conditions further comprise a reaction temperature
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 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
m3 H2/m3 feed). -13 WO 2006/065643 PCTIi3S2005/044552 20. The
method of claim 4, in which the cracking component of the hydrocracking
catalyst comprises an amorphous silicalalumina phase, a zeolite, or both.
-14
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