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FLASH ZONE E INVENTION 5 This invention relates
hydrocrackl nore particularly to second stage hydrocrghmmmw-ljmm”“”m
enpl oying nul ti B‘P"@ reacti on zones. BACKGROUND OF THE | NVENTI

demands are increasing worldw de. The fuel s produced nmust neet st risHgent
st andards concerned with environnental quality. The nbst abundant

feedst ocks currently avali i s vacuum gas oil
and Fi scher-Tropsch strem&l"m%:ﬁxpgﬁﬁgel‘%gﬁéﬁ?@!%fgrt heavy 15
hydr ocar bon feedst ocks i nt o WITGhINTERMEBIATE FLWSHAONES be used to nake

m ddl e distillate products. Hydrocracking is typically perfornmed in one or
nore staged hydrocracking units that can be i ndependent reactors or
combined into nmufti-st aged r eact@EED GO TAE INVMENTQONACKi ng processes aimto
maxi m ze yield and mnimze recycle volune. In nbost cases, however, yield
maxi m zati &h results in increased recycle, and vice versa. U S Pat No.
5,705, 052 di sctis fivedtion ﬂéi@téfé th ﬁ?dr%ﬁﬁéfcﬂﬁboﬁlﬂfﬁb?@péﬁ|69l'aﬂ¥?&sék%ﬁoété‘g&n and
chem cal streams in a single reaction veSsel containing two or nore

hydr opr ocessi nydreciaekiog eswlaying meliple feackien seflesand treat gas flow
co-currently in the reaction vessel. The whole partially converted

hydr ocarbon effl uent passes to the next reaction zone after being stripped
of its "dissolved gaseous nmaBACKGROUNDBOFUHE INNVEENTIRN. 5, 720,872 and

6, 103, 104 Qre variations of the process described in U S Pat. No.
5,705,052.7In U S Pat. No. 5,720,872, the mgjor 1 difference is the
addi tion of a Fadl Uen&tnaga@b Bicrégirey wordwids) Mhbdusl$ prqmeéd vassaleetU. S. Pat.

No. 6,103, 104 s, the oncept of inter, bed nch be en the

hydr opr ocessi rﬂ”@qg{é&andgr  @negied e%"'@f'f'e QHPE% hggén%stpr ocess for
catal ytic hydracmrna@ﬁs&leagock@cmmiy a@aflﬂﬂ@lat@féfatlvélyl H¥avg dslpichsaladulm t op of
the | ower reaction zope for downward fl ow through and reaction with the

cat al yst ther 3. °'I?P(bﬁ'éC'éﬁ‘bef&Pﬁghﬁt’ead“?)a'F'Y‘i“&P'las‘fk'P@é%P%%F fa epavartdeatyient is
punped from t hgdreMhor ?e%%id&ﬂs ?:%‘ﬁ iBr FiderfafPwRith Wil l%’{?@éd {o5fAgkeé ON zone

for downward fl'ow throu 10 and reactlon wth the catalyst 1 n that zone.
The recycl e i gniddle dipt emmiugtas into

t
;uve3ed LI . HGTWI PLE HYDROPROCESSI NG REACTORS W TH | NTERMEDI ATE

Hydrocracking is typically performed in one or more staged hydrocracking

units that can be independent reactors or combined into multi-staged reactors.
20  All hydrocracking processes aim to maximize yield and minimize recycle

volume. In most cases, however, yield maximization results 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
more hydroprocessing reaction stages. Both feedstock and treat gas 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 material”. .

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. Pat. No. 5,720,872, the major
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product and unconverted material prior to recycling, however. U S. Pat. No.
4,082, 647 di scl oses a hydrocracking process with two reactors operating in
*parallel rather than in series. Two different feedstocks may be 15
hydrocracked to maxim ze distillate production. The second feed is m xed
wi th the vaporous phase from separation of, effluent fromthe conversion of
the first feedstock. U S. Pat. No. 4,197,184 discloses a conventional

mul ti pl e- st age ocess. for hydrorefinjng.and hydrocracki.ng a heavy

v ocar bonacedTereiia s SN P ATRLt Bl08a 30 bey T SSPHAMPRTSERY | o
adm xed with hydsopatf, Noed, 198(104esrhplaps] theherneepbofiaterissy qeprhdietdleémthe a
hydr ogen rich Z}a orous streamand normally liquid material. The cool ed
vapor stream i SYYRORFPBSENISAIESsour ce of hydrogen and as a quench fluid for
both the hydrorefining reaction zone and 25 the hydrocracking reaction
zone. U.S. Pat. No. 6,106,695 discloses a process having nore than one
hydr ocr acki fg teactaloNoz 68 7viiiSdisdesfsa REICR§S fos CRtadicydEQRraFsasing. lther ei n
the catal yst | Wi AYERRIGR i@inticBifiedd Mﬂ?\@%ﬁ"@fih% I508r FREREGP ool T eMBi ns
30 on-stream by the periodic exposure of partially spent catalyst to hot
recycl e gas codpwnwardifiow dhrogeh andeactionoyity theicatalysit $heyeivedrOngperate in
paral |l el rather j L . ; I;}LT%EM i nst ant

i nvention C0npre{iﬂg)gjﬂgérﬁy%ﬁgbfailxeréasgt%%shwgﬁg g\%iliﬁa]'a Irerbl?t]\!e %rstages.
The first stageeantiphapae do thadtopmf tleesppergeactionl zone fohdainwarg floanthedugh
hydrotreatipng catal yst. hydrocracking.catalys or a combi pat.ion, of. bot h.
The second B agd Srinishamt brRayes i i gng e ine Berfieds PobBYoRYFinPoeq
and hydrogen i Rréduce Hhd @AtorivePad rittehall ioeto Reycligrhvabved gas and
products. Gas and product renoval occur in a flash separation zone in which
hydrogen preferably enters countercurrently. 10 The process of the instant
invention naxi g gepattNeds@sdicd7 dib@bsesya RYdro¥faickifg ProdeBs ithwoleamelsine of
recycle. Per-pass conversion is defined as fresh_?eed converted in a stage
di vi ded by t ot gPeratiag in patalist rather thaneingeriepad woditfierentiegdstogkemal beach
reactor vesgel hg&.%w&ehq maW&@Hiétﬁ?@pr&mdti%n.t HhelecBME fedld is HARUET Si on
rate is 60% or Qreater. The process of this Invention provides econony in
equi pnent enpl ®§ibdhe Sapgflous ipbase frast sapsyationi of lefiuest Fae the conversion|ab Wee
capacity, and ﬂsqueaqsﬁitggk to maintain than nultiple bed reactors, may be
used. The use of shall;, "single 20 bed reactors provides flexibility in
second stage operation. They are of sinple design and do not require quench

gases or |iqui hi s, pronotes ecgononm ¢ operatign. The dr oprocessi ng
net hod of the igjri§t%1_ﬂtt ﬁ‘%ﬁé‘ﬁ?i@ﬁ&ﬁﬁ?iﬁﬁ HeV. a?'é?ﬁé‘?”'?éls‘s er‘?iggﬁsof??rstages,
conpri ses pbe hodlopsfirity She@pgdroCrckingBheuyyaydystiaasaideesud eetstge Btazkalnf i r st
reaction stage, which i i ntai ned_ at hydroprocessi condj tions, ere it
o cont act ed ihPIRCEsR. QYRS kel TRy HAERG Wb NYBRERIE LRIy e
feed is conver tiedcomBinalion sapdthtidNBtot IRy RbiENREN vaioretieBtréan anttidripamduct
material fromthe second reactor stage and passing the conbined streamto a
separ ati on zonédquid material. The cooled vapor stream'is then used as a source of

hydrogen and as a quench 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.



(c) separating the streamof step (b) into an unconverted |iquid effluent
and at feast one converted stream conprising products having a boiling
+point below that of the feed; 5 (d) passing the unconverted |iquid effluent
fromstep (c) to a second reaction stage, said stage conprising a plurality
of reaction zones, wherein each zone is naintained at hydrocracking

condi tions and separation occurs between each zone 10 (e) contacting the
feed in the first reaction zo ( e' talyst in a faxed bed)
t hereby converting at |east a ) separating the
effluent of step (e) into an unconverted liquid effluent and a

converted st r el BRESE BSrIGh CanRS A PRRoR LIRS 0 alies o) (n)
converte stre a
passing the Ungenagéedild il dagé bhishiys o RifosiopBsdifg cét@ly@t WARAMLyY eact i on

zone of the5 second Stage, the zone bei'ng naintai ned drocracki'ng 20
condi ti ons; (|9or%@nﬂ1aénqtrﬁgtlmg]eatﬁb/§ﬁ hVWOPFﬂ?kWY\?te‘a%@ pembmﬁen@f step (h)

with a catal ysfo N kbussh Hede ClR B SRR T8 9o8 o dBAzoRe Bl On O

the feed; 25 fractlonatl ng-th | uent of ste to pr o uce gas,
napht ha, and ofned @nd iydeogen dal ce-cdirsnt fldvatvithgntedbet remowalaf gas@ednver t ed

mat e ai - bel g, LAGHE! Bl L3 S kOhmat ocBEY BF. PESCRLETEN G [ RAW NGS

Figure 1 illu esasc Iragramo PRSLant Tavention. It
is a schenmati chyairro@rtmefesalalgentqrsibamterdaerently'he second stage possesses at
| east 5 tvx@ reaction zones. Figure 2 illustrates the pilot plant

sinmul ati ons’ of two second-stage reaction zones in series. 10 DETAILED

DESCRI PTI ON OFTHeroBEES6iRRE ih SEVR G HEDH midiimizas hiiddle idistidatel yadld Whildi r ect ed
to a hydroprocessi ng net hod which i grti cularly usefu] in thersecond

stage hydr ocr JRIBIMENG1BE velumeeldgryale P B-BRIS Ve sIRhiIs £efipRd 88 Tt§S8c| osed in
U.S. Pat. No. f@eézam%%d(.ﬂ%l Adde aﬁé)ad béﬁo%fée@tté%rsﬁég?@ ‘Pﬁ@ﬁéﬁ adr

hydroconverting a residuum feedst ock ?ure 1l ates a %drocrackl ng
process in m@qmvemrbraéﬁ@eachlr@a@torvwe fepaainp oW, #8%c e lehs. MiHledhen seri es.

Fol | owi ng ‘l%aChoJe'ré‘lﬁgor@E |6r?%? 0§95 R Egaqé,l or to the last one in the

series) is an inter ate zone or separation 20 of converted
materials from unconvert ed naterl als. In the fixed bed reaction zones,

hydrogen is | nfl?ecbr%ge?sr gff tﬁfsa}m/é'ntiion p?oﬁ&’éscéléorn%my iﬁ‘ehﬁl?p%e% eh%lwe%.f i xed bed

ef fl uent.
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 flexibility in second stage operation. They are of simple
design and do not require quench gases or liquids. This promotes economic

operation.

The hydroprocessing method of the instant invention, which has at least two
25 reaction stages, comprises the following steps:

(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;

3



In Figure 1, the feedstock stream 1l enters the first hydroprocessing stage
3 25 (which conprises at | east one fixed bed reactor)) along with hydrogen
- stream 2. Streans 1 and 2 enter the top of the reactor and fl ow downward,
contacting the fixed catalyst bed 4. The effluent 5 conbines with product
stream 25 to formstream 6. Stream 6 enters the fractionator 7, where it is
separated into product streans, which are further discussed bel ow. Product

30 streans inglud . a o0se |ese

anconver ted migr cpasy ARG of Her BLOR AT yicn Ay bR ok AUE
the first reacti oaticaseond catvegiedAtreamacdnyprisity piSduearhalBigean toilidg poine

hydr ogen 5 stre flo war d through fixed hydrocracking catal yst bed
16. The effl uent g’g?%g‘@WS&%\é\g}?e@tream 17 passes to separation zone 18.
Product, which boils below 700F, is renoved in stream 19. Stream 20, which

contai ns unconverted material, enters the secqond reactjon zone of stage 2,
reactor 229 5(4) oRGsSsiNg thesyneonyeded "Wﬁj@ﬁ'% o slepghioyaecond; r eans 20

and 21 flow downwassbtinnistdelghidf dt¥gdcihiphiding aphiraity oRredcish zBREs,23. Stream
24, the effluent of reactor 22, conbines with stream 19 to form stream 25.
The per-pass conv#hereinearh zpae if Maigtained atiydserragking cendifignscand y bet ween
10 30% and 40% F 1 i ocarbon feeds may be used in
the instant i nven??gﬁaﬁ?@b%ﬂg?gﬁéehe sqthoc %’i ncl ude any heavy or synthetic
oil fraction or process stream having a boiling point above 392F (200C).
Such feedsgtoc [ 2 ' L] j d ted
oil, Fi scﬁ]ér- r)opgghtlégfﬁ?%g‘%ﬁ%%@&ﬁ#@%ﬁggﬁg@f iqffsg%eﬁgwtgfngaglﬁg@ y crude
fractions, etc. Tafixedlbetgthaséncdenvedinyait tedst apolt@t &QARE fexpin ni t r ogen and
fromO0.2-5 w. %sulfur. 20 Prnrl~ nmc The hydrocracking process of this
invention is especially useful in the production of mddle distillate
fractions boi lifyngseparabifg frneruéit cileipt (e o 40 Ghcdivetbdligditlefflent/ arnd ddl e
distillate fraction is defined as having a boiling range from about 250 to
700F. The term" n?gﬁ'ldép%“s”f'i"l‘ capertediliegibs the diesel) jet fuel and
kerosene Rkgiling range fractions. The kerosene or jet fuel boiling point
range refers to the range between 280 and 525F (138-274). The term "di esel
boi I'i ng r ange' 9k efegyslingthgydsegaryimscasyerted gtreamiai stanae continewitht o 30
700F (121-371 C). (sl ht ha normally boils in the range bel ow 400
(204C). Boiling réngesh% %\;ghd;%g’ product fractions recovered in any

(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 (j) 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).



6 particular refinery will vary with such factors as the characteristics
of the crude oil source, local refinery markets and product prices.

+ Conditions 5 Hydroprocessing conditions is a general termwhich refers
primarily in this application to hydrocracking or hydrotreating, preferably
hydr ocracki ng. Hydrotreating conditions include a reaction tenperature

bet ween 400F- 900F (204C-482C), preferably 650F-850F (343C-454C); a pressure
bet ween 10 500 to 5000 pSI I ) (3.5-34.6 MPa),
preferably 1000 to 3000 HRiE il PITH Eﬁg“ﬁﬁmgg(LHSV) of 0.5 hr’
to 20 hr' (v/v); and overaII hydrogen consunptlon 300 to 2000 scf per

barrel of |iquid hydrocarbon f 4-356_ B p

hydr ocr acki ngu%gw |ﬁ"8ﬁt§at?ﬂglsﬁﬁ%m3£?@ "ijfa@rﬁaq]é) erlgsfﬁni‘mg% ;{W%n{:thso F- 950F
(204C-5100), pgatkatatibloy a bbb istdfelyd(GetacketSF0R seBoRE$tage ppssssses @t leasges
from 500 to 5000 psig (3.5-34.5 IVPa) preferably 1500-3500 psig (10.4-24.2
MPa) . LHSVY arfj@Jepetiin #nest o 15 hr' (v/v), preferably 0.25-2.5 hr'.

Hydr ogen consunption ranges from 500 to 2500 scf 20 per barrel of liquid
hydrocarbon feed (89, 1-445n8 H2/ nBfeed). Catal A hydroprocessing zone may
contain only drigue Bustetes e piloy elapt S'E!M%O%Pét"i’%s‘?@r@oﬁﬁg?léﬁlq AN The
hydrocracki ng gafealiystrigieneral |y conprises a cracking conponent, a

hydr ogenati on conponent and a binder. Such catalysts are well known in the
art. The cracki ng conponent nay include an anor phous silical/alum na phase

30 and/or g zeolitg Tﬁh@b BS‘E‘: 4 .“ faving high

cracki ng act|V|ty O REX, Y : prnder is 7
generally silica or alum na. The hydrogenatl on conponent wi | I be a G oup
VI, Goup VI, es or su er.eof

bt ef or ably oneS s Rughin SElriefhio BtkEERaRe g meRog WHIERe . or the

sul fides or OXpai&@Jl@dr;eumm in te ﬁ&ﬁé@tagem)ﬁ(i;@:rﬁcﬁdil@d $tep. ofirhegretéwdr ogenati on
o rert® ATF ithatisbary SR 58 ke B RATY S BEONR 8 Yo B B2 ), o "

catal yst.

15  an integrated process for hydroconverting a residuum feedstock.

Figure 1 illustrates a hydrocracking process in which there are at least two
fixed bed reaction zones in series. Following each fixed bed reaction zone
(prior to the last one 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 one 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 56 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



noble nmetals, especially platinumand/or palladium may be present as the
hydr ogenati on conponent, either alone or in conbination wth the base netal
+ hydr ogenat.i on conponents nol ybdenum tungsten, cobalt) or nickel. If
present, the platinumgroup netals will generally nmake up fromabout 0.1 %
to 10 about 2% by weight of the catalyst. If noble netals are enpl oyed,

poi soning is avoi ded due to the use of snmall reactors and the constant

i nflux of hydr i I ,d4l { C y be a
conposite of aaé%@dpﬂ%?a%ﬁ\ﬁegﬁdgﬁ%ggﬂgg%gggﬁb{aﬁg@gg}? t én%%c? etgy{g 013:})é VI

met al or conpoeffidentioéreastorsifpsieamd Topassep to separatign zeneot§. Beadictuch as

al um na. Exa f. r i t S ) :

cobal t -mol ybaariey SRt kPR B TeRBlRL I el ForSH IR ¢ WAL taing g

ni ckel - nol ybdamomvdngd aaltdrial, enters thy dsaindaabdtion Zomkalf wedige 2rreagoean) fi ded.

20 EXAMPLES Fi qure is a schematic of .this inventjon. T effluent of a
irst stagd nylPEphRskes Shatee SombrideP BeI R SHesmro dABRA dibed
portion of thegdirvedrddahriugBgixey HyaRICRERMIUatapst 1Ra 430 Siré&fR Qadtt age
hydr ocracker. The second-stage hydrocracker conprises rrultlgl e reaction

zones whi ch ar&ffleeiief seacion 47, seribines with #raam 49 & age @38t 861 on zones.

Unconverted nmaterial renoved from each separation zone is passed to the

next reaction zone and product is fractionated into mddle distillate

products and alheRsicpasssranyaisiorson bpthuieacters tpaed atase typisallybeprvean

si mul ati onyqof dé%lk’(sﬁ] Prh\beégti on. The feed to the second-stage hydrocracker is
dre B

a hydrotreate st vacuumgas oil. 8 Fresh feed (represented by
100 units) joins with recycle (represented as 67 units) and passes to
reaction zone 1. 40% per-pass conversio 71167) occurs, and products are
removed by fractionation. Bottons (33 u are passed to reaction zone 1,

where it is conbined with recycle fromreaction 5 zone 2 (67 units) prior
to entry into the reactiop zone. 33/a (331100) of. the material is converted
and fracti onat%&"%f-’s"?ﬂeéﬂBEP@OWPQBQ%?@%JB‘?‘K/Q‘? é?%’”én?ﬂ%‘-‘éq’f‘tf"é‘éﬁi‘“@ﬂnyerted in
a stage/tofsal fprehl feeddtetka iludesnyTiddvg ob%%/ﬂWeﬁH SiPRAttoN d1HreQeyd ti ons

enpl oyed in thi's exanple. The 10 recyclé cut point is 700F. The hydrogen

partial pressuteanshaviog adsilng pointabore SP3H@008Ck nditdhdeedsteckieipickided. | n
the first cas { d - St age [ ' ed,
rat her than tﬁéﬂcrarggle&c}fda{shfjéﬁ%%\ygﬁta io@%péﬁ%@ﬁ&@@cﬁﬁﬁ&h@?}?%dsﬁh %{FBL,%,
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 range below

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



liquid hourly space velocity (LHSV) is 1 hr ~. The per-pass conversion is
60% The catal yst enpl oyed is an anorphous, base netal catalyst. In the
~second 15 case) a zeolite | oaded with noble netal is enployed as the
catalyst and the LHSV is 2 hr 1. A standard second-stage node is al so
enpl oyed, with 60% per-pass conversion. The third case depicts a
second- st age hydrocracker with nore than one 20 reaction zone, as in the

instant inventj | i . [ cond
case 1's empt oyRAeRP FBRRRAISBhAVF LG GERL b WA RNSEAge & OBRRRCTD
for each react oibsowoadoealacfirtdy aranlked8 ¥nd peshetpriced.y, while the overall
per-pass conversion is 60% The LHSV is 2 hr-1 25 As the Tabl e bel ow
illustrates, second-stage distillate yield is greatest when the third case
is enployed. 9 COVPARI SON OF SECOND- SdridfitliorlsSOCRACKI NG YI ELDSHDT M ddl e
East VGO, 700F Recycle Cut Point, 2100 psia HZCasel23Cat al yst Anor phousNMZ
(Nobl eNMZ (Nobl e net al Base Metal netal zeolite)zeofite)ConditionsLHSY,

1/hr 1. 02. 02. OPRGIropeSR4AG Morgitbridar gevicradarll WchSie®E primarily in this
wi t hi nt er medi at %epar ati ogYi el dsC4- 4.%@ 42. 5CS- 250F P y

L\VoR2. 622. 016. apsation fsshydieeradkag ashysirotreriingy Preserablyshyirawackiogss. 387. 291.
5 *Recycle liquid rate of 60% PPC. 10 c CLAIMS: 1. A hydroprocessing

met hod having at | east two reaction stages, conprisi ng}the steps of: 5 (a)
passi ng a hydr bydiotisatingeenditians inclade 3readligptemrerstygdetywpee A0 $-Re4%t ai ned

at hydroprocesgj AL idenl wa W st in a
fi xeé beg and g%dl?ggﬁ&?dgs,5)3@?{%%@&%30?@&%@23@&112\@;&? é’}ffsgﬁ% t?%%@%%nbi ni ng
the effluet 0506 teePOdtapsigpdunds peusquaratireahi gdugk) (151346 M) npreferalbstyor
stage and passi onmbi t to a,se Lon e: G)
separating the@@@gﬁqd&p%q @f;;g??)éﬁ@ aaf e%@%ﬁ@@ﬁ\@af ﬁ%&tﬁ‘d"ﬁf fuent and
at | east one cameaidoverall GgdlogenBonSUNTgliopr SBUBIZD0DBE! per Barkslidf ligd Poi nt

bel ow that of Lhe LSBIh teed (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), preferably
1500-3500 psig (10.4-24.2 MPa). LHSV ranges from 0.1 to 15 hr? (v/v),
preferably 0.25-2.5 hr''. Hydrogen consumption ranges from 500 to 2500 scf

20 per barrel of liquid hydrocarbon feed (89.1-445m® Ho/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



(d) passing the unconverted liquid effluent fromstep (c) to a second 20
reaction stage, said stage conprising a plurality of reaction zones,
wherein each zone i s naintained at hydrocracki ng conditions and separation
occurs between each zone; (e) contacting the feed in the first reaction
zone of step (d) wth a 25 catalyst in a fixed bed, thereby converting at

| east a portion of the feed; (f) separating the effluent of step (e) into

an unconverted?éﬁétymﬁs.ﬁ‘éa‘ &wnﬁun@nﬁu@nwe A oﬁeﬁt«ﬁ.ntbeda &rdgam, 30
(g) recycling rogen-rich converted stream o to combi ne

with the effl u@munn‘f’“stréém@a)V"'metal@mesguﬁlifﬁgwhﬁ!egp @tﬂi@l@btyetma orqui d
ef fluent from gie é’o‘r&)} xBHﬁﬁuJﬁ ggiefte@%dltogr GickE, &f tg&?ﬁ fia8E Bpaxigage, the
ne rocr th

zone bei ng mai nt al I ng condi t1ons cont act | ng e
feed in the sethenebdfr e‘amesem iz Yreecatalyst, ﬁ]@s{sm)ydmgehaMrcemmpwnts geraerfailsxed

bed, there ing a a o a atin
the effluen o&gggé‘bf E’S‘“S?% (?ngtlgdpr%{gﬁlgﬁ{h fgt?dgaf@g'%thé&%ﬂ?%?& m dgl e
?:j )stl |2| atT ﬁ pr odotsié nsét?leaié@eamwmmheahdrﬁt paillalalunhenmbe ecesehed? the step

) e process of. cla eeltelnett t oec
reacti on zone I r?ﬂ%"ag@&ﬁ?ﬁ‘%otngﬁgh%th guR Rt mﬁ&ﬂt%ﬂ% ‘ﬁ"#‘é" a‘?Ene is
| oner 15 than kfRoge rﬂa\tioﬂl&nmeﬁt&nbiyﬂdémmethn S8R dobbi! 6r rﬂékeﬁ?aﬁh reaction
zone subsequent to the first reaction zone is lower than the preV|ous one.

3. The processP§peetl fiaplatinypgremmelnls wilgesgeallyaarka i roBaRauAOd%e 10f  each
reaction zgpe spiieoyBRweightiofthe Edtalyst GPRGEBIO et A5 Ard émﬁtoyb@aﬁélsé’QEg 20

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

process of ' cl aﬁSrﬁVQ'deaﬁmeépﬁhﬁ Hee@ésraagmactﬁrseadhheemﬂtwnnfwr;é of the
second st age o g $h (d) is a hydrocracking catalyst. 25 5. The process of
claim1l1 or 4, in each of the reaction zones of the second stage is
oper at ed under hydrocracklng condltlons i ncludi ng tenperatures in the range

from about 40090 1 ctl sure in t. e fr,om 500
v ough 5000 perose GRS i SR S CHE Y § EabBab el SRANIR L Cgon
consunpt i of6 of me@ ot bompghn&me@fcénqbereraap Walt netal oF comgound tnecleafcar bon
feed (89.1-445 nB H2 feed
supported on a orous 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.

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 passes to a second-stage hydrocracker. The
second-stage hydrocracker comprises multiple reaction zones which are
connected in series, with interstage separation zones. Unconverted material
removed from each separation zone is passed to the next reaction zone and
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

second-stage hydrocracker is a hydrotreated Middle East vacuum gas oil.

8



S 6. The process of claimb5, wherein nore preferred hydrocracking
conditions include a tenperature range from 650-850F (343C-4.54C), reaction
*pressure from 1500 psig through 3500 psig (10.4-24.2 MPa) and LHSV 0. 25
through 2.5 hf -1) and hydrogen consunption of 500 5 through 2500 scf per
barrel of liquid hydrocarbon feed (89.1-445 nB H2 feed). . 7. The process

of claim1) wherein the unconverted effluent conprises hydrocarbons which
boi | above 7005est1€be%(er@s@ﬁt@awaoofurmlspjomslmtmimyaerorerpb‘@emu/@gted stream

conpri ses hydrgcarbons boiling bel ow 700F, The process of
Wherei nthe. oVl dle) RPd PREFRABIRTERTISh 06 RorPBSS COBPBRISTIED

hydrocarbon cofp¢afsSkhAg pﬁéﬂuc@@ﬁ& fefftfvel By fraiSnaton. BoomMN@3ndigpafe’ om 20%
to 40% 10. The process of claiml1l or 8, wherein the converted streamfrom

each reacti on passed tareastien gaerid) yhewsnbisirombingy Wit racyeledtana reaatignat | east
one fuel D%Od%gl @ﬂljlnl gﬁﬁoﬂb%ﬁgﬁn@ﬁh& "@dcﬁbﬁgﬂné‘mgﬁvﬁ (QSH@@ Bf gkerred

fuel product is cess of claim1l erein he preferred
fuel product imsatedal iswenverksl aryd fragtionatastasseroducts ﬁ%@@? wherein the

preferred fuel prodpg! - #ésﬁ?@é&%veﬁég ?%tage%@?ﬁeeﬂfto%'s}bg% 1) ""here' n the

feed is subj ect 8 to a prelimnary
(.A(.A(.ALA . AYA(3 AST. AL A(I . A#AXZ EB sJB

vl gb] X al cof et ool ealcel ga]acaltgﬁggﬁ&.fg C;%Lgﬂnctﬁlscgia%aalgalrﬁal cal cal cal
el i

ca] ca] cnaj ca] c
j OF kQO>t QHGXWrek ﬂQ]?G@‘]FC"“ﬂﬂ@ﬁﬂ/@r@béﬁbéﬂabFﬁde@Qﬁn@ai Q&d}@?]s@ahthaé@a] cajc

a) ca] ca] ca] ca] cal c”a] ca] ca] ca] ca].ca] ca] ca] ca] ca! WhkwRC
$i $$sMEWAG & diffeignhinerpaas et delietetic &) thefjretgass; %a]a@é]amwéaatw ca] ca] ca
] ca] cal cal cal qlirsthEaingioab tebrleyalC Al ahsRIreAhode bt thiChantdi *tHey* * +2++

V... /1/*0/ douishhaurlysipaas vplosty 81RSY bia]1du]'c Jhealecppeareayersipa iy 60%] ca] cal
455%555
cal cal cal cal cHealaal & OB ERICA SAbEMG Rk ERLIERA] A e Bkt 4558
U] c”a] ca] d&] cajese] & a¢dlit¢ tegded|with neljle ajatal)is einpldyed Jasdhe ahiabist ahd fteg ca] ca] ca
I 2(C
EEeBr A7 ChonH 5 1SR & AT Spe P o 25 Pl CE R4 1B 802, ca] cal o

a] ca] ca] ca] ca]perlpass cahwasion) ca] ca) cal ca] ca] ca]calcal gl I 1; JKK KgLLLM
MW NNNN&QOUOOOOGGHHHLI gl } xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca#AXZ[ fH*  910% & ()

- P10% & () - SHIh#D Chse' 8&BiRL HsédonBldId§Shydrocrad k3wt thore th¥én 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 As the Table below illustrates, second-stage distillate yield is greatest when

the third case is employed.



10%@ @& ()-eF* 9109 & () ' @O0% & ()-!X, 10%8(8(& ()- 10% & ()-zs10% & ()-f&
10% & () - 10% & () - XzX9.

 10(9L10% & ()-'\* 1 10%<& () -1\ * 1 10%(<( & ()-!k* ! 10%K6K6& () -! a$310%A( A( &

"()- @10% & ()-EB mN L10% & ()- S 10% & ()-3
10% & ()-10% & ()-10% & ()-L10% & ()- 10( 10( B sJaBm\V
L10%40% & ()-s10% & () - OCV&'()-ISI 110% ° &'() yLlOfV&'() t10% & ()-JB
dEITN/ LlOW 1096 <& c‘Il; pb. | Ilc —SH ] 70 &
10% & ()- Tl 10% & () - CONRARIS@ t('m SECONB-STAG RACKING YIELDS
10% & ()-210% & ()- 1'10% & ()-/yl0% & ()-fhij km—\— L3 10%& ()-m N3
10% x. x& ()-n S3 16%(.((&ileﬁa$tﬂm%ﬂﬂ°fﬂecy0|e Got Point, 'Q%W/Bﬂa(l')z-
<wWU6+= 10( 910 &) =35 109 (& ()=zH# 10 (& (2) Fa i T0% (&)~ 7+a
I 10Y%A(A(& ()t 'aseg) 9'10%:(F(&'()-'<1>tgH= 3
10(910% ! 10% p&()-yyL 10% u& )=+t |'V'L"L0%>u>u& ( K] T0% a'\s C
10%uhu& () - f Catalyst Amorphous (Noble MZ Noble metal
Base Metal metal zeolite) zeollte)
Conditions
LHSV, 1/hr 1.0 2.0 2.0
PPC, % 60 60 40*
Mode Standard Standard Two-stages with
intermediate
separation
Yields
Cy- 4.4 3.4 2.5
Cs5-250°F, LV% 22.6 22.0 16.4
250-550°F 51.3 60.3 56.4
550°F-700°F 34.0 26.9 35.1
250-700°F 85.3 87.2 91.5

*Recycle liquid rate of 60% PPC.
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10( 10(t QeX6H= 10(!'m ° -

10%iu&' () -y! 69, ) MLO%C& ()-z!t# !10% u-u& ()-!(L10%JuUu& ()-2z10% u& ()-!, L1
. 0%YuYu& ()-f13456XbCO(! m 10%& ()- 10% & ()-yl0%& ()- 10-u 10-u

10- u9s10% u& ()-f010% u& () - WiwdEbCO(! m 310%<& () - 10%& () -fss10%& ()-3 10
%<& ()-5S910%<& ()-@l0%& ()-RC Q dELCO(!' ms' 10%<&' () - s@@L0¥%& ()- 3y
10%<& () - s@10%& ()-s!yl0%& ()- @O0%& ()-Q 1!!"X""aBbCO(! nme5s10%& () -
Ay10%<& () - s28109&. () - Sy/ @O%& ()-g' kf, 10% < <& ()-2zS*10Uc& ()-""""""##
$bC0(! ME&I0%&’ ) -S  10%<& ()-sl-10%& ()-g 10< 10<

10<910%<&" () - SF7S10%&' () - $i $SSM/ESW@BOCO(! M5 10%<&' () - S10%& () -!\

10%<& () - @ @OY%& ()-S9L0%E ().: . . y
Tovea ()L s0me T 2 PETaSATg PIabRskhaving stdeasSua rqaction s1908% pPGEa the
10%& () - s10%<& EepstB%<& ()-j' ' (D))))))dE/ 10<

10<s9s10%& ()- L610%& ()-4 109%& ()- Y. 10%& ()-, 10%<& ()- s+

10%& ()-) P5*1 *wry**+xY: | 10<F10% & ()-9S10% & () -

10% & () - &F10% & (ay 19A€sing )a‘t%%c&?ﬂ&ﬁfeé@ﬁgﬁ*ﬁrst’ reaction étaé@ﬂhﬁic is
111096 T& () -! DF1098( $( & ()-10&&'&&)4 e TOSA AL S S VDS e !

10% & ()-.V.\...//dE: maigained pd hyeropyaopssing wpedifipns, where it is contacted

C10% & ()-,10% & ()-S 0%: & L)ir A ' y = LLl
"10% f&' (§ ) Y10% f&' (§ ) z %?(Uafc/ﬁlg’w%"é?flﬁé}?geﬁ) 5@%’88/3% ?5"%9%% e
510% & ()-1e11122, 3dEb@nvdtedt F& 109% & () - 10% & ()-10% & ()-yglOo% & () -
10% & () - i % & ()-,3s3}33444dEbC 10<!t! 10% & ()-s10%& ()-yF
104 & ()- "I0% & ()-L10% & ()-10% & ()-455%$555( 7dEDC

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

second reactor stage and passing the combined stream to a

separation zone;

5 (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 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 least a portion of the
feed;

(f) separating the effluent of step (e) into an unconverted liquid
effluent,.and a Hydrogen—rich converted stream;
30
(9) recycling the hydrogen-rich converted stream of step (f) to combine
with the effluent of step (a);
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10<!t-  10% & () - ¢

@ @O0% & ()-,)s10%& ()-2z&L0% & ()-3$10% & () - #10% & () - (7+7{7777778xmb@
. 10<! 1\ 39! 10%c& ()- 10( 10(

10(L9s10% & () - 710% & ()-5&10% & () - 3310% & () - 88~99: Y: : wX9nb@

10<" 10908 () - 39! 10%0%' ()- !N 39! 1000MUn& ()-!S' 39! 109%&Z373&' ()- !X °
39110% & ()-!N 39! 109U ()-:: ;" <7<} <<} 2mb@

oo ) Ao Elond il SR Dton yacopsons

10%% () -, , @ 10% () rdactiBl@Bné bof theSdkedhli stage> P02 rRitiSined at
10T4! 1090& () - T4! 109608 () - #3F4| 0T4! 109608 () - T4! 109%2&' () - T4! 109%0& () T4! 10%0
& () - >>>>>>>>j J+CT4! 1bygiciac ’"94901‘9@4@45() T4 10908 () - T4! 10908 () - ' #3F4! T4!
10908 () - T4! 109%0& () - >>>>>>>e A+CT4! 10%04#3F4! T4! 109608 () - T4! 109%0& () - T4! 10%O
& ()-T4! 10908 () - #3F4! >>>>>>>>dJ0CT4! 10%0& (3 T4! 10908 (2 #3F4! T4l 109%&' () -
T4! 10%0&' (9- T4! 1048 contaglingthedeed inthe second reaction zone of step (h) with a
21 3CTa1 10908 ()- T4t L0855 ) PSS b TSRS i LTAOATIRG (- 7411
?1 2e A+CT4! 10%O#3F4! T4feBO&' () - T4! 10%0&' () - T4! 10%0&' () - T4! 10%0&' () - #3F4! ! ?&
21 ?8?H?1 ?2J?K?dJ0OCT4! 10%08' () - T4! 10908 () - #3F4! T4! 10908 () - T4! 10908 () -T4! 10
%08 () -T4! 10908 () - K2L?Y?Z?[ 2\ ?] ?h?nT5CT4! 10%0& () - T4! 10908 () - T4! 10908 () -
T4! 10908 () - #$F4' 3! 1frx€nating el OFEHt(of step (MG prodisdtgas? nBpkiha! AR08 () - #3
F4! T4! 10% T4! 10%3& T4!11Q 41 109 #3F4! x ’>’>’>’>’>’>eF1CT4I 10%

or4! 1090819) - T4! 10908006 ¢ };@I@A‘Pﬂﬁ’/@& Qg&"?t?l’f%(‘%@&?’{‘? ‘#Qﬁoﬂlf - 222727277eF

1CT4! 10%0T14! 109%0& () - F%!térﬁb‘]’@&s fdlé&?@ie #3F4! T4! 10908 () - T4I 109%& () -7
??2????eF1CT4! 10%0T4! 10908 () - T llO%)& ()-T14! 0%)& ()-T4! 10908 () - #3F4! T4! 10
U0 () - ?2????2?2?eALCT4! 10#3F4! T4! 10908 () - T4! 10%0&' () - T4! 109%0&' () - T4! 109%0& ()
- #3F4! 27 QOOA0YQ Y %*o%@@s/%f\ &lé:fgﬁ ‘(Mhe@enﬂ%nnfe& fentperatlfe diatf readhibl% & () - s”
10% & () - T4|10%:)&() YEABAMAXA , 10% é‘r&() 10% ~M(r& ()-

&YA0% ~(r& () - gmqyn/ﬂl& ron s %su bseguent to e first reaction zone is lower

Y10% (& (}sf( & & ()-
(10% A(r &)?) ‘F 1 ‘?%%i‘“’“s %% g‘é‘fﬂt@ 55&46%&{?‘(%@ @gﬁ%’i/g{@?()_ y 4
10% ~(r& () - DyOle%é{ﬂu@)nt to thefirgioeagtian(2pne is loper@gin(the previousoge.( (& () - EEE
EE EEEBFVU4 "Y S 109D#& () - 109XDEX&' () - Ny1l09DH& () -z

MLOYXD#X&" () - 10r A(r10rA(r20r~(r "s910% "(r& ()-BFFF7GGGH [:vWA4

f LOYXDEXE' () - 3, | 1UB&IpHo@sk Jof dird ) WKB¥EistHe) avefddi)teathic (emperam&%[)#x& ()- s

L109XDH#XE () -y HHHL| g(':rl\ Irela[ctaon zone subsle%%%(n to%)é }lrst Yea\c{; ngg/éz(lc:))ﬁé( is gt) 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 process of claim 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
of 0.1 to 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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F11 1090#& ()- S/ 3109XD#X& ()- KLgLLLM M [:bU4  10% ~(ré& ()-

“109% A(r& ()-N s109%A(r& ()- 9$10%"(b& ()- Y 10% (u& ()-

10%"(~& ()-; MWNNNN&Q| [ : bU4  L*10% ~(r& ()- L' gl0% ~(r& ()-N

C&L0%A(r& ()- fSL0%A(r& ()- | 'SlO%&'E) e(N'lO%’:{(r&'() gojoooou[:bm
L*10% A (r& ()-6L" Oha B S
9010‘V:"E:&' 8 o 10W«f32°r€§'§s(§)f)0' i aref%ﬁéé%r%[’ né’23] c"

"Heading 33]c" " Hewmditigna Bjabude mergtmrmgefma@ﬁﬁgﬁmrc(msmmm 73] c"

H['Sg_?_'v;‘(%\ ’8\3]bgf h mggﬁ%ﬁég regoﬁflft@ psngp?hroggﬁl%gog psnd (10?&24% MPa)

$% ') +. /1, 34(78: <>armbLiISV GG th Aol ¢ drlf?]en ﬁ?nsumptg)_rlg of 500
MB.OO<=>7? @Al FGHI J KL ST YZ nmo I mes w
RomanAri al Couri er tﬁ@% Eﬁ?r Eiﬂ?&?)g )ﬁrpgarbon feed ngg 1-445 m” H,
P HSUR' () *+, - /01236{_5 789: _
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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
15 the range from 20% to 40%.

10. The process of claim 1 or 8, wherein the converted stream from each
reaction zone is continuously 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 product 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.
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