WO 2006/065662 PCT/US2005/044674 FUELS HYDROCRACKING
AND DISTILLATE FEED HYDROFINING IN A SINGLE PROCESS

FIELD OF THE INVENTION This invention is directed to fuels

WO ¥Esing employing at least 5 two stages. BACKGREUNE 5244674
THE INVENTION There are numerous patents and published applications
in the FHIEHEStRJRRQERAS HEN SsANDEPEST AR I EEBBHYMROF INGNG ol the
following features: product regyfie; nigseiage geparation and interstage
feed addition. 10 U. S. Patent No. 6,200,462 discloses recycle of a portion
of bottoms material (bottoms. for fi q,§g&qg ages were combined
and fractionated) to the firm%lﬂ Bﬁr ' JPPO ined with fresh feed
prior to entering the first stage. Interstage separation occurs after the first
stage. The &‘%%Y%%P@Qﬁ? dresied iofisisvdmmiacstjeasapindee stingst
@nit, eckthgetiquid stream is 15 fractionated. U. S. Patent No. 6,787,025
discloses two stage hydroprocessing with interstage separation in a hot

high pressure separateidikexoRNDSGEaMESNSHBIEGHSY to further
processing and the bottoms from the hot high pressure ™ separator

proceeds to fracti ' xternal feed is added to the yapor 20 stream
prior to furt %l%a%c%lﬁsﬂﬁ%cﬁﬁ %apgg?earqtg rﬁ%&&%gg/?rﬁgc&}é%%gé&“ﬁmo stage
hydrBpidtiaesiRg RPGptERdRjRMeh AiRstoRe ®ho PRy ps e fellowing
sepdatores yiedat f@eﬁtmam@%ta'@‘éfiﬁﬁé@tm? yﬁ@ﬂt&%{%@@fﬁé‘d%kﬁﬁt@%
e r g m, undergoes fractionation and optional,
B By B e A R o el
hydri}5eBs R et d seaprd stmgenieen eea1ines @ digiewtedd to the
sepdiatotabteaviersrmatenalsifrenvitharsepareigsraiasentetagtastianation
and the igpter el . irst stage..l).S. Patent No.,
6 620 B L BB T T e b Shear e
passed to a second stage hydrprocessing unit, and the liquid stream is

15 fractionated.

U. 8. Patent No. 6,787,025 discloses two stage hydroprocessing with
interstage separation in a hot high pressure separator. The vapor stream is
subjected to further processing and the bottoms from the hot high pressure
separator proceeds to fractionation. External feed is added to the vapor

20  stream prior to further processing.

U.S. Patent No. 6,797,154 discloses two stage hydroprocessing with
interstage separation in a hot high pressure separator. External feed may be
added to the vapor stream as it leaves the separator. The vapor stream
undergoes fractionation and optional further hydroprocessing. The liquid

25  stream is processed in a second hydroprocessing unit and the effluent sent to
a cold high pressure separator. Heavier materials from the separator are sent
to fractionation and the lighter materials are recycled to the first stage.

U.S. Patent No. 6,623,624 discloses two stage hydroprocessing with

interstage separation. Effluent from the first hydroprocessing unit passes to
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interstage separation. Effluent from the first hydroprocessing unit passes

to -1 atmospheric separation where a first fuel product is removed, and

the heavy fraction then proceeds to a vacuum separation zone where fuel

and lubricant products are removed. The bottom fraction of the vacuum
atngspheaticarzori@thehsrocelens fiee bphnydiraciasiking ebred thhdwagdttiticieal then
profughiang Jblicant REPIUGIS UG maveduld ANE FRAVERLIBRA MO S1A8E oved.

hydroprocessing scenario, a fresh feed is reacted in a first hydrocracking
Thgéﬂé@}ﬁmf@ﬂvﬁémqwa%fl SERGEORSATSIRSOPR St iR Cking Zone,
whsecahii siadcuanshthi blend fsactionadedcDistidlate fuel product is

recovered, and the bottoms product from the fractionator passed to a

second hydrocracking stage for further conversion. it is important to ‘

diffele Ata O INEMIBEHWS BAES AVEFIBASE RIS SEjat Ry dlibeTadast frssacted in

a fiRedeepmydogenatedibeavydiabe el whickeissiaduied nithisiluent from a

rocess. This differentjation.is further discyssed.in the Detailed )

s SRRt e CIRUA o B MAR o T R and the
boigisatasadadidrein fsepresemmewforsvdvenicpemndd pdesesting magstagésither
colthgugh it may be possible for additional stages to be present. The

disclosure herein is distinguished in one embodiment from conventional

two- stage hydroprocessing by the removal of a portion of the fractionator

bottdmssprioghectarprioe taltffersecondthydropratessing reaotiontistag e forstage
hy&&%%r%x%é?a}%?ﬁ%@'%%wﬁ '(ﬁ‘@g@ﬁ?&r@%%%m@%@%mét%m@uced in this

addition of' fresh feed prior to the second stage, as well_as the removal of
PrafgetiohoriHGtenaifToritol b e dbistsstdgl. it pirdkestrdipsrideiion of the
Invgik@cracking is occurring in both the first stage and the second stage.

The two-stage hydrocracking process of the disclosure herein is operated

at conditions suitable for producing one or more distillate fuels and a

clean. deeply hydroged ke SR uct may be further

employed in a number of' processes requiring clean feeds. FCC feed,

Iubrﬁﬂting b?se oil feeds and eth tIedn? cracker feeds are several . ;
exa pFesli(l;l(‘ﬁﬁ]lilger‘gyretwels preseriie or convenience as possessing two stages,
although it may be possible for additional stages to be present.

Fla

The disclosure herein is distinguished in one embodiment from conventional two-
stage hydroprocessing by the removal of a portion of the fractionator bottoms product
prior to the second hydroprocessing reaction stage for use or treatment elsewhere. An
alternate embodiment permits the addition of fresh feed prior to the second stage, as well
as the removal of fractionator bottoms prior to the second stage. In the preferred mode,

hydrocracking is occurring in both the first stage and the second stage.

The two-stage hydrocracking process of the disclosure herein is operated at
conditions suitable for producing one or more distillate fuels and a clean, deeply
hydrogenated heavy product. This product may be further employed in a number of
processes requiring clean feeds. FCC feed, lubricating base oil feeds and ethylene cracker

feeds are several examples. In this way the



2 present process combines a two-stage hydrocracking process with a

single stage distillate feed hydrotreating process in a single process. The

particular features of the present process permit a great deal of flexibility

in selecting the quantities of feed to be processed, and the amount and
pregppalppeststhes Bbapsly hidpotessazerperavkipesanessitibatsieainsregnidisiy late
feedNRyARAUAGQS highQuality fuabihal-ismadenn HieRI0se sstlReons asPeebsent

there is provided a method for hydroprocessing a hydrocarbonaceou
PORESUSITER. St GG SPhoHEH Lt 15ast AU Ao R TS e 1o be
prosingie, reactioraioop bl corlityisingdedoliowity stepsd fEppassidgcs without
0015%%49%%QWQ&QHﬁtfgﬁqgr]w&ﬁamﬁfﬂéﬂﬁﬁ%tm&é%‘%g‘p‘{*ﬂ&&@. the

feedstock is contacted with a catalyst bed and hydrogen, wherein
conversion is at least 40 vol%; (b) combining the effluent of' step (a) with
the effluemnt fraspdiie seeand ivegetioniadbne; (exgassindothehyixtprecotStep a
hy p&c%?b%ﬁ'é&%ﬁosr}%g E’té@li\fv ?JW%%S&'%%HWU %“?l@%tat\&%f LGOES zones within
emperature IS separated from material boiling above a reference
a sigifpspatie 1aAY FedfovarTiag pHRIfRitovd) eei§BYing as a product at least a

portion of the effluent of step (e) that boils above a reference

tem%%:.a t”rea’sg‘?ﬁg g Slgr%ég% I’ggcléacl)glsngegg Ij[t(l)(gfg 95 tah% %ﬁ l%g%o%f Z%tl%) i.glclNhiCh
that Boils dbove & réfererice ?emperature 0 a secondreaction zone, in
thewfhidivtdel materiatislcotitneteaalith hedatadysy bogandvhyiogemwrgon is at
leaSORYEERIQN rate of at least 30 vol%; and (f) combining the effluent of step

(e) with the effluent of step (a) and passing the mixture to the fractionator

of step (C). 3 WO 2006/065662 PCT/US2005/044674 BRIEF

DESERIPTI@N@RITHE BIRAMNING Sdpigane vitHusteaté8 emofiventibnale2ond

rea%ﬁ;})g\eZ@{glrocracker. Figure 2 illustrates the embodiment of the invention in
which the’

(c) passing the mixture of step (b) to a fractionator, in which material boiling
below a reference temperature is separated from material boiling abeve a reference

temperature and removed as product;

(d) removing as a product at least a portion of the effluent of step (c) that boils

above a reference temperature;

(e) passing the remaining portion of the effluent of step (¢) that boils above a
reference temperature to a second reaction zone, in which the material is contacted with a

catalyst bed and hydrogen at a conversion rate of at least 30 vol%; and

) combining the effluent of step (e) with the effluent of step (a) and passing

the mixture to the fractionator of step (C).
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amount of feed to the first stage is increased from the amount used in
Figure 5 1, in order to offset the amount of deeply hydrogenated heavy
product removed following the first stage. The amount of fuels produced is
YHRUSREPRS®Bnstant. Figure 3 illustrates the embodiment of tReTitpatiany4
which fresh feed is added to the second stage in order to produce a high
quality deeply 10 hyéirdgeRaf2@HBAMN IUNDE PRAANHEEL of feed to the
first stage remains the same as that of Figure 2. Figure 4 illustrates the
embodimefigf¢heiinyviesttion tonvhithofreshsfepdhjgaddetddo the second
stage in order to produce the highest quality deeply hydrogenated heavy

product. Thegaraquhafiesthiodhs Jiilsieganemalngod » R game as
that of Flg re 1. DE[_T ILfE I?ESCRIPTION F THE INVENTION This
motnt of Teed To t}zgls

invertion Nad Severaf R AT EE98, B PEranrg tHu A SRGE HIRTHEr SEKER to
take hddarnitggéostisat thighmpualigh Heepbterimeednated/heprpdustiudhese

metheasolRG YelR MaINRIRIBC RGO NYBESIRDATEE R D3 886 d0H20 (RASKES:
that tgéan rocess makes a constant amount of the desired distillate fuels.
Also ficitiaed is a method for severity balancing the two reaction stages
to ensure that the catalysts in each stage foul at approximately the same
rate. In so AEIHEG e pERissrasBbeditaptiofhe drenisible whisstege feed
hydreceaidksingape satonitsiagd 1ashre fodrodaddie: beferAs Thepfgatures
the.i | I he refiner-to: produce a highly hydrogenated heavy
e B A SR el
hydrdestatnegas Wb o8B 65662 PCT/uS2005/044674 increase the
feed rate to a two-stage fuel hydrocracker without changing the severity
balance befigren 4k staiaethetionisidigesit ohaintaverdiconstenitniashdsaf

CONVES BRI B8 BIS BB RVA=I@FForder to produce the highest quality deeply
hydrogenated heavy product. The amount of feed to the first stage remains
15  the same as that of Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

This invention has several features for operating the two-stage
hydrocracker to take advantage of the high quality hydrogenated heavy
product. These methods include maintaining a conversion barrels balance to

20  ensure that the process makes a constant amount of the desired distillate
fuels. Also included is a method for severity balancing the two reaction
stages to ensure that the catalysts in each stage foul at approximately the
same rate. In so doing, the refiner has substantially more flexible two-stage
hydrocracking operation than has been available before.

25 The features of the invention allow the refiner to:

® produce a highly hydrogenated heavy stream without

decreasing the amount of distillate fuels produced during hydrocracking;



hydrocracker while removing a deeply hydrogenated heavy product from
the 5 hydrocracker; and (r) modify both the amount and the quality of a
deeply hydrogenated heavy product from a two-stage fuel hydrocracker
WAL effect on the quality and quantity of the fuel pr&GAHSH{e#o74
are also produced. Previous two-stage hydrocracking processes

employed & bleddostasgrinetioesbiaieimaiverstagefst SydrasiagrrRsatiout

smalamaHgtief seatafaldarctbevriacersiier pertesssighility and to
protect the second stage catalyst However, removing this stream

reduced the recovery of desited fLgl, pro do‘t%tﬁwgﬁd%%%ﬁe ft% -

how the hydrogenate eavy product stream of this |nvent|on

the Bled@aadmmnbiledsrivarie fataspiibessorisd. NAces miRMHB am the
Brocegsibgatirerbigrd stream is intended only to help stabilize the
reaction process, and the amount removed is minimized. Any additional

amount removeqr{gég)} R(XVS Xmggngftﬁgigg%g%ﬁ a%%g ts. There is

no appreciation o val ue oft IS materia edstock 0 to other
refindyioaseeiatieaTy ARionalrabasigstrsritdRy Brka ke vdn spiyeal

hydretgatinghigiemevad@iaraaionsaid seutate aremalic slaogregcont
stage hydrocracking for molecular weight reduction. This strict separation

of functions, |3, B0J QMAIELHE FaRBERIY ﬁ@@&%t%t%gaoacmééﬂﬁeam

maintain 25 significant conversion in the first stage as well as in the

K coneriugerernd G Rsraesipamrie 4 AigH &U&twtafdaaaf@t fing the
hydraeoaekifgmeactonszarnigg anvdtlo lowntaibentsoidaligs citedgen and

aromﬁmvem@mo%ﬂg %%%ﬁééiﬁ%ﬁ%&%@?e&%%ﬁfﬂ%@l?&%(el

hydrogenated heavy products for use elsewhere e)% C feed, lupricant

30 bW olRGIBRBIRAAREAERSS 178 BBHKTE ed Fety protiit
PCT/&#82003/disli6ventiyn nitigrating tbfikssdptocassesananivfalver

Pieces, focracking.
° In conventional processing, the bleed stream is intended only to
help stabilize the reaction process, and the amount removed is minimized.
Any additional amount removed results in lower yields of desired fuel
products. There is no appreciation of the value of this material as a feedstock
20  to other refinery processes.
® Traditional two-stage hydrocrackers use first stage hydrotreating
to remove heteroatoms and saturate aromatics and second stage
hydrocracking for molecular weight reduction. This strict separation of
functions is no longer used. Recent two-stage fuels hydrocrackers maintain
25 significant conversion in the first stage as well as in the second stage. The
recycle stream is a high quality product of two hydrocracking reaction zones,
with low amounts of sulfur, nitrogen and aromatics.
. There are greater demands in the refinery for deeply
hydrogenated heavy products for use elsewhere (e.g. FCC feed, lubricant

30  base oils, ethylene cracker feed).



equipment, with each piece having multiple functions; thereby reducing
the capital investment required to achieve specific processing capability.
In brief, then, this invention involves producing a target amount of fuel 5
‘ﬁf&&‘ﬁ?&%@?gf‘n a two-stage fuels hydrocracker at an increaséd TEEHaf!4674
with the extra feed being recovered as varying amounts of a deeply
hydrogenafed h&469BiBARINHPHGEEE TRANE P It Ine
two-stagierhgmirocttacken ecichvingvayligdetbuachiossiesodrnwersicing the
balar@fi%me{anaﬁgsaﬁ%a%'%ﬂ%v%ém"&dﬂe@%a%awamonverted
oil product or to maintain a severity 10 balance between the two reaction
stages to optimize, catalyst.runlengths. The instant invention employs two
Sionitcant (oML e AR e AR A R R R
weell xsashaistining tybalagréleisresaeTackasvd @ty ibetersed rs fwis, with

stagese Expicplconyeisinrsatdiferaniieamhsaias are asshowirogtagd

Feed, Stage 2 Fe tage 1 Sta Mid-Dist Lube/FCC % Total Run bpd
bod B ek 3 R A e I Sak e
30 5@&@0@ vagas @EQ@,@WE@’,@WP@ b@@z@@nbftm@@m@tagﬁ@ ®optimize

___ 3600018 9PMRe 4 0ABAOAEE ShRARE O HHPRN AL I&itn order
i mainjain & taret rands ofbanels converted during ine o, stage
hydrocargg iengepro%ess, 8 firat and Secont gtages are (}'peratea% s
specific conversion levels. The goal is to produce a target range of barrels
of cracked Y0eMs8aURY tatiyNLBNMYYDRIBWIAE 1l AS FEREe BRIHBINESH.
Converngiendag efscis detinedasdedbasiels afdeedroigekesdnto o baitogn
20 ragg@e%lgg\{&ggntmg @QQ&Pf the feed. Maintaining a constant range

ig,%
of conversion barrels in this process means producing a consistent
amount of distillate fuels, regardJ’%ss of the amount of feed treated, the

severity of th® $%) GPELPLRINA FOICHEY! S 15 G PR PERY Weeply

@tﬁ d 2 Feed Stage 1 Stage 2 Mid-Dist Lube/FCC | % Total Run
hydro@ pg% hleatég/la)pd Conversion | Conversion bpd Feed bpd
% %
40,000 0 60 40 36,000 0 30
50,000 0 48 32 36,000 10,000 10
80,000 10,000 48 32 36,000 20,000 20
40,000 10,000 60 32 36,000 10,000 40
15 in order to maintain a target range of barrels converted during the two-

stage hydrocracking process, the first and second stages are operated at
specific conversion levels. The goal is to produce a target range of barrels of
cracked fuel product (e.g. boiling below the boiling range of the feed).
Conversion barrels is defined as the barrels of feed cracked into a boiling

20  range below the boiling range of the feed. Maintaining a constant range of
conversion barrels in this process means producing a consistent amount of
distillate fuels, regardless of the amount of feed treated, the severity of the
hydrocracking process or the amount of the deeply hydrogenated heavy
product which is recovered.

25 The two-stage process is to operate each stage at a reaction severity

such that the catalysts foul at approximately the same rate in each of the two



product which is recovered. 25 The two-stage process is to operate each
stage at a reaction severity such that the catalysts foul at approximately
the same rate in each of the two -6 WO 2006/065662

B INIE6t51044674 stages. Generally, first stage converSdhlealR{o44674
vary between 40 and 70 vol % and second stage conversion can vary.
betw¥asr30 FEN YR dSbSRAGBRIEFINS UL ERIRCANEPTHER I tHE VO! %
capahilityeob pdatass ngvransideedn Ving Eriearesdhablibtandatalysts pan be
economicallyirpiaced fruing hesHNE Shpidedi) is@drature of the
invention that the severity balance is maintained, regardless of how much
additional feed is sent ég) Egpe %rstta]n or s%cond stage | ILL a%gé?(ﬁj‘[ilrpNS
DEMONSTRAFIREGPERR KESRYENTTOERALP 9
HY DROTRASKERWIN I iF 4 FepRE FERR PO THRBITI IVERVES tO=BRge is

10 INSFAMEINYENI LN FigW tidcH Insdradas! dceanyeationahe fHtaaad/or
hydrocracger. In this example, 40,000 bpd of feed (line 2) is passed to the

first sst%lcgoé‘ ﬁf/%ﬁ%sc'racker (vessel 10). Prior to entrance into vessel 10, the
2000 scf/bbl of hydrogen(line 4) is combined with line 2. 20,000 b
convekiEdIRablONG DENKURRIBA NOHSOYHYAtEriaiSN M T e 1
stage. BgHmy cRERANDTORVERECERRED & MRIUDWaESHISLORNTEEgh

ki5|e 12. The unconverted ZOQQSW'MQ\W with 10,800 bpd of

recycle (line 32). 30,800 bpd erial enters the
fractionator(vessel_20) through line 14, along with 40,000 bpd of
converted, TEWET bUHFIRSS merBrRMicRRE4siRSe IR AR rial is removed
overhead through line 22. Higher boiling, unconverted material(30,800
bpd) exits thdfieexionalitori@fieRibpdinidead Ging B sorapsaedpwihfirst stage

hydragapitinei<B). Ehesmifuraithere@pifes e $661d BIRGEL000 scf/bbl of
el e A A R oS80 ey S Ahatngs 5152

vol %. converted material'exits' ves
15 conversion) to lower boiling materials in the first stage. Both converted and

unconverted material exits vessel 10 through line 12.

The unconverted 20,000 bpd is combined with 10,800 bpd of recycle

(line 32). 30,800 bpd of unconverted material enters the fractionator{vessel
20) through line 14, along with 40,000 bpd of converted, lower boiling

20 material. The lower boiling material is removed overhead through line 22.
Higher boiling, unconverted material(30,800 bpd) exits the fractionator
through line 26 and is combined with hydrogen(line 28). The mixture then
enters the second stage hydrocracker (vessel 30). Per pass conversion in the
second stage is 65 vol %.20,000 bpd of converted material exits vessel 30

25  through line 32, along with 10.8 bpd of unconverted material. Note that the
volume expansion during hydrocracking means that more than 40,000 bpd of
products are recovered from 40,000 bpd of feed. For purposes of this
disclosure, we will assume no volume expansion occurs.

Figure 2: Increased First Stage Feed



25 through line 32, along with 10.8 bpd of unconverted material. Note that
the volume expansion during hydrocracking means that more than 40,000
bpd of products are recovered from 40,000 bpd of feed. For Bur oses of
%53208%%%%@, we will assume no volume expansion occurt! H@%}Pgsﬁ}.‘mm
Increased First Stage Feed -7 WO 2006/065662 PCT/1JS2005/044674
Figure 2 ilfigra Y\ wiairs SR Al s indomg s 080 BbbPdrhise
deephepydrppenaiaddrey prodlut((find I84pfarsasdseldendiere. In order
to maintain constant fuel production, feed to the first hydrocracker stage
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ctiona

| ! . fr
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P ne . IS compineaq wi yar ne e
secorftAES RYSTELIAR 'Pi%%? %Hﬁ%ﬁ%‘%r{%%'ﬁf) %% e%{ 't%ﬂftﬁétg%%%ﬁfd
stageraradgdsthiersaie realiingersikhtiyavgiiingd 22adinssitiéecaiaes
ﬁonvﬁg§%&?¥fﬂ!¢%§&é¥é@m{n§%redum R nelasivevisy ]it{ﬂﬁl)b%ﬁ&n}a 134 as
case(rigur . us, second st [ sevyerit Sl 1N se
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While the amount of feed to the second stage remains the same, it will

be slightly harder to crack, since the conversion in the first stage was reduced

20 relative to the base case(Figure 1) . Thus, second stage reaction severity will
slightly increase in order to maintain the desired conversion. In the same

way, reaction severity may be increased slightly in the first stage to create an

acceptable severity balance between the two reaction stages.
Figure 3: Increased First Stage and Second Stage Feed

25 Figure 3 illustrates another embodiment of the invention. In this
embodiment, the refiner has the capability of producing a moderately
hydrogenated heavy product which is of slightly lower quality than that

removed in Figure 2.

The embodiment of Figure 3 maximizes unit throughput by increasing
30 feed to the first stage and introducing feed to the second stage. As in the



acceptable severity balance between the two reaction stages. Figure 3:
Increased First Stage and Second Stage Feed 25 Figure 3 illustrates
another embodiment of the invention. In this embodiment, the refiner has
it %‘Qﬂgﬁﬁﬁ of producing a moderately hydrogenated hea@(}%ﬂ@éﬁ““”
which is of slightly lower quality than that removed in Figure 2. The

embrdiersf SigutfRetBerieadiriods hhﬁuflfﬁfro%@%meo@ dPeBRING S fbed
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Khpagangeiliiss wichaailebraditioner. The MsRaRRE SritRTBRVIBER RNt
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produced in Figure 2.
Figure 4: Maximize Heavy Product Quality

Figure 4 illustrates another embodiment of the invention. In this
20 embodiment, the refiner has the capability of producing a very highly
hydrogenated heavy product which is higher quality than that produced in the
previous embodiments discussed. Briefly, the quality of the product is directly
related to the extent of conversion that the product experiences during

processing.

25 The embodiment of Figure 4 maximizes heavy product quality by
maintaining high conversion in the first stage and introducing feed to the
second stage. As in the process of Figure 1, the feed rate to the first stage is
maintained at 40,000 bpd. Fresh feed is introduced to the second stage at a
rate of 10,000 bpd allowing 10,000 bpd of the deeply hydrogenated heavy

30  product from the fractionator to be removed for use or treatment elsewhere.
As in Figure 3 the addition of fresh feed to an otherwise clean stage is

facilitated by the selection of a second stage catalyst that can tolerate higher

-9.



20 embodiment, the refiner has the capability of producing a very highly
hﬁ/drogenated heavy product which is higher quality than that produced in
the previous embodiments discussed. Briefly, the quality of the product is
e?cgﬂyﬂ?éqﬁzced to the extent of conversion that theqprodﬁct Eﬁﬁ&é‘ﬁ’é@g‘m“
durlng processing. 25 The embodiment of Figure 4 maximizes heavy
prodenct!sjoiiitifunyanaaiinegiing g bierdisaiy fredie Redysesn
introglyGing {aredQ thgnsesondysiagenas irobieprsEssaoy Etgdltﬁet 1, the
feed rate to the first sfage is. ma talne t40 gd Frt%s
introll QLGP égé'écon%i%ag % aa'?cﬁae o'fc' fB“ %B%IB r(}Jlfaﬁlov?n ?gcoé%m
bpd @BW@@EWHWW%EW 30 /préwef%hmtﬁ@ ﬁ*é?éﬁ%ﬂ@été?‘i’o
?e rﬁ?}g\g@fbfmt%%&fﬁ@éiﬁg@m@iﬁ@m]@eé@ckﬁhlilgﬂa@ 3ftheradatitioveof
resh feed to an ot clean stage.is. faci fa
sec s'i%%vee 'S5 Iys.fJ tha etrgra{‘r? ;38 Iératgt?ﬁg Her IIJFQ%/\%%%%&%%%%E%M
PC T8 20080uiGhle frsfaldre Pseprashed sty Matevebio ot Bideheavy

prodidef Rriegleeachin Fesensd will be of higher quality than the 10,000 bpd
of heavy product produced in Figure 2. The importance of this

embgdl (%nt is that product from the second stage has experienced both
50%“conversron in the first stage and 5 65% PPG in the second stage.

Combining th d st ffluent with the hi ff
Hom the TrAPGiEgEYR L SRR SRoRES: DRV ST e able

| Suitable for
futurewaoitessingital fredsioekhifie vadumnpredue s, sithedihgl@estipnPbase

°"S rEs cedstagk 1O ANIS y&n@ypeinwgsgg%ﬂm fepgs c"ﬁ)?\yé%rused in

tant invention. Typical feedstocks include an hea\(/%5 ntgetl oil

fractl@ﬁ%m%éfé&d&@%rﬁ&@ﬁ@”ﬁ BERAGBORP AR 83500 ESBYE0 5T
Suchydeeiistzbksaits]gateoiacamet s ditds heavyratresspharin ogpb ol

delayed colier.gam QibMmDEsakR: §os0ln demariallized Qlleamackem

residua, atmospheric
For the first reaction stage, typical feeds will be vacuum gas oil, heavy
coker gas oil or deasphalted oil. Typical feeds for the second stage would
include vacuum gas oil, heavy atmospheric gas oil, light cycle oil and light

coker gas oil.
20  Products

, The instant invention is directed primarily to high quality middle

distillate production as well as to production of clean deeply hydrogenated

heavy material (boiling in a range greater than 650°F, but typically above 700°

F) which may be used in processes requiring clean feeds. Such processes
25 include FCC feed, lubricating oil basestock and ethylene cracker feed.

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

250°F. to 700 F. At least 75 vol %, preferably 85 vol %, of the components of
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15 residual, deasphalted oil, Fischer-Tropsch streams, FCC streams, etc.
For the first reaction stage, typical feeds will be vacuum gas oil, heavy

cokergas oil or deasphalted oil. Typical feeds for the second sta%e would
W& W2 tum gas oil, heavy atmospheric gas oil, light cyd)é; i 851?@?16[74

coker gas oil. 20 Products The instant invention is directed primarily to
hightiagiadiey efiRiiatel Ravr ool SaHRGE ell erirBrictonfof lean
deeﬁ&%éﬂ%&@eel?&%,hﬁawmw%iaﬁz(%@ﬁmi@mmd gremies ihade
650'F, typically above 700’ F) whi sed in processe
requ‘fillﬁ%‘gjai?e %’?@g%ﬂéﬁéﬁ%ﬂgﬁ‘r% éﬁggﬁn}ﬁé‘ug%%%c eget(ir ubnﬁfc?g{?ng oil
basettbikelrnockitng dredieaekdetfoebe e R66E 208N I8 NAG EREHI RS

gspegialieiizeiiyd & 'ﬁgﬂeuerggmﬁg%m migdlerdistiate fragiansileeiingdn
the range of about 250 'F.-700 F, (121C: 371-C.). A middle distillate
fractiorfis d8hned 38 Fadift G boilif P G FRRPLBE TS50 'ESS oo F.
At lepgiréBavied ¥ bpinatenably Bmyeldn 25ahe. cormifeta16¢ -30 D
2006/065662 PCT1US20051044674 the middle distillate have a normal

boiling poip, ol e alSHINARAA8, Eish bIeAskAROu 7y B RrafetaDIY 85

vol %, of the components of the'middle distillate have a normal boilinlg .

poiniYERISES HERSPNY & repdifarrmalivhelsigdinsenar ibrlay 498 fie

iet fughamddserassishliting. rogeciiacinmg. lantee kevasenepasdettiuel
boili oint range refers to the range between 280" E. an 'F.

(e O PR T AR PR A S ks e
boilirtparetheririay el thsnsrade gt s@reoloral redineryInarksis @ad BRI Gr
naphthaeday also be produced in the process of this invention. Gasoline
or naphtha normally boils in the range below 400' F. (204" 10 C.), or C5

“through 400 K, (#8¢t1 GhoBAl PR EARGS T RNNALIAIS RIGHHELISRCHOMR

recovered In ang?&artlcular refinery will vary with such factors as the
tharaetgadivg e¥thie &UAQ dit source, local refinery markets and product

Conditions

Hydroprocessing conditions is a general term which refers primarily in
this application to hydrocracking or hydrotreating, preferably hydrocracking.
Both first and second stage reactors are preferably fuels hydrocrackers. The
20 first stage reactor has a conversion level of at least 40 vol%, and the second

stage reactor has a conversion level of at least 30 vol.%.

Hydrotreating conditions include a reaction temperature be’Meen
400°F. -900° F. (204°C.-482°C.), preferably 650° F.-850" F. (343’ C.-454° C.); a
pressure from 500 to 5000 psig (pounds per square inch gauge) (3.5-34.6
25  MPa), preferably 1000 to 3000 psig (7.0-20.8 MPa); a feed rate (LHSV) of 0.5
hr ™ to 20 hr'{v/v); and overall hydrogen consumption 300 to 5000 scf per
barrel of liquid hydrocarbon feed (53.4-356 m*m3feed).

Typical hydrocracking conditions include a reaction temperature of
from 400° F-950°F. (204° C.-510°C.), preferably 650°F.-850° F. (343°C.-454°

-11-



prices. Heavy diesel, another product of this invention, usually boils in the
15 range from 550' F. to 750' F. Conditions Hydroprocessing conditions is
neral term which refers primarily in this application to hydrocracking
W%Wﬂfrié%ng preferably hydrocracking. Both first and séyggﬂésé%r‘é%‘“”“
reactors are preferably fuels hydrocrackers. The 20 first stage reactor has

a coPveRaRliRYaIesEHidsargerf vaIFN LINPARS BeibifP-3tag)F@actor has
a coprepssion 1eveliofabiepst 3ovobie Mydiotpaingegrdidons. ndude a

reactio 40 " y -
S50k %@@%ﬁ%@ei}?ﬁ%ﬁ il By B
(poutR¥¥ sefrshbare) ﬁEW@%@)"(@?@%ﬁ%@é%ﬁd}%%f‘éﬂé‘bl 0to
3000 psig (7.0-20.8 MPa); a feed rate (LHSV) of 0.5 hr-1 to 20 hr'(v/v);
and o=etgdl hydrogen consumption 300 to 5000 scf per barrel of liquid
hydrocarbon feed (53 4-356 m3/m3feed). Typical hydrocracking

conditionsAnGdBradeAFHPILIRMRE RO N RAKIFsD 2P dekeral
(204'C.- 1oc: Eﬁre rably 650'F.-850' F. (343'C.-454' -11 WO

200(?/?5@ 51044674 C.). Reaction pressure ranges from
500 to 5000 psig (3.5-34.5 MPa) , preferably 1500 to 3500 psig (10.4-24.2
MPa). LH§‘Oerﬁyf§@§rﬁ@?ﬁﬁ)cft&9/§@er'i‘?r(imfoﬁ?@‘f@f%?cﬂ)ﬁ@‘é@g SPAPPnent,
Hydrppefdenstivhidem targestranislo. tsu2boatankpeirbarstkabliguid

lﬁydr%ceaéRorllhg %gagﬁ%gl éﬂ%&ﬂ%ﬁl%@ﬂﬁ&ﬁ% a% %ﬁ%@#@/ﬁ&é silica/alumin

ydroprocessing zone may ‘contain only one catalyst, or several catalysts
in c&ﬁbﬁ?ﬂr@@r%w&éé?ﬁ(ﬂﬁﬁgYéél?&I}‘?éPgQé(né?éZ"ﬁ?c%#ﬁi)‘%é@%"&%él&Hg
COMRaRRINY aatiid@genatipn CREY REENEan 0 SYbirdiresSTtle batadysts are

well % SR YLD B Rt er ARG GRPES AL BN R Y2 oup w1
amorphous silica/alumin
roup VII, or Group VIl metal or oxides or sulfides thereof, preferably one or

15 more of molybdenum, tungsten, cobalt, or nickel, or the sulfides or oxides
thereof. If present in the catalyst, these hydrogenation components generally
make up from about 5% to about 40% by weight of the catalyst. Alternatively,
platinum group metals, especially platinum and/or palladium, may be present
as the hydrogenatioh component, either alone or in combination with the base

20  metal hydrogenation components molybdenum, tungsten, cobalt, or nickel. If
present, the platinum group metals will generally make up from about 0.1% to
about 2% by weight of the catalyst.

Hydrotreating catalyst, if used, will typically be a composite of a Group
VI metal or compound thereof, and a Group VIl metal or compound thereof
25  supported on a porous refractory base such as alumina. Examples of
hydrotreating catalysts are alumina supported cobalt-molybdenum, nickel
sulfide, nickel-tungsten, cobalt-tungsten and nickel-molybdenum. Typically,

such hydrotreating catalysts are presulfided.
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phase and/or a zeolite, such as a Y-type or USY zeolite. Catalysts having
high cracking activity often employ REX, REY and USY zeolites. The

binder is_generally silica or alumina. The hydrogenation component will
BRI, Group VI, or Group VIII metal or oxides or § fF{gERI0s/044674

thereof, preferably one or 15 more of molybdenum, tungsten, cobalt, or
nickel, or the sulfides or oxides thereof. If present in the catalyst, these
hyd\%‘é’é %Mmﬁénts generally make up from about 5% to about
40% by weight of the catalyst. Alternatively, platinum group metals,
especially! platirfymesirsl GorfamERRAesHiag BysHosarorrchays feedstock,
hydsg@enaiien eaipBRRg At Ieitheraienactoninceenbinaiosingih ibecihase 20
metal hydrogenation compgnent lybdenum, tungsten, cobalt, or
niclﬁ%?.phéa ”é?gg’é‘ﬁ{'%ﬁ‘é ﬁ%ﬁﬁ%”&fé‘% ér/hetals will generally make up from

about 0.1% to about 2% by weight of the catalyst. Hydrotreating, catalyst,
if used, wifthypi®R%Be A WERERIEREAER S IEEHS O R BTG @ﬁ#ﬁ?& ©
thereof, and a Growipici therietabock tspotmtktheitbaf caiisappattedion a

“porous refractory, s SUghAs AR RIBRIRERISS Qi Vakgtreating

catalysts are alumina supported cobalt-molybdenum, nickel sulfide,
nickel-tungsten, cobalt-tungsten and pickel-molybdenum. Typically, such
hydrotreaﬁ??g ca‘fﬁwgﬁ'%&%ggﬂﬁ?&?ﬂéﬁ%%&@&%ﬁ%&gﬁ ?-;&Mé
/US2005/0446x B4cOHIctBrGIonMED IS: 1. A method for
hydroprocessing a hydrocarbonaceous feedstock, said method employing
at least twig jeagiiniagresniiie of siegleoreaatiattinrmand ehittprising
the following steps, (g RERRC AIETaradADACRRUS FRleEIn, st

reaction zone in whic stock is contacted with a catalyst bed and

hydrogen, wherdiRredriergidwiipeekays aoiRsmse Hreepriimg e
effluent of step (RnwstBdlae giftent from the second reaction zone;

{d) removing as a product at least a portion of the effluent of step
(c) that boils above a reference temperature;

()  passing the remaining portion of the effluent of step (c ) that
boils above a reference temperature to a second reaction zone,
in which the material is contacted with a catalyst bed and
hydrogen at a conversion rate of at least 30 vol%; and

() combining the effluent of step (e) with the effluent of step(a) and
 passing the mixture to the fractionator of step (c).

2. The process of claim 1, in which a balance is maintained
between the severities of the reactions occurring in each reaction zone in
order to maintain a constant volume of product boiling below a reference

temperature.

3. The process of claim 1, in which feedstock is combined with the
effluent of step (¢ ) that boils above a reference temperature prior to step (e},
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(c) passing the mixture of step (b) to a fractionator, in which material
boiling below a reference temperature is separated from material boiling
above a reference temperature and removed as product; (d) removing as
WHK(EESEE 1east a portion of the effluent of step (c) that bdlfsTAR(RR44674
reference temperature; (e) passing the remaining portion of the effluent of
stepr(eydeide oises Mr@efl rirReedriperatie Sem e atRh
Zonggniianhishirteeomaiesiall is denpasteskwith a catalyst bed and hydrogen
at a conversion rate of at least 30 vol%,; and (f) combining the effluent of

actonatar of St L e e
ractionator of step (c). 2. The process of claim 1, in which a balance is
o B SR AN 1 U, GBS e TR DR B o o

reactigardesedhiheaectotmbietdiiicatedntiiaseveliimes e proeest boiling
belowaiRIIePER JRINRAISHLRucH SNadY poaRadiaiNole iA reRiehce

feedstock is combined with the effluent of step (c ) that boils above a
refeleMPE BYFHEFSRIPYSitior to step (e), 13 WO 2006/065662
PCTIUS2005/044674 in order to offset the amount of product removed in
step (d) and maintain a constant volume of material in the process. 4. The

process ofclaimrie ipraRighor gainstant waltirecfdlaeerel wentabsieps )
that poils bel?lyv ad %?nc%t%ﬁperature is produced, regardless of the
amount of 18ed trea ed, the severity of the process conditions or the
amount of effluent of step (c) that boils above a reference temperature is
removed. g, Therpeasiesssef siaimmls, imwhich the refetenecedeptpeatatiieiis

in the range from 620 rough g 394

7. The process of claim 1, in which the volume of effluent that boils
below a reference temperature comprises distillate fuel product as well as

gasoline.

8. The process of claim 2, in which the catalysts of each reaction
zone foul at approximately the same rate, permitting simultaneous

replacement during shutdowns.

8. The process of claim 1, in which the feedstock is selected from
the group of consisting of vacuum gas oils, heavy atmospheric gas oil,
delayed coker gas oil, visbreaker gas oil, demetallized oils, vacuum residua,
atmospheric residua, light cycle oil , light coker gas oil , deasphalted oil,
Fischer-Tropsch streams, and FCC streams.

10.  The process of claim 1, in which hydroprocessing comprises
hydrocracking, hydrotreating or both.
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6. The process of claim 5, in which the reference temperature is in the
preferred range from 700 to 725 F. 7. The process of claim 1, in which the
volume of effluent that boils below a reference temperature comprises

Vs tifetectie product as well as gasoline. 8. The process of 85(%5)22?%?44674
which the catalysts of each reaction zone foul at approximately the same
rate, perrhitting RiprRiRaFRE0Y<C AP I AR MURFl JHRY Mﬁ%ﬁfﬁ%’.’%?ﬁ?e
progessainetairgkioh which the feedstock is selected from the group of
consisting of vacuum gas oils, heavy atmospheric gas oil, delayed coker
gas oil, visbreaker gas oil, demetallized oils, vacuum resi

esidua,
atmosphéde redierBrofgat SYElaBil!; NRIBES %VBTF',O&éﬁgb%‘gﬁEﬁ%ﬁﬁ
Fisghprils opsshiaireamsraugh 70 Coltreadibe bonvérsipnosdiss ssteraim 1,
in which hydropr Ing COMPHSES shXiacsacking, hydrotreating or both.
_1qf§%fdsénépbgé%%§§6§gégé p) PCT/@%ZOOS/O 4674 11. The process of
claim 10, in which fuels hydrocracking is the predominant reaction. 12.
The process of Tlaimrdsesthefelnithe inweigicedontt etht staessignirs the

range from 4& ragh (0ol gadthe ganversion in the second stage is
in tr%éergar?ag r%ﬁgn%% toro gh 80 VOoI% ger pass. 13. The process of claim

12, in which second stage conversion is in the range from 40 through 70
vol% per pass, T4e pheqooeskiof 8ahedjvihe @inviteico invbesios g

first St safig;%}t'%@/?%ﬁf? Y% ARG RS FanveLionindle Resqssketadeiin at

least 0 [o] highly hydrofined h d itabl
for CIORSEN HOIRY RSB EMEISRST IS HOLER A TRIRL PO RLHD
hydrgdseatingoenditions

15.  The process of claim 11, wherein hydrotreating conditions
comprise a reaction temperature between 400°F. -900° F. (204°C.-482°C), a
pressure from 500 to 5000 psig (3.5-34.6 MPa), a feed rate (LHSV) of 0.5 hr ™
1 {0 20 hr'{viv); and overall hydrogen consumption 300 to 5000 scf per barrel
of liquid hydrocarbon feed (53.4-356 m*/m®eed).

16.  The process of claim 11, wherein hydrocracking conditions
include a reaction temperature of from 400° F -950°F. (204’ C.-510°C), reaction
pressure ranges from 500 to 5000 psig (3.5-34.5 MPa), LHSV ranges from 0.1
to 156 hr'* (v/v), hydrogen consumption ranges from 500 to 2500 scf per barrel
of liquid hydrocarbon feed (89.1-445 m*H/m’ feed).

17.  The process of claim 1, in which the effluent of step (c) that boils
above a reference temperature comprises clean deeply hydrogenated heavy

material.

18. - The process of claim 17, in which the clean deeply
hydrogenated material is used as feedstock to processes selected from the
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comprise a reaction temperature between 400F. -900 F. (204°C.-482C), a
pressure from 500 to 5000 psig (3,5-34.6 MPa), a feed rate (LHSV) of 0.5
hr - ' to 20 hr'(vlv); and overall hydrogen consumption 300 to 5000 scf per
WRZNYOB1f4uid hydrocarbon feed (53;4-356 m3Im3feed). 1BCW§2}3?8%‘§§4
of claim 11, wherein hydrocracking conditions include a reaction
teper SRNESHNE GhT BO0/Rd JHBICANSAOH RasRFIeTH BRIV IBPE LRTKe
rapggs from 500 to 5000 psig (3.5-34.5 MPa), LFiSV ranges from 0.1 to
15 hr' (vlv), hydrogen consumption ranges from 500 to 2500 scf per barrel

of liquid jydro &b&‘aéé‘@o(%%xwﬂﬁmﬁid@m@d‘ﬁa@bt béad betpsaesss of
claim 1, in which the effluent of ?&n tha%hbons above. &l?ﬁf&rence
y

termratand ERRRIPRENERAT 838 Pogerated heavy material. 18.
Th@@mz@m@bnmhmm@rmm@htﬂw&man deeply hydrogenated material
is used as feedstock to processes selected from the -15 WO
2006/065662 RGd pibl2208b3a4A6,i4 virtinhequsisting tfdegictkded,
lubricating oil basestock and ethylene cracker feed. 19. The process of
clafifThS&hiEh the catalyst beds of the first and second reaction zones
are selected from the group consisting of hydrotreating and hydrocracking
catalyst. 20. The process of claim 9, in which the preferred feedstock is
vacuum gas oil. -16
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