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particularly to 7 multistage hydroprocessing. 8 9
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18  Previous designs for hydroprocessing vacuum gas oils or other hydrocarbon
19  materials boifing in a range of 392°F or greater include:

20

21 . Straight forward single stage once through design. Conversion ranges
22 frorﬁ 20% to 80%. The amount of bottoms produced is greater than or
23 equal to 20%.

24

25 . Single stage recycles. Conversion ranges from 90% to 99%

26 conversion. The amount of boitoms produced is less than or equal to
27 10%. Recycle liquid operation can result in complications, however.
28

29 . Multistage recyele results in higher cost than single stage once through
30 or single stage recycle. it does provide, however, the highest liquid

31 yield and most flexibility. Conversion is from 95% to 100%. Bottoms
32 - produced are less than 5%.



-1 Split-feed injection in cases where external
distillate feeds are enployed. None of these
processes can readily upgrade external feeds (raw
feeds from outside the hydroprocessing unit), unless
they go through captive process .Ioolo. SUMVARY OF
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obt ai n |ecljds simlar to those obtained wth

mul ﬁfg?éé‘g recycle but at a much |ower capital

investnment. It is intended to sinultaneously upgrade
exte | ow val ue di rocr
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OCRe is preferablyfor hydrotreating, and one is
preferably for hydrocracking in a clean environnent
at lower pressure. Between the first and second
reactors may beSHMMARYKH THESAMVENEHSON ¢ separ at or
whi ch flashes first reactor product distillate
overhead to a distillate upgrader. Advantages of the
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re separator following the first reactor. In
ugéﬁﬁéﬁeparator t he bulk

Advantages of the disclesed method include:

(1) Lower capital cost than found in earlier designs because of.
(@ lower pressure in hydrocracking reactor and distiliates upgrader,
(b) a clean environment for hydrocracking in subsequent reaciors;
(© a smaller overall catalyst volume is required; and

(d) amount of major equipment (pumps, fumaces,

compressors, eic.) is minimized.
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9 of the distillates are renoved overhead and thus
are prevented from 10 reachi ng the hydrocracking
reactor. This innovation leads to high 11 distillate
selectivity (distillate yield/conversion). The

distillate selectivity 12 approaches the 95%
achi evable in a recyc
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f eed rgns i ower operating pressure

enpl dyedombeassmgpaiint of split feed injection.
Furthernore, the feed is 20 injected at different

poi nts than those used in previous inventions. 21 22
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hydr o 8$ressur-e than | ower hydrogen 32 pressure. -3
1 (2)%%? ‘ocracki ng of bottons froma hydrotreated

vacuum gas oil feed can 2 occur at 50F to OOF | ower

t erature.in cl ean ' _ . j 3
6Nt onBittedd nhdeh oifiheahgdal Relioh 2Bet pafalinf of
4 5 ERbnbi eRtillatoy ethap abttld samnartinevdsevaosuregas ol wi t h
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ot ol TYSRRrARnGY B SRS TEARan g 9o T Rrggt

very WeldrsHBm earlier split feed designs in the lower operating pressure
employed at the point of spiit feed injection. Furthermors, the feed is
injected at different points than those used in previous inventions.

(5)  Lower consumption of Hz and lower catalyst volume because the
reaction zones are optimized for their functions. (HDT of VGO at high
pressure, recoveryfupgrading of distillates, HCR of VGO botioms
provides a clean environment).

The development of the disclosed method hés been promoted by the

following observations:

{(1). Hydrotreating of material boliing in the vacuum gas oil range is much
more effective at higher hydrogen pressure than lower hydrogen

pressure.
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9 the second reactor or subsequent reactor. A base
nmetal zeolite 10 hydrocraci dng catal yst can al so be
used. 11 12 (5) Calculations indicate this process
configuration can acconplish >90% 13 conversion with
94% to 96% sel ectivity to 250F to 700T distillates

4 R ed. . ] il..a15
@ "R EENS ERAT ol % s kBEIRER Fa ufReaan
hyd rcamuomh Frig 00® Iiugmr ’ié‘?‘;h)bmiiil megn &t cl#amem{itﬁmentt than in
st ages ach sta urther conprisjng at |east one
" eachR HRIOER LSS 5 & SIS, THOE ST NGn PReESsso

followi ng steps: 21 22 (a) conbining an oil feed
with_a hydrogen-ric s streamtg forma 23,
(oo dRBsmiovendh whksot Whsa Sied AWtk SBHMD GRS Of i Bep

(a) Ryiréerb@@ption zone of the 26 first stage, which

is nmaintained at conditions sufficient to effect a
27 boiling range conversion, and contacting it wth

pydr ' : i .
Y ARoBE RS ot Kol R R ST RIrREoh Dol i
ef f | thersecomd maspr Ob pubsasiuephreagier Adsgeanetaizastifeon,

to 1 I, . ) f .ot ai ned at high

pr esi‘fﬂ@%&ﬂé‘? g&{a{ﬁf‘gﬁ@%}?g@égf ed into an overhead
fraction and a bottons fraction; -4 WO 2006/ 096368

CT/ 006/ 006883, 1.(d) passi t he overhead .. o

(8 actrBHAPS et s beBEs Softiulatr R digameyst 2PR%
cont gh@rdbn Witk DU %ORD2H BelcktivityidrInu° P ee 7o) Rxiistillates
catalyst 3 and is namintained at cqnditions

“suf f PECERRY oMt FERIGNIUB YPFYWY 988 ¥nge conver si on,
-thereby creating an upgraded effluent; 5 6 (e)

passing the bottons fraction of step (c) to a
reaction zone of the 7 second stage, which .is

mehstzapeey tragre 4o pedvidie an Suidgratedttydraprocessing method

naving at least two stages, each stage

further comprising at least one reaction zéne, said m_etho‘d comprising the
following steps: '

(a)  combining an oil feed with a hydrogen-rich gas stream fo form a
feedstock; '

(b) passing the feedstock of step (a) to a reaction zone of the
first stage, which is maintained at condifions sufﬁ-cient to effect a
boiling range conversion, and contacting it with hydroprocessing
catalyst, thereby creating a hydroprocessed effluent;

{c)  passing the effluent of step (b), following pressure reduction, to
a very hot separator maintained at high pressure, where it is

separated into an overhead fraction and a bottoms fraction;

-4 -
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8 effect a boiling range conversion, and.contacting

it with 9 hydroprocessing catal yst theréby creating
a second 10 hydroprocessed effluent; 11 12 (f)

wiPhémitg the upgraded effluent of step (d) péridd2é0d@806ss3
second 13 hydr.oprocessed effluent of step (e) , the

conbi ned streamthen 14 entering a hot separator

mai nt @) nePassingitoynrbead raction of wiaps) toiz dishilate upgrader
conbi ned %H’&?{i&é{téinﬁﬁ%éﬁtcﬁ% IoNeDf MRS Mhg catalyst
ano’l a bot bot t grrs

fraction bottons fraction, the S
fracti on mnddeawinigined atcornditipesisvffigiandin effa altwiling)

passi ng tf}sngg%seggg&?s%é,&ﬁ&&bggrg%n@ggrapg{adehoefﬁje%' d

separ at or, ere I't 1S ara 0 an overhead
fraction conprising 21 hydrogen and |ight gases, and

a bottons fracti.on, c risin 22 S ter., 23 2
AR EHeDLoEa BRI petiEh 3t i qrsfer @) g%g%?ag“ﬁ‘% 23ne bfthe
i 11 ustr at ecbhestge! whithgemeptaindeaironditivns stiffickat to
instant inv

ntion, 27 28 Figures 2 and 3.sh a
conpar i sorf t%Eﬂ‘})@%fﬁ@ﬁﬁong l%ﬁﬂ%%'%@&ﬁ’%'ﬁﬁb 29
confi gur athyaRsprésdsBtgaa tHERER creating ¥ Tecsidt em
Figure 2 illustrates calaa;t 30 tenperature vs.
At

conver si orhyarePresessed ellughipar es niddle distillate 31
yield vs. conversion. -5 WO 2006/ 096368

PCT/ US2006/ 006883 1 DETAI LED DESCRI PTI ON. OF THE

| NVENI) ON cdmisining $he upgradad effluenicof piagr (g mith the second

Enbodi ' i i

the_pr ocedb ool Brtbehl ot o R)aThe E5HoRBAEILAG then
wi t h hydr ogseringna bot sxpard8r meintaned at highpressutdy i oiieh
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i n makeup
a bottoms fraction, the bottoms fraction proceedingto -

fractionation;

(0) passing the overhead fraction of step (f) to a cold separator,
where it is separated into an overhead fraction comprising
hydrogen and light gases, and a bottoms fraction comprising
sour water.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates the muitistage recycle process of the instant invention.

Figures 2 and 3 shows a comparison of conventional and new hydrocracking
configurations using a base metal catalyst system. Figure 2 illustrates catalyst
temperature vs. conversion and Figure 3 compares middle distiilate

yield vs. conversion.



8 conpressor 85. Hydrogen enters conpressor 85
through stream 27. The 9 invention includes an
option to conpress a stream 30 of recycle gas in the

va@zdoggﬁ36§t age of conpressor 85 to neet the @asndsSoo@hdssss
ratio in reactor 10, when 11 required. 12 13 Stream

2 is heated, as depicted b exchanoer 31, _prior to
entering th RETAMLED DESCRIBTION QR SEEJMYENTION ni t _
vessel 10. Vessel 10 is preferably operated 15 as a
hydrotreater. The feed fl ows downward through one or
Neseriptios obthe ReeferrediBrabodimentéans 3, 4, and 5 depict
i nt erbed hydrogen quench. 17 18 Hydrotreated
effluent exits vessel 10 through stream 32 and is
rF&gim@ & dliustratks fesdestering thegiroeesd3hrough istraamr eand beidg

e B L Ay

%%@Em:q%tl@ﬁﬂeﬁfaré@b?éoﬁpﬁa%@@ﬁ@ﬁhﬁdregmm maheupat eri aI in
very ho

SOPHFesseF 85. Mrﬁégégrs}%g?@p{ﬁsgr F’g g’%’ﬂ”&? BW?H'“ 27.The
SRR ln?:ﬂxdgé %ﬁ ‘?Jgtl@iﬁ‘ & bdrﬁﬁlb@ﬁ adfehimadd dfassydd §a8 in the

heavi er t he use of hydrogen
dastistagiera comzeaapa% g:ewegtthe@aﬁ iRyoH gat\oen &%‘?CM 1P, when
Hnﬁ|eﬁft've at hydrocracking pressures. 25 Stream 11,
5 ?alnlng di esel and lighter materials, exits vesse
20 overhead. 26 External feeds in the m ddl e

| |
R g BoctE. Se e @06y efoliBet 3 prob REGY SR,
CrRSt Wr(b;’ﬂrosésfs&@dmlﬂ ve@®! $D.\éamsbl 10 is eferaidy pperated
h d b nbij 9
e R AT bogiPr geBo s PREAId ol oy of Y pels of
V@a‘@?é.t §Qearh§ 3t hearkEts Besitt id@riwa ledragemtquidnoiu. FI ow in

vessel 30 be co-current or countercurrent. 31
Cbuntercurrent flow may be preferred if aromatics

S di{)ﬁ%ét eﬁﬁleﬁ?&lﬁ%ssé' iR® thi%%gﬁ&@éé\’h 3f argy ie rediiozd in

mtted in l[tra-1 ow sul di_esel bein

Fposure (vaBR DSt ayrest PERYOFTaTHIED M OgER FERToRspent.

AP R s 6 SR FERELDEGRDP o

Cﬁhﬁﬁ@rg@lihe mmmm\matay@lnm) wery hot high dsessyes separgter 20. This

R R Db A Sy 18 oo bR eI flitor!
23 hyrdéiRine & ﬁ@mtradnpaals viithoutihe tioe Dﬁb}dm@erca’trlaplgﬂgt
24 {m ,Pérggboggg Ssg'%plng is reig{we‘fyg 1 QREL8 4t hitfr¥ & aEkihG pREsOfbs.

25  Stream 11, containing diesel and lighter materials, exits vessel 20 overhead,

@ W ~N @ o R W N -

T N e -

28 External feeds in the middie distillate boiling range, as well as fractionation

27  recycle, are represented by stream 9 and are combined with stream11.

28  Stream?1 is heated in exchanger 35 and may be combined with hydrogen in

20  stream 25 prior to entering a distillate upgrader, vesset 30, in the case of

30 co—cun;ent flow. Flow in vessel 30 may be co-current or countercurrent.

31 Countercurrent flow may be preferred if aromatics saturation is desired. The

32  amount of aromatics permitted iﬁ the ulfra~low sulfur diesel being

33  manufactured (ULSD) may affect whether co-current or counter-current flow is
-6-
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6 The bottons effluent of vessel 30 exits through
stream 15. Material from7 streaml 5 may be passed to
stream 2 as feed to the hydrocracker, vessel 40, 8
wihRbs/Regssary. The dotted |ine depicts thi ScThlzgosnossss
upgraded diesel effluent in 9 stream 5 is reduced

in pressure (valve 36), cool ed, (exchanger, 37),
usmdb b case ofwautengarentilione AYdrogeR: &ﬁﬂ?@ﬁrt@;%w e atalst
N&RoSlo 0618 YBERY. SHEQREhIR Bome bhaltdias bROKSRI30 s
%E? Tl "'y “Occu g@

0 becone stream 6. Stream 6 is
presably hydrolr2atingecatelysth bybhysiressradling sdpliplanay begised i

froRettn EnaE A bR ome stream 17 15 sent to
14 fractionation. h_()/er hgad stream 18 is ;:ool ed prior

L t I

Ste Bateme AfusEtotoPend i B BIRGSGERTIE Wiktendl fBn |

Qﬁ‘esﬁﬁi@h\agfﬁé%b@@ td StrenngTR a¢ feedrio &8 hySsoeraokareyessel 40,
exits col

hi_gh _ 17 tor t :
Bon eressen7 TRGARISH Ie SBEISIRE: [or e pray e ieeTin
Et??é’rﬁ?ﬁ js RGP Présgive Q&I\}é&%m,ec&?ed (@xetdrezad 373 sembined
naterial in stream 21 9 enters ne bﬁorber
withdled efipeul stream B@?ﬁﬂﬁf’fhﬁ@mﬂeﬁgiﬁk%‘?’@? SECIELFHAgY

" ' ! 16 epassed t
AR e R0 S S T o3 o 1.
Se hathigiBprossunprsepbraiorfd, wivere § issrpAGyen inte 2 pyergigad

head t h Al d:

Sheatn i il BoginS SHEAT 7 polbg Blivd 11Ss OMO 522
diagiistediohnOoedbbad atreadsi Sia dodied plorteantering gaid high

heat ed i h 42 b i ni i t

Drossora BnAraior S paseaim SRt e afeRea s ohy 43, B 4EY s

WEE i%félcﬁesﬁ lirﬁoﬁgﬁsgt@mt msgr Swﬂvigxtel\mdits coBBhigh peesiseree|

contro val ve. [ ea e 0

reeperater thiqwgbsieam 4% ,S’f%ﬁath%%%‘s %‘Cffa:"f)ﬂ{%@fg‘g’g\éwéﬁynbe 1
i ' i ha WR9natstiadastream 21

TRHGEA Préstele hangalie 2! Duere nggﬁ"@a or tet fye

i enterlseanpine bbserber, el 60 at Hip ‘F@W&g PR HP#"%'P' ﬁgxfi e

f‘%ﬁﬁ\% gﬁ@\;%tc{ow&é, déﬂ%éforifgﬁ drbhEMs R Elich amine3dkits vessel

requit ed. 13 exits EXCh(smger 39 and
o0 BirGugtesteesaim 2D. Streaam 23 cenaprisingyrimay BYFTQERMfyits

prefera OCCUrS B, \ ' tai B V6
DS e Dy TOTE S e s cBpReesl: T
hy&scpsing eltbng MaBabyst24 Efdividashinto sireamscaihand 8. Stream 26
g't%?r{e}?ﬁc{;iﬂ e%cgﬁé?qggggz{efcﬁ% c%emfb%ﬁg Rith 09 HAM2It0 fmbtrdam 13.

The bottoms effluent of vessel 20 exits through stream12. Valve 38 is a level
control valve. Stream12 may be combined with material in stream 15, along
with hydrogen in stream 26 then is heated in exchanger 39. Streams 12 and
15 may be combined when naphtha or jet fuel is the preferred product.
Recycle stream 31 may be added to stream 15 when very high conversion
levels are required. Stream 13 exits exchanger 39 and enters vessel 40.

Second stage hydrocracking preferably occurs in vessel 40, which contains

-7 -
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56 Awde variety of hydrocarbon feeds nay be used

in the instant
i ncl ude any heavy or synthetic oil

i nventi on.

7 Typi cal

f eedst ocks
fraction or

W 06R9868 Stream having a boiling point aboweTa82b06/006883

(200C) .

Such feedstocks include
(V&) , heavy coker

gas oil

apesor ragrediedsohbiggirocracking

vacuum r esi
deasphal ted oi |,

'%/%UCt S

ABLE 1

and ot her

9 vacuumgas oils

@gqg%ggrﬁl V%EI'E@@QS Séoied in
%&&Wb&&% ik o NBREH witlebntibl zed

. ua, atnospheric residua,
12 Fi scher-Tropsch streans,

FCC product streans.

11 oils

Li ght
13 14

15 16 The process can be used over a broad
range of applications as shown in the

17 Table 1. 18

VRHE oD Bor Qs ¥ Sl e ikt pvantion
Feedd@5eRs idy asneyah of sylyﬂjehmo:hfraﬁtr@ WP PIOCHS -

00 psig Maxinmum Jet +
FﬁSﬁYINﬂ gHha¥ing RAlLS

P08 GV OmRnd o

Sif 64530), Ilghm&errgﬁﬁ ol ds6F0

pisicher-Btopgeh QtreamlS\L!ghtcﬁggz oy agd oggg

bpve g‘%gl—f (%@%t @[\éh gesgd stocksIndude

coRer éeﬁ@éli fH(BBOQ hesivg atmospheric gas -

? I—‘Wﬂrﬁ? eégéﬁ é’lr kﬁaggt a%meﬁsﬂlzed
S OSBﬁéﬁdFé@‘dbﬁpdﬁd@haﬁedTon 600F -

St age

Hydr ocracki ng T: 500F- 750F or

Products

: 3000
@rqgépxéqduc streams.

The process can be used over a broad range of applications as shown in the

Table 1.
TABLE 1
Qil Feed Catalyst Systemn Operating Conditions Products
H « Maximum Diesel
VGO Stage 1- Stage I: ] i ]
drocrackin P: 1000 - 3000 psig - | = Maximum Jet+Diesel
gﬁgo Hydrolreating + Fiydrocraeiing LHSY =0.3-4.0 [ = Maximum Naphtha
VRGO T: 600°F - 850°F
. Hydrocrackin Stage 2:
Stage2- Hydrooraciing P: 1000 - 3000 psig
LHSY =0.5-5.0
T. 500°F - BOO°F e
4 + Maximum Diese
AGO, LCO, LCBO | Stage 1- Stage b i ]
B i P: 10003000 pslg | * Maximum Jet+Diesel
Hydroteating Hydrocraciing LHSV=0.5 - 4,0 + Maximum Naphtha
T: 600°F - 850°F
2- Hydrocrackin Stage 2: )
g:a ses 9 P: 1000 - 3000 psig
Siage 2- 1HSV =0.5-5.0

Base Metal Hydrocracking
or

| Stage 2~ Aromatic Saturation

{Noble-melal)

T: 500°F - 750°F

The process of this invention is especially useful in the production of middle
distillate fractions boiling in the range of about 250°F to 700°F
(121°C to 371°C). A middle distillaie fraction is defined as having an

-8-
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Stage 2- Aromatic Saturation Noble-netal 20 21 The
process of this invention is especially useful in the
production of mddle 22 distillate fractions boiling

v‘ggz&'ﬂ@ﬁg@nge of about 250F to 700F 23 (121CPUi‘m%z&|39mﬁss3

"'e"distillate fraction is defined as having an
8 WD 2006/ 096368 PCT/ US2006/ 006883 | approxi mate

bappiroxipatesbajiing nravge fbmuabopbBF0Fdo 700H:. Mieast I5tvok%,
nﬁg{ﬁ(&blﬁ 88 rvS{ éﬁ%%ccﬁﬁpé’r%lntéy Bfthe gﬁ%dl& 8@3@:5{8 '?\ta‘?. aqf\cfrm?

ISt nor mal
gﬁbcﬁlmgqrmmﬂtﬁ oreBORhar\P50°Fa st lealsbaliout 55on 9/' /@referably

4 85 vol. % f th ddl e

PO Bt therkoBibohBis ke bitfnd GERRRCRAS o Phrh it

S&QEssl thae TPB‘IfHI 1T lhmt@h‘h wniddistdistliates glcltml@b tiskegietbiejet fuel and
| ese ue er osene (0]

Citpsaris-liingyranqe Radions. THe Ferpeenas it SeiMioraipt range

r QRS to the/1BAGE Beth@eh 2B0TRAKE SPEFBETT &89F4°T). dTr'ésZ{eﬁn

(38C to 274C). The term 8 "di ese| bmlma ran

'@p@e&bqrwlgnwgec@f%ﬁ%hwpvarhanﬁ hoilingsintae gange; &Pﬂ‘ 9

2 0. 10

ng%Et ha nggﬁg?#&be pro%ched in t%é ﬁzczggegﬁﬁrs

12 invention. Gas streans or naphtha normally boils
40

(B eArBE B prgh i ieq B niolied i 185 pldcRl GPHS 4007

f ingettiomn ﬁ;‘;as stregms @d naphthaynopaallyi l:mub ar theebhgebglow 400 F

suc
! ot hnemam Cupabd Belcl Bpurd Rl Flous bicgiet”

IOer@ﬂmb rdéoverddifsiny bﬁrtrculhB réfmed Wi"OYBBj with St2(ﬂ1 f&ctors as the
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A hydroprocessing condition is a general term which refers primarily in this
application to hydrocracking or hydrotreating. ‘

Hydrotreating conditions include a reaction temperature between

400°F to 900°F (204°C fo 482°C), preferably 650°F to 850°F

(343°C to 464°C); a pressure between 500 to 5000 psig (pounds per square
inch gauge) (3.5 to 34.6 MPa), preferably 1000 to 3000 psig

(7.0 to 20.8 MPa): a feed rate (LHSV) of 0.5 10 20 hr-1 (v/v); and overall
hydrogen consumption 300 to 2000 SCF per barrel of liquid hydrocarbon feed
(63.4 to 356 m*/m® feed. The second stage hydrotreating reactor is operating
at a lower pressure than the first stage reactor, the VGO hydrotreater or
moderate severity hydrocracker.
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26 inch gauge) (3.5 to 34.6 MPa), preferably 1000 to
3000 psig 27 (7.0 to 20.8 MPa): a feed rate (LHSV) of
0.5 to 20 hr-1 (v/v); and overall 28 hydrogen
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hydr ocarbon feed 29 (63.4 to 356 nB/nB feed. Th e
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b35ske up from about 5% to about 40% by weight of the catalyst. Alternatively,
platinum group metals, especially platinum end/or palladium, may be present
as the hydrogenation component, either alone or in combination with the base
metal hydrogenation components molybdenum, tungsten, cobalt, o nickel. if
present, the platinum group metals will generally make up from about
0.1% to about 2% by weight of the catalyst.

If aromatic saturation is particularly desired, a preferred catalyst has a

crystalline molecular sieve material component and a Group Vil noble metal

component. The crystalfine molecular sieve matertal component is a targe

pore faujasite structure having an alpha acidity of less than 1, preferabiy less
-10 -
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26 netal hydrogenation conponents nol ybdenum

tungsten, cobalt, or nickel. If 27 present, the

platinumgroup netals will generally nmake up from
0.1 % to about 2% by wei ght of the wab@bhdsiossss

Sl
aromatic saturation is particularly desired,

a preferred catalyst has a 31 crystalline nol ecul ar
dharve.3ndedits 41SYcisithe peaterrethervalaingupoiosylar sisye mafasial|
%%TE%HB ent. The crystalline nol ecul ar sieve

rial conponent is a large 33 pore faujasite
structure havi ng an al pha acidity of |ess than 1,

PRy cabiy, f dsioyAl QPERIH?d cEibesRe BT CRP Ve
n‘ﬁétamﬂ mppusdeherebt andla Grouprkid mestel or @npound thereof
ompoaed o atusis por besean B SRRt et
%ﬂﬂrtﬂre@ﬁﬁg’ Batdlysts aRtAlimpa s&pm@m&doﬁdiﬁmlybdeﬁum nickel

p orted on a porous refr act o ?lplﬁé l‘e@uch as

Menalck%n@?‘r@%, cobal-tuRastes yogsnuny Typically,
ottdB %twgqjm&@enum ni ckel 8
\.ﬁf‘h&@f nI§Q%| -tL}Bgsten cobal t-tungsten and
ni ckel - nol ybdenum Typically, 9 such hydrotreating
catal ysts are presul fidegy 1 EXAMPLES 12 13
TABLE 2 14 15 Conpari sm‘o‘@%%shdard and New HCR
Configurations 16 Mddl e East VGO Base Metal Catal

st S stem 73 vol. %Conver,ﬂ\ EE§7OOF Conventi onal New
LHSV, 11br. 0.75 O. 75 Ca Tenerature, OF 777

|\7/|2£ %ﬁ%g:g%aif\aﬁ@f r :: ﬁxﬁ’g@w&%ﬁ 1‘3’/;; %%EQL l?lEEOO“F

UOUI— dl
bqual gas/oil ratio “for_standard anfCREE" gional | Now
CIiBV, débr at i ons 0.75 0.7%
Catalyst Temperature, °F ‘ 77 727
HCR Zone Pressure, psig 2300 1250
Chemical H, Gonsumption, SCF/3 1800 1600
Middie Distillate Yield, iquid volume% 250°F to 700°F 67 68

“706°F at equal gas/oil ratio for standard and new configurations

Table 2 indicates that yield is slightly improved in the current invention, as
compared to the conventional configuration, at lower {emperature, pressure

and hydrogen consumption.

Figure 2 demonstrates that conversion in the instant invention is greater at
lower temperatures, as opposed to the conventional hydrocracking
configuration. Conversion improves at higher gas to oil ratios.

Figure 3 demonstrates that yield to conversion ratios are comparable in both

the conventional configuration as well as the configuration of the instant

invention.

-1 -



18 19 Table 2 indicates that yield is slightly

inmproved in the current invention, as 20 conpared to

t he conventional configuration, at |ower tenperature,
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denonstrates that conversion in the instant
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configuration. Conversion inproves at higher gas to

oil ratios. 26 27 Figure 3 denonstrates that yield
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2 An integrated hydroprocessing nethod having
at Ief@’gtw"?@\ﬁfeﬁages 4" each stage further conprising

at | east one reaction zone which 5 conpri ses

hydr opr ocessi ng catal sai d net hod ri.sin

6 fol(abwi wgmbingssan pil @d(%}h 2h Pﬂﬁ'cgrgr% %*VGPEE '16fin o
with a hy ecle%@é‘frlch gas streamto forma

f eedst ock; 1 (b) passing the feedstock of step
10 (a) to a reaction zone of the first 12 stage, which

11 bfm gt ?L\)%S%ﬂ@&m '%%{ob%?stgliééj &l Lhactiéh Eéﬁ@Sftha ik

rsion ontact | n%@l t wt

12 hydr opr ocetsjenghichvs eadiataired, at chedions ey %iﬁ\"ﬁ@ @fect a
hydr opr oc

ed effluent
13 effluent %ﬁWéﬁ“Q%gmi‘"&"%{O@ e""?@p%&g Act ar i oh{(&}?processmg
14 Mmai nt ai neca@liydl BBrapyasssatig a b\ydmpmcess;@ affpentat ed

15 into an 18 overhead fraction and a bottons fraction;
19

1
2
3
4
5
6
7
8
¢)

16 () passing the effluent of step (b) to a very hot separator

17 maintained at high pressure, where it is separated into an

18 overhead fraction and a bottoms fraction;

19 '

20 (dy  passing the overhead fraction of step {c) to a distillate upgrader
21 which contains at least one zone of hydroprocessing catalyst
22 and is maintained at conditions sufficient to effect a boiling

23 range conversion, thereby creating an upgraded effluent;

24

25 (e} passing the bottoms fraction of step (¢) fo a reaction zone of the
26 second stage, which is maintained at conditions sufficient to

27 effect a boiling range conversion, and contacting it with

28 | hydroprocessing catalyst thereby creating a second

29 ] hydroprocessed effluent;

30 _

31 ] combining the upgraded effluent of step (d) with the second

32 hydroprocessed effluent of step (e) , the combined stream then
33 entering a hot separator mainiained at high pressure, in which

-12 -
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20 (d) passing the overhead fraction of step (c) to a
distillate upgrader 21 which contains at |east one
zone of hydroprocessing catalyst 22 and is

wPlblRkdegd at conditions sufficient to effeagicrirsronsmnosass
boi 1 ng 23 range conversion, thereby creating an

upgraded effl uent; 4 25 (e ssjng the bottaons,,
fraction OWESCPE}?'"(@E})S%EB@"HSF’@%@%? '"i‘gﬁ% OyFr ﬁg?rag’gon and
second st ag@eitodis GBctich, T BotiinieRlaction(Rbeedding®
sufficient to 27 effect a boiling range conversion,
and cont actaqtignaionyi t h  28- hydr opr ocessi ng cat al yst
thereby creating a second 29 hydroprocessed effluent;
30 31 (f) conbining the upgraded effluent of step (d)
with {de spassing the oMgincag festiars ebster () tea coldrseparior
(e) , the . _ i .

separ at or ﬁrr%l n i@%g@'@?ﬁﬁ%ﬂ%%@gbﬁ?%ﬂﬁ \Aﬁléérﬁf}.taplz
WO 2006/ 096&68e40T4diBR@06 108 BES ¥ drdgenranddignb pases, and a

Streamis arated. i nt . over fraction and 2
a bottons E&goé?ﬁ %%&lobh%gﬂwg{g{ng uFﬁlggetrl on proceedi ng
to 3 fractionation; 4 5 (g) passing the overhead
fraction of step (f),to a cold separator,. 6 .
o nt APRatetsd ol odapB b pusbend WRciatgtste 9 i

i Nt o dBsdedRIBBAH érﬁﬁ@@b@ﬁrbé??ﬁé# 16ig2@siny do adesydé das
l'i ght 'gases, and a 8 bottons fraction conprising
sour \RAtwWressgl. 10 2. The nethod of claim 1, wherein

the overhead fraction of step (g) is 11 passed
t hrough an am ne absorber prior to passing to a

r&cyclTdegasthod of dJaimp 8 gdrich materialitode gpgraded pod hydrogen

claim j ' ater | -

L ar oty i Yk SR B G dBhch ey RIEACIENBRR the distilate

count emgredeent $tgp(d). each other in the distillate 16

upgrader of step (d). 17

4. The method of claim 1, in which the first stage reaction zone comprises

at least one bed of catalyst selected from the group consisting of
hydrotreating catalyst, hydrocracking catalyst or a combination of both,
either alone or in combination with each other, and the second stage

reaction zone comprises at least one bed of hydrocracking catalyst.

5. The method of claim 4, wherein the hydrocracking catalyst of the
second stage comprises a base metal, base metal combination, a

noble metal or a noble metal combination.

B. The method of claim 1, in which at least a portion of the upgraded
effluent of step (d) is combined with the bottoms fraction of step (c) and

passed fo the reaction zone of the second stage;

7. The method of claim 3, in which the distillate upgrader comprises
aromatic saturation catalyst when counter-current flow is occurring.
-13 -



18 4. The nmethod of claim1, in which the first stage
reacti on zone conprises 19 at |east one bed of
catal yst selected fromthe group consisting of 20
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second stage conprises a base netal, base netal
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whi ch afaﬂggggttsggﬂ:portl on of the upgraded 29 effl uent
of step (d) is conbined with the bottons fraction of
step (c) and 30 passed to the reaction zone of the

se@oNd TRE AkRhoPdr cisirh 9 wh-gﬂ&n ikd BPfbelis Gbiak %H%mn'\ the : group

which the distillate upgrader conprises
sat ur apomastmcéwggtumamo&aam@} heayy eoker gpo wil |(§CGO)

5. The"aapEspH e AR o ol b B aker gas
S a;g!r a(VBEOgadentofsltizeai cmlts rﬂ:‘:)MQ)e yaGuumD tﬂﬁeumngfrhomhefnc

i nat . . _ )
cr o m- ot Sgadhaies BF odtebien ThartR sreade LAl By on
poi nt  LightCyelt Ga30it aRPRPEC dreamsl0. The net hod of

claim9, wherein the oil feed is selected fromthe
group 8 consisting of vacuumgas oils (VGO , heavy

caiqer qaa nsethod HIGEREHN 1,90 Mﬁfh)dhébmfs&?drﬁpr%%n@kﬂe distillate
(ACGO , ght coker &as oi |, visbreaker as oi |

( VBGO) fraafémbowhﬂgz'é edrnge PRy 2504 iRV Esi dua,

at nospheric 11 residua, deasphal ted oil,
Fi scher- Tropsch streans, ght Cycle OI 12 Light
O/i@ e Ehg nagthodakrlaiod  in wanab tha grodugtsicomprise Hed

of cl ak roducts conprise mddle
di sti I éz’gf%a‘ qg %2@??@%2 %m ling in the range of from
250F to 700F.

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

stage one.

14.  The method of claim 1, in which hydrotreating conditions comprise a
reaction temperature between 400°F to 900°F, a pressure between
500 to 5000 psig, a feed rate (LHSV) of 0.5 to 20 hr-1 (v/v); and overall
hydrogen consumption 300 to 2000 SCF per barre! of liquid
hydrocarbon feed (63.4 to 356 m*m° feed).

15.  The method of claim 1, in which hydrocracking conditions comprise a
reaction temperature of from 400°F to 950°F ,reaction pressure ranges
from 500 to 5000 psig , and LHSV ranges from 0.1 to 15 hr-1 (v/v), and
overall hydrogen consumption ranges fram 500 to 2500 SCF per barrel
of liquid hydrocarbon feed.
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16 17 12. The method of claim 11, in which the
products conprise naphtha, 18 jet fuel, diesel and
kerosene. 19 20 13. The nethod of claim1, in which
wolBEhrestshydrogen quench is used in 21 stageTAess/Bibsss
23 14. The nethod of claim11, in which hydrotreating
conditi'ons conprise a 24 reaction tenperature

bdbueefihe paieess 0b0aR) 1.4n phishdhe bydioprresssedeBoent of
5000 psid,.a.f ¢
2 (vlv) péé&?ﬁéb&%g@?ﬁeh%gm{%%‘?}%hgﬁ hce %}]e?ut%%} %ﬁ%ée?%erature

3 2000 SpEfope prdeeeding tostepi(@ui d 27 hydr ocar bon feed
(63.4 to 356 n3/nB feed). 28 29 15. The nethod of
claim1, in which hydrocracking conditions conprise a
30 reaction tenperature of from 400F to 950F reaction
pressure ranges 31 from 500 to 5000 psig , and LHSV
ranges fromO0.1 to 15 hr-1 (v/v), and 32 overal

hydr ogen consunpti on ranges from 500 to 2500 SCF per
barrel 33 of liquid hydrocarbon feed. 14 WO

2006/ 096368 PCT/ US2006/ 006883 1 16. The process of
claim1, in which the hydroprocessed effluent of 2
step (b) is reduced in pressure, then heated to a
constant tenperature 3 before proceeding to step
(c). -15
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