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H GH CONVERSI ON HYDROPROCESSI NG USI NG MULTI PLE
PRESSURE AND REACTI ON ZONES FI ELD OF THE | NVENTI ON

wahdios/opaseent i on i s directed to hydroprocessi ngPCEHIOB2006/006883

nore particularly to nultistage hydroprocessing.

Do hydr opr odUGH RONVERFION HYbROVSEEISSAG 6 *heavy
hydr ocagSING MUETIFRLE PﬂﬂssuREmquzEmwawz@NEé

range to produce nmiddle distillates at very high
selectivity, and to upgrade | ower-value distillates by

hydr ot reati ng. Th %WSEtTHEQNVﬁEIWy i nnovati ons
whi ch woul d al | ow yields simlar

to those of a nultlstage hydrocracker with the

gonom¢s of a sin once-through unit.
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f materials boiling in a range of

g‘&l%-{ag’% hgaﬁg‘% e? Inctude: Straight forward single
stage once through deS| gn. Conversion ranges from 20%
to 80% The anm 5 | ed greater than
or equal to 20RALIERE yEHe onver si on
ranges from 90% to 99% conversion. The amount of
bottonms produced is |ess than or equal to 10% Recycle

Thigipragess i diracted toalhydreryoressing, duaieraly by diysrodiastengheavy

Al A8 S g P el o 05 ol 3R, B
distilatedeat vieoyRighrseldatieity) apt ¢s tpbiagle ldww—ehldeamhllamtby

flexibilit Conversion is from95%to 100% Botto
hydrotreating. ¥he concept lnc? des many mnova ions whlchowould allow the

refiner to obtain yields similar to those of a multistage hydrocracker with the
economics of a single stage, once-through unit.

Previous designs for hydroprocessing vacuum gas oils or other hydrocarbon
materials boiling in a range of 392°F or greater include:

. Straight forward singte stage once through design. Conversion ranges
from 20% to 80%. The amount of bottoms produced is greater than or
equal to 20%.

) Single stage recycies. Conversion ranges from 90% to 99%
conversion. The amount of bottoms produced is less than or equal to
10%. Recycle liquid operation can result in complications, however.

. Multistage recycle results in higher cost than single stage once through
or single stage recycle. It does provide, however, the highest liquid
yield and most flexibility. Conversion is from 95% to 100%. Bottoms
produced are less than 5%.
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produced are less than 5% Split-feed injection in
cases where external distillate feeds are enpl oyed.

wWOmve/02d368 hese processes can readily upgrade eRCEURENNG/006883

feeds (raw feeds from outside the hydroprocessing
unit), unless they go through captive process | oop
«SUMERI-fepd TRIECHON N aseR WATe awaal distliats Terds aited ¢ o
obtab %ﬁa s simlar to those obtained with
mul tI'stage recycle but at a rmuch | ower capital
investnment. It is intended to sinultaneously upgr ade
xt ern | ow-val ue distjllates, whille h in
Nl tsia perers frt (erlnPyRie Preefal REdRTira foddh from
oﬁﬁmé e i%r@ﬂob@yéih? RPitH LPMER- th@{l a8 %Ardughtb=btive process
hydr oprocessing unit having at |east two reactors. One
laap.preferably for hydrotreating, and one is preferably
for hydrocracking in a clean environnment at |ower
pressure. Between the first and second reactors is a
very hot high pr3igoiMARYEPRITHEOINVIEINTION! ashes first
reactor product distillate overhead to a distillate
upgrader. Advantages of this invention include: (1)
THAMRVekRR] &3 s{dﬁ%ﬁ tbtlﬂﬂasz gs bi?m%ﬁ% kidse 'aﬁ’%%l with
because o ower re I'n hydrocrac
ngtstage rmwtlejbu;ttatla lanueh lmpgrcmmﬁai m@bgstnaerdl éammtended to

STy R e el Y it S W R el
fé&hs BTN 1Ak vﬁeu@m Wlpf&‘\@b (punps, furnaces,

conpressors, etc.) is mnimzed.(2) H gher conversion
results, f el atlve to a typical single stage once

g A0 R IG5 e lokigh FHBRAFBbIcB8ERG Uhit having

at least two reactors. One is preferably for hydrotreating, and one is preferably

for hydrocracking in a clean environment at lower pressure. Between the first
and second reactors is a very hot high pressure separator which flashes first
reactor product distillate overhead to a distillate upgrader.
Advantages of this invention include:
(1)  Lower capital cost than found in eatrlier designs because of:
(a) lower pressure in hydrocracking reactor and distillates upgrader;
(b) aclean environment for hydrocracking in subsequent reactors;

(c)  asmaller overall catalyst volume is required; and

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

compressors, etc.) is minimized.
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envi ronment and can acconplish hi gh conversions at
much | ower tenperatures than the bottons beds of a

W@ 00gles368 age once t hrough hydroprocessi ng uni PCT/{S2006/006883

Q/ercrha;:kLnghof distillates is mnimzed due to the

ver 0

(@endkianer porapen sepdiat Rt bmC eI T es
are ﬁ?@fﬁy&é@@%gﬁggg%ltt QU§S@{L@3!’\Q reYROisesbdraeih a clean

reac Ki an reac Thi s i nnovati on
| eadenvimnmegtt addstanl dcsomplieh digh convergians gf mushdower

L ppr aonsree e ARt SRR Helie e thiouoh

t wo m’,drggfcﬁ;egg.ﬁ emit. (4) Split feed injection with
segregat ed reaction zones. Upgradi ng of external

di (Sjtl Il ates occurs at the sane tine as vacuum gas oil
ydrocra t
! < CRERTA M paftthof BRI o AR | ORELICRnaEee.

i P tbfeétsmff@s petorfollogving mmsér@rqbdamvem@semafé’tqjghmbmk
of spli eed inj ect Furth
"hi oBf the GistIges MedRI Y AE e ST el Frediergiied from

prev ¥é)a(¥:ngtn‘£”fh%rﬁy {@racﬁlﬁ% r&SMBF. THE mRERAficicatis it8 higrd

| ower cause the reaction zones are
opt i nﬁsmaltefsaledtllvéy (distiliate yistconuenion). Telisiilate galectivity

Voo Bapid ﬂ&%‘{é é)cg\r%\{de{é)é in % % Lé n%ﬂﬁlf‘bﬁﬁﬁlﬂ%o? more

develsppaant of this invention has been pronoted by the
foll ovm ng observations: (1) Hydrotreating of material
boiling in the vacuumgas oil range is much

(4)  Split feed injection with segregated reaction zones. Upgrading of
external distillates occurs at the same time as vacuum gas olil
hydrocracking without separate fractionation zones. This concept
differs from earlier split feed designs in the lower operating pressure
employed at the point of split feed injection. Furthermore, 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, recovery/upgrading of distillates, HCR of VGO bottoms

provides a clean environment).

The development of this invention has been promoted by the following

observations:

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

pressure.
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nore effective at higher hydrogen pressure than | ower
hydr ogen pressure. (2) Hydrocracking of bottons from a

whyasoaeat ed vacuum gas oil feed can occur atPGDORME006883

OOOF | ower tenperature in a clean environnent than in
t he bottons beds of a single stage once through
() océva@.roqrgssklm@éépﬁ@m@rﬂog@ afydroteeated ViaRewMEasR]l fagd can

with o B5h . ; :
et a O AL BT OBIOTE W SHIREERC P oo iRt than in
ver y the bbttomsthee s of @csingle stageoonee thsobgle prosessr eact or .

A base netal zeolite hydrocracking catal yst can al so

be used. (5) Calculations indicate this process

@gpnf imesatdvenas il a%awiéwﬁ@%wawam@wpa%n i 84%
to 96% selectivity to 25Q0F to 7000F distillates

pr odydtpara@f@ra strai ght run vacuumgas oil. The
invention is summari zed as follows: An integrated
hydr opr ocessi ng net hod having at | east two stages,

(¢pch fsholge rhstal hevlite hygrocraokinggtatbhiyasivilifnacti@asédyomell in
zone, said nethod conprising.the fol] owing steps: (a)

combith? SECRIH Baciqrax supRpeaHeNt RHRFIBE <N DAse Meialredliteam
to f - ' he feedstock of st
(2) TSGR EACK St o PRI PBed 1 Sger wiich i

a reac one 0 st stage, which is
mai nt ai ned at conditions sufficient to effect a

(R o SEeUREER GRS HSProcBRE raBfo ERliad Bal gtbmBiish >00%
hydr ehosersEwite bUbAIR6%(ElediRfy itd‘950‘fl3‘%oe(;‘f(§d°$recn§till§tes

step (b), follow ng pressure reduction,
produced from a straight run vacuum gas oil.

The invention is summarized as follows:

An integrated hydroprocessing method having at least two stages, each stage
further comprising at least one reaction zone, said method comprising the
following steps:

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

(b)  passing the feedstock of step (a) to a reaction zone of the
first stage, which is maintained at conditions sufficient 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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a very hot separator maintained at high pressure,

where it is separated into an overhead fraction and a
whoeibonsed r acti on; (d) passi ng the overhead fr aRCT/082006/006883

step (c) to a -distillate upgrader which contains at

i niS noBSRTInG RIPLPORE0 SHPR PLRERG) 1 1 g"é‘é@ﬂa'esupgrader

boi I'i ng r a/pg Ecﬁﬂ&ﬁ‘ssét%stbhérzéhé dfh?é?dpfr‘gc@éél gété
effluent; (e) passing the bottons fraction of

to a reacendis pwintaviedidicopditions suffisignt taaffest a bomng

i 11 g e EaerbfoheRatlle Eat ab lpgradd fyent

hydr opr ocessi ng catal yst thereby creating a second
hydr epr ocessed eff| uent; (QCL conbi ni n t he upgr aded
ef f1 (&t BAsYpgphe apﬁwnﬁﬁr @ngéémo(c {17 spr@iszang of the

ef f | uent gé%%‘ioe é ICME r&ﬁfﬁ%hﬂa‘éﬂaﬁﬁ@ﬁ%&@ﬁﬂment to

entering a afa or mai nt al ressure,
i n which effectcabbilingdasge eammersios cpred adetdctimg d with

head t d a bot fraction, the hott
Fraction DYOERENTsGTRLHRAEL POFEi GRal(g 7 5408 ng (ne

over head hiafipr&fbsdbddifiert;T) to a cold separator,
where it 15 separated into an overhead fraction

conprising hydrogen and |ight gases, and a bottons

frac'on Q r'.' t =) P

e K i 8% 3P4tk Huent Bt Sloptey i Seochd

r ecycl e phyémo@éssteh%mmﬁ af btdpned NtHedtombingdrfeadn then

and 3 shows rrﬁarl son of cqgnventijonal and new

hydr ocr ac @p‘pﬁjmg ot separator maintained at high pressure, in which
the combined stream is separated into an overhead fraction and
a bottoms fraction, the bottoms fraction proceeding to

fractionation;

(g) 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 multistage 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 distillate

yield vs. conversion.
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configurations using a base netal catalyst system

Figure 2 illustrates catal yst tenperature vs.
weowsesshon and Figure 3 conpares middl e di stiPCHUS2006/006883

yi el d vs. conversion. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Desrltlon Q ment

Figure 1 iPEL = plgpd LEL t hr ough

stream 1 and bei ng conmbi ned with hydrogen in stream 28
to formstream 2. Hydrogen in stream 28 is prepared by
Descpiption mfrthPte,felrregeEmbpdh‘aRBtjp conpr essor 85.

Hydr ogen enters conpressor 85 through stream 27. The

i nvention includes an option to conpress a stream 30
qujuréaqu@étﬁat@@seémembﬁngw rdorge tirbugh afeans v andbhding
neet the gas to oil ratio |n reactor 10, when

cpmﬁm%wﬁh Qwrmwzm%r eRELLR &P fom ﬁ@ﬁm?ebiygfp%&'ﬁanger
sfigfn 2 sdhrgbrf bR of fiardadtefy Reked®’ Pooes "

coyhredsce B¢ HdeEjman‘ m’:térs‘ d:mmpre@emm&@ thl’ougln strghmo2z The
nor e beds of cat a ésiﬁESt r eams

INATGPB GRS BRI i EAPIRRT bt el QP iR oS the
lé(&%&gj %ﬁg&ﬁﬁ@gg& 84 (S AIBeBthedfsh io5oil RAiBGR FeddtoP @SWHES

required for hydrocracking in a
retigised.envi ronnent. The effluent is heated in furnace
34 to approximately 825F in order to di sengage the
maxi mum material in very hot high pressure separator
Skband Riis heard! abdepldiad by ershatger 33, prbetd bateling rttwn
separat i Qé; di esel and | i ght er fractions. from heavie
fireftsiageah APIARSSSINGHHNIG ¥ 1Ry ¥eseRirl Usie Arplsragfy operated

[ [
PR EET el PHe Rk o UGN Bt B6S o Fdte heds of
catalysti §irbemsrigtde bindl Sdepigl interbed hpdrogen muentbad.

o]

Hydrotreated effluent exits vessel 10 through stream 32 and is reduced in
pressure (valve 33) to that required for hydrocracking in a clean environment.
The effluent is heated in furnace 34 to approximately 825°F in order to
disengage the maximum material in very hot high pressure separator 20. This
separator functions as a simple flash drum, separating diesel and lighter
fractions from heavier materials without the use of hydrogen stripping.
Hydrogen stripping is relatively ineffective at hydrocracking pressures.
Stream 11, containing diesel and lighter materials, exits vessel 20 overhead.
External feeds in the middle distillate boiling range, as well as fractionation
recycle, are represented by stream 9 and are combined with stream11.
Stream11 is heated in exchanger 35 and may be combined with hydrogen in
stream 25 prior to entering a distillate upgrader, vessel 30, in the case of
co-current flow. Flow in vessel 30 may be co-current or countercurrent.
Countercurrent flow may be preferred if aromatics saturation is desired. The
amount of aromatics permitted in the ultra-low suifur diesel being
manufactured (ULSD) may affect whether co-current or counter-current flow is
-6~
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External feeds in the mddle distillate boiling range,
as well as fractionation recycle, are represented by
wa@reoeam3ss and are conmbined with stream 1. StrRPEUSH06/606883
heated i n exchanger 35 and may be conbined with

u%.ﬁggﬁg cgg,%gfgécfu%%grr%n{ ) t X géq?r{ @W%%%M h%fﬁ%talyst
595’ 47 YfScel uﬁf?/afﬂiyﬂhﬁcé@ty@tlhrtﬁ@%e@rorctfédfsttﬂr\/é'ééémﬂ is

ercurrent ow may be preferred if aromatics
pﬁemw hydrotreatitescatelyst, bt hysiograckiig eatalygt mey be used if

mtted in the ultr o sul fur diesel being
f {‘RﬁaJWJP%CI gﬁ%}? (¥vfect whet her co-current or
count er - current flow isused. In the case of
countercurrent fl ow, OI':?/dro en i s added

Thethetipms efdentaiyesseldd QUsiReStERany atea'@&r?m n
R g oS P e s
\Ag\%tntumss? lf ﬂ'hétdbﬁedﬂlnerdepexthm The bpgragded déieset effiuenein
SHBREYIodS Tequsaa PRaTRLES V6 86 o0k Cohie i3 GimBined
V\g@gﬂggét?ftldééﬁ stred r@ﬁﬁﬂﬂg fﬁéﬁ%@seﬂﬁo (WERICHeeesRakIage

I ne Icts this. The upgraded diesel
r@'ﬂfdanmkmg pr@ena@b«ﬂ@ulrS) todgose $tfeq5ﬂ’é@rs$#%am\1lﬁl‘ﬁ/ﬁassed to

t8e PSR retiia spPRARn T hunsfeis BEHatiiod jid Bniovnhed
sHeaff18 vt erb St strodmfl . Butipnecstrgan 1t7qs senbive

streanl6. Streanl6 is passed to the hot high
feaspanatiay. Onprhegrbsiseam 1|85'3§é’919da?"&i Pﬁ%efm% Q&@%?‘ ur °

rea
oSBTt Bafon 3 BERaR TS G SlondBElats apuia ?Eé”eéhas
Wy water irﬁeﬁrdrﬁh:]m@hcsﬁaiam iH§hSpuewater exite paldadhigh psessiye
passage t hrough ex ers and, 4
dpees or Hrudh Sreaiasn e £1epes 1o EagfonglPay t3arbe
{
@eg&&@egéﬁyg@oﬁﬁgg QR/eFHHa@U%Ee@béeﬁéﬂeﬁgl inSitre2An 1
enters amine absorber, vessel 60 at the bottom and flows upward, as lean
amine moves downward, absorbing hydrogen sulfide. Rich amine exits vessel
60 through stream 22. Stream 23, comprising primarily hydrogen, exits
overhead through stream 23. Stream 23 is compressed in compressor 75,
becoming stream 24. Stream 24 is divided into streams 25 and 26. Stream 26

is heated in exchanger 42 before combining with stream 12 to form stream 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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12
13
14
15
16
17
18
19

20
21
22
23

reduced in pressure using valve 72. Overhead gaseous

mat eri al

downwar d,

vessel
ORe PREIQIE P

in stream2 1 enters am ne absor ber,
wW@Q0and3ke bottom and fl ows upward,

absor bi ng hydrogen sul fide.

60 thr o@gpor@%@bc
%”*‘?Mj d ?'%ea

Sobh e

vessel

as | ean anPCREURIIEB6SS3
Rich am ne exits

in sRal A28 Agled in
%é%me@ WEBires®a6. 75, becom ng
4 1s divided into streans 25 and

26. Stream 26 is heated in exchanger 42 before
ining wth stream 12 to form stream 13. The
20 exits through streaml?2.

FE8€%ons ef f| uent of vessel
Valve 38 is a | evel

conbi ned with materi al

contr ol
in str

Anyideotpsiety of Rydreearpos f@%ﬁqmﬁg

T?b@?ﬁ% %ﬁ’gﬂgﬁeﬁre pro uct W@%tw

streamdtdng @ tﬁillrr@qmlmﬁabdversgzéﬂ(%@ gh) Soch deedsipcksaine
are require &ér eam 13 exits
VBRI IR Séé/ hh%%\/é(g-‘@kﬁpa%e

oyaron: M s raes

aé%nl S(I}_’@GU) i

val ve.

| uent

39 a
ayee

FLEEER be

8hicakBF §8€ o (VBT E@ﬁfetﬂﬁzed

in streaml4 i s cool ed

Streanl2 may be
am 15, a)J ong wi t.h .
mn-tﬁ g%éw&da\éwtw

PirRGRIM Spretes St

e stream3 1 ma

lugle
ﬁﬂ? e teer{ngaS

oils BM@)ang@uum erdeﬁ&‘t@dﬁQhﬂgc tesidioh slgaapbalted eibant 6.

RSETeRd o

varl et

{hSRicy R ERALLan

any heavy or synthetic oil

fraction or

gL RERRRRULEraEe.

process stream

havi ng a boiling point above 392F (2000C). Such
Rredustsocks i ncl ude vacuum gas oils (VGO , heavy coker
gas oil (HCE)), heavy atnospheric gas oil (AG), |ight
coker gas oil (LC&D), visbreaker gas oil (VBGO,

Thenmroabss e beiused (FOh broad tanger efspplisaticnnas ph@Wh én the
Fi scher - Tropsch streans,

resi dua,

deasphal ted oil,

T@béﬁf‘- Cycle G| and ot her FCC product streans.
TABLE 1
Oil Feed Catalyst System Operating Conditions Products
VGO Stage 1- Stage | * Maximum Diese[
HCGO Hydrotreating + Hydrocracking P: 1000 - 3000 psig « Maximum Jet+Diesel
DAQ LHSV =0.3-4.0 » Maximum Naphtha
VBGO T: 600°F - 850°F
Stage2- Hydrocracking Stage 2:
P: 1000 - 3000 psig
LHSV=0.5-5.0
T. 500°F - 800°F
AGO, LCO, LCGO | Stage 1- Stage | « Maximum Diesel!
Hydrotreating+Hydrocracking P: 1000 - 3000 psig = Maximum Jet+Diesel
LHSV=0.5 - 4.0 » Maximum Naphtha

Stage2- Hydracracking

or

Stage 2-

Base Metal Hydrocracking
or

(Noble-metal)

Stage 2- Aromatic Saturation

T: 600°F - 850°F

Stage 2:
P: 1000 - 3000 psig
LHSV=0.5-5.0
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 distillate fraction is defined as having an

-8-
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Products The process can be used over a broad range of
applications as shown in the Table 1. TABLE 1 The

w@r@eassenf this invention is especially usefuPCT/HS100€006883

production of mddle distillate fractions boiling in

h f 500F F
aDhokTiaS sourBiTRdbs TR appd AEr daoh T é&leaa@?‘%goﬁ%,
@@@ﬁb%ﬂ%lﬁ%bﬂhe Bem P@ﬁgﬁtsfdf% AfddIE o@amaﬁa h&s 400fnal

| east 75 vol erab 85 vol . % of the

b@hm et of glfeatepr %ﬁn @§oer d?\tslﬁaﬁl ahoat F8y/0h Ymdrratarably

88 Vot A BonfhopBaR The pilghe et A o nsF BBitho foin
of lds$ thath B00°FL ahe toas "midus distilldtet Incha@lescheidiedel] jesfiel and
han 7000F. The t rm mgg distillate" jpcludes. the
B8ene bplino e FAgtiart SBeTerasaneIar ot BiehBoYPG poinsAange
f I I 0
e PR b Ron (H0E 2 BF R 14 2082 Thetem
tdiegeal bdlhegéang;@"u nefferg to Aydrocartsinsrimiling hytbewaagdaﬁnm
idd nNg, 4 o~ange . from 2500F to 700F(1 2 1C to 371
g@? Flt@%sddsgf{@né%E?%%ﬂa{}ﬁt ha may al so be produced in
the process of this invention. Gas streans or napht ha
normal ly boils in the range bel ow 400 OF (2040,

Ers siresmseor4Bphii2 0ey) als®be IPred aegrig dke @fomsmfm@s
ittt CAS ot of REBHAGTBr BT BOIER e HhBE defi A6

(Zﬁ)a C}, uttéronh IC5$0400%; (204CE). Bcﬂﬁngwmrrggeefwﬂveheu@pﬁbduct

f) duct Erl cea Condi t i oraé_ Aﬁggdrq OCGSSI ng condi tion
racliongdrepvaret & ANVRAEIFUIREFEHRETY Mithyary ith sUetyfactors as the
characteristics of the crude oil source, local refinery markets and product
prices.

Conditions

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 to 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 to 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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application to hydrocracking or hydrotreating.
Hydrotreating conditions include a reaction

W0 eoopeoasbsir e bet ween 4000F to 900F (204C to 48PCDTH2006/006883

ErfferabIS)éo%OF t080850F (343C to 464C); a pressure
et ween to 5 _psi ound i nch
TopigepYArDCECKR ATl (WHATEREY 55 pundds SEge3bE6S39Pd)
N : o opf,

iode i Uit PO 0% plpe 0
prORPaIHEB 5 taB0W (B Citodbd° Gy Reactioh presssie rasgesfirom

to 356 nB/n8 d. econd in
U SR DN R R R

bl ﬁ.@ﬁ/ﬂ:é)? RAsY Fanb_t%s R0 YT 18 heat(el) grefardblyat e
severity hydrocracker. yglcal hydr ocracki ng condi_ti ons
(.26 e B.5nlay hyarogeneensumption anoesr e 249 t@ﬂ%ﬂ%&&@@é barrel
reactj.on tenperatu 7 1 QOF (2040C to 5
1366 Brso G e Bk 13 288 PSR 500

Reaction pressure ranges from500 to 5000 psig (3.5 to
4.5 MPa), preferably 1500 to 3500 psig ( 10.4 to 24.2
Gatalystl HSV ranges from 0.1 to 15 hr-1 (v/v),

preferably 0.25 to 2.5 hrlhydrogen consunption ranges
from500 to 2500 SCF per barrel of |iquid hydrocarbon
AegdrdpiScdssiny Zdtte nBi2ontain esly)oneCaatalypttorgeveral catalysts in
hydr opr.ocessi ng zone may contain only one catal yst, or
eylingliottat al ysts in conbi nation. The hydrocracki ng

catal yst generally conprises a cracking conponent, a

hydr ogenati on conPonent and a binder. Such catal ysts

The hydiiocraakingcatalyshgengrally FPrEPESSRE RiGHACHIRGEOMPRT SR

5 ATRERGHrl AP M2 RS R n o

BAViig chicihg component may include an amorphous silica/alumina phase

and/or a zeolite, such as a Y-type or USY zeolite. Catalysts having 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 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
make 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, or 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 crystalline molecular sieve material component is a large

pore faujasite structure having an alpha acidity of less than 1, preferably less
-10 -
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wab@eslogadsogenat i on conmponent wil |

cracking activity often enploy REX, REY and USY

zeolites. The binder is generally silica or alum na.
be a G oup WCT/GSM0E006383
VI, or Goup VIII metal or oxides or sulfides.

here one. or
trigngER 7o e LSS e Histeen Palihe TRAFRIAE S RYe raaterial
g&;}ﬁb@@ém_ If present in the catal yst, these
hydr ogenati on conponents generally nmake up from about
5% to about 40% by wei ght of the catalyst.
i@l

Q&é&%@ﬂ\é%ya o¥§? gf;%gd‘ M/Jlﬁh'iﬁi'@alﬁ}e&eaé ?gg@%@ﬁ& ofa (¥roup VI
hmbme;nmpumndctbemﬂ@ﬁd a Grole Villahwial m‘rconnpound thereof
conbi pation with the bas met al |, hydr ogenatj on
§Wte@m%amr% r@wtorv §§138ﬁ 3 GATINe. SRamRRe st |1

(ipfiBiting LotaRS® pfY AURRL RufiirRPootdlt maBRbRLI nEREF
suadﬂdda,wckelmﬁn@temobaltiangstan iaod rickghamaelyoddnrurhyTypically,

bl Bafid eSREE % FebiioNEn: and’ s G oup Vi1

nobl e nmetal conponent. The crystalline nol ecul ar sieve
mat eri al conponent is a large pore faujasite structure
havi ng an al pha acidity Eﬁﬂi@kﬁhan 1, preferably

| essthan 0.3. Zeolite USY is the preferred crystalline
nol ecul ar sieve material conponent. Hydrotreating
catalyst, if used, will typBl&E 2y be a conposite of a
G oup M netal or conpound thereof, and a G oup M II
nmetal  or copiptisth éfwaﬂaﬁr@amwetnﬁﬂcmcanﬁgummns

r ef WA OENStNASE, BdseMas Gltalpdt B st PIISE Odhversion <700°F

nhydrotreati ng catal ysts are al um na %\%Qﬁtqﬁl& New

al t-rrnL\/hdpnllm mr‘J(pi sulfide, sten

co -
LBy Yor. ) dm :%:@ callly, %@Gh
otavet b eg. r resul filde "Ex ANEL Ecl2rF

D
&—pH+

HCR Zone Pressurg, psig T 772300 | 1250
Chemical H, Consumption, SCF/3 1800 1600
Middle Distillate Yield, liquid volume% 250°F to 700°F 14 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 temperature, 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.

-11 -
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TABLE 2 *706F at equal gas/oil ratio for standard and
new configurations Table 2 indicates that yield is

W@ kooglopd3gs i nproved in the current invention, aBCT/US2006/006883

conpared to the conventional configuration, at |ower

t enper at ure ressure and hydrogen consunption. Figure
M‘ﬁdﬁ@tﬁlmzhat conversion in the instant
invention is greater at |ower tenperatures, as opposed

to the conventional hydrocracking confi ?urati on.
1Conv Anshiegrateg hydepracessinghaethpsshaving f leagt fva stages,

Figure 3 dengnsirates t ' (] I 0S
ar o eomparaBI e SatRAR ot s abP sEaRERGRRENAER, O
as Webmpfises H?r@gfﬁd@@fn@tda@myﬁf, ddie metsddobmprising the
invention. WHAT | S CLAIMED IS: 1. An integrated

hydr éplowdrasteR§: net hod havi ng at | east two stages,
each stage further conprising at | east one reaction
zone whi ch conprises hydroprocessing catalyst , said
net hga) cospmbiimgan o feed Withi anbydroges-richa)asceirdd@mitméprm a
an oil feed wth a hydrogen-rich gas streamto forma
feedstock,e?q§0ﬁ§assing the feedstock of step (a) to a
reaction zone of the first stage, which is maintained
at conditions sufficient to effect a boiling ran

c onvléb)si opassing the fecalstaakgfistem@)io i gasieneere ioggwe first
t t, h . i ; I ;
(0 pacsi Ao NG By AL LS AR STRCER o et

separ at or pgRingtrahge doaverbiophand esatacting vheitrehydropsocessing

separated into an .
catalyst, thereby creating a hydroprocessed effluent;

(c)  passing the effluent of step (b) to a very hot separator
maintained at high pressure, where it is separated into an
overhead fraction and a bottoms fraction;

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

range conversion, thereby creating an upgraded effluent;

(e)  passing the bottoms fraction of step (c) to a reaction zone of the
second stage, which is maintained at conditions sufficient to
effect a boiling range conversion, and contacting it with
hydroprocessing catalyst thereby creating a second
hydroprocessed effluent;

(f) combining the upgraded effluent of step (d) with the second
hydroprocessed effluent of step (e) , the combined stream then
entering a hot separator maintained at high pressure, in which

-12-
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overhead fraction and a bottons fraction; (d) passing
the overhead fraction of step (c) to a distillate

wap@sagsss whi ch contai ns at | east one zone of PCT/US2006/006883

hydr opr ocessi ng catal yst and i s maintained at

condi ti on FELGI il r .
conver si ontRalgE byedn s6arefost Mol bR fracton and
passi ng t hebbitérhs fracfiomdhe dottomssiragionproteding éact i on
zone of the second stage, which is naintained at

condi ti onsT&YPPRAEPENt to effect a boiling range
conversion, and contacting it wth hydroprocessing

catal yst thereby creating a second hydroprocessed

ef f | u@t ; Rdssingaieiavierhpadiactigr efdtep € td aeotd sépanty
(d) with the. second hydroprocessed effluent of .ste

(e) " the Do EUaL LB HBERER: Bhw: f fnfoparaed into &n
separ at or gwiriéa fgeticH cdthprisiRg B§arIgRN 4l MHLGREES, and a
conbi ned streamis separated into an overhead fraction
and a bot tkatoms Baetiashcorpesing spuhwataract i on

proceeding to fractionation; (g) passing the overhead
fraction of step (f) to a cold separator naintained at

hi gh Pesmtlicd ofdlaine 1] Wwhemis trpowdradad faetiem oPyiebheRE
fraction coppri sing hydrogen and_|ight gases, and a
bot t &@Sﬁﬂé@%ﬂ@ﬁ B APINCARRPTRYPTIANLP PRSSIPY tTiReqkeiR GRS
of cl @mpress¥nerein the overhead fraction of step (g)

I s passed tﬁrough an am ne absorber prior to passing
to a recycle gas conpressor. 3. The nmethod of claiml1,

3N \ml'l%:eh me toeJ of cl:laﬁ"no1 b ih wiidh %jgtgrigﬂg bréylﬁjpggorgggd and hydrogen
may flow co-currently or countercurrently to each other in the distillate
upgrader of step (d).

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.

6. 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 to the reaction zone of the second stage;

1. The method of claim 3, in which the distillate upgrader comprises
aromatic saturation catalyst when counter-current flow is occurring.
-13-
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zone conprises at | east one bed of catal yst sel ected

fromthe group consisting of (Ig}%/ﬁgrotreati ng catal yst,
h§dr octRe Rietaed at alpips ¢, igrwhick $he prematimsaitirasioniatalyst
ei t her e, 0L ' L Oon: W ot her, and
t he se%dghd S SaégQb@ggﬁ??m%@ﬁgm\%%P?@égleame%é%st one
bed of hydrocracking catalyst. 5. The nethod of claim

4, whegein the hydrocracking catalyst of the second. i
s%'agee%‘ﬁﬁtﬂ%%oggﬁ‘%é’ eV '%{gh %E)eo\ dstacks nosRBFHabicding point
a nobl&F 4igdadt 39pe@ nobl e netal conbination. 6. The

method of claim11, in which at | east a portion of the
upgraded effluent of step (d) is conbined with the

bt t ' f. d. dt h

PR Ee URTIERr Bhin® bRt R APRR TS seReldfsamane group
cl ai ménsistingtuf vhctla gHsils!(VE®), HBERESKerGRISVil §H§Go ,
aromatic saturation catal yst when counter-current flo

i s ocdif@dWiRimespherc gas aibthGP)dlight epker gas ohivisbreaker gas oil

( ' I I
or cortir IO} detgiaflzeb Koboh i ek S RPRRRS m
1, : n m?idgh,zﬁmsp(‘l;eﬁéﬂtoﬁpRiscb@s’ﬁ?wslcla.strengagigh@:O%Itéﬁ(bil,
t |egs . . ~qne od of claim9, erein e
gil fjéglhq(gy@%ﬁéétg@af‘?gﬁé]ﬁ e®MSup consi sting of
vacuum gas oils (V&) , heavy coker gas oil (HCGO,

heavy at nospheric gas oil (AG), |ight coker gas oil,
vilsbr elieemetfiad ofi glaim/Raowhicke the prladuzisccamprise @iddle distillate

F scnaRphR LB g T BN ERchloiBhe by oS o0 o'

12. The method of claim 11, in which the products comprise naphtha,
jet fuel, diesel and kerosene.

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 barrel 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 from 500 to 2500 SCF per barrel
of liquid hydrocarbon feed.

-14 -



Light Cycle Gas G| and FCC streans. 11. The net hod of
claim1, in which the products conprise mddle
wale@biopdseg e fractions boiling in the range of PEDIS2006/006883
2500F to 7000F. 12. The nmethod of claim 11, in which
the products conprise naphtha, jet fuel, diesel and
K- os effie progesTAEClAim Hoth Whick tae hydroprecagsed efiiuariobed
hydr o ' ' t 4
of "ci e PR chaif sl (P HRafeg % oohfaibieifierature
a readidfore precpediag io stdpeicheen 400 OF to 9000F, a
pressure between 500 to 5000 psig, a feed rate (LHSV)
of 0.5 to 20 hr-1 (v/v); and overall hydrogen
consunption 300 to 2000 SCF per barrel of liquid
hydr ocarbon feed (63.4 to 356 nB/nB8 feed). 15. The
nmet hod of claim 11, in which hydrocracking conditions
conprise a reaction tenperature of from400 OF to
9500F .reaction pressure ranges from500 to 5000 psig
, and LHSV ranges fromO0.1 to 15 hr-1 (v/v), and
overal |l hydrogen consunption ranges from 500 to 2500
SCF per barrel of liquid hydrocarbon feed.16. The
process of claim1, in which the hydroprocessed
effluent of step (b) is reduced in pressure, then
heated to a constant tenperature before proceeding to
step (c).
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