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

ZONES FIELD OF THE INVENTION 5 This invention relates to hyd_rocracki ng, and
nore particularly to second stage hydrocracki ng enpl oyi ng 1réillat ICR%@ _
reacti on zones. BACKGROUND OF THE | NVENTI ON 10 Fuel demands “af@ i PRasi ng
wor | dwi de- The fuels produced nust meet stringent standards concerned w th
environnental quality. The nost abundant feedstocks currently avail able
are relatively heavy, such as vacuum (Pgas oi |l and Fi scher-Tropsch streans.

Hydrocracking is used toMEbMREE HQRQPROGESFINCAaREATORS st ocks into
| ighter materials which ”ay\l\}?ﬁ-l‘l'ﬁ?égmdmlfﬁ 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 ' imze yield and nininize
recycle volune. In nost cases,P 5e5,§er?4 m zation results in

i ncreased 5recycle, 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\gegﬁlpngglﬁ?eg tﬁﬁP@@% ’aﬂﬁf‘@rﬁ?&%ﬁﬂ%g’é@&?@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 BACKGROUND OF THE INVENTION

10

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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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 US.- Pat. No. 5,720,872, the mgjor
1 16 March 2005 difference is the addition of a nulti-stagﬁgl\itrig &g in a
single stripper vessel. U S Pat. No. 6,103,104 enploys t BAR g of

I nt erbed quench between the hydroprocessing stages. 5 U.S. Pat. No ‘
6,017, 443 di scl oses a process for catal ytic hydroprocessing, in wich a
feedstock is introduced at the top of: the | ower reaction zone for downward

flow through HEEPRER IS 1BR aditiRniohe edt-alaaed sippasina sigleHEPP@ntRsarkent, a
partially reaqyedpht §d.&, A3, | 0P8Mploys METES kebt SiThidiGed QUE{ch BRREEA Bk ZOne

to the top of the upper reaction zone for downward flow through 10 and
reaction with hydeorraeessing stages-hat zone. The recycle is not fractionated
into product and unconverted material prior to recycling, however. U. S.
Pat. No. 4,082,647 discloses a hydrocracking process with two reactors
operating in pgabaPhbINg. &06h44hdinclpsese piaess Twsath!yicehehoprbessiinddks may
be 15 hydrecr [JT I SE | r i 0 feed is
mxed it ht RO APRR it ol toR op U E el 2FHERY, e
conver si on of ddwmwdrd fletv theedhtandkeadtiof. wilPathe ditalyst ti€réinl 84 cdiescl oses a

conventional nultiple-stage,.process, f.or. hydrorefipin nd hydr ocracki ng
a heavy hydroé%?%%ﬁ@ga Sé%EWQQdEaé?%@'?dP 44 BHPH@@%ﬁfoﬁﬁg?g%%%cked

ef f| uent di S, adﬁﬁmﬁﬂdwrfehohﬂyéitdﬁf(ﬁfthélaﬂpérfréhctmizo@@gor d@dum?:?;rqrﬂmmmi _ Trdug:]h _
separated into rogen rich vaporous stream and norna Liguj.

material . "Phe %@dﬁéaﬂ%\&s@a the ¢ald ti'%?higﬁﬁ%rsiae5%@&%%%35 fonafigtityen and
as a quench f|pi#cbdhd°t_@ahdthbbn\liéﬁédhﬁﬁlt@ﬂéleérldﬂ't@ﬁao}@ﬁfgt heWevone and 25 the
hydrocracki ng reaction zone. U S. Pat. No. 6,106,695 di scloses a process
havi ng nore than one

U.S. Pat. No. 4,082,647 discloses a hydrocracking process with two reactors
operating in parallel rather than in sefies. Two different feedstocks may be

15 hydrocracked to maximize distillate production. The second feed is mixed
with the vaporous phase from separation of effiluent from the (l:onversion 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.



hydr ocracki ng reaction zone whi ch contains hydrocracki ng catal yst, wherein
the catalyst is rejuvenated or reactivated while the process unit renains
30 on-stream by the periodic exposure of partially spent c st hot
recycle gas containing hydrogen. The reactors in this pr o?éi@éﬁrﬂ)g@(&e in
parallel rather than in series. 16 March 2005 SUVMARY OF THE | NVENTI ON The
i nstant invention conprises a hydroprocessing nethod having at |east two
stages. The first stage enplkoysy 81){ %N i atal yst which may 5
contain hydrotreating catal 5 : ARV Wyst, or a conbi nation of
bot h. The second stage enpl oys a series of fixed bed reaction zones, with
feed and hy I - CUr . i I - renpyV gas and
products. Gglgh%giﬁgalaﬁgg%g Hr{é}ﬁ{)bv’g%g %‘éﬁg&ﬁérﬁc%&heda@gﬁg)gphaama%ﬁa %)trigé%tne in which
hydr ogen pr diverstdgjep. dmedirst stapendraploys adnidrgproddssiiecyialgsteskicbimdyhe i nst ant
inventiog maxim.zes mddle distil]ate yield il mnimzi t he vol une of
recycl e. gPerC-OB_%%ﬁ&%ﬁb@%g\go(f?@ggd}éﬁrﬂ%%C@EQfc\lggaéﬁ%’ ‘?reaeﬂmgblﬁ\?@g? BE in a stage
di vi ded by tmettial Theeccdnd stagd @oployd Bssepies opfissd bed racetioh ebneghviti N each
reactor vessel rerrgi ns | ow, 40% or | ess, whi IE the 15 ovyerall conversion
rate i s 60%'87d g BYUPICACGFBEIE dos With idlel-RGd frmeYRl f 897 48¢ econony in
equi prent  erRbANRS. GaSand pfodiREran®A &l BESur itMRiflEBh 3eBa@iiBh z8he iN@WRNl Over
capacity, and are easier to maintain than nultiple bed reactors, may be
used. The udwdergesmsplierably ayfees crynfrauir@dbt ors provides flexibility in

second shage operation. They are of sinple design and do not require

quench gases or liquids. This pronotes econom c operation. 25
. The process of the instant invention maximizes middle distillate yield while

minimizing the volume of recycle. Per-pass 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 low, 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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The present invention provides a hydroprocessing nmethod having at | east two
reaction stages, conprising the steps of: (a) passing a hydrocarbon feed
into a first reaction stage, which is nmaintained at hydrogégfeéﬁ£@%
conditions, where it is contacted with a catalyst in a fi i d at

| east a portion of the feed is converted; 30 (b) conbining the effluent of
step (a) with product material fromthe second reactor stage and passing
t he conbi ned Srean1to,a,separation zone; 16 March 2005,(&? separating the
stream of st e@ ( BePRHtpIdhe sHedmwl stery(b) indeipn uaeenyasied ligyi effluentearnd one
converted stream4Qsat bhb ﬂgn%rﬂQ}JﬁFe%nh@HﬂnBHsiﬁ%lB%ddc%MQB boﬁﬁﬁé%\%{ﬁ hat of
the feed; 5 (d) passing the unconverted liquid effluent from st C) to a
second reaction talayHatehthe fleedge conprising a plurality of reaction
zones, Wwherein each zone is maintained at hydrocracki ng conditions and
separation occurs between each zone; 10 (e) contacting the feed in the
first readidf)zdasssion tke spcgreriadtiquid eftuent yisam istep (&) td asdedield, t her eby
converting at le [ Qn. - (f r.af | the effluent of
step (e) intoanqﬁ%ﬁ@ﬂ@%@@%gﬂFﬁ%ﬂég8%%®ﬁ%8 %f*%%@gqﬁ?%@§38ggﬁ?%ich

convert ed ‘st r eamwhEseif g@ach eonelis mgirtthiaethnthydyocracking conditiens ead st r eam of
step (f) to conbi » the effluent .of step (a); (h) passing the-
unconvert ed |iun%S%¥%%ﬂgﬁfurH%ﬂ?%?%ﬁaﬂ}ﬁoT% a second reaction zone of the
second stage, the zone being mai ntained at hydrocracking 20 conditions;
(1) cont ‘%t ! Qg) t r(‘:%n{a%ﬁrgg {hré tlegg inS ﬁ\%ofﬂgt rreggt(l:otnl gorhez(gi)’ns(taepogd)%\trit%pa éé?t?ﬂly\gg I'E]h 2

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).



catalyst in a fixed bed, thereby converting at least a portion of the feed;
25 () fractlonatlng the effluent -of step (i) to produce gas, naphtha, and
one or npre mddle distillate product streans, unconverte(;l {@M&Nbel ng
recycled to step (d). 4 16 March 2005 BRI EF DESCRI PTI ON OF 1§
Figure 1 illustrates a schematic flow diagram of the instant invention. It
is a schematic of a two-stage hydrocracker. The second stage possesses at
| east 5 two reaction zonE 2 111 ust rat es_the pilot plant

AN Ol HE DRAVANGSS 10 DETAI LED

DESCRI PTI ON OF THE PREFERRED ENBCDI MENT The instant invention is directed
to a hydroprocessing nethod which is particularly useful in the second
st age hydrocr %&H"ﬁ Uystigtesra sehesmptisllow dingrgpraltas ingient iaventiens é igascl osed
hydroconvertl ng a r?acgﬁ%azﬁ% %tgggf?%?%@:?ﬁu&e@%qo ustq?etﬁ&sgggﬁ%ﬁocrackl ng
process in Swhiwp reactipr zanes.at | east two fixed bed reaction zones in
series. Follow ng each fixed bed reaction zone (prior to the last one in
the series) is an internmediate flash zone for separation 20 of converted
material s frofmawe diflustrates the piotipkant. sichulatidres dfitwedsebend-semetroactionzones,
hydr ogen |s 'gﬁé:stlﬁ% %?ferably In a co-current direction to the fixed bed
ef fl uent. I gure T.'°%he feedstock stream 1 enters the first
hydroproceSS|ng stage 3 25 (which conprises at |east one fixed bed

reactor), !ﬁll ggg ¥V ];’ uu%l.v H-{“ﬁHﬁSW«&ETEEErIS& and 2 enter _the top of

t he react v i COortaet RRED EMBOODIMENLG 4. The
effluent 5 conbines with product

The instant invention is directed to a hydroprocessing method 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 anintegrated process for hydroconverting a residuum feedstock.

Figure 1 illustrates a hydrocracking process in whit:h 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 the

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

5



stream 25 to formstream 6. Stream6 enters the fractionator 7, where it is
separated into product streams, which are further discussed bel ow. Product

30 streans include gas 9, naphtha 10, kerosene 11, and di eag:l 1%1) él'[ﬂae
unconverted material, stream 13. boils above typically 700F. Mareh 2o, s 1o
the first reaction zone of stage 2, reactor 15. Stream 13 and 14 (the

hydrogen 5 16 NMarch 2005 stream flow downward through fixed hydrocracki ng

tal yst bed i £ eact 5 ea 7, pa s to
cepar ati on zonee 1B g EiohrERt uRbudFRC Il Rra B EBISABREIE TEE, 1 st eam
19. Stream 20¢ffientdf reentoail fisstiranohY passed towbpaiatibn zend @85S W%@ econd
tion zone t or ong wi.ith stream 21
oot Sne el BRI BeB OB FigmBror oSty Shichceriis
hydr ocr acki ngueaesrileyiet! rhadriaidentSly fiameddnd tdagtiotEAdisMitagd 2 RaEkPH222,
conbines wth @) ream 19 to _form stream 25. The per-pass conversions in both

reactors 1% af@ngvitlysream 2d avhigh sempasss hydog, Siferme 20 aPéé’dsﬂQW wi de
variety of hYQéxQﬁ@éWtﬁr&T&ﬁth dﬂ%@éﬂg t%l@tﬁéb%? T‘étré SR .

Typi cal feedstocks include any heav tic ol process

st r eam havi ngSH#upef Q’flfﬁgCtﬁb??htC@M@ Bigpstrgaod)to f@ocstréaredst ocks i ncl ude
vacuum gas oils, denetallized oils, deasphalted oil, Fischer-Tropsch
streans, FCC and coker distillate st reams, heavy crude fracti ons, etc.

Typi cal f eed&b®prEPaENCQiverdiommintoth &@@@)r@pﬁnandmcsgemymmiyfbeoméh 2-5 w. %
sul fur. 20} Prgt?iy rﬁ,,ir hydrocracking process of this invention is

especi ally use Ul Re production of mddle distillate fractl ons boiling

in the range of about 250- 700F

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 distillate fraction is defined as 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 _



25 (121-371 C). A mddle distillate fraction is defined as having a boiling
range from about 250 to 700F. The term"mddle distillate" includes the

diesel, jet fuel and kerosene boiling range fractions. Th r Qs or jet
fuel boiling point range refers to the range between 280 gﬁﬁ%@é@%
(138-274). The term diesel boiling range" refers to hydrocarbons boiling
in the range from 250 to 30 700F (121-371 C). Gasoline or naphtha normally

boils in the range  bel gw . 40 2040) . i ling ranges of various product
fractions reco@aerg%[ﬂari rﬁﬁﬁwv%'f)‘i N&tﬁ ngﬁﬁoﬁﬁtﬁﬁghé‘faq%ﬁfﬁ%%t%qwdQ/ary
with such factalsourse,idel ediineaahakestambpobiutiiricesude oil source, |ocal
refinery markets and product prices. Conditions 5 Hydroprocessing :
conditions is a general termwhich refers primarily in this application to
hydrocracki ng or hydrotreating, prefegaRhyichydrocracking. Hydrotreating

condi tions Jinclude a reaction tenperature between 400F- 900F (204C-4820),
pr ef er abl y5650F- 850F (343C-454C); a pressure between 10 500 to 5000 psi.g

(pounds per s i . . (3.5.34. , 0,,t0 3000
beig (7. b 20° 8 esemoResyapbHlion o denSral b I e PN, P 2ng
overal | hydr ogPplicafipatahyionr@biogos hpdetrestifig, peefebaty bydrotrackingi d

hydr ocarbon feed (53.4-356 nB/n8 feed). 15 Typical hydrocracki ng conditions
i nclude a reaction tenperature of from 400F-950F (204C-510C), preferably

650F- 850F ( 3431ydraisenting copditiens ibaluge egeaction tampesattiredretd®on YO0IHO001Si g

3.5-34.5 MP | 1 = L = 2 MPa). LHSV
fromo.1 to iN2AFCEITS, herctllu bt s B 5das 845y il befietsint | on
E gggis4f4 r5 (rjri? iOtto 5260 @sigqpodiisyrir shasreahcPfalbde)yd 4-3u/6 MITA! prferhBRd

f .
085 t5 8669 psig (7.0-20.8 MPa); a feed rate (LHSV) of 0.5 hi”' to 20 he"
(v/v); and overall hydrogen consumption 300 to 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



Cat al yst A hydroprocessing zone may contain only one catal yst, or several
catalysts in 25 conbination. The ‘hydrocracking catal yst generally
conprises.a cracking conponent, a hydrogenation conponent @%gqﬁ?@gger.
Such catalysts are well known in the art. The cracking co K

I ncl ude an anorphous silica/alum na phase 30 and/or a zeolite, such as a
Y-type or USY zeolite. Catalysts havi ng high cracking activity often

enpl oy REX, R > I_' h i nder..is 7 16 5 generally
ST on or i ugnarihpida AEANRE: TAA RudaBE i et st o Ve oL
VI, or G oupGrup ViteoaGroup \didlrdeml or ox3de S ordedfideb e@ebf, ppsfefablyadiie/oone or
nore of nolyb sul fides or oxides

nu t sten,,cobalt, or, nickel, or th
thereof. 1f p Osrgrﬁr)}( "Pﬁ’bgﬁa“'@a %%?Eer" cobik gr H?E?’o‘@rethﬁtsiuﬁﬁe&?ﬁﬁﬁ'ﬂéﬁts
general ly 5 mitkettp ifpr@@@alﬁtb@tﬁe 5§faty9t atuyethﬁﬂ?@ehmmc@hboﬁéntg @@n@@u@l yst.
Alternatlvly nobl e netal s pﬁg‘ma (yplatlnuman/o may be

present as th@akﬁ)}’cﬂ'ffﬁj@ﬁ PPB%%GS SHEH? bg,wm@ptoéﬁ%(éatgkys{)rﬁlg% Vg]&tlon

with the basenBBIb&hetaféyééMﬁé]@tpll@tﬂuﬁﬁﬁﬁ@lﬂﬁﬁélﬁadmMﬁ%kﬂéﬁeééﬁ?ﬂﬂﬁé"' cobal t,
or nickel. If present the platinum group netals w enerally make up

from about 0. IYGrpgenatipngesronsnd.injtheealgne o @qmbleam\y the jasggpetel net al s
ar e enpl 0yed, npabseRiia cd cﬁn‘éﬂ'tsdﬁlglygklénﬁrﬂ s gtHﬁeco%faltSHPﬁlEI§éle?fCtors and

the constant influx of ogen rotreatti cat al used, will
typical |y be Bresgnbés l@!ét"@im@f@lmmtakﬁ wilhgenesallyl maje ¢pfrpouaibut Bet%edd , and a

Goup Vilkame o Y ry -base
such as ajll%m %gé_mt%(/ %8%? o?’fhibeéﬁg@?tzg ﬁﬁ%@%@?@ﬁ? B% a! ﬁ&sﬁg}@upported
cobal t - nol ybdsmvejdedi duiedb thsubénﬂemamreao&brstandgm eumstmtbmﬁu'x a¢fungst en and

ni ckel - nol ybdﬁ)’?&i’% Typical ly,

' 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



such hydrotreating catal ysts are presul fided. 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 fi1%s“ﬁarg]§2@5age
hydr opr ocessor passes to a second-stage hydrocracker. The 'second-stage
hydr ocracker conprises nultiple reaction zones which are connected in
series, wth interstage separation zones. Unconverted material renoved

from each sep i J oS e iy and product
is fractionat gé&' :hnftggd ﬁ%@ﬁ?éeeﬁdtl s%sf ?%P@%F@ﬁ%é réﬁ%féadr%gé%ﬁ%d%[% ream 30

Fi gure 2 repr 88enits) andopdssiesid agactish znhatli d0%opert-phiss domversiorof®7/THT¢ feed to
the second-s r er i rotreat ed ddl e East yvacuum gas

oi . 5 Fresh Padlis SELAEUBRS e Byt B PrePReitn iR AT baid S%
(represented passed tunedctjonatuthephsdrse itds caabinedwithaseycle fréfffepetiorpass
Bortoms. (33 ufties (6 Bhelbioe B bl Bt FedracBinacre: vver Y0P Bl noa

Wi th recycl e fHesrial Racdriverted apaifacBol4téd WBiprSduchy. i Pér-passent ry into the
reaction zone. 33%.(33/100) of -the material is converted and fractionated

as products. PEMVERR =dBRdrsd GANVerted-ipastagriiptal derbia 281308 a st age/ t ot al
feed to a stage. The Tabl e bel ow presents the conditions enployed-in this

exanpl e. The 10 recycle cut point is 700F. The hydrogen partial pressure is
2100 psi a. - Thifee Tablerizelew presanim e epadiioas geplaveddn this examsplel (e case, a

of Thi s i Fent gt Hfpot AR ShithyERERn A TRIAKGR, S ANPT. 1Afteb "o e
per - pass convdiffeienh scensdid¥oare Tepictat. dhtlsé¢ fishphsey edstarsd=ad saomidpbiags, base
metal cat al ys}\ydnl)gra;[:lggg ?\%Ccoeng 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. '



15 case, a zeolite |loaded with noble netal is enployed as the catal yst and
the LHSVis 2 W A standard second-stage node is al so enployed, with 60%
per - pass conversion. The third case depicts a second-stage@)f\%r&% er
with nmore than one 20 reaction zone, as in the instant invention. e sane
nobl e netal/zeolite catalyst as in the second case is enployed. 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'. ZOMPARISONOFSECORD-5TAGH ISUCRACKENGMIESDI0C
distillate yjeld is greatest when the third case is enployed. 9716 March
2005 COVPARI 5ON OF HIFCRIEIR TRt VGOCHRISSKI R yéid-Cb Piditlt, M2 aiold psiaast VGO,
700F Recycl eGut-—Point—2100psia-H2 Casel23 Cat-alyst AvporphousNVZ
(Nobl eNMZ ( Nollaeenet al Base Metal negtal zeplite)zeolite)| Conditipns LHSV
1/ hr1l. 0" 2. 02}0PPC—0606040* MdeStandardStandardwe-stages with
i nternedi at e| Sapdyation Yiel ds Ginctphdust2] 5 KNIZ250ble LVP2AMEIR0BEGWStal
250- 550F51. 360. 356. 4 _ 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
Cs- - 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 91.5

*Recycle liquid rate of 60% PPC.
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550F- 700F34. 026. 935. 1 250- 700F85. 387.291.5 *Recycle liquid rate of 60% PPC.

10 16 March 2005 CLAIMS: 1. A hydroprocessing nethod having at |east two .
reaction stages, conprising. the steps of: 5 (a) passing gghygdeRoggdon
feed into a first reaction stage, which is nmaintained at hydroprocessing
conditions, where it is contacted wth a catalyst in a.fixed bed and at

| east a portion of the feed is converted; 10 (b) conbining the effluent of
step (a.) with product material fromthe second reactor stage and passing
the conbi ned M to a .separation zone; 15- (c) separating the stream of
step (b) into an unconverted liquid effluent and at |east one converted
stream conpri sing products having a boiling point below that of the feed,
(d) passing tHe brivdropsoacssingimpiatt kevingatreast tuorresiction §tajes, compasingthe 20

reaction stage,-§%P90§tage conprising a plurality of reaction zones, ,
wherein each zone s nmaintained at hydrocracking conditions and separation:
occurs betfeen each zone; (e) contacting the feed in the first reaction:

lzggg t I gf pg'; '?ipoﬁldg) ](ﬂ[ L as%inZQSa ?1%%'0 r%[onlftlagd %tc]; l':l)ﬁ?sgt rte)aeiéjtiontsrt]aeéee,t\)a}/hi&otgvert 'ng al
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;
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



feed; (f) separating thé effluent of step (e) into an unconverted |iqGfd
effluent,.and a hydrogen-rich converted stream 30 (g) recycli ng the .

hydrogen-rich converted streamof step (f) to conbine Wlth\ t.h '?% M)Jent of
step (a); 11 16 March 2005 (h) passing the unconverted I|qU| eP

step (f) to a second reaction zone of the second stage, the zone being

mai nt ai ned at hydrocracking conditions; .5 (i) contacting the feed in the

second reaction zone of step (h) with a catalyst in a fixed bed, thereby

converting at | ead apansing ibe uskconyastedlisuitl effijgnt froat stepr(fttd mesecoad ef f | uent

of step (i) to produc,%ag@& S'I{thé’sF@tgﬁjdl st%SeQng H?irnﬁ rﬁ?aqug(l%odé ti l l at €

product streans, unconvert ea materra hg recyc
process of claimi1, vinsire¢rackingconditions;enperature of each reaction. zone
in the second stage subsequent to the first reaction zone is |ower 15 than
the previous one and the outlet tenperature of each reaction zone
subsequentS to t he(if i rmntac&agtthafeezhnéhe sedondareadtivanrohbefBtapy/ (Huathane. 3.

The process of claim er ei e a e reaction tenperature of each
reaction zone subsequ(‘éirtﬁ]1 dn@ﬁ&eﬁrﬁﬁgﬁ]ﬁ@gﬁ%ﬁeé@g@t |3§‘5gg Roglipntofde 20
| ower than the averageetieacti on tenperature. of the previous one. 4. The
process of claim1, wherein the catal yst of each reaction zone of the
(i} fractionating the effluent of step (i) to produce gas, naphtha, and
10 one or more middie distillate product streams, unconverted |
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
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second stage of step (d} is a hydrocracking catalyst. 25 5. The process_of
claiml or 4, wherein each of the reaction zones of the second stage is

oper at ed under hydrocracking conditions including tenperaﬁgm%%0$g(%pe
range from about 400-950F (204-510C), reaction pressure in't % e from
500 t hrough 5000 psig (3.5-34.5 MPa), LHSV of 0.1 to 15 hr--'; and

hydr ogen consunpti on of 500 through 2500 scf per 30 barrel. of liquid

hydr ocar bon f%ed 9. 1-445 EB H2 fe %1) 12 16 _Mar F%OOS 6. The process of

clai'm 5, wher&n nOF 8THPEF OF P ﬁyWE_ (,efrb@ﬂ%@reﬂ%ffﬁﬁﬁ Y4'8RLCKINGI ude a ,

t enper at ur e rangecoHidiofSAcI880 térﬁﬁ/%@;ttﬂé‘}&)dgel_fé 4(?33(1‘-8’50"?%@25‘;}@-%5%‘(@?‘ 1500
a . -

T
psig through 3500 psig (10.4-24.2 HSV 0. 25 t hroug , and

an
hydrogen consunpt [S5i5tieR PEssuLs am d68A peigdbrosgh 3960 nsig (16.4-3#.2 Miai) d _
hydrocarbon feed g9Lhs¢ARothbon S, add nydiBglh B6RSFmAofoAkdn 1, vherein

t he unconverted effluent conpris hydf ocar above 700F. 10
8. The proeess of thepughR@S00 saf eeebarrelioé ligwd hedioedristrfeat(8@tptdsems H,

hydr ocar bons boi | jagy bel ow 700F. 9. The process of claim1, wherein the
overal | hydrocarbon Conversion is at |east 60% and the hydrocarbon
conversion for each reaction zone is. in 15 the range from20%to 40% 10.

The process of, cl@f .8, ,wherein the converted stream from each
reaction zdnef7i s ﬁ%%bﬁjoﬁg%%gﬁﬁa'gbfﬂi”heéamiﬂﬁUPF‘%{&‘{%F@Heﬁf@'ﬁeqrpﬁPH’p&Feﬁeast one
fuel product. 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 zoné is continucusly cdmbined and fractionafed 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 ¢laim 1, wherein the feed is subjected to a preliminary
hydrotreating step. _ _ .

13



20 11. The process of cFaim 10, wherein the preferred fuel product is™

di esel. 12. ‘The process of claim 10, wherein the preferred fuel product is
jet fuel. 25 13. The process of claim 10, wherein the pref %W&gﬁﬂ&és
product is naphtha. -14. The process of claim1, wherein the feed i's
subjected to a prelimnary hydrotreating step. . f-; 13 MILTIPLE
HYDROPROCESSI NG REACTQRELVPIE HYIRERROCEESINGBEACTOBSABSTRACT OF THE

al Toast  two stagee. ThoNirHIRTERMIDIATE EOASHSORRSE700 08, T8 220 Ve ™

whi ch may contain hydr dtre%té%@%gf,ﬁiz @‘o"‘i‘f&fé@ﬁéi ng catalyst, or a
conbi nation of both. The T hydr ocr acki ng. -
Conversion in the second stage may be i nproved by the addition of nmultiple
reaction zones .for

Eaoen" e g VPR G Db ES A RRTH ARG REReRE et e,
recycl e streadstaydse dieeiist sthis einploysta loydropduessing batalysbdhicbrmayui prent -
whi ch woyl d corr]z?arir?ﬁ)lﬂljr%trggtiggegéig{ygg h];(grroc?ac %rg %tél;e;sct}’S# 8 cg%)?n%@on Iéifgur .

-both. The second stage is limited to hydrocracking. Conversion in the

second stage may be improved by the addition bf' multiple reaction zones for

hydrocracking, with flash separation zones between the stages. Middle

distiltate yield is thereby increased and the volume of the récyc{e stream is

10 reduced. This invention reduces the need for equipment which would

normally be required for a large recycle stream.

Figure 1
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