16 March 2005 MULTI PLE HYDROPROCESSI NG REACTORS W TH | NTERVEDI ATE FLASH

ZONES FIELD OF THE INVENTION 5 This invention relates to hydrocracking, and

nore particularly to second stage hydrocracki ng enpl oyi ng |t _
reaction zones. BACKGROUND OF THE | NVENTI ON 10 Fuel derrands%i\a%di[?h@?%ay ng

wor | dwi de- The fuels produced nust meet stringent standards concerned with
environmental quality. The nost abundant feedstocks currently available
are relatively heavy, such as vacuum gas oi |l and Fi scher-Tropsch streans.

Hydrocracking is used toMEbMREE HQRQPROGESFINCAaREATORS st ocks into
| ighter materials which ”ay\l\}?ﬁ-l‘l'ﬁ?égmd’m’fﬁ FL’RQIQ'Z‘?JI@'—?“ | | at e products.

Hydrocracking is typically perforned in on€ or nore staged hydrocracking
units that:ican be i ndependent reactors or conbined into nulti-staged

reactors. 20 All hydrocracki ng ' inmze yield and nininize
recycle volume. |n nost cases,P %eééer,ﬁ m zation results in
increased Srecycle, and vice versa. U S. Pat. No. 5,705, QSZl di scl oses a
process for hydroprocessing Iiquid 25 petroleumand chenmical streans in a
single reacti iﬁ{s\}ﬁ‘éeéﬁ'fmcfﬁlﬁ?ei‘i tﬁﬁWﬂ@% ’aﬂﬁf‘@rﬁ?&%ﬁﬂ%&l&%&?@d@aﬁl on
stages. Bot'h hgdrdstackingamblbyiagmidigse fdaetbn gengdirrently in the. reaction
vessel . The whole partially converted hydrocarbon effluent passes to the

next reaction zone after being stripped of its "dissolved gaseous

material". 30 U.S. Pat. NosgAGKEROVRD ardries HAFel@foRr e variations of the
process %escribed in US. Pat. No. 5,705,052, Th US™ Pat. No. 5,720,872,

t he maj or _ .
Fuel demands are increasing worldwide. The fuels produced must meet

stringent standards concerned with environmental quality. The most
abundant feedstocks currently available are relatively heavy, such as vacuum
gas oil and Fischer-Tropsch streams. Hydrocracking is used to convert heavy
15 hydrocarbon feedstocks into lighter materials which may be used to make
middte distillate products. )
Hydrocracking is typically performed in one or more staged hydrocracking
units that can be independent reactors or combined into muiti-staged réactors.
20 Al hydrocracking processes aim to maximize yield and minimize recycle
- volume. In mbst cases, however, yield maximization resuits in increased
recycle, and vice versa. '
U.S. Pat. No. 5,705,052 discloses a process for hydroprocessing liquid
25 ~petroleum and chemical streams in a single reaction vessel containing two or
o more hydroprocessing reaction stages. Both feedstock and treat Qas flow
co-currently in the reaction vessel. The whole partially converted hydrocarbon
effluent passes to the next reaction zone after being stripped of its “dissolved
, gaseous_materiéi". . | |
30 _
" U.S. Pat. Nos. 5,720,872 and 6,103,104 are variations of the process
/. described in U.S. Pat. No. 5,705,052. In U.S. Paf. No. 5,720,872, the major
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1 16 March 2005 difference is the addition of a nulti-staged stripper in a
single stripper vessel. U S Pat. No. 6,103,104 enpl oys the concept of

i nter bed ‘quench between the hydroprocessing stages. 5 U.S. ﬁﬁt.mﬁg

6,017, 443 discl oses a process for catal ytic hydroprocessi nd® NachAIh a
feedstock is introduced at the top of the |lower reaction zone for downward
flow through and reaction with the catalyst therein. In one enbodinent, a
partially reacted liquid effluent is punped fromthe |ower . reaction zone

to the top of difRrenppisiheadditionef 2sndi-skigedsiiRReT ¢ fisEwWe Hrispjvesseand

reaction with (kepeRing 63103 104 BRblog8 B cdt@pf 8CHfeiBed udtth ddwedn gnat ed
into product and unconverted material prior to recycling, however. U S

Pat. No: 4, 08Avempracessingseages-hydr ocracki ng process with two reactors
operating in parallel rather than in series. Two different feedstocks may
be 15 hydrocracked to nmaxim ze distillate production. The second feed is

m xed witl t HeSvEpbMbus,Gvasss disdossep aravess forafatalytid ysioprbeessind én
conver si on- of fe) e . . i scl oses a
conventi onal n\%l{]?l‘ Slféeéés%t%%kelggfrﬁhoggggd # E)tr%e tgﬁb%“gﬂ S‘F‘é? Ee%%ﬂé@g% ﬁ))?/dr ocr acki ng
a heavy hydr octvbovead dowshchahgadstadion with theecapalystdisareinhyidoner acked

effluent is admixed with hydrorefi,n ef f lLuent. and. e i nation
Sepnrated i nt SMOTHRERL 3 PN EAUET haGl eriEht i hined fEpTSS RS i S
mat eri al . The reastioddzonariothe tapasfithé Bppdradattiddzone far Sonnwaddlow thyslighgen and
as a quen uid for both the hydrorefining_yeaction zon

ch fl hydr, ] and 25 the
hydr ocr ac@ng gnddepctinn Wi the gatalystin that ggne.g The segysie 'aingéﬁa%t&laéﬁdpm&ess

havi ng nore t hagd@it @nd indbRverekhABrib Bl k@ ek BtRy, WBlvebecontains -
hydr ocracki ng catal yst, wherein the catalyst is rejuvenated or reactivated

while the process unit remains 30 on-stream by the periodi c exposure of

partially spenjsCabalnGl,ded 61 disQ6ysH £ hﬁ@?ra‘&%b?ir&é& WiHARdR ctofd1e

reactors in this process operate In para

operating in parallel rather than in series. Two different feedstocks may be
15 hydrocracked to maximize distillate production. The second feed is mixed
with the vaporous phase from separation of effiuent from the conversion of the

- first feedstock.

- U.S. Pat. No. 4,197,184 discloses a converitional multiple-stage process for
20  hydrorefining and hydrocracking a héavy hydrocarbonaceous charge stock. In
' the process, hydrocracked effluent is admixed with hydrorefined effluent and
the combination separated into a hydrogen rich vaporous stream and normally
liquid material. The cooled vapor stream is then used as a source of
“hydrogen and asa guench fluid for both the hydrorefining reaction zone and

25 the hydrocracking reaction zone.

U.S. Pat. No. 6,106,695 discloses a process having more than one
hydrocracking reaction zone which contains hydrocracking catalyst, wherein
~ the catalyst is rejuvenated or reactivated while the process unit remains
30 on-stream by the periodic exposure of partially spent catalyst to hot recycle
-gas containing hydrogen. The reactors in this process operate in parallel

- rather than in series.



rather than in series. 16 March 2005 SUMMARY OF THE | NVENTI ON The i nstant
i nvention conprises a hydroprocessi ng nethod having at | east two stages.

The first stage enpl oys a hydroprocessing catal yst which co in
hydrotreating catal yst, hydrocracking catalyst, or a conbinﬁét“?adﬁh géc?é bot h.

The second stage enploys a series of fixed bed reaction zones, with feed
and hydrogen in co-current flow, with inter-bed renoval of gas and

products. Gas and product. r @iRMAARICEETHE NvENRENSEParati on zone in which
hydrogen preferably enters mmrvuwmgij—m‘% process of the instant
invention maximzes mddle distillate yield while mnimzing the vol une of
recycle. Per v ion |S. defi ver in a stage
i vi ded by v S EER R et fS R Sel st el BERFAR RS, |\ "e2ch
react or vesdeb stagesi Mhel fosy,staiderplolye athydwhprbecdsivey dBalgwenkich nepnver si on

caui pront  criRreb B St Bua B BreinG e el PtetSR el T oner |

capgci t K armbtia][ Eh@alé(itcﬁfd sﬁz@gel é\‘ﬁblm@i&tgsefriba@f fdd bed ﬁeég;ﬁdn ]Iczleﬁ@é,eﬁfh may be
used. The use , Single 20 hed reactor rovi des exihility in
second st agie%cga?@g?%gewe_ ‘%‘Féerﬁg'o { Wﬁﬁénteﬁ_gggé‘?f“‘éﬂ OQSaﬁéf‘gr equire
quench gasegpredudts. d8hE and PRoICPFPRREScOFINAMash sepafatibh 9Bne ZPwhik@ present
i nvention provides a hydroprocessing nmethod having at -least two reaction

stages, conpWAEdss Rreferalheprterstcountgrows@dliyag a hydrocarbon feed into a
first rggction stage, which is nmaintained at hydroprocessing conditions,
where it is contacted with a catalyst in a fixed bed and at |least a
portion .of tihe freesssicl thwonstant wdenBm mexingaeminkddig diskilsteMaldiathile of step (a)

wi th pr Oduc%iﬂmiﬁﬁb ‘i’ljle %Iﬁ)ﬂbtolﬁ?e@g%(? I’lf’ier-pa:-:s conversion is defined as fresh
feed converted in a stage divided by total feed to a stage. The per-pass
conversion rate in each reactor vessel remains iow, 40% or less, while the

15  overall conversion rate is 60% or greater.

Thé process of this invention provides economy in equipment employed.
Single bed reactors, which are smaller, have lower capacity, and are easier to
maintain than multiple bed reactors, may be used. The use of small, single
20 bed reactors provides fiexibility in second stage operation. They are of simple
design and do not require quench gases or liquids. This promotes economic

operation.

The present invention provides a hydroprocessing method having at least two

25 reaction stages, comprising the steps of:

(a) passing a hydrocarbon feed into a first reaction stage, which is
‘maintained at hydroprocessing conditions, where it is contacted with a

catalyst in a fixed bed and at least a portion of the feed is converted;

- 30 (b) combining the effluent of step (a) with product material from the second

reactor stage and passing the combined stream to a separation zone;
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reactor stage and passing the conbined streamto a separation zone; 16
March 2005 (c) separating the streamof step (b) into an unconverted liquid
ef fluent 'and at |east one converted stream conpri sing proggﬁ%i hﬁﬁgng a
boiling point below that of the feed; 5 (d) passing the u T l'iquid
effluent fromstep (c) to a second reaction stage, said stage conprising a
plurality of reaction zones, wherein each zone is naintained at

hydr ocr acki ng ?onditions,and separati on occurs between each zone; 10 (e)
contacting t &)t ¥RAFiIngiae siream of sign (bdinto gRansenried liayid effluentaandat al yst
in a fixed bed, 4theistbie CBAYEHAd Stteart cbPBRting pRAIUCEORa VR éw-hg?)g’m(f)
separating the effluent of step (e) into an unconverted |QQUIJ ,uent,
and a hydrogen- ey fshebhedigedt ream 15 (g) recycling the hydrogen-rich
converted streamof step (f) to conbine with the effluent of step (a); (h)
passi ng the unconverted liquid effluent fromstep (f) to a second reaction
zone of t®e ddtomfssingdles unernvesead ligeidraffluamit frem st @) tg decmrdacki ng 20

Wih & catalyet Toa@Rsd DR B ol N T R BB por on o
the feed; 25 (j) vwheseihiemchtziong it hairgdifibd ehhydrberatking Copditionpandluce gas,
napht ha, and one J @af rt]igé% nardq)l distillate product streans, unconverted
material being regycled £ St eeg""??ﬂ ©aGh 28 ar ch 2005 BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 illustrates a schematic flow di agram of the instant

i nventi oy It

S a . . .
(e} contacting the feed in the first reaction zone of step (d) with a catalyst in

a fixed bed, thereby converting at least a portion of the feed:;

(f)  separating the effluent of step (e) into an unconverted fiquid effluent, and

a hydrogen-—rich converted stream;

15
(g) recycling the'ﬁydrogen~rich converted stream of step (f) to combine with
the effluent of step (a);
(h) passing the unconverted liquid effluent from step (f) to a second reaction
zone of the second stage, the zone being maintained at hydrocracking
20 conditions;

(i)  contacting the feed in the second reaction zone of step (h) with a
catalyst in a fixed bed, thereby converting at least a portion of the feed:;

25 () fractionating the effluent of step (i} to produce gas, naphtha, and one or
more middle distillate product streams, unconverted material being
- recycled to step (d).



schematic of a two-stage hydrocracker. The second stage possesses at | east
5 two reaction zones. Figure 2 iltustrates the pilot plant sinulations of
two second-stage reaction zones in series. 10 DETAI LED DEng PTI OF THE
PREFERRED EMBODI MENT The instant invention is directed to eiBeessi ng
met hod which is particularly useful in the second stage hydrocracking step
of integrated processes such as those disclosed in U S. Pat. No. 6,179, 995
(09/227,235), 15 an integyg Ig s for h){_drocnverti ng a residuum
feedstock. Figure 1 illusBRieleDERGRIBIMINQRTHE DRAVWINGS n which there are
at least two .fixed bed reaction zones in series. Follow ng each fixed bed
reaction zone __ (prigr to the last one in the series) is an internedi ate
flash zone fofi&Epdlistatesapseenaliaslon daowe ef thalirstantdnyantioonids eed
materials. Ingk iX&h j r | Shd
preferably in aﬁ%g%t:i:,ur r eﬁ\fﬁﬂ%t?ggg ?@Eratcg(&?ﬁ?% %%38%% @?‘L}fslggge?\ét%q?anﬂﬁ gure
1, the feedst S¥kreaciigmgenesent ers the first hydroprocessing stage 3 25
(which conprises at |east one fixed bed reactor), along wi th hydrogen
stream 2. Streans 1 and 2 enter the top of the reactor and fl ow downward,
cont act i ng- t hEigir ddliustratesytbe plietplant skhelatidrid afdwb secondrstagesendtion pr oduct
stream 25 to E(?t'iégi ts%ﬁggn 6. Stream 6 enters the fractionator 7, where it is
separated into product “Streans, which are further discussed bel ow. Product
30 streans’'include gas 9, naphtha 10, kerosene 11, and diesel 12. The

unconvert mat er | . L v Lcally 700F. |t _passes to
the first ' reactis L b ) N 3 SRE—%E@%&MM@I4 (the
hydrogen 5 16 March 2005 stream flow downward through fixed hydrocracki ng

catal yst bed Pl]g .The .effluent of reactor 15, stream 17 passes to .
separ ati on zonB€ fstanbiygaten is difsctad & helrprpssssimpmethod whighieed i n stream

19. Stream 20paribilgRy G98TURKARe second stage hydrocracking step of integrated
processes such as those disclosed in U.S. Pat. No. 6,179,995 (09/227,235),

15 anintegrated process for hydroconverting a residuum feedstock.

Figure 1 illustrates a hydrocracking process in whiéh there are ét least two
fixed bed reaction zones in series. Following each fixed bed reaction zone
(prior to the last ane in the series) is an intermediate flash zone for separation

20  of converted materials from unconverted materials. in the fixed bed reaction
zones, hydrogen is injected preferably in a co-current direction to the fixed
bed effluent.

In Figure 1, the feedstock stream 1 enters the first hydroprocessing stage 3

25  (which comprises at least oné fixed bed reactor), along with hydrogen stream
2. Streams 1 and 2 enter the top of the reactor and flow downward,

| contacting the ﬁxed catalyst bed 4. The effluent 5 combines with product
. stream 25 to form stream 6. Stream 6 enters the fractionator 7, where it is

separated into product streams, which are further discussed below. Product

30 streams include gas 9, naphtha 10, kerosene 11, and diesel 12. The
unconverted material, stream 13 boils above typically 700°F. It passes to {he

first reaction zone of stage 2, reactor 15. Stream 13 and 14 (the hydrogen

5



unconverted material, enters the second reaction zone of stage 2, reactor
22, along with stream 21, which conprises hydrogen. Streans 20 and 21 fl ow

downwar dl'y through fixed hydrocracki ng catal yst bed 23. Str e
ef fl uent of reactor 22, conbines with stream 19 to form strjgyarétm&é:e

per-pass conversions in both reactors 15 and 22 are typically between 10
30% and 40% Feeds A wide variety of hydrocarbon feeds nay be used in the

oi T fract i on oy ar)ieR SOUPMERL hEEHRARE Tl qtind T PV AERYL 160 2000)

Such feedst oclaﬁluentdaﬁjaectovaﬁusimagast? pakﬁs tdaﬂfﬁhﬂﬂtlbn zede 08| Prodigasphal ted
oil, Fischer | | ate_streans, hea vy

| - t .- ECC and cok t
crude fracti O%PC%S?%ISW?Q? F fse'?ﬂa‘]’%(légs@%ﬂ{? :31?3 Isft'fe@ﬁ‘? 29 0vhiglh copais
ni trogen and ﬁham\@rtédfméﬂfbnaltyﬁaﬁtél'é( t‘Hé se@&ﬂdgfé&@h@ﬁ §Oﬁ|3"§f g ch’fe%(cflgI ?9 process

of this in ent@?‘ espemall useful in the production of
distillate’frd Bam g yhich ﬁ@mpawmomﬁtrms 20@pd 24 flove1- 371 C).

A niddl e di stubdvawarcnmﬁ@ug}wea@md?&&, Ak pbosl LA Jange  from

about 250 to 700F. The term "m ddl e di st udes e diesel, jet
fuel and ker ogﬂﬁén"cﬁffpﬁﬁgfQ&r@@lb"ﬂ@cwﬁlbﬁtﬁeamﬁé t*ké@rmsﬁlmm%j et fuel boiling
poi nt range refers to the range between 280 and 525F (138-274). The term

di esel boili ng range" refers to hydrocarbons boiling in the range from 250
to 30 700F (1Phe petp@ys camvssiommeindiotmegaistdns 16 andl2l are ypitallyibetwden r ange

bel ow 40@ti W@d&ﬁw | ng ranges of various product fractions recovered in
any 6 16 partlcul ar refinery will vary with such factors as the
characteristics of the crude oil source, local refinery markets and
product prices. Conditions Feeds

A wide variety of hydrocarbon feeds may be used in the instant invention.

15 Typical feedstocks include any heavy or synthetic il fraction or procéss
stream having a boiling point above 392°F (200°C). Such feedstocks include
vacuum gas oils, demetallized oils, deasphalted oil, Fischer-Tropsch streams,
FCC and coker distillate streams, heavy crude fractions, etc. Typical
feedstocks contain from 100-5000 ppm nitrogen and from 0.2-5 wt. % sulfur.

20

- Products

The hydrocracking process of this invention is especially useful in the
production of middle distillate fractions boiling in the range of about 250-700°F
25 (121-371°C). A middie distiliate fraction is defined és having a boiling range
' from about 250 to 700°F. The term “middle distillate” includes the diesel, jet
fuel and kerosene boiling range fractions. The kerosene or jet fuel boiling
point range refers to the range between 280 and 525°F (138-274°). The term
“diesel boiling range” refers to hydrocarbons boiling in the range from 250 to
30  700°F (121-371°C). Gasoline or naphtha normally boils in the raﬁge below

400° (204°C). Boiling ranges of various product fractions recovered in any _



5 Hydr oprocessing conditions is a general termwhich refers primarily in
this application to hydrocracking or hydrotreating, preferably

hydr ocracki ng. Hydrotreating conditions include a reacti on1§ el{éxgdére
bet ween 400F- 900F (204C-482C), preferably 650F-850F (343C 3’%

pressure between 10 500 to 5000 psig (pounds per squard inch gauge)
(3.5-34.6 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 consunption 300 to
5600 5o per LIRS Ry itk Wi SOEF IO e SRR IRBP e sy 15
Typi cal hydr ocsibsires imnﬁﬁﬁhb@nﬁaﬂk@fslatﬁﬁpradﬁ@tgﬁkle@.n tenperature of from
400F- 950F (204C-510C), preferably 650F-850F (343-C-454-C)- Reaction
pressure ranges from 500 to 5000 psig (3.5-34.5 MPa), preferably 1500-3500
psig (10.4-24.2 MPa). LHSV ranges fromeRditich® 15 hr' (v/v), preferably
0.25-2.5 hr!. Hydrogen consunption ranges from500 to 2500 scf 20 per

barrel of 5 qui d hydrocarbon feed (89.1-445n8 H2/nB feed). Catalyst A .

hydr opr ocessi W&Qﬂ%cgggnggaﬂmhﬂs@ggépgﬁ%l featalysd f%}c&(rzsdﬁrpﬁ'\r(%gkn fdalysts in

25 conbi nation.” The. hydrocracki ng yst general S a cracking
conponent, a aPplisaiipariathvdivceashingme hydmitrgatindgipreferabhShpdrocmickingst s are wel |
known in the art. The cracking conponent may include an. anorphous
silical/alum na phase 30 and/or a zeolite, such as a Y-type or USY zeolite.
Cat al yst s havifigireireating condikiprajinglude wi reactisint temperatliebetien REG° 800 WSY

zeolites. The /b b 7 1 r o Ly, sl ica or alumna. The
hydr ogenat i on (g%%%%éno?)vﬁr?f%r%@y g@@gﬁ@ %ﬁ%ﬁ@%iﬁtb | f Presisugg Beweon | net al
or oxi des16r bsitmbftbﬁesoprr(lﬁaﬁndsmeefsqna:@:ciy%mggjgy) (3__5;34@6 Mpgypbaél?@}gf |B m
tungsten, co 0 ckel . ar ul firdes or oxides thereof. pr esent
in the catal yglpbott?lgg@l) H?/’ﬂt%ag@aé Fﬂ%ﬁs fesdiTale & Hyehof 915 'SWh1 to 20 hr!
(v/v); and overall hydrogen consumption 300 tq 2000 scf per barrel of liquid
hydrocarbon feed (53.4-356 m*/m?® feed).

15 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°C).
Reaction pressure ranges from 500 to 5000 psig (3.5-34.5 MPa), pfeferabiy
1500-3500 psig (10.4-24.2 MPa). LHSV ranges from 0.1 to 15 hr™ (viv),
preferably 0.25-2.5 hr. Hydrogen consumption ranges from 500 to 2500 scf
20 per barrel of liquid hydrocarbon feed (89.1-445m® Hy/m? feed). |

Catalyst .

_ A hydroprocessing zone may contain only one catalyst, or several catalysts in
25  combination.

The hydrocracking catalyst generally comprises a cracking component, a
hydrogenation component and a binder. Such catalysts are well known in the
art. The cracking component may include an amorphous silica/alumina phase
30 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

7



5 make up from about 5% to about 40% by wei ght of the catalyst.
Alternatively, noble netals, especially platinumand/or palladium nay be

present as the hydrogenation conponent, either alone or i i i on
with the base netal hydrogenation conponents nol ybdenum Bgmﬁgﬁiobalt,

or nickel. If .present, the platinumgroup netals will generally nmake up
fromabout 0.1 %to 10 about 2% by wei ght of the catalyst. If noble netals

are enpl oyed, L.SQni I5,.avold ue to the use of l,| reacto and
the constant " CERREIVsHe of SuBYSH, The HiGebentth sokthcdep P e & REE U 1

typi cally be &roopjptsort@ronfp \AllGnetapobxiddsomedifales ticreofypesfachbiyneieof , and a
Goup Vill netal or c ound thereof supported on porous refractory base
such as  al unmi Qre%‘iﬂ}?&%@?%‘?‘- EW&&& P%téqq{?l’?é“@g‘?’a?ﬂl@?ssu |dgs 9r 9¥i9RS suppor t ed
cobal t - mol ybdétmareof. i piseént is thd tatalyst)itedeel hyldiiahesh c6@pahdntt yaastgy and

ni ckel - nol ybdenym T icgll 0 su%h h q,r.&tyreati n(i; catal ysts are .

presul fi ded. ?B’kﬁ' %ﬂ\%{rﬁg ?P%/ﬁl@éof‘ Put 40% byerrightof Hre eafalyst. riaTeatdiely. The
ef fl uent of  anbbleShetalsaBspedM MHRECEADDr PARRRIM, RaPbl hAsddnPAgHRYy - The
unconverted portion of the first 25 stage hydroprocessor Passes to a

second- st age Ryéfogenatiorgiompanent.silpehaloge g epehivaticackidt thedvsei metel

mul tiple reachiQBgaRatRh ﬁdheﬂfsemomp&%%%ngﬁeﬁ,e&db%ﬁ; othilkky! fit erstage
separ atl1on zones. Unconver ted mat erira . renov from each separ ation zone
i s passed to PrRsenkhe platicumanovpmetainwill gansdallytmale ap fom atwadt dl % e o

oi Lot plafg sPRUTATT B Vel RREhd o BN (Fni BRPs it BrBhBe oliBIR  oge °

hydr ocr acker issawmidegdiuettodle ede B dulbl rdzacddrs \aad thmcoestardiinflux@fFr esh f eed
(represented R%’dréﬁg units) joins with recycle (represented as 67 units) and
passes to reacti Yone 1. 40% per - pass conversion (671167)

' Hydrotreating catalyst, if used, wiﬂ typically be a. composite of a Group VI
15 metal or compound thereof, and a Group VIl metal or compound thereof
supported on a porous refractory base such as alumina. Exampleé of
hydrotreating catalysts are alumina supported ‘éobalt-molybdenum, nickel
sulfide, nickel-tungsten, cobalt-tungsten and nickel-molybdenum. Typically,
such hydrotreating catalysts are presulfided.
20 |
EXAMPLES

Figure 1 is a schematic of this invention. The effluent of a first-stage
hydroprocessor passes to a fractionator. The unconverted portion of the first
25 - stage hydroprocessor pésses toa second-stage hydrocracker. The
| second-stage hydrocracker comprises multiple reaction zones which are
connected in series, with inferst_age separation zones. Uncohverted material
removed from each separation zone is passed to the next reaction zone énd
s~ product is fractionated into middle distillate products and a recycle stream.
30
"+ Figure 2 represents a pilot plant simulation of this invention. The feed to the
'.secon'd—stage hydrocracker is a hydrotreated Middle East vacuum gas oil.

8



occurs, and products are renoved by fractionation. Bottons (33 units) are
passed to reaction zone 1, where it is conbined with recycle fromreaction
5 zone 2 (67 units) prior to entry into the reaction zone. 9 0) of
the material is converted and fractionated as products. Pé%iggégg&%p
conversion. = fresh feed converted in a stage/total feed to a stage. The
Tabl e bel ow presents the conditions enployed in this exanple. The 10

recycle cut PRidh 8 [8Mfosehies By 6085M)RAS Lt RERERHES oL InBIAR ot e

Three different scenarfos are rst*case, a standard
second- st age GRydite)cartpdasgsiodeadtion eopé dy d@% pert s danaarsidre(6T06&) of thi s

i nvention. The. |] quj |y ce vel ogit HSV), i.s 1 hr' . . The per-pass
conversion i 38%%'% '%%§§§t§|ay“g?%ﬁ%‘?‘gé%ﬁa?*gongh%%?ﬁ%ﬁég Hﬁ‘é%-%t al

catal yst. |n phssesdooagdctih aasel, whereilis t@mbinad edthwityrle orbirereaetial i s .
enpl oyed the c st .and the . LHSV. is 2 W A st r cond- st age node
PPl Yo erd ogat 2{5 HiknHHop ke Sntnsbi biaecon onen S h i AR B o s
second- st age Mmeatkriat sasdeRiertot tdnd TRicBohdtad a8 Peodudts. 'R&CsAsen zone, as in the
instant invention. The sanme noble netal/zeolite catalyst as in the second

case i s enpl of¥Wertion FHeesHepd ceawarteding stagn/tatal degd 9 ptagess conversi ons
for each reaction zone are 40% and 33% respectively,  while the overall
per-pass conversion is 60% The LHSVis 2 hr'. 25 As the Table bel ow
illustrates, $Bednblediaew parsants fheteongditions emplayeddn Hus exgranle: et hi rd case

£ T Gl SRS P e SRRSO O £

Cat al yst Anor ptiiffesNl/Bceidrioiseiyidepidtdal. enrtieé fitst Basse aMtarsdard satond-stage

zeol i te) ZQO' i lllye ro%ggin}; in'(i)ondse is employed, rather than the mode of this invention. The
liquid hourly space velocity (LHSV) is 1 hr‘i. ‘The per-pass conversion is 60%.
The catalyst efr_nployed is an amorphous, base metal catalyst. In the second

15 case, a zeolite Ioadéd with noble metal is employed as the catalyst and the
LHSV is 2 hr™'. A standard second-stage mode is also employed, with 60%

per-pass conversion.

7 ‘The third case depicts a second-stage hydrocracker with more than one
20  reaction zone, as in the instant invention. The same noble metal/zeolite
| catalyst as in the second case is employed. In the third case, the individual
per-pass conversions for each reaction zone are 40% and 33%, respectively,

while the overall per-pass conversion is 60%. The LHSV is 2 hr'.

25  Asthe Table below illustrates, second-stage distillate yield is greatest when
the third case is employed. '



LHSV, 1/hr1.0"'2.02.0 PPC, %06040* ModeSt andar dSt andar dTwo- st ages with

internmedi ate separation Yields C4-4.43.42.5 C5-250F, LVIR2.622.016.4
250- 550F51. 360. 356. 4 550F- 700F34. 026. 935. 1 250- 700F85. 387. 29%12cn Eiz&.ycl e
liquid rate of 60% PPC. 10 16 March 2005 CLAIMS: 1. A hydroproces

met hod having at | east two reaction stages, conprising. the steps of:

(a) passing a hydrocarbon feed into a first reaction stage, which is
mai nt ai ned at hudrnprnrncclnn Pnndlflan where it is contacted  with a

catalyst in & fixed COHMPARISON bFSECONDASTACE HOCRACKERG YIELDSONVeT t efi;
10 (b) conbining the effluent of step (a.) Wth product material” fromthpe
second react or Stagﬁ)'ﬂNﬁdﬂﬁ%&sﬂWGbem@mé@ﬂ:k&Ch@?@ﬂiﬁto~ﬂ1O@ﬁﬁi&rm}' on zpne,
15- (C) sepa gf:ng the-streamof cfnp (h\ nto—-an nnhnnwnrfnd ||nnld
effluent ané@lCakel east one cohverteg st ream conpri si ng product s3 haV| ng A
Catalyst -  Amorphous NMZ (Noble NMZ (Noble metal
Base Metal metal zeolite) zeolite)
Conditions .
LHSV, 1/hr 1.0 2.0 2.0
PPC, % 60 _ 60 40*
Mode Standard Standard Two-stages with
intermediate
separation
Yields
Cy- - 44 3.4 25
C5-250°F, LV% 22.6 22.0 16.4
250-550°F _ 51.3 60.3 56.4
550°F-700°F _ 34.0 269 - 35.1
250-700°F 85.3 87.2 915

*Recycle liquid rate of 60% PPC.

10



k

boiling point below that of the feed; (d) passing the unconverted |iqurd

effluent fromstep (c) to a second 20 reaction stage, said stage -
conprising a plurality of reaction zones, , wherein each Zol%q\/l%]rﬁh%bé‘t ai ned
at hydrocracking conditions and separation occurs between each zone; (e)
contacting the feed in the first reaction zone 'of step.(d) with a 25
catalyst '"in a fixed bed, thereby converting at |east a portion of the

feed; (f) separat the effluent. of step (e) into an unconverted liquid
ef fl.uent, . and Wogen- rich converted stream 30 (g) recycling the

hydr ogen-rich converted stream of step (f) to conbine wth the effluent of
step (a); 11 16 March 2005 (h) passing the unconverted liquid effluent from
step (f) to a lseddwdroprecsssing methntthaving dtdeast bwm tbastierystagesh eomprisingthieng

mai nt ai ned at hg{eihggf.acki ng conditions; 5 (i) contacting the feed in the
second reaction zohe of step (h) with a catalyst in a fixed bed, thereby
convertingdat least a portion of the feed; (j) fractionating the effluent

f st i)t ht ha, d,.10 iddle distillat
roduct stheams (eofontea MHpEsden Hed P pdBfPadihotad o & 2. The
process of . claiml, whealrtkinet behydibgloctsdimgtandiichs)lvheprciid &aftadien. zone

in the second stage subsequent to the first reaction zone is |ower 15 than
t he previous one and Wﬁl@a%‘f&ﬂ@t in @ fixed g?@ur%"%?t lgarti pttien phthefeerdis _

~ converted;

10 _
(b) combining the effluent of step (a) with product material from the

second reactor stage and passing the combined stream to a

separation zone;

15 (c) separating the stream of step (b) into an unconverted liquid effluent
and at least one converted stream comprising products having a

boiling point below that of the feed;

(d) passing the unconverted liquid effluent from step (c) to a second '
20 - reaction stage, said stage comprising a plurality of reaction zones,
wherein each zone is maintained at hydroc'rac'king conditions and -
separation occurs between each zone; |

(e) contacting the feed in the first reaction zone of step (d) with a
- 25 catalyst in a fixed bed, thereby converting at least a portion of the
feed; |

{f) separating the effluent of step (e) irito an unconverted iiquid
effluent,.and a Hydr_ogen—rich converted stream;
30 _
' (9) recycling the hydrogen-rich converted stream of step (f) to combine
with the effiuent of step (a); | '

11



subsequent to the first’reaction zone is |lower than the previ ous one. 3.
The process: of claim 2, wherein.the average reaction terrperature of each
reaction zone subsequent to the first reaction zone is at 1%%§rcl$9§05 20

| ower than the average reaction tenperature. of the previous one

process of claimi1, wherein the catal yst of each reaction zone of the
second stage of step (d).is a hydrocracking catalyst. 25 5. The:process of
claiml or 4, vvherel n each of the reaction zones of the second stage is
oper at ed under hydYocRassindifedsseanyernediquistefidenigrom stepdfido arsacond t he

range from about 400- ge from
500 t hrough 5000 psig gf:%r(%%%%gg)sec{rﬁggkb@}h%%ﬁ%%f@ rhg'inizh”?ecg%tg '

hydr ogen consunpti on m{drmckihgoqgmt@ﬁﬁo scf per 30 barrel. of liquid
hydrocarbon feed (89.1-445 n8 H2 feed). 12 16 March 2005 6. The process of
claim5, wherein nore preferred hydrocracking conditions include a

t enper at urfe range(if r connbading I0¢E fdeatin Chel Sdcnd reaﬁmta'oae dirsesgs ) vithrsom 1500

psi g through 3500 psi 4. nd LHS% t hr ou 2.5 hr-', and
hydr ogen consunpti on %ﬁélﬁﬁd ngPﬁa&?&h 5‘%@'@5‘?’6 (452 ai%a,s&p qsl?lqu efdha :
hydrocarbon feed (89.féed45 nB8 H2 feed). 7. The process of claim1l, wherein
t he unconverted effluent conprises hydrocarbons which boil above 700F. 10

8. The process of claim1, wherein the converted stream corrpri ses

hydrocar bons boi |{ng fetienatiiPhe e‘?ﬂuéﬁh@f ﬁé??%&?}n%ﬁu&i ﬁéénri]a Ry the

overal | hydrocarbon conversion is at |eas e hy rocarbon
conversi 6‘ for each re&cnirBereApidgiq dstillafe pBduplestieamse uneeMezBwh t o 40%

material being recycled to step (d).

2. The process of claim 1, wheré'in the inlet temperature of each reaction
zqhe in the second stage subsequent to the first reaction zone is lower
.15 than the previous one and the outlet temperature of each reaction zone

subsequent to the first reaction zone is lower than the previous one.

3.  The process of claim 2, wherein the average reaction temperature of
each reactlon zone subsequent to the first reactlon zone is at least 50°F

20 lower than the average reaction temperature of the previous one.

4.  The process of claim 1, wherein the catalyst of each reaction zone of the
second stage of step {d) is a hydrocracking catalyst.

25 5. The procéss of cllaim 1 or 4, wherein each of the reaction zones. of the
| second stage is operated under hydrocracking conditions including
temperatures in the range from about 400-950°F (204-510°C), reaction
pressure in the range from 500 through 5000 psig (3.5-34.5 MPa), LHSV
: - of0.1to 15 hr™" and hydrogen consumption of 500 through 2500 scf per
30 barrel of liquid hydrocarbon feed (89.1-445 m® H, feed). - - |

12



10. The process of claim 1l or 8, wherein the converted streamfrom each
reaction zone is- continuously conbined and fractionated into at | east one

fuel product. 20 11. The process of claim 10, wherein the %g\b%ri%}@ uel
product is diesel. 12. The process of claim 10, wherein the F d fuel

product is jet fuel. 25 13. The process of claim 10, wherein the preferred
fuel product is naphtha. 14. The process of claiml, wherein the feed is

subj ected to prelininary dratreating ste . f-5 .13 MITI PLE
 NDROPROCESS! NG éh&?&%ﬁ??w ‘?‘él‘“l‘ girr\%@?f@tﬂ Ee?'pﬁi%F?JzMEgC'ﬁﬁ@mACT OF THE
DI SCLOSURE. The i ngémdifioris'HEIHE 8ReRB8iakirs #8nd HUHAIEHRLOSSES(3RgdRERLS havi ng

at least two stages. The first stage enpl oys a hydroprocessing cat’al yst
whi ch may cont ai nrm?%ﬂf%ﬁt'ier'fg)"ﬁéﬁa@P§@,thwgh@@ﬂ§dﬁgﬁ%‘&ﬂél%@ﬁa)or a
conmbination of b A i iNg.
Conversion_in thegﬁ&;g?§ﬁ'g§gggg?7€§'%g§ |§r?)dr g@éésg@kgﬂgyﬂé@d‘ﬁ%#d;f mul tiple
reacti on z®nes f ofhroyghd?®¥rsaf penbarreliof Raditl Aytiroseimmdted (8206 meteen t he
stages. M ddl e d}e%{j'zil | ate yield is thereby increased and the vol une of the
recycle streamis retluced. This invention reduces the need for equi prent
whi.ch would normally be required for a large recycle stream Figure 1

7. The process of claim 1, wherein the unconverted effluent comprises
hydrocarbons which boil above 700°F.
10 | |
8.  The process of claim 1, wherein the converted stream comprises

hydrocarbons boiling below 700°F.

9.  The process of claim 1, wherein the overall hydrocarbon conversion is at
. least 60% and the hydrocarbon conversion for each reaction zone is.in
16 the range from 20% to 40%. |

~10. - The process of claim 1 or 8, wherein the converted stream from each
reaction zone is continucusly combined and fractionated into at least

one fuel product.
20 |
11. The process of claim 10, wherein the preferred fuel product is diesel.
12. The process of claim 10, wherein the preferred fuel 'produc_;t is jet fuel.

25 _13. The process of claim 10, wherein the preferred fuel product is naphtha.

14.  The process of claim 1, wherein the feed is subjected to a preliminary

hydrotreating step.

13





