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FIELD OF THE. INVENTION '5:6 This invention is directied to processes for

the conveksd §shice Mat eri al boiling in 7 the Vacuum Gasdg[. %‘3}0&3’0@9 range.
to high quality mddle distillates and/or 8. naphtha an ter products,

and nore partlcul arly to a. nultiple stage 9 process using a single o
hydr ogen Ioo ND. OF THE I NVENTION 12 13 |In_the refining of
crude i1, chs oi | NEWHYOROERACKING FRASESS FOR BME RRGDUCTIANGE of 1 5 to.
i ghter progucts usi NoyHRUAITYIASTIIYATESEROM HEAVY 8IS RSt i on 15

stages. In nost instances, the various reaction stages operate at simlar
16 pressured evels. Were pressure level s are different, separate hydrogen

.17 1 oops arel enpl oyed. Multiple s
followi ng: - 19 20 high conver si efrenfTe NN r eact or vol ume and _
catal yst 2% volunme overall .22 better product qualities 23 |ower hydrogen:
. consunptlon 4r25 The-use of multiple. redction systens however i nvol ves

more equi- pn@nt %"ﬁ"ﬁ%ﬁ%ﬁrﬁ'ﬁeﬁ*ﬁﬂttﬂﬁf@eéiqﬁéﬁéihﬁ&oﬁvw%@ﬁ@tﬁﬁa||th9ﬂ'ﬂ§ imnd
compr essor s, Ao Yckir GROR BN oo 38 ol S ERRAeARAT I 2 O
uses a hot &r|rmmdathmdi«gmmmmts;fandhmrdeparttculatlyctatalrnumnles;tdg‘ajr| zation

zone. Liquid fromthe hot 31 ri |s purrped to the hydrocrack| ng
react or upsgreaﬁf%q SSUSIGR PG r'l:\@%)

10
¢ 11 BACKGROUND OF THE INVENTION
12 - -
13 inthe refining of crude oil, gas oil_hydro_crackere are used to convert heavy
14 gas olls to lighter products using a single reaction stage or multiple reaction
15 stages. In most instances, the various reaction stages operate at similar
16  pressure levels. Where pressure levels are different, separate hydrogen

- 17  loops are employed. Mt:ltiple reaction stages are used to achieve the

18  following:
19 .
20 , « high conversion employing minimum reactor volume and catalyst
21 volume overall | -
( : 22 « better product qualifies’
23 « lower hydrogen consumption . -
24

25  The use of multiple reaction systems however involves more equipment
26 including multiple expensive high-pressure pumps and compressors.
27 | S :
28  U.S. Patent No. 5,980,729 discloses a coﬁﬁguration with multiple reaction
- - 29 zonesin a single hydrogen loop. The process t:s_es a hot stripper
o 30 downstream of the denitrification/desulfurization zone. Liquid from the hot
31 stripper is pumped to the hydrocracking reactor upstream of the hydrofreating

e used to achieve the 18 - ¢
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1 6 Septenber 2006 WO 03/080769 PCT/ US03/08809 | reac %?%Gd oil from
the fractionation section is al so punped back to the aocrac i ng ‘ ;
reactor. 3 i 4 In conventional hydr oprocessi ng, i't is necessary to

transfer Wpdswsee froma 5 vapor phase into the |iquid prcasesosissse it wll

be available to react with a 6 petroleumnnolecule at the surface of the -
catalyst. This is acconplished by 7 ci rcuI ating very large vol unes of
“hydrogen gas and the .oil through a.cataly .8 _bed. The oil .and the

hydr ogen f |1ow eaetsligRecyale aibfromthe tfnaétlcmaim@@ﬁﬂ%lsgal%ewmﬁebba@h et nin
film of 0|I ed over the catalyst. Because 10 the amount of
hydr ogen reqw reébégﬁh@inagﬁe 1000 to 5000 SCF/bbl of liquid, 11 and the ;

anmount of @atal yst required can also be large, the reactors are very 12
| arge and at severe condit.i.ons

t f d d t 13
maeh aa Bode. B n oD B LEG, IS PetersenORA s Ry Brcoen ot al o> 1
Pat. No. G#Z%a%th%hﬁﬁthBYQﬂiﬁcbﬁé‘é@Wﬁe@ it 15 dveiEble o feakPwitih@ ocr acking

reaction zone wthin an integrated hydroconversion process. 17 EffI uent

fromthe hfdr qatedeum golecila aldhe suriace of thewstalysl. Whisis gceomplished by
16 hyar ot r 2at g PRng FEY SR AINATS, ot CRE DRI DCh H el 12,
sink 20 f@r thel. W@taﬂhem@drdgentﬂmmthérbedlantdetgeaydxﬂgeaas:t i on |
dae i fwod csoBdRniog BLHE! Staldna éé‘i’sfﬂ@;‘fqte&%géé&' etk BEeSi veen < he
hyd
nowever 39 SREEFIgREot e gRReRifed 5 ytirg ﬁﬁqtﬁﬁq‘}gﬁa‘?sf”?@n%‘?ﬁﬁ'ﬁme
control bdd mequzmeeslomsobgatalpetrequedm alea cri]aleélmger thel reactors aree/enhst ﬁnt _
B 27 , ;
mst ant | AZentoige ST AR oRrae oL Sedre 2aRdtyt BT rarv a8 11T

hydr ot r eayar) i} Haoker to oGPFW th a fraction
of the prgguctrﬁ?&ﬁ%g@ R@??gé%ﬁg?fgfﬁrai%é’gggw feed 15 fed with 30 both

make-up afld recycle hydrogen to a hydrofiner. A recycle stream and

15 US Pat. No. 6,224,747 teaches hydrocracking a VGO stream in a

16 hj(dmcracking reaction zone within an integrated hydroconversion process.
17  Effluent from the hydrocracking reaction zone is combined with a light

18 aromatic-containing feed stream, and the blended stream hydrotreated in a
19  hydrotreating reaction zone. The hydrocracked effluent serves as a heat sink
20 for the hydrotreating reaction zone. The integrated reaction system provides
21 asingle hydrogen supply and recirculation system for use in two reaction

- 22 systems. Thereis no temberature control betweén the hydrocracking reaction ( )
23 zone and the hydroireating reaction zone, however. ' '
24

25  U.S. Pat. No. 3,592,757 (Baral) illustrates temperature control between zones
26 by means of heat exchangers , as in the instant invention. Baral does not

27 employ a single hydrogen loop, as does the instant invention. Baral discloses
28  a hydrofiner (simifar-fo a hydrotreater) operating in series with a hydrocracker,
29  with a fraction of the product fed to a hydrogenator. A gas oil feed is fed with
30 both make-up and recycle hydrogen to a hydrofiner. A recycle stream and

31 additional recycle hydrogen are added to the hydrofiner product stream, and




31 additional recycle hydrogen are added to the hydrofiner progﬁa stream
and 2 6 Septenmber 2006 WD 03/080769 PCT/ US03/ 08809 ,16§FFéerﬂli"3¥ is fed .
to.a hydrocracker. The hydrocracker product streamis}2 cool ed and
separ at ed iwd o3/@owapor and a |iquid stream The vapor strg@ﬂ%l' SrossePassed
to a-recycle hydrogen conpressor recycle to the hydrofiner. ?iquid
streamis fractionated into a top, mddle, and bottom stream The 5 bottom
streamis rgcygll'ed_to the hydrocracker. The mddle streamis mxed 6 wth
‘hydr ogen frdm W@UWS%@%BW@SWK@SSW hydepciackes peaduchstseam s
. hydr ogenat op. ; ¢ - Is Ol dina
'8 stage of Qt heldbﬁu@gg‘?'gpgeﬁ’%{%%ﬁ°%ﬁn@?é@?o?@#@ﬁ?%ét@ﬂa@g%% rof i ner.
9 10 U.S. Pat paseed 1 dnetyslehydregen acoimpressor recycleds the hydrofiterg dhil

hydr odesul f yri zat.i similar-tq h treati d '
for 15 i ot | A YoiUR seBioisted b 8 98 Tl il hotiil sHREMe I o o
stages, but5 1Bottomish@af iRYe6yisitd thehylbciike MHeVRIe dtveans AORKBE €

reaction zoges»&;‘eﬁmm enpl oyed in series, the first zone for
hydr odesul f fr i 48hydrogen fion adBake-up Axdrogen comprasgeoanshdirected toa f eed i s

mxed with #ec 0 ; ' i o

Hydr ogen surf i ﬁga'?geﬂ%@fpﬁgﬁf"??ﬂﬁ% %ﬁ’gbgje@fﬁ&érjm{’é%%@% cgﬁlgéq?’ggaﬁ%duct
by a count €8 custagatof theomaké-upyydoarrn cofipressonand directdd ¢d tHBhywirofimm f rom
this stripping operation is mxed with relatively clean recycled 19
hydrogen and the m xture is fed to a hydrogenation reaction zone. Hydrogen

20 i's recoygr o8l NBe5 YAISBIGHRLA BPaK)BARE AR SegKc ed as a spl it

streamto 21 both the desulfurization Feactor and hydr ogenati on _
(reactor. Tht hpwdregesulfugzatiandsireites te hydropeating) pad hydrogenatigreproeesstior ough a

separ at or, 441 X Qs okt ion. of r led hydrogen directed to
t he hydr og?a%nat ?%Hmrtéﬁéf{‘@?a&’%ﬂg 3@%@3‘&8&&%55@%@9@%8&8% °§tr393'15‘i step
and recycl 3l t a sirgie Bydroyelv loprishbemplened. OTwo Sparatd feactivizsedrdien feed
stream passes in ries 26 through the desul furization and hydrogenation

e
reactors, WA |‘gm,p§qy§g i 89RES: BIf firsbzqtiedes hydroggayifudzationangrasecoad zpBe t he

desul furl 248 [ Ofr iy@iBgBRSkide! £ TRk iR itn RétyBRBT e eHiat8g B bS Provi ded
for the hydrogenatiofi step. _
' 16 desulfurization reactor. Hydrogen sulfide is stripped from the desulfurization

17 reactor product by a countercurrent flow of hydrogen. The liquid product

18  stream from this stripping operation is mixed with relatively clean recycled

19 hydrogen and the mixiure is fed fo a hydrogenation reaction zone. Hydrogen

20 s recovered from the hydrogenation reactor and recycled as a split stream to

21 both the desulfurization reactor and the hydrogenation reactor. The hydrogen
( .22 from the stripping operation is passed through a separator, mixed with the

23  portion of the recycled hydrogen directed to the hydrogenation reactor,

24 compressed, passed through a treating step and recycled fo the

25 hydrogenation reactor. Thus, the hydrocarbon feed stream passes in series

26  through the desulfurization and hydrogenation reactors, while relatively low

27  pressure hydrogen is provided for the desulfurization step and relatively high

28 pressure hydrogen is provided for the hydrogenation step.

29 '




3 6 Septenber 2006 SUMVARY OF THE | NVENTION I n accorqgg 34% R first
aspect of the present invention, there is provided a

hydr opr ocessi ng- a hydrocar bon feedstock sai d net hod enploylng mul tiple
reaction zones within a single reaction | oop, conprising the follow ng
steps: (a) passing a hydrocarbonaceous feedstock to a first

hydr opr ocessi ng zone havi ng one or nore beds contai ning hydroprocessing
catal yst, the hydroprocessing zone being naintained at hydroprocessing
conditions, wherein the feekMMARY QF HARINVENHON th catal yst and hydr ogen;
(b) passing the effluent of step (a) dlrectly to a hot high pressure
separator, wherein the effluent is contacted with a hot, hydrogen-rich
stri ppi ng gasinascopiaockivdh a fivsipeped of tharpresenpinvenitiog, mcﬂia@ecrvided a

hydr ocar bonac &q.BB t w t he boiling
range of the Fﬁ%ug)ro %@C}gg@b I‘gggct%%rl%ntfﬁé%r c?%eéng"gﬂ%?{ anmoni a, and a
bottoms str eampl@wﬁgméﬁl rmmrbmeemfamea)ﬁigglemena@pbeq’mmrwg n

appr oxi nat el Ythetf&%mﬁrﬁj@eﬁé"wﬁpé%%mé%' @dFBﬁ‘éFBb%ﬁéé&@@é&i&%b%kft@Q(ﬁﬁétOCk al ong
with a portlon of the hydrocar bonaceous conpounds boiling in the diesel

boi | i ng r angehydrenrocessing; 205e ha¥ing 2pB P B1erbRASIGOBIRINIRSRYYreRrosgssiY cool i ng
and parti al C@étd@asmrelr@arop%&easuh@&oﬁefslm@mmémeda@tefydedyaé@sﬁn@g at | east
one bed of hydr reatlwr% (i fx& vvher%F ntact g oguntercurrently
wi b hydr ogoncorens. whsdein g Retslopk EthBeledouh ENEnRERItC 5 second
stage react or(b)pdssimpiveisfituehhef sty @) dzediy\tapdot bigh pesssbrecsepaiatorhot  hydr ogen

ol o hi gn_pr cvauek e sbaflp SRR N A ARSI B o ant T gt

hydr ocar bonacwdscegasamratreammnwetdg bydnopgerm dydrodadponacpaiud st ream

conpri sing ”%’&E&ﬂmﬁ{a‘ﬂoﬂh?ﬁi gterrﬁﬁ)e%th cﬁétHe%o‘ﬂﬁ?%?rﬁPeéﬂt gactionation,

thereby renovi ng nos rogen sulflde (as
amoni um bi - shydreeasbanacediis feedﬁtomhwroge't swilide, ammania, @ad@sb R@scol d

hi gh- pressur esRepALFhMiding IEC od4ASH=R80 d&s'”ﬂ%rﬁ o‘ﬂHﬂ§borﬁﬁd|ﬁaa'ﬁbfdxﬁﬁEtEIPe hot

hydr ogen strlﬁPer of step to a be droprocessing cata in the
second reacto esS@H‘Ge"aWﬁeﬁ?feﬁ RysEogarepnagepus fe Wﬁt%%%‘éﬂ%‘ﬁ’@ﬁ? PORIPAChpr ocessi ng

condlh ti 3”? Wi ﬁ?hﬁybeciaﬁbaéoeﬁus cbmpbmwwoaﬁlgm«tmeﬁu?msémeﬁngéf()c) passing the
overhea ' Ompass(iahgctﬁe vapor%tregrrnefrsosmugtgp ?t%p%re?c&rllng ang paPtlaf cgndensa%rc]m

‘o a hot hydrogen stripper containing at least one bed of hydrotreating

- catalyst, where it is contacted countercurrently with hydrogen, while the liquid
stream of step (b} is passed to a second stage reactor; (d) passing the
-overhead vapor stream from the hot hydrogen stripper of step (c), after
cooling and contacting with water, to a first cold high pressure separator

_- where hydrogen, hydrogen sulfide and light hydrocarbonaceous gases are
removed overhead and a liquid stream comprising naphtha and middle
distillates is passed to fractionation, thereby removing most of the ammonia
and some of the hydrogen sulfide (as ammonium bi-sulfide in the sour.water
stream as it leaves the cold high-pressure separator); (e) passing the liquid
stream from the hot hydrogen stripper of step (c) to a bed of hydroprocessing
catalyst in the second reactor stage wherein the liquid is contacted under
hydrobrocessing conditions with the catalyst, in the presence of hydrogen; ()
passing the overhead from the cold high pressure separator of step (d) to an

- amine absorber, where hydrogen sulfide is removed before hydrogenis -
compressed and recycled to hydroprocessing vessels within the loop; (g)
passing the separator bottoms of step (bj to a second reaction stage where it

4




am ne absorber,. where hydrogen sulfide is renoved befor g h%/d]ée g@ S
conpressed and recycl ed to hydroprocessing vessels wi t APFPIFTRRT @p (9)
passi ng the separator bottons of step (b) to a second reaction stage where
it 4 6 Septenber 2006 is contacted with at | east one bed of hydrocracking
catalyst in the presence of hydrogen to produce a vapor streamand liquid
effluent; (h) |spcamact@ witteat @ 0he dbd ealmydbcﬁcrsﬂmg éa@éiyﬁfrﬁ e peegdincalg to a

second col d hi ressure epa rat or amis em)ved

compr st ng. pr PHRFSPTRY STk B VaRb et o e ek G BT EE L T

passi ng t he | vapordtreil aietep (of aﬂaarepo[(ng)to agetend cmd highgressutehe coI d

hi gh- pressure - : n | ght
hygrogar bonace%%g Og&’gérfroﬁﬁﬁtr&% H% g?‘?ﬁ%@ﬁ?s' 'rﬂ%ﬂys‘f%%%e vapor
~stream from sae@ﬂgmﬂnydmarbpnace@ﬂs QBSGfSuﬁi prssingdbe liqiyd afidentad giepdg) on of
condensate, t grihgolfd i oY 5B SRTBESRSEF of e(t%%@?@%ﬂ%gatet he conpressed

hydr ogen from the nake- hydr ogen conpressor to primary reactor |oop;-
and (1) passi Rgiresen an%mf@hwfmréma@pwgqeés@ww)ehawa efffuent {iy t he

fractionati onpgssicife vbﬁoraéh‘éaﬁﬂ?d?ﬁgte% () shdB eREuRRRESbIIRf addie present
I nvention, there is ded an integrated h droconver5|ﬁ5 praocess havi ng

~at least two §?%§@“§§QE¢P'§?§QH’%8 Py dEqoeneraterensen (885189 zone,
conprisi ng: (the coinpressedhydagbn froin the friakey HBiifogemesinblesadof totisd

hyd h i h
| f?/r g? gfe getrjlstc oB a?ﬁ’(}gg?té} I8$$c?r?dggﬁgs%'?g tthﬁ&qylpre;fjuegfit OCl{éF\ﬁA&F%EHPd@S Irrggnt aiGned

-at condi ti onstesthé fraclianation systérhect a boi |l i ng range conversi on, to forma
first reaction zone effluent conprising normally liquid phase conponents
and normal |y gaseous phase conponents; (c) passing the first reaction zone
effluent of step (b) to a heat exchanger or series of exchangers, where it
exchanges hedn agferHanceswidiom gegontiaspest of thequesent dveniinpatiiend isg t he fir st

reaction zoneprsmédis;mnté&aﬁa%Edrbeam)&é&. brdge dteddsPio/stagids! €am of step
(c) to forma second feedstoc assing the sécond feedstock of step

(d) to a rea&ﬂCBﬁtag@ﬁpsmssmseaté@@b%P @@5&5@ ZaRR @crmwssmgaﬁa)ﬁpmbﬁ@w at
condi tions . suyf firsEiefiRérylsBeamnthed firsW/didgeharhigade R dticam Bfforhgfirskr omat i cs

B Fiuent (1 SedeRa ) REsT NG e Redolonk e B1eatiAe 2604 PLIBRISLFEgPep (o) i nt o
which is maintained at conditions sufficient to effect a boiling range
conversion, to form a first reaction zone effluent comprising normally liquid

- phase components and normally gaseous phase components; (c) passing the
first reaction zone effluent of step (b) to a heat exchanger or series of
exchangers, where it exchanges heat with a second refinery stream; (d)
combining the first reaction zone effluent of step (b) with the second refinery
stream of step (c) to form a second feedstock; (e) passing the second
feedstock of step (d) to a reaction zone of the second stage, which is
maintained at conditions sufficient for converting at least a portion of the
aromatics present in the second refinery stream, to form a second reaction

-zone effluent; (f) separating the second reaction zone effluent of step (e) into
a liquid stream comprising products and a second hydrogen-rich gaseous
stream; (g) recycling at least a portion of the second hydrogen-rich gaseous
stream of step (f) to a reaction zone of the first stage; and (h) passing the
liquid stréam comprising products of step (f) to a fractionation column,
wherein product streams comprise gas or naphtha stream removed overhead
one or more middle distillate streams, and a bottoms stream suitable for
further processing. ' |
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a liquid stream conprising products and a second hydrgégﬁn-ri ch eous
stream (g) recycling at least a portion of the secon ch
gaseous streamof step (f) to a reaction zone of the first stage; and (h)

passing the Iliquid stream conprising products of step (f) to a
fractionatio col umn, rodu t streans conprise gas Qqr apht ha
stream rem)v W@Pﬂ’é%‘r’dw't "grd%l?%?t HeRIPeetinveniqnatherss r%%‘f‘r%e and a

bottons streadn mwgmtbdi aydrOdsonvétsrdnhﬁbcesrsmmgj dtdeast avdstaged, eatrer 2006 In
accordance with a third sent inven er eglésg provi ded

A Tt egr at e RgPAEaRTRS S1ERR oft cetoR 50T SormafeiRE e e BT Peach
st age possessiefigergstreamstithafestrtydmigeonich gaseouws@ineamdo igm 4 st conbi ni ng a

first refin e f on to forma
first  foedsropiog thodbit btk ThedhetiQeBhedchh B GUT bt bERE, 0T 0L P
first stage, Whibh isimaistaingdiat eonditibnatsulfisiedt toi efiest sbéifngoiasge to effect a

-boi ling rangeconfe?r@}b%[@feﬁn atnFﬁ]f'éHcﬂbﬁzéﬁé éﬁ‘luénﬁ%@bﬁ ?ﬁaﬂﬂé&l@m

CoerI’I Si ng nornmnma ui d (5) ase corrponents an nor eous phase
conmponent s;: (I&)aswg@pﬁ@eﬁtﬁén rermslly gasraus Ghage PRIMRIENte pawwﬂn,s (b) to a

heat exchangerrrstq-éaét@hlz@ﬁeefnueﬁwaﬁa@qs@aM\éb%ﬁcnatng%%na@& heat WIth ot her
t he effl uent a hat hig

refinery strea % gss n of éﬁ?‘ gq
- pressure sepdr®& %rllger ée\tf’ Ghanges heald othe;;tr%ﬂrgrg $iERAMS: LD PESFNdN ch i s
passed to frapé leﬁmahmrstepa(ayitoaa lgﬂsaweﬁur@eéparamhmmhre ususcseﬁbnamﬂ with a
second refi nerté stre ' ' ' ht gas oil,

ht
2t mospher 1 ¢ gab DIHREMSR Fie & s o ratoetocs i darapyo e oni e
gaseous st r eamhicH isstoebirled)withaa secoed c¢finery staszen which bempesesiighstyalge,  whi ch

. . . e ¢
the. ar omat | oo 1B RE oh RSt 5EHET by MRS BRI bpadtftnel Cong " ©
reaction zoneﬁoeih‘imemkgﬁsﬁoﬁs ytremppefrsien (o ta heea@ecm)mer@am senondstageef f | uent of

step (€) 1 ntypnidy islfibthdinghse o?tf?{ﬁ?shﬁbf% tiBFB&Tb@ftﬁg%‘f‘%gét%?@‘ﬂBﬁ'of

hydrogen-rich gaseous stream recyc ion of the
second hydrodbﬁﬂfqlmiicsgéﬁﬁéﬂijg ﬂs&w@ndﬁfm@neﬁre@m th@”Har%ﬁ@N on zone of the

- first stage; @Rgichkbne RARBHEE) ddpardting'hd!seddnB FAIBHBEASEMGerRoPdigpt S Of step

(f) to a fractjonation colum, wheréin product streans conprise a gas or
" napht ha st r edf e @ siram RIBRrsighrogucthane aseaendhdragentticht e st r eans,

. and a bot t onmgagbbgPEeam; (g) recycling at least a portion of the second hydrogen-rich
gaseous stream of step (f) to a reaction zone of the first stage; and (h)
passing the liquid stream comprising products of step (f) to a fractionation
column, wherein product sireams comprise a gas or naphtha stream removed
overhead, one or more middle distillate streams, and a bottoms stream
suitable for further processing.

The first embodiment is disclosed in Figure 1. The process
configuration for the first embodiment is different from U.S. Pat. No.
5,980,729 in many aspects. The primary reactor can be a combination
hydrotreating- hydrocracking reactor that uses no recycle liquid.

Liquid from the hot stripper downstream of the reactor can be reduced in
pressure to a subsequent reaction stage where hydrocracking reactions are
completed. Pump may not be involved in the transfer of liquid. Also, the
second hydrocracking stage may operate at lower pressure than the primary
_reaction stage. : "
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suitable for further processing. The first enbodi nent din
Figure 1. The process configuration for the first enb‘i)%‘?pﬂféﬁ% ?@ﬁdlfferent

fromU S. Pat. No. 5,980,729 in nmany aspects. The primary reactor can be a
combi nation hydrotreating- hydrocracking reactor that uses no recycle
liquid. Liquid fromthe hot stripper downstreamof the reactor can be
reduced in predsaiedo highgosvissienganbe pehievddoising agiagipttydogry draper acki ng
reactions ar erodiielqldlytn tRUABUUIRL RofushiRedtBBLiNEiohd dififhdtingnsf e of

liquid. Also, the second hydrocracking stage ma}/ perate at Iower pressure
than the pri RERd)ct ?%ﬂ%’@t'ﬁ[&@geﬂbweséﬁﬁﬁér@ﬁéf @G@@t’oﬂﬁéﬂﬁeétcénto hi gh
conversi on caa nkntaiebd aVIevels SLIRG for Sarfiellir thyedrdp s drﬁeébtensﬁés)dact quality
can be nodul at e?her\‘of st neet C|f|cat|ons éﬁj{ Eé g‘ﬂ-l groduct | oss and
saving hydr 0ga therifs %?%GS@GP@ PRogessesdls mgst dfigyiced giist BRETAlgi nt aj ned at
| evel s suitedt ﬂwerh:gchasttpresdlm lelvglp igiptenipestuch Righgiresdusd paaps mag., only the
first stage reast on .t st operate at
(et ohage hanel oh \BRbal AERRRERs! 16 BRThaiisfathhg' S5 ale P02t e
be not i nvol cadoparatetie eifrescossirreliha weotendursrd nodeadti mgpectticther st age  can
operate in e f espect to the
reaction gas‘—égv%,ﬁén ﬁ& WMCB% &{ﬁ% ?ﬂwaﬂéwf’ h?(ﬁ;ogggd@ﬁﬂéfﬁe&second

hydr ocr acki nbyerQIe?G]fllﬁmre@@@FgESt@g@}C@fe ¢@@lwﬁhtfhgfhi3'gﬁy p@kew hydtegenge hydr ogen

to maxim zenpyelifoRmn nt;iaﬂlal Présstnd ?he I&%nﬁ% BORaEBYwie | oaded with
very high activity catal yst that can be use rocr acki n at
relatively | ¥ WFYé‘sata|Wé|13§§é‘6Hﬂ Ué%@dhﬁ@ﬁ?rapé“ﬂﬁéiﬂf%ﬁgu QY Figures 2

and 3. A VG pgdk@asn can be initially hydrocracked in a first-stage

hydr ocracki ng reacti on zone within an integrated hydroconversi on process.
The integrated hydroconversi on process nay possess at |east one

hydr ocr acki nﬂh@éa@ﬁdéﬁ@odiirndr@é@H!sdﬁﬁed”md-'rgllréﬁzlbhdlg AV @Qsestrebivfdanent from

the first-stage.h rac tenber 2006 reaction.zone can be
combi ned wi t tﬁaﬂbﬁ’f&%ﬁ%ﬁﬁr{ﬂ& a&‘&ﬁﬁ%ﬁ% "YgraceE g PR 2one witfin an
integrated hydroconversion process. The integrated hydroconversion process

‘may possess at least one hydrocracking stage and at least one hydrotreating
stage. Effluent from the first-stage hydrocracking

4c




and the bl ended stream can be hydrotreated in a secongmi ﬂe%@ %ﬁ%
conprises a hydrotreating reaction zone. Heat exchange t& &t bet ween

the first-stage hydrocracking reaction zone and the second-stage
hydrotreating reaction zone, permtting the tenperature control of the
first-stage hydrotreating zone. The tenperature of the first-stage
hydrotreater is lower than that of the first-stage hydrocracker. This

i lrr})r ovetsht herq[%&wfﬁidrﬁaf@?tbér%’&ﬂmd with 4 light ﬁW&?fctdbﬁtdWﬁfééa%?@érg agdf ?I so :
allows the ca 0 irs rotrea zone, to be differen
fromthe cat gncﬁ&%‘cqthpdggﬁgrgarugﬁptbei\yargﬁggtgﬁkn ﬁﬁe%}‘i’qugqqq% “Bay be present.
Ihn. ong ganbodccrmpm‘lsestahwdejtlfelatileg\teacfdroznntahﬂeéﬂ erxshar&;;eacgaa deyatrbetwest ert| S

eated I n an r | rat or,
where over hetgg %ﬂ%’ee thgF&gé]cg%Sr%%ggh Zaﬁ%a”‘gﬁ? sggortuggtgag H{’% %%agh pressure
separator. Ilreach:m nmedpemgﬂhn@tmstsmperaﬁepaontrcdpftheﬁysifsmmn and hydr ogen
o 12905 FRRoREHEIBNE (TR RRATLANT IS LBl m Bl oddgs i e 99501 1 e

and di esel range ma asse ro en su fide can be

subsequent | ythea iisj therflfﬁrﬁfwwacéﬁﬁmgﬁdmgyﬁs ﬂt?a@fomé igeatgiedesed and

recircul at edgfie e@nme h?érobﬁ'r‘b@ﬁé’% as@ams L= c\A@wst 8fthe MiskS@gwi th vacuum
gas oil feed. The || qui l uent of the hi pressure separator whi ch

gh

may contain W?t@qt'§9§°%lq t?%‘éiﬁ‘?"ﬁmtf!‘%" H"Iee%eéﬁ"yﬁ‘éfhﬂ@seﬂ%erﬁl so passed to the
fr gct io gat ?r hydTm%cm@zdne@ rmﬁtmaybﬁtﬁrgmtt nnxopb@mam?qm éf{tu@r)’cdr otcr gc k$ﬁ

and products subs rotreated . in unjts not depicte e
 Second enbodaiBie et age BRTERanin hepRY i ersreBosTansB PRt B
hydr opr ocesshatdi esstiré begaratst, mmowhml hsemd are hrdowgleandsuppl y and a
si ngl e hydrogen grhéwgovelr emstem i s discl ? @. IIZ ernore, there can be
provi ded a nEtHod 43¢0 Hiﬁﬁ DUPERE RPAPE “ﬁl?r‘i? CE'P'P RRe3WE Sﬁ{}%f?é"{’r eating a
second refi W@rmmmagenauﬁldmmcarym aovellaydrieag phg matéralst eed to t he
hydr ocr acki ng.; i I S present in
the feed to "L@qﬁiﬁ/}ﬁgﬁ%@q{ah&dlggﬂé 16n %;;g ééeés{égqnggtfé%%%'zone.
Di scl osed, fidydragen sidfids ¢anike mgbaewnﬁyzmweg Imanabasorh@'randdiyﬁmgﬁnl ar
refinery str@a?,,lrgb LS i ntai ni ng
good cat al yst fe ﬁ'gsil gh yi erlcgl %bq%%ggsalgrt@grbgggggﬁﬁs%BdaeﬁtalgguI arly

distillate mixed W|th vacuum gas oil feed.

" The liquid effluent of the hot high pressure separator, which may contain
materials boiling in the diesel range, is also passed to the fractionator. The
fractionator botioms may be subsequently hydrocracked and products may be
subsequently hydrotreated in units not depicted.

The second embodiment offers several notable benefits. A method for
hydroprocessing two refinery streams using a single hydrogen supply and a
 single hydrogen recovery system is disclosed. Furthermore, there can be
| provided a method for hydrocracking a refinery stream and hydrotreating a
- second refinery stream with a common hydrogen feed supply. The feed to the
hydrocracking reaction zone is not poisoned with contaminants present in the
feed to the hydrotreating reaction




range refi ner'y products. Such dissimlar refinery str gi nate
from different refinery processes, such as a VGO, derﬁ%&%ﬁ%%

effluent of a VGO hydrotreater, which can contain relatively few catal yst
contam nants and/or aromatics, and an FCC cycle oil or straight run

di esel, which may contain substantial anmounts of aromatic conpounds. BRI EF
DESCRI PTI ON OF THE DRAW NGS The Figures illustrate nmultiple reaction
stages enpl o I j icts the use
of an- i nt er oLa DB Y R Ruo B AU IR ' glre 2
illustrates E’f'ﬁ96’r§§r@?@élﬂé?“ ERorated hydrosanversion P|r°§%$’5| vdyle maintginifigng| e

hydrogen | oogoseaaspstatt & @@m ébs%ﬂﬂ&f&ﬁéd phlddbet, @dﬂﬁhd@@%ttﬂﬁbe“ als are
separated from each ot her. g n.an drogen sul f at%gt be renmoved
fromthe |igFiNIBIENGEE RIOdygSS ’é‘gh‘%?%!m&%"rfﬁ Pﬁe%mﬁ‘éé’f'g'tﬂ 8. Products
?r:el senéI L 0 aafféfeauctemaér@ztp@décesfasguﬂ@é’saMG@tdeﬁV@fr@anﬂ@érgoka nghstgp_

foll owed by rati.on. an ractiqnatio teri ved overhead is
conbi ned w ¢ RO% MeEpiEeRIcP et BEY SorR e B PR a RO gen | o

separ at ed f r amd/oharoimatics) aing ah EGCedyicleumindr straighit uacliesel) mdichdnayr oduct s are
sent to a fr 03/ 080769 PCT/ 1JS03/ 08809 |
DETAI LED DES %@ﬁlgg&ﬁ@—la%—@ ﬁﬁ%&ﬁﬁ%%tlé%@p &C i ption of Figure 1 45
Preheated Ol feed in stream 1 is mxed with hydrogen in stream 40, which
is 6 preheated recycle and make-up hydrogen gas (reactor feed gas). The
feed 7 has been preheated in a process heat exchanger punped up to the
reactor 8 pressure by tBRIEEE&EJURIPTIONOMNTHE DRAWNG®ed and reactor feed
gas, nowin 9 stream?2, gets further preheated by heat exchange (in
exchanger 41) and a 10 final furnace (42) before it enters the first

st age, downfTbmFifgulse@dIthdtepmilitiMeyeac!iQn sl@ages emploging artirglepr i mary or first
SLage 1 eact Ofydgb@g T R, PRdSiclind s YU ARAGARAARBLR! St S whi cf

may be beds elt eati ng
and an mterstage hot separator.

' Figure 2 illustrates a hydrocracker and hydrotreater, in séries,' in a single
hydrogen loop separated by a heat exchanger. Light and heavy materials are
separated from each other. Hydrogen and hydrogen sulfide might be removed
from the light products. Hydrogen is compressed and recirculated. Products
are sent to a fractionator.

Figure 3 illustrates a hydrocracking step followed by separation and
fractionation. Material removed overhead is combined with a light aromatic
stream and hydrotreated. Hydrogen is separated from the hydrotreated effluent
and recirculated. Products are sent to a fractionator.




13 hydrocracking catal ysts. Cold hydrogen fromthe re S npr essor
is 14 used as interbed quench (4,5,6). 15 16 The eff%lg%’ﬁetﬂ%f %(?O%t he first
_ stage reactor, which has been hydrotreated and 17 partially hydrocracked, .
cont ai ns h-mmmcsulfide, amoni a, |ight gases, 18 naphi,@ﬁ,g so3joskgh €
distillate, and hydrotreated vacuumgas oil. The effluent enters the
hot hi gh pressure separator (8) at slightly |ower pressure and at 20
slightly Ioirer t enper at ur, Q . ghter materi al
is 21 separated fromthe-toheot =t o : i F-pressure separator
has disc 22 and doughnut type trays FWdrogen rrch gas heated in
exchanger 3& s 23 jntroduced at the bottomfor stripping through stream
9., 24 25 t r S8seHptiop At Figuse 1t he over head from the hot hi gh-pressure
.separat or. gt 26 this point, external feeds boiling in the
m ddl-e-distillates boiling range such as 27 Light Cycle G| (LCO, Light
Coker Gas Ol Fraeajed Gi f&mbhesrtrearr(;hs raixed Wﬂht‘rmpenm gﬂmarﬂﬂ@bwhraker Gas

al LVB&O t d (1 t 11
O VB o o fanenfi et A BN ben s T sh T 44 bRy
hi gh- pressure hgg beaeprehbbicelif & dmeésetrreeaémhaﬁéér)purhpéwu;sitdrhe$éac&érr eam 11

flows downvvard t hrou a bed of packing containing hydrotreating .7 6
Sept ember 2806 Prwegrmgfe@ Pieﬁpu%snmggwof fqettan@rwtor faed gas, @@wng

cont act ed I 3 4 The
over head streamﬁ%!ﬂ H?lgrf%@q%rﬂ r%t?@bﬂ“%étogen 0 u%%(%{aaﬁ%@%mggen

ﬁ ul fide, at®ngfinalftrnacer®d)ibglare gmﬁm ratxﬂbgémiovrdriflgwfixedd»bdqbnhmlnp(rj ogess
eat 6 exchange (44), contacte th water (4 an urt coo e y air
ool ing o Fha) Rkt thy. o ed o St Aetesraths ntaine uilie B etr or No. 3
17). The szhﬁirobﬂ&icéﬁiné’eat@ly%%"\ﬁhlbﬁﬁtay%@%éﬂ% of Bithe&rH I_Bydﬂitréa'flﬁg grmoni a from

the hydrogen as as anmmoni um bi sulfide sol ution. drogen, ” hydr ogen

sul fide antB1i b OQI'BCKIW%MS&M@@IQ&N@FOQ&B&QWB reeyale/gas comapriessal ins stream
18. St rearr.]@o b§ed éslm?erﬁé’d'ﬁue\?éhe(ﬁ §éf eam cont ai ni ng anmoni um bi sul fi de.

Stream 19
‘15__

16  The effluent 7 of tne first stage reactor, vrhich- has been‘hydrotreated and.

17  partially hydrocracked, contains hydrogen sulfide, ammonia, Iight gases,

18  naphtha, middie distillate, and hydrotreated vacuum gas'o_il. The effluent

19  enters the hot high pre-s-sure separaior (8) at slightly Iower'pressure and at

20  slightly lower tentberature where most of the diesel and Iighter material is

21  separated from the unconverted orI The hot high pressure separator has disc
. 22  and doughnut type trays Hydrogen rich gas, heated in exchanger 38, |s

23 introduced at the bottom for stripping through stream 9.

24 : _ ,_
25  Stream 11 containls_the overhead from the hot high-p_reseure separator. At
26  this point, exiernal feeds boiling in the middle—disti!lates boiling range such as
27  Light Cycle Oil (LCO), 'Light Coker Gas Oil (LCGO), Atmospheric Gas Ol
28  (AGO), Light Visbreaker Gas Oil (LVB_GO), efc,, can be introduced (10).
29  Stream 11 is cooled by process heat exchange or by stearn generation hefore
30  entering the high-pressure hydrogen stripper-hydrotreater (14). Liquidin
31 stream 11 flows downward through a bed of packing containing hydrotreating




12 hydrocarbonaceous stream contai ni ng naphtha, kerosen nd, di | range
13 products. Stream 18 is sent to an ami ne absor ber. (2&?6%% eé‘zﬁ?q?rost the
14 entire quantity of hyﬂrogen sulfide is renoved ffomthe hydr ogen-rich
stream 15Wiyosmsemsacting with amine (47). After renoval oPCt/Aigoslegsdy ogen
sulfide, the gas 16 is sent for conpression to the recycle gas conpressor
(23). The conpressed 17 recycle gas (24) is split into streans 25 and 26.
Stream 26 is further split.into 18.the first. stage recycle gas feed (27) -
and streamq28 dakalystswhilé beingtdoatagteshwith cauntaigurrest lawisg hydregen fiMsk ami ne
| eaves the_am ne absorber as stream 48. 20 21 Bottonms from the hot

hi gh- press@re%@ﬁ%%‘?o stream 12, can be reduced in 22 pressure and

- cool ed dowa by process heat exchange before being fed to the - 23 second
stage reactor (30) where hydrocracking reactloas are corrpl.etqé:g ad*ud 24
unconverted duerhead skeasn #5oentaing priveardy hydragen: mopiaaneiydragep

i ghter g]ﬂH%t ém(\y@k}f&ﬁﬂgﬁ%ﬁtg%tg@s faﬁ@ﬁb?ﬁthbs I lﬁ%o?feﬂrbyrﬁrﬁébs@lﬁe'aty .

nakeuphyro rom a ernedi at e stage of theé nmake-u
hydr ogen cénprexsharige ¢B), cortacidt with yeiterdh), and futikengoslas bieair G@fdlég fl ows up

t he reactor tercu,rr for |mz t its of -
~ hydrogen pgrtr}ﬁg %W'Bg?%@tggdﬁ&ﬂ% dSHE %H%"ﬁ@?k?mﬁ F@% current
i ntroductign %at@ﬁhj#dﬂ@nfb}léﬁ@ﬂﬁi‘remd@@l dhBoStesFangl afineefia frcmtlehyﬂmgdngas
requirements in terms of adequate 31 gas-to-oil ratio can

i ntroduci n§ algass ammqmb@pifﬁe@ﬂb@en Hydpasap hidregen 2@'889 35%'@@/ 080769
PCT/ U303/ 3@ %yﬁawg%g&}r;ﬁ‘?;%ﬁpg gﬁ%%] argufn'o{? &Y SV&ABad %s&r%smf {®8tr&dm 20GeNd

st age rea rovi si on, ver, to | ntroduce
recycl e hydr ogesour waitek @l@earﬁcbﬂl@?ﬁig?ammnmmbmiﬁder Streaoutissa r eam 35. 4

The second reaction stage operates under a oni a, and ,h ogen
sul fide frige dWHTaCSARRIFICEAH? STRYE CRDIGNRG ﬁ%ﬁmﬁ@ n‘F%{P\%er @E ér?ie much 7
hi gher. Cakal ﬁéddﬁﬁ §tﬁé§?n' ﬁ‘ls's%nmécéh érﬁﬁlﬁ%&mﬂé}gﬁﬂ WhRére@Bostitadl e the 8
oper ation at rogen. partial pressures and with reduced catalyst 9
requi r emertéds. ehfire quantlty of hydrogen sulfide is removed from the hydrogen-rich stream

15 by contacting with amine (47) After removal of the hydrogen sulfide, the gas

16 is sent for compression to the recycle gas compressor (23). The compressed

17  recycle gas (24) s spilit into streams 25 and 26. Stream 26 is further split into

18 thefirst stage recycle gas feed (27) and stream 28 that supplies the quench to

19  the first stage. Risk amine leaves the amine absorber as stream 48.

20
21 Bottoms from the hot high-pressure separator, stream 12, can be reduced in
22  pressure and cooled down by process heat exchange before being fed to the .

23  second stage reactor (30} where hydrocracking reactions are completed and
24 unconverted material in stream 12 is further converted to diesel and lighter
25 products. The second stage'reactor’is fed with high purity make-up hydrogen
26  (31)from an intermediate stage of the make-up hydrogen compressor (49).
27  The hydrogen, in the preferred mode, flows up the reactor in countercurrent
28 fashidn for maximiiing the benefits of hydrogen partial pressure. The .
29  invention will also work with co-current introduction of make-up hydrogen.
30 The second ‘stage'reactor feed gas requirements in terms of adequate
31 gas-to-oil ratio can be met by intrdducing all of the make-up hydrogen




11 The | ower bed or beds of the second stage reactor (ég% can 204 oaded
with 12 hydrotreating catalyst where diesel range mat Iﬁ?&("{ § romthe
hydrogen 13 stripper (14) can be introduced for conpletion of aromatic

" saturationwgy@de@iseer 14 hydroprocessing reactions. N'termo%mssgﬂtream 16
can be diverted directly to 15 the fractionation sectioni esel

~quality is adequate. 16 17 There are at |east two, preferably three to
four, beds of hydroprocessing 18 catalyst in reactor 30. The catal yst can

be either bpseretfiréd mCdI! reablich étﬁ%@ét tﬂr@ﬁbﬁ@kﬁf@@b@ﬁ@ﬁ&gegemmalw 20 21
Stream 33, which cones fromthe of the reactor, contains Iﬁgfﬁ“l

hydrogen, & t HBVgHIoBRS tFﬁBr%’r'ﬁP‘hrhWﬁV%"a inniptraduae ieysie hydrogen fiopyiieq by 23
process-he e?%@ggﬁgg%r&%p{ or%ﬂ%a%?ﬁ to Cold H gh Pressure 24

.Separ at or e over vapor of Cold Hi gh Pressure Separ ator
25 No. 2 pabses to the make-up hydrogen conpressor. (49), to the final stage

of 26 co i.on ui.d effl uent, from react or eam 34,
-Whi ch. cont’ ns he W"QJ@%@'“ s, unger Flgaty; Ape PP&%’“JW&@E} otreated
gas oil, '%C%U!ﬁié@ée@ﬁ\ﬁr‘bﬁﬁﬁenbﬁﬁdthu% gamrem B rafldoraBmts arimueh Col d Hi gh
Pressure Seiparator No. 2 (17.5). 31 9 qﬂtgjterrber 2006 WD 03/080769 ‘

PCT/ US03/ 0 8091l9hgotQa§%|¥St(dﬂaﬁBV93|¢P ig myRh reguced) d her@facwfeegab g e par at or
No. 2 t
(o0 1 5" B gl S  pal el U AR SRRRATT) €200

st ages. Aft@er requiremértge of conpression, 6 the_ gas is cooled and any
condensateol;nocked out in a knock-out drum 7 (KOD). For this invention, the
gas to t he!®econd reacti on stage is withdrawn. 8 after an internediate

gt age of cENPrAfSioMer bdd6r Bads éﬁtﬁé@@bdnalétagéreﬁetyr (30) cafl UeBadePwimsl ™ eacti on
age (30) and I's returned via the H gh Pressure
hydrotreating catalyst where dresel range material (16} from the hydrogen

13 stripper (14) can be introduced for completion of aromatic saturation and other

14  hydroprocessing reactions. Alfernately, stream 16 can be diverted directly to

15 the fractionation section if the diesel quality is adequate.

16 _ _

17 There are at least two, preferably three to four, beds of hydroprocessing

18 -catalystin reactor 30. The catalyst can be either base metal or noble metal

19  hydroprocessing catalyst.

20
21  Stream 33, which comes from the top of the reactor, contains primarily
( 22 - hydrogen,-although some H,S and ammonia_may.be present. It is cooled by

23 .process heat exchange (50} before being sent to Cold High Pressure
24 . - Separator No. 2 (17.5). The overhead vapor of Cold High ‘Pressure Separator
- 25 No. 2 passes to the make-up hydrogen compressor (48), to the final stage of
26 compreesion. |
27 . | .
28 - Theliquid effluent from reactor 30, Stream 34, which contains light gases,
29 naphtha, middle distillate and hydrofreated gas oil, is cooled by process heat
30 exchange (51) and sent to Cold High Pressure Separator No. 2 (17.5).
31
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10" Separator No. 2 (stream 36) to the final stage of r essi of the -
make-up 11 hydrogen conpressor. 12 13 After the.f] na‘i?gg%%@é"rgﬁ&

conpr essi on, the hi gh-preéssure make-up hydrogen i_sf.;} 14 sent to the first
reacti on swags/swsy eam 39 and to the hot separator. 15 16CTResSenssa€e i S now
made to Figure 2, which discloses preferred enbodi nents 17 of the. .
I nventton. Not included in the figures are various pieces of auxiliary 18
-equi pment such as heat exchangers, condensers, punps and conpressors,. 19
whi ch are npt @stienisi(ihe 89) frim then@oldtHigh PrésgureSeparatarle. @ ivsentd® downf | ow
reactor vesgel ?5 and. 15 are depicted. Between 22 themis heat.exchanger
20. Each vedselfTaEiialions at | east one reaction .zone. 23 Thé first-stage
reaction, hydrocracking, occurs in vessel 5. The :second-stage 24 reaction,

hydrotreati ng, occurs in vessel 15. Each vessel is de{gi cted as, 25 having .
three cat al 4st Theddakerup hydiogen cermpiesser ((8kis@ mylti-stagemachigeMithy o first

26 refinery.strealr ) Ak B0 ALE i B‘R;l\ég g 27

ni t rogen- co‘:rilt aﬁﬁ)ﬁ%&yﬁ%%g?gﬁgt%?%pﬁ@bu ééf fl(f;ﬁnt%rée%?ggga ‘q;rfec?@ner yﬂsf ream -
17. 28 A sgit g gayisl coodd aml arytdondefisatérknackedqu in & shaskeoutdruthe fir st

reaction vessel to. 29 the, catalyst volu in the second react. essel '
enconpasses’ a 8B 'EQrF%%?ntl?@ﬁ‘ﬁ(ﬂaﬁdogﬁa?%n J??@'Oé‘fsq@?eﬁ%t?@@ efinery
streamto t eé?ﬁ&:‘i&ig&é@&ﬁéﬁé stage o‘f%ﬁgfessﬂihpiw gdstteain GADRIsEnto | i e

bet ween 20: preferred 10 6 Septenber 2006 WO 03/ 080769 _
PCT/ US03/ 08809 the sedomdereatiion sizgee(303 andisrewmnadyia thg Sold high PIagsuEe pr ef er r ed

I tri ti 2 .15.,b ' ; + ' :
2 tirst v ofPneipraraiNe e (R SEHR fhefetads of shffstcaSiont B RSB CES
4 to form aifi hydrogeaddnpréssbr. The stream 6 exiting furnace 30, stream ( -

13, is passed to first reaction vessel 5. 7 Hydrogen-rich gaseous stream 4~
contai ns gi@ater than 50% hydrogen, the 8 renmi nder being varying amounts

of 1ight 935S araPfi{eHfilidl StA08Yr 85APRLBIoH 2h8 high-pressure make-up hydrogen is
14 sent to the first reaction stage, stream-39 and to the hot separator.
15 | .
16 .Reference is now made to Figure 2, which discloses preferred embodiments
17  ofthe invention. Not included in the figures are various pieces of auxiliary.
*48  equipment such as heat exchangers, condensers, pumps and compressors,. |

19  which are not essential to the invention.

20
21 In Figure 2, two downflow reactor vessels, 5-and 15 are depicted. Between ‘
22 them is heat exchanger 20. Each vessel contains at least one reaction zone. s

23 The first-stage reaction, hydrocracking, oceurs in vessel 5. The second-stage

24 - reaction, hydrotreating, occurs in vessel 15. Each vessel is depicted as’

25 having three catalyst beds. The first reaction vesset 5 is for cracking a first

26 refinery stream 1. The second reaction vesse! 15 is for removing

27  nitrogen-containing and aromatic molecules from a second refinery stream 17.

28  Astuitable volumetric ratio of the catalyst volume in the first reaction vessel to °,
29 the catalyst volume in the second reaction vessel encompasses a broad

30 range, depending on the ratio of the first refinery stream to the second refinery

31 stream. Typical ratios generally lie between 20:1 and 1:20. A preferred

10




9-The hydrogen-rich gaseous stream 4 shown in the draw n%)lsb aZB(Knd of 10
make-up hydrogen 3 and recycle hydrogen 26. Wiile the 9 SEPigRbeg ycl e ,
hydrogen streamis generally preferred for econonic r easons, i s not 12

" required. - Woetosbmedst ock | maybe heated in one or nore eg&f)ﬁg}}aﬁgﬁg_, such
13 as exchanger 10, enmerging as stream 12, and in one or nbre heaters, such

14 as heater 30, (emerging as stream 13) before being introduced to first
15 reaction yessel 5 jn which hydrocrackl ngm[’)ref erably occurs.

Hydr ot r eat i Hg BettcLangs i hebkenns10:4 apdsk ). Asnore prefefretiydiumegtic ratiy al so

be added as2a qGy®BedbeH £-¢amyt{fw ough lines 6 and 7, and 19 9 and 11, (which
al so cone from hydrogﬁl staa;ﬁgél%@ for cooling the first and 20 the second

reaction st&ges, respectively. The effluent fromthe hydrocracking 21

st t | S. i n_heat er 20 by stream 2. Stream 2 boils
SLae: >t A Moo FRTARA el iR RS T iyl
at nospheri c5g ashyd&@emﬁch dHsedudtéah 4 8oimh'8 firdt f@@dftg?gﬁ %‘é@?es from

-exchanger 2 % Eit'ream 16 and conbi nes stream 1 from
exchanger 2 t(?xf mage 38neiTanm 18 de pessrtktolfirst rlelgcllcm'gmsseirﬁ stream 8 j oi ns

th nbi neg f qéc,kn ters ream 17 enters
vegsglo 1|5 fgr 53 reath%%zupgifgé'ﬁdﬁe%wgsgge "f"r ﬁ'f‘nsé%h gogepothene second
reaction st&geremamder being varyirlg drhournts of ﬁgmgaaésl,mm@ﬂ ,-g@%.bg,f,g - .n

e condi tions

catal yst, sych drotretln catal ys which is maintain
11 gﬁ%'@é 8 %@ﬂmnmﬂme@awdof sufficient

2t C°”Ve”'“’”g”@“‘e“m’dr@9ém*‘&’ Pooie e A RIS F85vde 1y ogen

a portion Be aronati ¢ conpounds 1 n°t
Etream 4 nrﬁ bBYqreger skeamds gglmfaﬂymmf&rmdfoeesmowﬁre@oﬁblﬂsrr@t ely, stream

fix???nif 213 L ORIGA! RS YeBAABANY 5y B RELETh LRSS more ithafGers e ©°
13  asexchanger 10 emerging as stream 12, and in one or more heaters, such
14 as heater 30, (emerging as stream 1 3) before being introduced to first
15 . reaction vessel 5 in which hydrocracking preferably occurs. Hydrotreatlng
16  preferably occurs in vessel 15.
17 o
18 Hydrogen may also be added as a quench stream through lines 6 and 7, and
- 19 9 and 11, (which also come from hydrogen stream 4) for cooﬁng the first and
20 the second reaction stages, respectively. The effluent from the hydrocracking
- 21 stage, stream 14 is cooled in heat exchanger 20 by stream 2. Stream 2 boils
22 in the diesel range and may be light cycle oil, light gas oil, atmospheric gas
23 - oil, or a mixture of the three. Stream 2 emerges from exchanger 20 as
- 24 stream 16 and combines stream 14 as it emerges from exchanger 20 to form
25  combined feedstock 17. Hydrogen in stream 8 joins the combined feedstock
26 17 before it enters vesse} 15. Stream 17 enters vessel 15 for hydrotreatment,
27 and exits as stream 18.
. 28
29. The second reaction stage, found in vessel 15, contains at least one bed of
30 catalyst, such as hydrotreating catalyst, which is maintained at conditions

11




8 Stream 18, the second reaction zone effluent, contai n t her mal nergy
whi ch 9 maybe recovered by heat exchange, such as in h eRiem I%Q?é

Second 10 stage efflueht 18 energes from exchanger 10 as stream 19 and i's
passed t-owv0b3/0$0049 hi gh pressure separator 25. The |i qui decaiddosressbe of t he
hot high pressure 12 separator 25, stream 22 is passed to fractionation.
The overhead gaseous 13 streamfrom separator 25, stream 21, is combined

with water fromstream 23 14 for cooling. The now cool ed sééeﬂtﬂ enters
the col d Hi grsufiicientforcamedingat inast a:ﬁsﬂm ¢frihe njtepgen SoRPOURCE2
fractionat)o our water is
renoved t []%Qtsf éé@ﬁ?gﬁ%e@@@%ﬁ%%gb@%% Zggg)gﬁ@gfﬁegﬁtg%gsses to am ne
absor ber 35 for the renoval of 18 hydrogen sulflde gas Purified hydrogen
then passes, through stream 26 %”%)ﬁﬁ ressore r Ayhere it is .
r econpr esded 09 skgany m@w‘ér%cvp o%qn O SERESE e r eacti on
vessel s ard ER iy M st ldriginatiad froanes. Such
uses of h?drggteeﬁngréy%ﬂf’?h \?\%B?r? t he %yra?og%rg 23 An@ehxan%l e separation ~
schene foB ahyﬂ@gmbmes@delmﬂﬂeébepr@emﬂwsﬁn 24 U S. Patent No.
5,082,551, the entire disclosure of which is incorporated 25 herein by
reference7for all purposes. 26 27 The absorber 45 may include neans for

contacting a SIASHAYS, tRguedad regetion 26né- bﬁlueaﬁcbntamsethéhnﬂ%em wiiichh a
sol ution, such as an al kaline agueous sol uti on, 8 V%%B d

cont ani naft's T8ay heagwwrbgﬁhe%tmxph@r&eaﬁac h%aE\H’FF ANGRL 8
9SN262" S’ 1 Sifids bfht 5eRERRS T ExiihdsP 108 S8Bbm (b BRRRIdReEHd | ot

31 19. T en- rlc us stream 24 is preferably recovered fromthe
12 6 Sepnanbmotmﬁpresanmade@am&szavomajm effigent ofithe bpbhigh pessitthe at a

s Fur ?Lérzes;s?‘;ﬁ@?aeteéﬁgﬁ rstaed bl diohplin IRE puoedy bl o) oam 2

B VR S

LRV R S R PR TR s

stream 2§ %Wrémwapzmwam fig asibimed Wth wihtesfrbmtireean23 6 32 and :

fractlonator ttons . preferred di'stillate produyct has ab0|I|ng
14  for cooling. The now cooled stream 21 enters the cold high pressure

15 separator 35. Light liquids are passed to fractionation in stream 27 (which
16  Joins stream 22) and sour water is removed through stream 34. Gaseous
17  overhead stream 24 passes to amine absorber 45, for the removal of
18 . hydrogen sulfide gas. Purified hydrogen then passes, through stream 26, to
19  the compressor 40, where it is recompressed and passed as recycle to one or
20  more of the reaction vessels and as a quench stream for cooling the reaction
21 " zones. Such uses of hydrogen are well known in the art.
22 | | |
23 An example separation scheme for a hydroconversion process is taught in
24 U.8.-Patent No. 5,082,551, the entire disclosure of which is incorporated
25  herein by reference for ali purposes.
96 ,
27  The absorber 45 may include means for contacting a gaseous component of
28 the reaction effluent 19 with a sblution, such as an alkaline aqueous solution,
29 for removing contaminants suc':h as hydrogen sulfide and ammonia which may
30 be generated in the reaction stages and may be present in reaction effluent
31  19. The hydrogen-rich gaseous stream 24 is preferably recovered from the

12




7-point range within the tenperature range 250F- 700F."“A‘"""éso’{;’i’f%‘%ﬁmﬁmﬁr‘—
8 fraction having a boiling point range vm'thinthetenﬁ P 2% ge o
C5-400F is 9 also desirable. 10 (. 11 In Figure 3, two downfl ow reactor

" vessel's, 5 wh@siddareoar € depicted. The first 12 stage react)
hydr ocracki ng, occurs in vessel 5. The second stage, 13 h%h?@??séoﬁﬂpng,

occurs in vessel 15. Each vessel contains at |east one reaction 14 zone.
Each vessel is depicted as having three catal yst beds. The first 15

reacti on vedselseparatioh@bne atakémperatiré irtherahde6f YOPFLZ0RPE &r The second
reaction 16 vessel 15 is for renoving nitrogen-containing and aromatic

nol ecul es f om®W0°F-208%¥Bond refinery stream 34. A suitable volumetric ratio
of the catakyst volune 18 in the first reaction vessel to the catalyst
volune in the second reaction vessel 19 enconpasses a broad range,

dependi ng o4 t hiquidsirearn22tib furtrier separafddrie factRihaiér 5t prsdiidave figand
refinery stpeam ical ratios generall. i e between 0:1 an : 20.

f t T?lr@sﬁl t Ilgl_bt__212.(_)1_d120A
preferred vBl ufgsel mzﬁéﬁﬁlﬁﬁwaﬂb.%@mﬁeﬂﬁf@ﬁlw 3bodigsa! strgamf erred
vol unmetric patiz® dng i ; 1 YA ' process,
a first refinery st rﬁehg'rrth lﬁpgé?:%or{ﬁg g%.dAér?f%ﬁgd %tthéltgrdgg%dn@hggh%égﬂgous
stream 4 t o7f opwinkrdrigeswitiie dusteotderatrenahgd 256°F206°Fd A g4sdlife bi naghthgact i on

us stream-4 contains greater 27 than 50%

vessel 5. drogen-ri ch gaseo! { CC _ ‘ _ !
“hydr ogen, f%e ?@ﬁ&%@“@@ﬁ%@@'ﬂgmf@%ﬁmhﬂ thedempespturegange Cs-480mis| udi ng
~hydrocar bonggasggs, e’gpgbigﬁdrogen- rich gaseous stream4 shown in 29 the

drawing is a bl enddo ‘make-up hydrogen 3 and recycle hydrogen 26. 30 Wile

: tr__her use of 1@_ recycle hydrogen streamis generally pref erred f or 31 economic
oo P BETeibob epc b o AT B8 anger
3 Lo oreat b st | o B N ot e, SO BBE L Ton
vessel 5, Wher Bydmbeating ocegradrvessel {fhi Cachyassokeantiing gt leastaneabhgtion
14 zone. Each vessel is depicted as having three catalyst beds. The first
15  reaction vessel 5 is for cracking a first refinery stream™. The second reaction
| 16 yes_sel 15 is for removing n'itrogen-containing and aromatic molecules from a
47 second'lreﬁnf_ary stream 34."A suitable volumetric ratio of the catalyst volume
18  in the first reaction vessel to the catalyst volume in the second reaction vessel
_19 encompasses a broad range,'depéhding on the ratio of the first refinery
20  stream to the second refinery stream. Typical ratios generally lie between
21 20:1and 1:20. A preferred volumetric range is between 10:1 and 1:10. A
{ 22 more preferred volumetric ratio is between 5:1 and 1:2.
' 24 " Inthe integrated process, a first refinefy stream 1 is combined with a
25 hydrogen-riqh gaseous stream 4 to form a first feedstock 12 which is passed
26 fo first reaction vessel 5. Hydrogen-rich gaseous stream 4 contains greater
27  than 50% hydrogen, the remainder being varying amounts of fight gases,
28  including hydrocarbon gases. The hydrogen-rich gaseous stream'4 shown fn
29  the drawing is a blend of make-up hydrogen 3 and recycle hydrogen 26.
30 While the use of a recycle hydrogen stream is generally preferred‘fdr
31 economic reasons, it is not required. First feedstock 1 may be heated in one

13




4 occurs, is |ocated. The second stage is located in v seI %{grere 5
-hydrotreatl ng preferably;occurs. 6 7 The effluent.fro FIP’f%‘n frfPQ st age,
stream 14 is heated in héat exchanger 20. 8 Strearﬁ 14 energes from
exchanger WO 088863 eam 17 and passes to the 9 "hot/hot" HrCRIUSHB/AESOUI €
separator 55. The liquid stream 36 energes fromthe 10 "hot/hot" high
pressure separator 55 and proceeds to fractionator 60. Stream 11 37

represents pro 0 [tqﬁﬁg

represents w?#ﬁ'% e%ﬁgﬁqégl:w%%%rﬂ@ﬁ%t cﬂ@beg’}rq' reaﬁ%r %% and
stream 13 29 tepragrepAtich str@mm@cmatasmnemsuehm 12§sﬂﬁemrgaslaoe¢tcstream
34 energes fromthe "hot/hot" re sure separ.a

with streamd2, TFHrERACHR Yesselp, t“ﬂ'@ $a96y é'Q %ﬁwr‘?ﬂaﬁ; 'l?n'?r gq%'gtyycl e

oi |, Tight gas qils, ?stleeéteberrhésae&opétb e@rroaateurﬁ%@epwmréhree 't
further 18 combi neS w th hydrogen- rrch stream 4 prior to enteri ng vessel

15 for 19 h§dr diydedreading preferabisdacyrsas stream 18. 20 21 The second
reaction 206 found in vessel 15, contains at |east one bed of 22
catal yst, ch as hydrotreating catalyst, which is nmaintained at conditions

23 sufficient fihe effthimrgtfiomthedirstistfsd, stredr14 Bheated rhehenttemmgec aopounds

and at 24 least a portion of the aromati.¢c co oun%ii 8 t he se

f eedst ock. 85 Szeamaﬂeg@rg%ﬁr@amxahwrgea%ﬂb #a¢ pgesestle corrpressor

40. 27 A teé”at"ﬁet)‘hot’sﬁr@ﬁ?r’és‘éuf?é’eﬁ%?aﬁr %ﬁern g&rae%anﬁés 6:?18}2(;89%&5%13' ng .
extern tr

from 28 hydrogen sour ent process eam
18, the setOnd “botded” kifhlpresstre separatonss ahé pmﬂeedaém fractiomaten 66w \Biteam 31

recovered By Mot SlARSoa RS Dedind P BRI AR RB pd el ° o0 1.
PCT/ US03/ 0$§09 réprebEnte IR reaRIdFSadk e e dtana9brok@ars 16! dmpstreeinand i s
passed to hot
13 39represents clean bottoms material.
14 | | _
15  The gaseous sfream 34 emerges from fhe “hot/hot” high pressure separator
16 55, and joins with stream 2, which boils iri the die_se_l range and may be I_ight
17 cycle oil, light gas oil, atmospheric gas oii or a mixture of the three. It further
18  combines with hydrogen-rich stream 4 pnor to enterlng vessel 15 for
19  hydrotreatment, and exits as stream 18
20 ,
21 The second reaction zone, found in Vessel 15, contains at least one bed of
22 catalyst, such as hydrotreating catalyst whrch is marntarned at conditions
23  sufficient for converting at least a porhon of the nitrogen compounds and at
24 least a portion of the aromatic compounds in the second feedstock.
25 | .
26 Hydrogen stream 4 may be recycle hydrogen from compressor 40.
27  Alternately, stream 4 may be a fresh hydrogen stream, originating from
28 hydrogen sources external to the present process. |
29 : | | . | . .
30 Stream 18, the second stage effluent, contains thermal energy Which may be
31 recovered by heat exchange, such as in heat exchanger 10. Second stage

14




2 high pressure separator 25. The liquid effluent of t hot hig(gS pressure
3 separator 25, stream 22 is passed to fractionation, LS REd0y gaseous

. 4 stream from separator 26, stream 21, is conbined with water from stream

23 5 for woodwsitse The now cool ed stream 21 enters the cg}:pm &gﬁmBressure 6

.separator 35. Light liquids are passed to fractionation in stream 27 (which

7 joins stream 22) and sour water is renoved through stream 41. Gaseous 8

~overhead stream 24 passes to ami ne absorber 45, ;for the renpval of 9
hydr ogen st f effienh$8 emerdgdsifrdn exchangen1§ bestrpamskdsand ib pesspd tothokam 26, to

=17 anmmoni a which na ] _
18 i n reachi oseparfdr36nt ighdliquitheareyphssgd to fractiongtiorimustreatt 2A(witdh i s

e .

Cor 11 mor® oPitprSut eBbiTalok 260 ThE TR SR LR RERRE RIS Clol g i o

reaction 32 gep&ator38chtreties2 #f pansdd g factdrRivR! Thkbowheadigadsowert. 13 14

. The absorber 45 may include neans for_caontacting a gaseous component of 15

the reacti®n &irpamdiom separaier Sarfiteam 21 115 cambiegiwithwateuEpmayeam 2 kal i ne
16 aqu-eoussso#d{.tdogﬁnﬁggg% éﬁg?g?lgag Sf\rﬁ ai’i‘*é}ﬂ&tssthé'dﬁlﬁ' &)éggd_ﬁgen sul fide and

he reaction zores and nay be present

preferably, 19.recover fromthe separation zone at a erature in the
Fange of b 110 So o7) ansbieus Bkt € Bmpvetbinraiti ibadid € XROBBUL Lt her
separated gn buéhbhdBREAH 24pakSes ioQmiHRg AbYEIRAE, foPtheGamRlaltg Stream 28,
napht ha stream 29, kerosene fraction 31, diesel stream 24 32 and

fractionat9r bydrogan saiide gaprRyrifieddydmrgan thea passasotheughteizeam Bitpi ng 25

R A e e A L A

C5-400F i $1 2moné ebthdasadtivhlvesselSaid aé aSgenehistrea?@otcoolity the r@aofidid

PCT/ US03/ 08809 | F 2. A W d ' f d bon feeds b
used in f?fstZ@ﬁ‘ﬁ?oﬁf?gsﬁiseéP?hyﬁrémger(laayea\;llelﬁt(%ou?n in e,ra?t?ar‘ on Teeds nmay be
13 ‘

14 - The absorber 45 may include means for contacting a gaseous component of
15 the reaction effluent 19 (siream 24) with a solution, such as an alkaline

16  aqueous solution, for removing contaminants such as hydrogen sulfide and

17 ammonia which may be generated in the reaction zdnes and may be present
18  in reaction effluent 19. The _hy,dfo_gen—n‘ch gaseous stream 24 is preferably
19  recovered from the separation zone at a ten-iperature in_the range of |

20  100°F-300°F or 100°F-200°F.

21 . . ,

22 Liquid stream 22 is further separated in fractionator 50 to produce‘_overhé.ad :
23  gasoline stream 28, naphtha stream 29, kerosene fraction 31, diesel siream
24. 32 and fractionator bottoms 33. A preferred distillate product has a boiﬁng

25  point range within the temperature range 250°F-700°F. A gasoline or naphtha
26 fraction having a boiling point range within the temperature range Cs-400°F is
27  also desirable. |

28 |
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4 invention. Typical feedstocks include any heavy or synthetic @H fraction -
or 5 process stream having a boiling point above 392F ¢ Seriesyber .

feedstocks 6 include vacuum gas oils, heavy atnospheric. gas oil, delayed
coker gas WQ(3/0867%69 sbr eaker gas oil denetallized oils, vaeOUESW#8s00ua,
at nospheric residua, 8 deasphalted oil, Fischer-Tropsch streans, and FCC

streans. 9 10 In the case of the second enbodi nent one suitable first
refinery fefd_ ,gtr@gm, 11 is a VGO having a boiling point range starting at
a tenperatufe 500F 12 (260C), usually within the tenperature range
of 500F-1109F 13 (260C-593C). A refinery streamwherein 75 vol % of the

refinery stream 14 boil ithin the tenperature ran 65QF-,105QF .i,s_an

exanpl eyf eedist &\Kég(yﬁne%sovﬁhygrqqa{gqn {P@‘ggmaéfh)eﬂﬁ?gﬁn elmiq?%d_flm?rgqu Hﬁ? y

stream may &Onirﬁdeﬂféh} L ﬁeafffaéé{a‘husxf?cid& aﬁgﬁéa\}y GEsyRRuARUifathereor
VGO T ee ans e

conpounds. str or t Irst 17 reaction zone contain |ess
t han about 200 pmmessistreayemavinga beitisg poiatabad 39275 (R00°Ck Huchigedstonkagh

feeds with higher ]Jevels of nitrogen and sulfur 9, i ncl.udi t hgse s
cont ai ni ng ®p !"5;5‘61.95"3&“.”“"/9%8"%?‘gﬁ‘@’rﬁmﬁpﬁ%g%%ai}'ﬁlqy%d @B%%&E% sul fur
and hi gher yay v3erdakBRLAG oll BehibeallpiedTS! vaRiarFesidubl amdsphiric Ribidual | nery
streamis also preferably a | ow asphaltene stream Suitable first 22
refinery st8eadeasphaltedol} Eisshembrapsahusiteasnn apg G shapMenes, preferably

23 less th about 200 '‘ppm asphal tenes, and nore preferably | ess than about
24 100 ppm asphal tenes. Exanple streans incl'ude |ight gas oil, heavy gas

oi I, 25 stpai ¢hthe ctizedishesécondassittirheribona suitableffirstiefinelydeedrsisedmr st
refinery stream 2

6 have b d e.g., hydrotreating _prior
Lo the brebbnt R VGG baving 2 boiing el 1ange SBUgt a aparRRe dsve R O ¢
het t The £ [.st.Tef i | ' i | '
orponant o126 EEbCH B Wb Bk dHipaults g CHBRBE BTN BF [oorCn

sul fur frogst hexdgeCsdosee), ﬂ\%ﬁﬁ&glétré%dﬂﬁéréiﬂ% Vo198 bfethé iréfidenhstelsamn r acki ng
reaction zone and effects a 16 Sept enber 2006 WO 03/080769

PCT/ US03/ 08809 bbildhwithinrthe tamperatuse vangsi @0°F J050RGis amexamplaiferdsérakifon of
e e bt oT e B frel ok phiE Thfirst AiReR b ndl oniifl HifSBbn, (Rutalf 9
present as organonitrogen compounds. VGO feed sireams for the first
17  reaction zone contain less than about 200 ppm nitrogen and less than
18  0.25 wi. % sulfur, though feeds with higher levels of nitrogen and sulfur,
19 including those containing up to 0.5 wt. % and higher nitrogen and up to
20 5 wt. % sulfur and higher may be freated in the present process. The first
21 refinery stream is also preferably a low asphaitene stream. Suitable first
22 refinery streams contain less than about 500 ppm asphaltenes, preferably Ty
23 less than about 200 ppm asphaltenes, and more preferablyrless than about
24 - 100 ppm asphaltenes. Example streams include light gas oil, heavy gas oil,
- 25  straight run gas oil, deasphalted oil, and the like. The first refinery stream
26 may have been processed, e.g., by hydrotreating, prior to the present process
27  to reduce or substantially eliminate its heteroatom content. The first refinery
28  stream may comprise recycie components.
29 ' ' _
30 The hydrocracking reaction step removes nitrogen and suifur from the first
31 refinery feed stream in the first hydrocracking reaction zone and effects a

16




3 -point range of the first refinery feedstock. By "norpml" is t a —
boiling point 4 or boiling range based on a distill atggﬁ’t%ﬁ‘be&ig@&gt nospher e

pressure, such as 5 that deternmined in a D1160 distill:ation. Unless

ot herwi se. gwaniokdsl, all 6 distillation tenperatures |ist in refer to
nor mal boilingmg%?ﬂt and normal 7 boiling range tenperatﬁggggaﬁﬁﬂpprocess
in the first hydrocracking reaction 8 zone nmay be controlled to a certain
cracking conversion or to a desired 9 product sulfur-level or nitrogen

1 evel or boilh. hoiigsangesonergjemetodthat thediguidgprtiqroot the first bfydnoonacking

t t e i L int ..11.
tenper at ur oZof 1RSI Zr oAERAE 2 rlfialbalirEEnGE beleh B HoBhaabling, ¢ et at es
12 to the pdrceuintgangé of thedirstaifinengfeatisioek! By “neheiras afdnt aBBIliag potmtwhi ch

s 13 converted,tq products boili .be] ow the reference tenperature. 14
. 15 The hydr gcré’élaoﬂﬁ'grr@%? @ﬁ?dz%‘n%ggwfﬁﬁé‘rﬁt Ong AtMaeRherR PIASSIR. $HALUAY phase

16 components, thatietorrfied iXADMEPUEHIRtBAI UERAhEHiURRAIRALS Of the

first 17 refi ngr%_s_tream and nornmall'y gaseous phase components, e.g.,
gaseous 18 Peadlistiation tamparaturasdistadrhereinaefdnyalnompeai boiing pbint pncdbnessal t he

of foct o bof 11 RETgaE0s BhARoe: JEPORRETH R 6oF BideRfReg ieagkbhr o

| east about 8 25%pnbas®dbe tortrolio® o a 2ariiAiceackitPedvBRIAGUA S debliig, at | east
25% by vol u refinery stream which boi l

geoféﬂjgcwownts_in 22 the first ner

above about 2 658G sHbevel eanifragemievebar bath.s Conversion isgenasgllyrelated on zone
to conponeghs | ' 0, 4 A ver.si on

| evel s as ﬂ?gh@gq?fgg%%es@gpggnvﬁmgt ~f":'1{|;crt11 %ﬁé&%ég]&%gﬁ%bﬁlﬁﬁgﬂ?% @@tﬁ;ﬁf

g'xanrpl e bot1i niempergture ofither Inidwcsackee feadstdok. Mhegxtart of &fviersion wiktes 30% t o
0

% or -of. fx 40% t 0_80% . The hyd ki ng 27 i on .
ottt vent i 17 it BerdOntati® ofi35 vififg BherS Hiedelirpies eebrraue Whist b 28 at

| east aboui3 50epieridtioirbdREEBLIliY BAbWiItRE réfBlehes tétfipdrantde first refinery
29 stream being converted in the hydrocracking reaction zone. Preferably,

the 30 nothall y liquid products pr esent in the hydrocracking reaction zone
200 ppm 175 oLt SYBoF R 1RGRY Y e R s s g en mor e
pr ef er abl y16 eseompanertspet., 2&tionp prasutfsandantreadted tohBOnd1itsbf the first
17~ refinery stream, and normally gaseous phase components, e.g., gaseous
18  reaction products and unreacted hydrogen. In the process, the hydrocracking
19 reaction zone is maintained at conditions sufficient to effect a boiling range
20 conversion of the first refinery stream of at least about 25%, based on a 650°F
21 reference temperature. Thus, at least 25% by volume of the components in
¢ - 22 the first refinery stream which boil above about 650°F are converted in the
) .23 first hydrocracking reaction zone to components which boil below about
24 _650°F. Opérating at conversion levels as high as 100% is also within the
25  scope of the invention. Example boiling range conversibns are in the range of
26  from about 30% to 90% or of from about 40% to 80%. The hydrocracking
27 | reaction zone effluent is further decreased in nitrogen and sulfur content, with
28 at least about 50% of the nitrogen containing molecules in the first refinery
29  stream being converted in the hydrocracking reaction zone. Preferably, the
30  normally liquid products present in the hydrocracking reaction zone effiuent
31 contain less than about 1000 ppm sulfur arid less than about 200 ppm

17




2 nitrogen. 3 4. Catalyst 5 6. Each hydroprocessing zone
enbodi ment may, contain-only one 7 catalyst, or severd? %%?@F?g@gﬁ
conbination. In the preflerred enbodi ment, 8 hydrocracking is occurring in
the first wonaosmed hydrotreating is occurri ng.in 9 the seywrsdsesme. 10 11
‘The hydrocracking catal yst generally conprises a cracking conponent, a. 12
- hydr ogenati on conponent and a bi nder. Such catalysts are well known in the

13 art. The4Cr i bmésé fr@ntﬁb%uws@sﬂSY mmsaﬁd bbewt/ oPpPmMa

phase 14 and/or a zeol |t as a Y-type or zeolite. Catalysts

havi ng hi gh215 nitregsii.ng act | VI ty often enploy REX, REY and USY zeolites.

- The bi nderG?s 16 general |y silica or alum na. The hydrogenation conponent
will be a Goup VI, 17 Goup VII, or Goup VIII netal or oxides or

sul fides thar e@atagsef erably one or 18 nore of iron, chrom um nol ybdenum-
tungsten, cobalt, or nickel, or the 19 sulfides or OX|des thereof. If
present in Phe cat al yst, these hydr ogenati on 20 conponents ‘general |y make

up from abogt @Q&%@IWB ?&Q gﬁébrrr\]\ég %ﬁﬁel‘gm%@meﬁﬂmﬁ?%hw 0nl§\|oh@r natively, -

- noble netals, especia al I adi um may present as
‘the hydrogefiat .oatalwmmmral cafalysty mauombmasnom in e w@fﬂﬂeﬁh@mb@dlmem t he

Chngsten.  chbalvaraqtii BROBRRA i3t fréon YitthdRnetndlhy Q%—ﬁ”“é"'t s will

general ly . ngketh@sé@@mgjmut 0.1%to about 2% by wei ght of the
catalyst. 27 28 Hydrotreating catalyst usually is designed to rermve
sul fur and1ﬂ|trogen and- 29 provide a degree of aromatic saturatlon I t

o B THE RRBORRSH ol eriRnly ios i bt cORRBAUACAL hereof
r ef r act or y 1@as diydrogfenatiomtomporent Eaahp bindenf SudlScatalystearewelI knowd i enber
2006 13  art. The cracking component may include an amorphous silica/alumina phase
14 and/or a zeolite, such as a Y-type or USY zeolite. Catalysts having high
15 cracking activity often employ REX, REY and USY zeolites. The binderis
16 - generally sifica or alumina. The hydrogenation component will be a Group VI,
17 Group Vi, or Group Vil metal or oxides or sulfides thereof, preferably one or
18  more of iron, chromium, mblybdenum, tungsten, cobalt, or nickel, or the
19  sulfides or oxides thereof. if present in the catalyst, these hydrogenation "
20 components generally make up from about 5% to about 40% by weight of the
21  catalyst. Alfernatively, noble metals, especially platinum and/or palladium,
22  may .be present as the hydrogenation component, either alone orin
23  combination with the base metal hydrogenation components: iron, chromium
24 . molybdenum, tungsten, cobalt, or nickel. If present, the platmum group
25 metals will genera!ly make up from about 0.1% to about 2% by welght of the
26 catalyst.
27 . |
28  Hydrotreating catalyst usually is designed to remove sulfur and nitrogen and
29  provide a degree of aromati'c saturation. It will typically be a composite ofa
30 Group VI metal er compound thereof, and a Group VIII metal or compound
31 thereof supported on a porous refractory base such as alumina. Examples of

18




WO 03/ 080769 PCT/ US03/ 08809 | hydrotreating catal ysts are alllslm' supported
cobal t - ol ybdenum ni ckel 2 sul fide, nickel-tungsten, %58@??-?&&@& en and

. hi ckel - mol ybdenum Typi call.y, 3 such hydrotreating catalysts are

presul fi dewio 04080369Cat al yst sel ection is dictated by procesg Regfseand
product specifications. In 6 particular, a noble catalyst nmay be used in
the second stage when there is a 7 |ow anount of H2S present. A | ow

Py oct acker | VaBREal LaaGsty e Abniit bior X abhtpdiiBRgm 184

napht ha. . 2 10sdfid&anickel-tumysten, ehbitdangetén apd BickebmohBdeddm RFFSILAIRD

condi tions én t he hydrocr.acki %reacti on fz(%%g I ncl ude a reaction 14

t enper at ur € be?Wﬁ'b"P& EeRtingcotysts areueshlidribe. (482F- 932F), 15 pressures
-from about-£.5 MPa to about 24.2 MPa (500-3,500 psi), and a feed 16. rate

(vol oil/vol cat h) fromabout 0.1 to about 20 hr'. Hydrogen circul ation 17
rates are denefalalystselection is diniated by predssaneads and productspecifizatiansoilh t o

1780 std 18 |j : ' , tandard cubic feet per
barrel). P?egf- e?é@@?gg{r@g%ﬁ&ﬁéﬁé&%ﬁﬁ%ﬁ% %5%80988{%983@\.‘?{'?@8@ o about
4550C ( 644F 85ibi)amodt dPHS preset. AlaW atigig thiysPhRDY BediRhebdtogm about |
7.0 MPa to _bouft 21 20.7 MPa §q1,000-3,.000 psi). Wth the preferred catal yst -
system it 'asoﬁg%ﬁeccﬂ!i?tﬁ%ﬁ rRereckardn erdesdo preldayercragkina digilsteitaci ude
contacti ng g pgdd ShPHAPHR f eedstock with hydrogen under hydrocracki ng o
conditions conprising a 24 pressure of about 13.8 MPa to about 20.7MPa
(2,000-300®). psi.), a gas to oil .25 ratio between about. 379-909 std liters

"H2/ kg oil 1(12, _cﬁi 00 [ bbl ). 8 LHSV 26 of between about 0.5-1.5 hr 1,
énd a tenper,at@g%—ﬁ—?gpiq«ﬁﬁ%%%’m to 27 427C (680F-800F). 28 19 6
Sept ember 12006 WO 03/ 080769 PCT/ US03/ 08809 | Feed and Effl uent j

Characteristics - Hydrotreater St aage .
: . 13 Reaction conditions in the hydrocracking reaction zone include a reaction

14 temperature between about 250°C and about 500°C (482°F-932°F),

15 . pressures from about 3.5 MPa to about 24.2 MPa (500-3,500 psi), and a feed

16.  rate {vol oilivol cat h) from about 0.1 to about 20.hr™'. Hydrogen circulation

17 rates are generally in the range from about 350 std liters Hao/kg oil to 1780 std

18 liters Ha/kg oil (2,310-11,750 standard cubic feet per barrel). . Preferred

19 reaction temperatures range from about 340°C to about 455°C (644°Fe851°l;).

20  Preferred total reaction pressures range from about 7.0 MPa fo about

21 20.7 MPa (1,000-3,000 psi). With the preferred catalyst system, it has been
(" 22 found that preferred process conditions include contacting a petroleum

23 feedstock with hydrogen under hydrocracking conditions comprising a

24 pressure of about 13.8 MPa to about 20.7 MPa (2,000-3000 psi), a gas to oil

25 ratio between about 379-909 std liters Hx/kg oil (2,500-6,000 scfibbl), a LHSV

- 26 . of between about 0.5-1.5 hr”, and a temperature in the range of 360°C to
27 427°C (680°F-800°F). .
28 E
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2 3 The second refinery feedstream has a boiling point_range rally _
lower than 4 the first.-refinery feedstream |ndeed, i'% SF@ergbefrgﬁ{"'{re of the
‘present process that 5 & substantial portion of the second refinery .

f eedst r earW@a¥0¥7¢%or nal boiling si 6 point in the m ddl eecdiasesbdsed € range,
so that cracking to achieve boiling point 7 reduction is not necessary.
“Thus, at | east about 75 vol % of a. suitable second 8 refinery streamhas a

nor mal boi | i1n_g,_Fpég 1000F. A refinery
streamw th at 10 having a nor nal

boiling poi@ tenperature within the range of 250F-700F is 11 an exanpl e of

"nvent fon 18 palt etpeaTotiey Fasheam s pollig:poil engbopnpely Bwerhdn  cams
whi ch are ngt shb Fipdtlrgfirdedy ididefedmalindeed, s 8 fedtGe SPRIBIRent fiBcddy fapcess” - .
Is suitable for treating a second refinery stream which contains high 16

~armpunts of At rogdhstaniigl pertinn gf thensaeond refinesy faedstream hag@ natmagbeitingans 17

whi ch cont ain yg.: 1. 40% a1 QURL i hi - ' arefinery 18 °-
Feedst r oams Caniaip RS bERs Rofhenbf AFFt ks BebERB BT A0k V) Le
19 strai ght 7r urettactionis aebnedessaryl Mhubdatlgasttabauiy’s vol%ofch. suitabld sexindons,
fromcrude _20 djstillation, atnospheric tower bottons, or sg/nt heti c
cracked mat 8ri dPinery stieam hasa g bgiling point temperatuss f less thanabieavy cycl e
oil. 22 23gAft bie af ek : t ' ‘n?lﬁlfs ' :
hydr ocr acki %g sﬁgeé' %%ﬁﬁ%sﬁ%@ﬁﬁ%y%ﬁ%%@g@%ﬁ%@%gg i oﬁ&zrﬁcﬁr?é{egﬁ‘l uent is
conbi ned wi0Oh thHaeirgex aonal bofling poing taémpaatiire Rthirotheirakde of250a5-7ed°F @get her
with hydrogen over the 26 catalyst in the hydrotreating stage. Since the
hydr ocr ackdd ef@n example of aprefagd seqondiefinerydesdstieam. of the cont ani nant s to
be reaned1 y hydrotreating, the 28 hydrocracker effluent passes |argely
unchanged through the hydrotreater. - 29 And unreacted or inconpletely
react ed fed8 r dineiprooess of thisinehtibn sparficanly suitedFohlyehtingmaiddierdistitlate
effectively,isaolated fr.omthe hydrgcracker zape,t event 3
cont am nat 16n girea wiSTplrot RS I G afalty ik, LS Smpi e
15 process is suitable for freating a second refinery stream which contains high
16 amounts of nitrogen and/or high amounts of aromatics; including streams
17 - which contain up to 90% aromatics and higher. Example second refinery
18  feedstreams which are suitable for treating in the present process include

19  straight run vacuum gas oils; including straight run diesel fractions, from crude

20 distiflation, atmospheric tower bottoms, or synthetic cracked materials such as
21 coker gas oil, light cycle oil or heavy cycie oil. '

22

23  After the first refinery feedstream is treated in the hydrocracking stage, the

24  first hydrocracking reaction zone effluent is combined with the second

25 . feedstock, and the combination passed together with hydrogen over the

26 catalyst in the hydrotreating siage. Since the hydrocracked effluent is already

27 relative!y free of the contaminants to be removed by hydrotreating, the

R
: '
;

28 hydrocracker effluent passes ‘Iargeiy unchanged through the hydrotreater.

28  And unreacted or incompletely reacted feed remaining in the effluent from the
30 hydrotreater is effectively isolated from the hydrocracker zone to prevent

31 contamination of the catalyst contained therein.

20




6" Sept enber 2006 WO 03/080769 PCT/ US03/ 08809 | Howev_gr, th %rﬁéence of
t he hydrocracker effluent plays an inportant and 2 un )‘?ﬁ%‘ﬁ”f‘ A 28%noni ¢
..benefit in the integrated process. Leaving the 3 hydrocracker, the effluent

carries wwdwdidsossbst antial thermal energy. This 4 ener]g%wpwm% used: to
heat the second reactor feedstreamin a heat 5 exchanger before t%e second

feedstreamenters the hydrotreater. This 6 permts adding a cooler second
feed streamto the. integrated slé_'stem than 7 would otherw se be required,

and saves dn flipweves. Qb&ﬁﬁﬁwf@e&ﬁ ehlarogrgckeg effipient plags an impertantandecond
feedstock pas %x@%@&%@oﬁ&ﬁic@éﬂ&ﬁf ihqRs ﬁg%qr%{%g p}rﬁé%&ﬁr %Hﬁiﬁ%gﬂel 1aga| nt e.?.ﬂ:

to increase due to exothéerm c reaction e Seco 2 zone.
hydr ocrack@r dfydracracker the leflusat cardes aith it subktantiahtherned eaefggaThisl3 . si nk,

. whi ch der, h ' h he hyd er. 14 Th
noat encr of coMPLEEY TR 1sgi ' ek 66 R85 BRCKY RadereahanarRgt Lhe 15 |

hydrot reat gr igxchafigetdiefcreahd s&dondifesdsveahrantersithé yQlofrdhter.! TRBMS requiring
-'16 heating. Generally, the outlet tenperature of the hé%rotreater will be
&

hi gher = 176t h@9rnie agding & caolarsecend fasdstreamdonielintegratedaystermthani s case,

ol ovating {he ity BRshAite Hesbafitoc e shidfs G ifce Bpab PRI Mgl oy c™9°
" effective Beatcostsansfer. 20 The effluent fromthe hydrocracker also

carries thg unreacted hydrogen for 21 use in the first-stage hydrotreater
W t hout” any heating or punping requirement 22 to increase pressure. 23 24

ot hou! : sssure. 23
ndi tiongg -Wﬂh@tsbéé’ﬁcﬁfeeﬁélﬁgﬁpaﬁs%ﬁmﬁag tﬁ%ﬁd@%{@%ﬁm &tn@ré}hﬁé ned a

conditions sufficient to renove at | east 0 nitrogen

‘{conpounds 14nd agein tends tainprease due & exsibermio naection heatingindemsscdndom t he
el R TR O IRL sobpbd 8B 8 SeRlon B a0
gradi ent s 18 esink| whichrmoderaies ks tripdatite ingrotist thrdugh the BRRstHelerz ONes,

14 The heat energy contained in the liquid reaction prodhdts leaving the

15 hydrotreater is further available for exchange with other streams requiring

16 heating. Generally, the outlet temperature of the hydrotreatér wili be higher
17  than the outlet temperature of the hydrocracker. In this case, the instant

18 invention will afford the added heat transfer advant_age___of elevating the

19 temperature of the first hydrocrackerfeed for more efféctive heat transfer.

20 The e__fﬂuen_t from the hydrocracker also c_ézrries the unreacted hydrogen for

21 use in the first-stage hydrotrea_fer without any heating or pUrﬁping requirement

( 22  toincrease pressure.
~ 24  Conditions - Hydrotreater Stage
. 25

26 The hydfotreater is maintained at conditions sufficient to ferhove at ieaét a
2?_ portion of the nitrogen compounds and at least a -portion of the aromatic

28  compounds from the second refinery'stream. The hydrotrc_aatér wil operate at
29  alower temperature than the hydrocracker,' except for possible temperature
30  gradients resulting from exothefmic’ heating within thé reaction zones,

31 moderated by the addition of relatively cooler sti‘e_ams into_thelone or more

21
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31 noderated by the addition of relatively cooler streggs I n ozh& one or
more 21 6 September 2006 WO 03/080769 PCT/ US03/ 08809° PREHET“G zones.
Feed rate of the reactant |iquid streamthrough the/reaction 2 zones wl|
be in the ME#3N806P 0.1 to 20 hr 1 liquid hourly space vePOTUBYs/0s#eed 3
rate through the hydrotreater will be increased relative to the feed rate
‘through 4 the hydrocracker by the anmount of liquid feed in the second

refinery 5 feedstream.and will cal.so_he in the.regipn of. 0.1 to 20 hr 1
Traula hour §°s TRedRE Db, Fepd Pk e e Rl id iR e iuoutn s Edofin ' he
first reactign zones Wilybdn thd reion ofleriad 20thrB quiaheulpepscs ¢ { IFeed
conditions normally selected for a 8 hf/drotreatl ng'ﬂ.rocess. 0 At an

. _ Ny dr ¢ 9 y
‘rate, hydrot PeatPigfheasighithe Bydrotroaier will be inseaased reladvenipdhe feaskiads thigugh ~ 11
i nclude a regcti %Eﬁ ﬂﬂﬁﬁ ) C 12
(482F- 932F),apré§§8$§§8ﬁcg%nm£g§t . Eﬁa tof%b%gﬁ?ﬁ%%%%@g%ﬁ@woo-& 500
psi), and a Seedeedstreatvand willlalscobe inethe mggion ofi0 Ao 20 1 liquid hebdyspacet 20
~hr'. Hydrogep circulation rates are generally j he. range,.from about 15
350" std 1 i ePs MBBRHT o fose toses Sandtians splecles) Rt rs{iossul dneragy be
standard cubyc cdRsiderd t8®e rciels@vibre tHaR Hitiset@ntifivhs nBMmalR Rfcdédira range
fromabout 340C to 17 about 455C (644F-851 F). Preferred’total reaction

pressures rabge hyd@teatingp®gess. 0 MPa to about 20.7 MPa (1, 000-3, 000 psi).
Wth the preferred 19 catal yst system it has been found that preferred
process conditions include 20 contacting a petroleum feedstock with

hydr ogen i n1@ he Abanyg eatechwafotrdating lcohdiiens typivatipuged insthe thedralmeiar will
hydrocracki ng conditions conprising a 22 pressure of about 16.0 MPa (2,300
psi), a gasifo #Hdudea mca@mrmﬁra beiweepabout28H6 andiabeut 608°¢/ kg oi | (

(2,500 sct/ bbl Yo fJ/ : : about 0.5-1.5
hr 1, and a en%‘ghrnggjrég ﬁhg%%éaérégrfgog‘h%Po%gﬁ%é)%ﬁ%&?@gaﬁ800F). Under
t hese condi 13 on{60088,500 psi), eaifeci¥teofvol bittval cati) frsta abdbt @1 ¢o bBewmved from
the second refinery,streamin the hydrotreater. It is 27 expected that as

much as 30- Y% éP hror Bydiogen sirphlatie@ates,areganerally in the rapgedwsvaboytes i nery
st ream woul gk al v Lyt 3 R4 j :
conversion 1t Aol ARG oo (RBRERS H KD T (51041 A0 cublc

' 16  feet per barrel). Preferred reaction temperatures range from about 340°C to

1 7 about 455°C (644°F-851°F). Preferred total reaction pressures‘range from
18  about 7.0 MPa to about 20.7 MPa (1,000-3,00Q psi). With the preferred

19  catalyst system, it has been found that pfeférre’d process conditions include
20 '60ntacting a petroleum feedstock with hydrogen in the presence of the

21 layered catalyst system under hydrocracking conditions comprising a |

22  pressure of about 16.0 MPa (2,300 psi), a gas to oil ratio at from about i
23 378-909 std liters Hx/kg oil (2,500 scf/bbl to about 6,000 scf/bbl), a LHSV of
24 between about 0.5-1.5hr, and a témperatufe in'the range of 360°C to 427°C
25  (680°F-800°F). Under these conditions, at least about 50% of the aromatics
26 are fenﬁoved from the second refinery stream in the hydrotreater. Itis

27 . expected that as much as 30-70% or more of the nitrogen present in the

28 secbnd'reﬁnery stream would also be removed in the process. However,

29 'crack.'ihg conversion in the hydrotreater would be generally low, typically less
30 than 20%. Standard methods for determining the aromatic content and the

31  nitrogen content of refinery streams are available. These include ASTM

22




30 than 20% Standard net hods for determ ning the aromg %l C cgn:@% andthe
31 nitrogen content of refinery streams are available. FRIERO%T, de ASTM
.22 - - ---'- ------ 6 Septienber 2006 WO 031080769 P(f,T/ US03/ 08809 1 D5291
for determyoiosgsdzbe nitrogen content of a stream cont ai n| E.ﬂa%ﬁggs han 2
about 1500 ppm nitrogen. ASTM D5762 nay be used for deter dst
nitrogen content of a stream containing | ess than about 1500 ppm mtrogen

4 ASTM D2007 0. det rmne t he tic content of a refinery 5

stream 6 7 Pr O’a%%{;&?%gebn ﬁﬁ&ﬁ?&?grﬁ%?%&n?ﬁusyeammawm gase fdpeci al | y
useful in tie padsds00pp@initrddnmaAkig I Had in the
range of ab ut 2 0 700Fm()121 371 O %@in#éd%)gu I St P?@g%é\ctlon S
defined as aw'?i 96N e of ﬁﬂf@amqnitaigmgé@agdhm abomirﬂlwbcppm aifidgem 700F.

.At | east 754vol f % 13 gonmp the niddle
distillate #ave&saﬂﬂo[?r%? q’ﬁéoy PéESé%ﬂo 8n Q'I"?’hgﬁ’ee ?rgmqtlﬁgﬂ F‘Q’%‘bfg?'”ﬁfy | east
‘about 75 voby, gfieefrer ably 85 vol % of the conponents of the 15 middle

‘d| stillate Fave a nornmal boiling point of less than 700F. The term 16 i
“"mddle distillate" includes the diesel, jet fuel and kerosene boiling ]
range - 17 f 7actProtgcts The ker osene or Jet fuel boiling poi nt range refers to i
t he range 18 between 280 and 525F (38- 274C). The term "di esel boiling

range" refePs to- 19 hydrocarbons boiling in the range from 250 to 700F

121-371 C 2 d th
E)f this i nzlgnt ﬁgﬁ%}?@@ﬂ@ggﬁf%Semggﬁkggﬁ{ﬁ%pﬁgﬁ !%ﬂ]eggrpqtlgtm qefaﬁggcess ;
bel ow 400F1Q 204@)idlealistiléte fraciehsHstilirig g {hengee dffabbaf 2511;? g‘ﬁg fh7id@ctions -
sSucC i

ecovered a ticyl ar_refinery -vary ctors as the !
(har acteri i{ll cz‘ %%[ istilatrkaction '%@@fmﬁé ag hﬂmﬂg alzappmkm‘aiejoomng kaige and
P:}egﬁ&t OIrC:r i %gﬁ goﬁeabbﬁ?bﬁﬁ?odlﬁd ?\?Eéa%%g%po, prei’er:.izblyar1 ggtvgl%/cr,, o‘%rﬂ?g uct of this g
13 components of the middle distillate have a normal boiling point of greater than
14 250°F. Atleast about 75 vol%, preferably 85 vol%, of the components of the
- 15 middie distillate have a normallboiling point of less than'?GO°F. The term
16 “middle distillate” includes the dies"él, jet fuel and kerosene bdili'ng range
17  fractions. The kerosene or jet fuel boiling point range refers to the range
18  between 280 and 525°F (38-274°C). The term “diesel boiling range” refers fo

19 hydrocarbons boiling in the range from 250 to 700°F (121-371°C).

20
| 21 Gasoline or naphtha may also be produced in the process of this invention.
{ _ 22  Gasoline or naphtha normally boils in the range below 400°F (204°C), or Cs-.

23  Boiling ranges of various product fractions recovered in any particular refinery
24 - wilt vary with such factors as the characteristics of the crude oil source, local
25  refinery markets and product prices.

26

27 Heavy hydrotreated gas oit, another product of this invention, usuzlly boils in
28  the range from 550 to 700°F. |

29

23
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28 the range from 550 to 700F. 29 23 6 Sept enber 2006 34 28(36(69
PCTI US03/ 08809 1 Exanple 2 3 These are the condltlong SHigpes

obt ai ned using the procéss depicted in 4 Figure. l 5 Stage | Hydrogen
Stage 2 WBOre3®senc® Hydrotreater Catal yst Base netal BasePapusisioBmse net al

or Hydrogenation Noble Metal Component [-HSV, hr' 0.3-3.5 0.3-2.0 0.5-7.0.
Oper ati ng 300-440 250-400 250-440 Tenperature, C Reactor Inlet 100-230

90-220 80- 140 eRrpmRre, kglcn2g Gas/ Al Ratio 160-1500 160-1500 160- 850
NnB1nB Conversion, % 20-70 25-75 Kerosene Snoke 13-25 20-40 Point, mm
Di esel Cetafe 30-55 50-75 Nunber 6 7 Generally, cetane uplift is 20 to 45
7L TP IS bl 5 B8R ER el il oo copts
4  Figure 1:
5 :
Stage 1 Hydrogen Stage 2
StripperfHydrofreater _
Catalyst Base metal Base metal Base metal or
Hydrogenation , o : Noble Metal
Component _
LHSV, hr? . 0335 0.3-2.0 - 0.57.0 C
Operating 300-440 250-400° 250440 |
t Temperature, °C - _ |
Reactor Inlet 100-230 90-220 80-170
Pressure, kglem2g _ o | _
Gas/Qil Ratio 160-1500 160-1500 160-850
Nm3/m3 '
Conversion, % 20-70 _ | o 25-75
Kerosene Smoke 13-25 _ - 2040
Poin{, mm :
AN
Diesel Cetane 30-55 . 50-75
Number .
o

_ Generally, cetane uplift is 20 to 45 and improvement in kerosene smoke point
8 is7-27 mm.

24




- WD 03/080769 PCT/US03/08809 1 . WHAT IS CLAIMED IS: 2__3 1: A_pethod for
hydr opr ocessi ng a hydrocarbon feedstock, said nethod QSSHEW%§P mul tiple

_ reaction zones within a single reaction |oop, 5 conpriising the follow ng

steps: 6 Wdeospresi ng a hydrocarbonaceous feedstock to fti#§¢%B89

- hydroprocessing 8 zone having one or nore beds containi ng” hy ropPocessing

9 catal yst, the hydroprocessi ng zone bei ng maintai ned at 10 hydroprocessi ng

condi tions, ywhe{ai f k i.s contacted 11 with catalyst and
hydr ogen; '1zwlwgﬁ%§@@§ﬁﬁgeffl uent of step (a) directly to a hot
hi gh pressur2 14 separator, wherein the effluent..is contacted with a hot,
15 hydrogen-tich strippin s to produce a vapor stream conprisin 16 .
hydrogen, hytr odar b%ﬁggthaégﬂB’ms'ﬁgial hysepcarban feedpoeksaicemetiipdoel ow
the bol Iing gange obmblginyyHIMBR/BAAREMBHes WARRS Gl rddbddidsqgen sul fi de,
ammoni a, and _a bottons Stream conprising 19 hydroca Sonaceous. conpounds
‘boiling in dbproxi nearapising thesfaliewving stepange of sai d hydr ocar bonaceous
feedstock algpng with a portion of 21 the hydrocarbonaceous conmpounds
‘boili'ng in the diesel boiling 22 range; 23 24 {c)- pajssi ng the vapor- stream
fromstep () after(ajoqiassinganhydicdrbeiacedds fééﬂﬁ@ﬂ&%bﬂ&th?dﬁpﬁﬁ{esﬁmroge”
yst,

stripper COEBt aining at |least one 26 bed of hydrotreating catal ere it
i s contacted count er curzoBgthayingonegrimore beds gertaining hyslreprecessing d st r eam of

step (b) isglassed to ; £aGC, . assing the S
over head vapor stream ﬁﬁ?@gmgﬁhﬁgdgﬁ%éﬁé P%'Bé?"égti’"@ égt ep (c), after
cool i ng andQont act i ng hydrdprogassing conditiors, metereinitise feBstock is contacted

T R R

(- | 11 with catalyst and hydrogen;
12 g :
13 _ (b) - passing the effluent of step (é) diréctly to a hot high pressure
14 separator, wherein the effluent is”,r‘:ontédéd.with a hot,
15 hydrogeh-rich stripping gas to producé a vapor stream comprising
16 hydrogen, hydrocarbonaceoué com‘pound's' boiling at a temperature
17 below the boiling range of the hydrocarbonaceous feedstock,
18 | hydrogen sulfide, ammonia, and a bottoms stream comprising
19 ~ hydrocarbonaceous compounds boilihg in approximately the same
20 range of said hydrocarbonaceous feedstbck along with a portion of
21 . the hydrocarbonaceous compounds boiling in the diesel boiling
4 7 range;
| 23 | |
24 (c) passing the vapor sfréém frdfn step (b) after cooling and partial
25 condensation to a hot hydroger stripper containing at least one
26 bed of hydrotreating catalyst, where it is contacted counterburrentiy
27 with hydrogen, while the liquid stream of step (b) is passed fo a f
28 ' second stage reactor: !
29 |
30 (d) passing the overhead vapor stream from the hot hydrogen stripper
31 of step (c), aiter cooling and contacting with water, to a first cold

25




6 Septenber 2006 WD 03/080769 PCT/ US03/08809 | high pressure separator
wher e hydr ogen, hydrogeq sulfide and 2 |ight hydrocar b@ﬁ%%%za es are
renoved overhead and a l/iquid 3 stream conprising/ napht ha and mi ddl e

di still at 0Dp¥03928sed to 4 fractionation, thereby renovi RgTMISE3/08809 t he
ammoni a and sone of 5 the hydrogen sulfide (as ammoni um bi -sulfide in the
- sour water 6 streamas it |eaves the cold high-pressure separator); 7 8:

(e) passingqthe |iquidpgh rﬁéﬁu?é@@béﬂ&f’or%r@}ﬁg Rgen, r@fdwgmﬁémmeéﬁ&p (c)

to a bed of hydroproceSS| g catalyst In ctor stage
wherein the2liquid is bghttwdiosarhnneseous gasasrarecemovey ovartiead anéahqmdm th

the catalys inthe p 1 assi n

over head frgm t he col dgﬁ%ﬂ%g?‘&@@ﬁg{ai’g%%{f%ﬁ%e ‘i{ﬁé @%SS'S p&a}ssggi n amne
absorber, wher e hydr ogfractionkfidisehéreby eemeilg nidst bEfhernipaizCirisdrte of

conpr essed gnd recycled to hydroprocessing 16 vessels within the |oop; 17
18 (g) passPng the sepﬁ}edlygfog%tﬁ%ﬁﬁﬁ@ﬁ%’ﬂ"@ﬁ“'{‘ﬂ)bltso‘lﬁﬂeé'émﬁﬁquél&ﬂi@f ion 19

stage wheregit is cont ?p@ég %ﬁé{ﬂé rackl ng 20

cat al yst |n6t he pr esengﬁéﬁoﬂaﬁ?ci‘?%\géesnﬁ@o%agriggﬁ e a vapor stretam 21 and

l i quid-ef fldent; = 23 (h) passing the vapor stream of step (g) after
cooling to second ,col d 24 arator, where .a va reami s
renoved 25 orrprl sf‘ﬂg B?ﬁ%@r&?&%@o& Egmg.ﬁﬁhgf]l?ng%rb%tgpggrn (%%Ruéc)gases
26 27 (i) passing the idélbedioﬁisfdre\ﬁ@beﬁ nésalyeth thé sedorpiaehbiol staget Ne col d
28 high-pressure separator of step (h) to separate hydrogen and |Tght 29

hydrocar bof@ceous gasewhereinhe tiguid; ig ¢patasted) unsier hydropeessing conditions

D L T B ) 2 T R L TP, N S AR I

11 with the catalyst, in the presence of hydrogen; | (
12
13 () passing the overhead from the cold high pressure separator of
14 step (d) {o an amine absorber, where hydrogen sulfide is removed
15 | before hydrogen is compressed and recycled to hydroprocessmg

16 vessels within the Ioop, |
18 (g) ‘passing the separatdr'boﬁoms of step (b) to a second reaction
19 | stage where it is contacted with at least one bed of hydrocracking
20 ‘ catalyst in the presence of hydrogen to produce a vapor stream
21 | ~ and liquid efﬂuent
22 .
23 (h) passing the vapor stream of step (g) after cooling to a second cold (
24 high-pressure separator where a vapor stream is removed

25 ~ comprising primariiy hydrogen and light hydrocarbonaceous gases;

27 () passing the liquid effluent of step (g) after cooling to the cold L
28 ‘ high-pressdre separator of step (h) to separate hydrogen and light i
29 ~ hydrocarbonaceous gases from the liquid' effluent;

30 - .

26




e R 6 Septenber 2006 Q passing the [ st from
steps (h) and (i) after further cooling and separati one’/ggp?%e ﬁ(gﬁrz;e

t he make-up hydrogen conpressor; (k) passing the conpressed hydrogen from
t he make-up hydrogen conpressor to the primary reactor |oop; and O passing
the liquid effluent fromsteps Oh and (i) to the fractionation system 2.
The nmethod of claiml, step (g), in which the hydrogen flows in a
countercurrent direction to the liquid effluent of claim1, step (b). 3.
The method of claif 1, pdssingithe vaporfsteamifonsstepsthednd (ipafitarierttgaroup

consi sting of vacuum gag,d gh%?gs%y tgatn gn@@é%eg?o;tﬁg'rﬁake | ayed coker gas

oil, visbreaker gas oil, cycle oil, vacuum
resi dua deasphafted oi Ihymmmﬂrﬁﬁpmh streans, and FCC streanms. 4. The
met hod of claim1, wherein the cetane nunber inprovenent occurring in step’

(e) ranges from 20(k§ 0 4Sassig tHE BorBledset Iﬂfdréﬂeﬁ'ff@n@thevmﬂeeuﬁ‘#d?ggéﬁer osene

snoke point inprovement occurr in steép (e) ranges from 6. The
met hod of claim1, V\her@”ﬂprf’??é’rmg‘rec?ﬁm??ﬁ?@b@m%ﬂc&/st of both stage 1
and stage 2 conprises both a cracking conponent and a hydrogenation
conmponent.: 7. An it egr;aatsenigmyeirqm@emaémifmm slegc@y anti@yiotgeat | east two

stages, each stage po | east one reaction zone, conprising: 27 6
Sept enber 2006 WO 03/ 3@@@'@’9‘% )’f}gﬁfi’./ 08809 | (a) conbining a first,

refinery streamwith a first hydrogen-rich gaseous 2 streamto forma
first feedstddk; 3Themethpdgheleimg, stér(d)iinsthichdbelbydrogen fioves ineact i on zone of

the first stage, So\fferburfent HRdcibAtd'RE Iiglid GRREN srdmSUbIL bENt to effect a

boi l i ng range
3. The method of claim 1, wherein the feed is selected from the group
consisting of vacuum gas oil, heavy atmospheric gas oil, delayed
coker gas oil, visbreaker gas oil, demetallized oils, FCC light cycle oil,
-vacuum residua deasphafted oil, Fischer-Tropsch streams, and FCC
streams. '

4, The method of claim 1, wherein the cetane number improvement
occurring in step (e) ranges from 20 to 45.

5. - The method of claim 1, wherein the kerosene smoke point
improvement occurring in step (e) ranges from 7 to 27.

6. The method of claim 1, wherein the hydroprocessing catalyst of both
stage 1 and stage 2 comprises both a cracking component and a
hydrogenation component.

7. - Anintegrated hydroconversion process having at least two stages,
each stage possessing at least one reaction zone, comprising:

27




6 conversion, to forma first reaction zone effluent o ris normal |y -
l'iquid phase conponents-and normal |y gaseous phase . 8%%‘8*’%%9@5 9 10 '
(c) passing the first reaction zone effluent of steb (b) to a heat 11 -
exchanger WO @s@8é76s of exchangers, where it exchanges heabCwusisiosda a
second refinery stream 13 14 (d) conbining the first reaction zone
effluent of step (b) with the 15 second refinery streamof step (c) to

forma secong feeds 7. eacmﬁg., (ﬁ%ﬂt"m st.ep
(d) to a reagtlon zg g?mﬂaﬁnb ﬁ'%ﬁgé@% ét%égng%tﬁ whi ch i I nt al ée%ogtg
condi tions safficient fstreamt@fmmfnshtpeaistdckast a-portion of the aronmatics
present in tzlgue second 20 refinery stream to forma second reaction zone
effluent; 217 22 (f) separating the second reaction zone effluent of step

(e) into a l4quid &2 S é@iﬁ@m@rﬁﬁét'féed&ocﬂ{t@ﬁhlrﬁa%tlmdom§f€tﬁ@|ﬁﬁ’stb’sé§;é096n rich.
gaseous 24 stream 25 recycling at |east _a portion of the second

hydr ogen-ri c® gaseous chbtﬁ ﬁaiﬁf@ﬂeg ﬁéﬁoﬁdlyoﬂ&ﬁ‘-ﬁr@@ﬁé@ eHectadmdling rapge

first stage;gand 28 29 products -
~of step (f) toa 30 fr%&weon&fl on CO%'%rétr@%ﬂt@;;?Pﬁ@%ﬁ%ﬂ@rh@% conpri se

‘gas or 28 -F--------- nermally Sepit phiase cﬁﬁ@ﬁnemwﬂ/m&ﬁmgamsm@& 08809
napht ha stream renoved overhen? one or nore mddle distillate 2 streans,
and a bottor®s stream sufBBY®MGr further processing. 3 4 8 The process
according tgClaim7 wherein the reaction zone of step 1(b)

10 (c) passing the first reaction zone effluent of stép (b) to a heat
11 - exchanger or series of exchangers, where it exchanges heat with ( :
12 a second refinery stream;
13 ’
14 . (d) combining the first reaction zone effluent of step (b) with the

.16  second refinery stream of step (c) to form a second feedstock;
16 |
17 - (&) passing the second feedstock of step (d) to a reaction zone of the
18 . second stage, which is maintained at conditions sufficient for |
19 converting at least a portion of the afomatics present in the -secr:;nd
20 refinery stream, to form a second reaction zone effluent;

21

.22 (f) separating the second reaction zone effluent of step (e) into a liquid
23 stream comprising products and a second hydrogen-rich gaseous
24 stream; '
25 _ _
26 (g) recycling at least a portion of the second hydrogen-rich gaseous
27 stream of step (f) to a reaction zone of the first stage; and
28 _
29 (h) passing the liquid stream comprising products of step () to a

30 - fractionation column, wherein product streams comprise gas or

28




5°, stage is maintained at hydrocracking reaction conditions, including a 6
6 Sspguberaic 7

reaction tenperature in the range of from about 340C t
. (644F-851 F), a reaction pressure in the range of about 3.5-24.2 MPa 8

( 500- 3500 wipesrisa7éper square inch), a feed rate (vol oil/yefyS@lsdty from 9 .
about 0.1 to about 10 hr' and a hydrogen circulation rate ranging from 10

“about 350 std liters H2/kg oil to 1780 std liters H2/ kg oil (2,310-11, 750
11 standard, cubic feet 8§ rt barrel). 12 13 9. The process according to

~daim7 whelein the r ke sheama removadgverpead, ona or moneimiddle distillate -
hydrotreati react i ongtemed. il IRl il | rature in
t%e range ongfrom abo[ﬁt ZSOC%PQ%Z%OgB?&%%EH?%ﬂ?@%%?%ﬁ,ﬁj?ogggggi‘tion
pressure i the range of fromabout 3.5 MPa 17 to 24.2 MPa (500- 3, 500
-psi), a fe rate ' at h)x, fraomabout, 0.1 18 to about 20 W and
g hi/dr ogenqgi r%'u | aﬁ{%hm?glfégﬁ#@ﬁg t?'_él?ﬂf@oénwg‘?ﬁem%t’eacf@"?@ﬁeﬁ gtep; iy s

H2/ kg oi | t 1780 stage id maingaim myﬂrdcrééki&ﬁl@géﬁoﬂﬁhoﬁmgﬁﬁﬂdinﬁoa cubi ¢

y

" feet per b%(r)rel). 21 22 10. An integrated roconver si oh procéss havi ng
at least tb stagd§actiopciemperatues indee rangesd formabmut 463 iwatmut ¢65C¢ on zone,

conpri'singx 24 2 WNin first refinery streamwth a first
" hydrogen-r ich gas ﬁé?l:"gg{dgl)'r%ﬁﬁ%cﬁg‘ PIGEPHTS 1 %hes'ia}l‘g%é’&@?%@-5'?‘f-2 MBa ()
passi ng ‘th& first (6603500 puhds fer RASEH i pi- A St 29 which
I s maintained at .C(Bndi ti o?n)sbusuf??cﬁgﬁié l?gh)g?][?geccf?aéé @%il P%’él ?ghgggme,o :
conversion? to forddHt §itrtetabputitd hirendom bydbgenicintulatiommatesianging Jrofn |

(Eﬁﬁéﬁﬂ‘éﬁ[ J0nd noroft 358 RMGEH TR 83788 shuElTEalol PG DABE g ¢ ne
first readflion zorstanstard aebit fedt pst barrdl))) to a- heat | :
12 : I _

13 9. The process according to Claim 7 wherein the reaction zone of step 1(e)

14 is maintained at hydrotreating reaction conditions, including a reaction
15 temperature in the range of from about 250°C to about 500°C
16 - (482°F-832°F), a reaction pressure in the range of from about 3.5 MPa
17  1024.2 MPa (500-3,500 psi), a feed rate (vol ollivol cat h) from about 0.1
18 to about 20 hr', and a hydrogen circulation rate in the range from about
19 350 std liters Ha/kg oil to 1780 std liters Hao/kg oil (2,310-11,750 standard
20 - cubic feet per barrel). | : |
21
{ 22 10. Anintegrated hydroconversion process having at least two stages, each’
23 stage possessing at least one reaction zone, comprising: |
25 "(a) combining a first refinery stream with 4 first hydrogen-rich gaseous
26 stream to form a first feedstock;
27 ‘
28 (b) passing the first feedstock to a reaction zone of the first stage,
29 - which is maintained at conditions sufficient to effect a boiling range
30 | conversion, to form a first reaction zone effluent comprising

28




5 exchanger or series of exchangers, where it exchanges_heat vmg(p 6 ot her
refinery streans; 7 8 (d) passing the effluent of sté Sentsmhes 20066t hi gh
pressure separator, 9 where it is separated into & liquid streamwhich is
passed to WO 0BK0%3€% onati on, and a gaseous stream which imCcHuswbossed with a
11 second refinery stream which conprises light cycle oil, light gas oil,
12 atnospheric gas oil or mxtures of all three; 13 14 (e) passing the

otage, whiartis mai ntar namaly it Bhebd pBnbBRGis Bd ritndR e B ot
| east a port2on of .the esmpaicntss present 17 in, the second refinery

~stream to forma second reaction zone 18 effluent; 19 20 (f) separating
“the second reaction zone effluent of step (e) into aliquid 21-:stream

conprising pyoduct s8N L] | m 23 24 °
(g) recycli % at | e(a t d%%ﬁ'@f‘ﬁ%ﬁ“??%‘ﬂ%@%@%%ﬁ"ﬁ@ﬁroggngbai%%ﬁt”ge?geous 25
stream of : step (f) to aexchangdéram sevesobdxchhngéisy wheretibgpechanges Réat vith (h)
‘passing the Jiquid stream.conprisin roducts of step (f) to a 28 :
fractionaticﬁmcol um, \'A‘zﬁg]?re'ie W&hﬁg'ﬂ"gstrearrs conprise a gas or 29 naphtha
...Streamrenoved overhead, one or nore mddle distillate 30 streams, and a
bottoms stream suitable for further tproces’si ng. 30  =---------cccccoon--

S -8 (d) . passing the effluent of step (c) 10 a hot high pressure separator,
' 9 . where it is separated info a liquid stream which is passed to
10 - fractionation, and a gaseous stream, which is. combined with a
11 | second refinery stream which comprises light cycle oil, light gas oil, ( |
12 atmospheric gas oil or mixtures of all three;
13 .
14 - (e) passing the combined gaseous stream of step (d) to a reaction
15 zone of the second stage, which is maintained at conditions

- 16 sufficient for converting at least a portion of the aromatics present
17 . ~in the second refinery stream, to form a second reaction zone
18 effluent, |
19 | |
20 ® sepérating the second reaction zone effluent of step (e) into a liquid

- 21 stream comprising products and a second hydrogen-rich gaseous

22 stream; ‘ i
23 o R . _ _ _ |
24 (g) recycling at least a portion of the second hydrogen-rich gaseous
25 stream of step (f) to a reaction zone of the first stage; and
26 | | |
27 (h) passing the liquid stream comprising products of step (f) to a
28 ' fractionation column, wherein product streams comprise a gas or
29 | : naphtha stream removed overhead, one or more middte distillate

30 ~ streams, and a bottoms stream suitable for further processing. s
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