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15 are employed to remove impurities such as sulfur, nitrogen and metals from

16 the feed. Typically, the middle distiilate boiling material (boiling in the range

17 from 250°F - 735°F) from VGO hydrotreating or moderate severity

18  hydrocrackers does not meet the smoke point, the cetane number or the

19  aromatic specification required.

20

21 Removal of these impurities in subsequent hydroprocessing stages (often

22  known as upgrading), creates more valuable middle distillate products.

23 Hydroprocessing technology (which encompasses hydrotreating,

24 hydrocracking and hydrodewaxing processes) aims to increase the value of

25  the crude oil by fundamentally rearranging molecules. The end products are

26 also made more environmentally friendly.

27

28 In most cases, this middle distillate is separately upgraded by a middle

29  distillate hydrotreater or, alternatively, the middle distillate is blended into the

30 general fuel oil pool or used as home heating oil. Recently hydroprocessing

31 schemes have been developed which permit the middle distillate to be

32  hydrotreated in the same high pressure loop as the vacuum gas oil

33  hydrotreating reactor or the moderate severity hydrocracking reactor. The
-



hydrotreated in the sane high pressure | oop as the
vacuum gas oil hydrotreating reactor or the noderate
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13enviarahignestmedli red for mild hydrocracki ng. SUMVARY

403 THE | NVENTI ON This i nvention, as are those

di scussed in the Background, is directed to processes
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18  stocks such as Light Cycle Oil, Light Coker Gas Oil and Visbroken Gas Oil or
19  Straight-Run Atmospheric Gas Oils utilizing the high-pressure environment
20  required for mild hydrocracking.

21

22 SUMMARY OF THE INVENTION

23

24  This invention, as are those discussed in the Background, is directed to

25 processes for upgrading the fraction boiling in the middle distillate range

26  which is obtained from VGO hydrotreaters and moderate severity

27  hydrocrackers. This invention preferably involves a multiple stage process

28  employing a single hydrogen loop. It could, however, be used in any fixed

29  bed hydroprocessing scheme such as mild hydrocracking, conventional single

30 stage or two stage hydrocracking and hydrotreating applications.

31

32 In this invention, removing distillate products as they are formed helps to

33 improve the environment of the cracking reactions by more effective utilization
.



enpl oyi ng a single hydrogen |loop. It could, however,

be used in any fixed bed hydroprocessi ng schene such
wa@sgoositked 7hydr ocr acki ng, conventional single stBYBEUS005/018340

two stage hydrocracki ng and hydrotreating

applications. In this invention, renoving distillate

products as they are fornmed helps to i nprove the,

Tenvifribe neartorospackehydragen mgd cetalystoh@payyegpyadectivity for
effective utilizatiqnof,. th e - :
22 AR KL S350008 b DEid FEBYChe PG P Og R winou
J esigky@ingnael dliangtiéher wicetld aif | ow per pass

conversion, but without recycling |large quantities of
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1%irst reaction stage which is nmintained at
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17 maintained at hydroprocessing conditions, where it is contacted
18 with a catalyst in at least one fixed bed and at least a portion of
19 the feed is converted;

20

21 (b)  passing the effluent of step (a) to a hot high pressure separation
22 zone;

23

24 ()  separating the stream of step (b) into an unconverted liquid

25 effluent and a stream comprising converted products having

26 boiling points below that of the feed, said products being

27 subsequently passed to fractionation;

28

29 (d)  passing the unconverted liquid effluent from step (c) to a second
30 reaction stage, said stage comprising a plurality of reaction

31 zones, wherein each zone is maintained at hydrocracking

32 conditions and separation occurs between each zone;

33
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boi ling points below that of the feed, said products

bei ng subsequently passed to fractionation; (d)
w@a®siing7t he unconverted liquid effluent fromBCEPS1005/018340

to a second reaction stage, said stage conprising a

plurality of reaction zones, wherein each zone is

mai ntai ned at hydrocracking conditions and separation
1occurs bst weeontedirty therfeed &) theditshieeiction zaee pgéf@pu (f) with a

22 Ti xed bed, CRHERBB,S HEwart: et SthEltd £33 pqtn of

athe feed, (f)hespggayatlng the effluent of step (e) into
an unconvert ed liquid effluent, and a hydrogen-rich
4converted stream (g) passing the unconverted |liquid
effluen fro t e qui
Sthe secm %@%rgﬁ?éegez%@gg e ngggngél ntﬁ% élnrggnat e liquid
ghydr ocr acki ngffiwentishidenisydrobén-cichtcanténerd stiearheed i n
the second reaction zone of step (g) with a catal yst
7in a fixed bed, thereby converting at |least a portion
of the f f
521, e 5P phHpd bAEbAGIRE 8 1B SINSRIalopE® a secons
gstreans. BRI EadiBBCBhETf G SFcondssteyGURE Zohe teingumaintained at
illustrates a schematic fl wd| agram of the instant
10i nvention. | fy§gc @t’]ﬁb a two-stage
1hydrocracker. The second st age possesses at |east two
reacti on zones. DETAI LED DESCRI PTI ON OF THE | NVENTI ON )
12Descr i pt(hpn @GbniEetndPtef fedda tEnbedingsigaction zone of step (g) with

13 a catalyst in a fixed bed, thereby converting at least a portion of
14 the feed;

15

16 (i) fractionating the effluent of step (h) to produce one or more

17 middle distillate product streams.

18

19 BRIEF DESCRIPTION OF THE FIGURE

20

21 The Figure illustrates a schematic flow diagram of the instant invention. ltis a
22  schematic of a two-stage hydrocracker. The second stage possesses at least

23  two reaction zones.

24

25 DETAILED DESCRIPTION OF THE INVENTION
26

27 Description Of The Preferred Embodiment
28

29  The Figure illustrates the preferred embodiment of the invention. The oil feed

30 inline 1is preheated, and pumped up to the first stage hydrotreating reactor

31 pressure by the first stage feed pump (not shown). Oil feed in line 1 is

32  combined with preheated recycle gas (line 2) to form line 3. Line 3 is further

33  heated by process heat exchange (not shown). Line 3 is also heated in the
4-



The Figure illustrates the preferred enbodi nent of the
invention. The oil feed in line 1 is preheated, and
w@eupath1op to the first stage hydrotreating reBCT/U82005/018340
pressure by the first stage feed punp (not shown). QG
feed inline 1 is conbined with preheated recycle gas
(line 2) to formline 3. Line 3 is further heated by
1pr deeisdadeteeddotzange (not shown). Line 3 is also
heated in thefirst stage feed furnace 5. The conbi ned
2feed is sent to the first stage hydrotreating reactor

310. ltHe"tlzclirﬁblﬁeg %l@rsEngﬂﬂhfeﬁEQ‘ Stég@h?dr@}tﬂeeah@dez?mdr 10. Inthis
partia rocracke rogen. recyc
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gdi strd eﬁbénta‘i’din]l:n?ﬁlé W@éd‘t@@ﬂlad 6h &asompeeedodf Ho ST, fightgases,
stage reactor e uent is then cool ed by .preheating

7f eeftﬁF&]ﬁ'@ﬁ di?“dg’leeii?ﬁ”@@w@'ﬂ%hy%rﬁtr@é%‘%ﬁ@’é(rg E 25) and
routed to a Hot Hi gh Pressure Separator (HHPS) 30
situated between the first stage hydrotreating reactor
gandrHib éirss stayedrestiag efflm;edt 6¢s theki cuypledehy perheating Hpdsand/or

1022?@%%&}6{?%@?{(%(@8&@&' agglg{?@%gm ed%ttaa‘ré{)) %qgotl llil?gﬁ F§ressure
141 r agtinnali HP{PS{Y%%MJ% ed lﬂet{/vle@ﬁ e | h?st %Eégjeefﬁiyc(rl%feﬁ@amactor

generation or process heat exchange) sent to a

1 2Co| a:thh@rseleoed etzrge ISeagraciing (emttos hiowvirl Pon mass ofthe €@0-

1 %t rler@rﬁ[eqréf 541 ﬁglgrré @?pﬁ gnah%H ger#tsf? 2&8 rcfgggmdre%veary and product
14ny dﬁé’éﬂoﬁﬁﬁbrﬁ‘@ii\ﬁa@&@ M lind BIRScheEd @Higﬁstelahﬂ@er?eraﬂ@m Bk process

conposed of unconverted oil, is |et-down under

150r e!mjreacba@gaab@r@saent toaisaxe Hligh PresstreSeparaipndagt Ghewn) on

16 ity gy EEHE SEIREES kst Toat i or
17hydr ocr acki ng reactor 20 L| ne 12 |s conposed of

recycle oil fromfractionation (i 9) and fresh
1&r o iScisfapetpte at gislightlyiipyer pressure than the first stage

19 hydrotreating reactor. HHPS bottoms, line 7, mainly composed of
20 unconverted oil, is let-down under pressure (valve 35), combined with line 12,
21 mixed with fresh makeup hydrogen (line 13) and routed to the inlet of the
22  second stage hydrotreating or hydrocracking reactor 20. Line 12 is composed
23 of recycle oil from fractionation (line 9) and fresh aromatic feed oil (line 11).
24
25  The liquid from the top bed (20a) of this hydrotreating or hydrocracking
26 reactor is taken out (line 16) and flashed in a side vessel 40. Distillate
27  products are removed overhead via line 17. The liquid from this side vessel
28 40 is removed via line 18 and is cooled in an indirect heat exchanger 45
29 heating a process stream and put back to the bed below (20b) after added
30 adequate fresh makeup hydrogen (line 23). This set is repeated for the
31  subsequent beds in the hydrocracking reactor, with the effluent of bed 20b
32 (line 19) being taken out and flashed in a side vessel 50. Distillate products
33  are removed overhead via line 21. The liquid from this side vessel 50 is
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The liquid fromthe top bed (20a) of this
hydrotreating or hydrocracking reactor is taken out

W@ koosm16i6) and fl ashed in a side vessel 40. D BCT/USRD&018340
products are renoved overhead via line 17. The liquid
fromthis side vessel 40 is renoved via line 18 and is
cooled in an indirect heat exchanger 45 heating a

1 pr oemeved Viadimm 22hehpistcasdeekintan inBepldipal exeirndeimo heating a

after add d _adeguat e
2 TGt Teartanpuiads O e B RN gkt I8y Prossure
3hy gy Qe £ ABKI W aft@asddld addduaté fresiehidikeepthyafodeed(liae26). The
(l'ine 19) being taken out and flashed in a side vesse
450 fingk ligiid peadeiChisgaoved yidliteddved overhead via |ine
52 1. The liquid fromthis side vessel 50 isrenoved via
line 22 and is cooled in an indirect heat exchanger 55

6 hedtriengteA fieslh ces@upthyeeogeanidr mﬁ plaatis rootedhtbraugih thel segond
(20c) under its own pressuyre

f
7 adeneeioereknSeRt RERG H%%@%@Z\W(%%ﬂ%?ﬁ bShiin the
8fI r?@h/cilé 4 ﬂ)oﬁré(}%&?edy? @é%i M:Js%o FEiGioAo s-gh@fyttﬁbfﬁeeds of
res y

eup rogen ant I's routed through
9théwgﬁnamﬁm&mage hydrocracklng reactor and the excess
hydrogen arrives back in the recycle gas |oop at the
recycle gas conpressor suction to satisfy the needs of

1471 ﬁt gt ?]er%%d%n Jr'b%u@f%@oeﬂ%%/%fre FSRY rRguRs RobsSts
as they ar ormed results in better utilization of

12t hautijeatem ofdbe Vet sagond ptrgschyireiaghingaeaelor ealedisy yplume by

l.u I
13 o BT aSFarera® bR SERAGR IR A P TR RE
14del ineehi&ge® bBPhAd 8f deligdrinushdty ohkidhqaeity hodregeneo where
specifically needed in the Iiquid phase. This further

1 5g| vapsciisallyaeedashindhe ﬂdﬂwétnh%ebJ@é& fusthgr pvegiandnpremental
16, eﬁ@%t c@i{ooﬁ?éﬁ‘d Fe%rt]ﬂ/’cgrr?hf&ﬂer Egrl éasgé é’ eﬁ‘ 6n dir f\fascélves the direct

ess recycle rom I ona
1 7botiesit bhleas PR litRsd freﬂh ftr@at@ebtocrmvtem torachieve desired
18  target conversion.
19
20 A customized hydrocracking catalyst system in an ascending/descending
21  temperature profile would be used in the second stage reactor using relatively
22  mild hydrocracking catalyst at the top beds and progressively higher activity
23  stable (zeolitic) hydrocracking catalysts in subsequent beds.
24
25  Converted material from the Cold High Pressure Separator, side vessels, and
26 reactor effluents from subsequent stages could be combined or kept separate
27  and sent to product distillation and recovery. Or the second stage effluent
28  could be post-treated by adding catalyst in the side vessels orin a
29 downstream, low pressure, cleaner environment post-treat step.
30
31  The product distillation (not shown) could be a combined unit operation for the
32 first stage hydrotreating reactor and second stage hydrocracking reactor
33 products or could be a divided unit operation (within one shell) for separate

6-



A custom zed hydrocracking catal yst systemin an
ascendi ng/ descendi ng tenperature profile would be used
w0 pooshe13econd stage reactor using rel atively PET/tiS2005/018340
hydr ocracki ng catal yst at the top beds and
progressively higher activity stable (zeolitic)
hydr ocr acki n%ﬁ catal ysts in subsequent beds. Conv
S

LT a ; rted .
Tmatchistiliation pbivist Hagedydreirepiingreasior andsparad é&a,gegf?yﬁéocrackmg

ve QQQI eactor effluents from subsequent stages
2coj§§£%<rapcon‘glfshed or kept separate and sent to product

adistillation and recovery. O the second stage

ffluent I t-1 d,b i talyst i
4 nendrer Sepsred TPS otiorao Juidd MealH b Sl EReEil featolind e50F
58: :@Pﬁﬁsiﬁé&’éé&'ﬁ\ﬁ%%%@ﬁ <§rbbfa%iﬂgnggr%§@t-or?m§t 8 éﬂutre) and using a

ation (not sho cou e a conbi ned uni _
eoperathigindifferertinepricissgrte miragdiragit santdathngecaucstage inlet

and second sta hydr ocr acki,ng r.eact or,. pr,oducts, or
Toodb R e BrSH s dUnie BRE Erali U g Paner Sicdeps or 2
gf OruRRRAY af Rdufbd | A ét@ﬂuﬁfheé’iirﬁg;?e fragee My iy sesidgage

reactor and second stage hydrocracki ng reactor _
r duysrosracking eeadier C@tlg pe aobinedbBith dhe G stagguirotreating

1Owoul d ﬁ\? ce%g{ued oenly to around 650F (or desired second
st dGECYN /148 g reactor inlet tenperature) and

1qusing a hot high differential pressure punp directly
sent to the second stage inlet wthout the need for an
14 ntlegedsli ate cooling/heating train or storage or a
1§urnace. If required, any startup heating requirenent
of the second stage hydrocracking reactor could be
14c onhiwies vaidth of hedifocagtorsfeads nigyds@usahin thg ingant imvention.

feed furnace. Feeds A w de vari et f _hydrocarbon
19 cohiol S RN HAe REYRe kAL STHDEH PolTacaybPEaToCess

14 eeSan Kool AR 8, Q12 Aot ol i O
17 20§&)eralfeiadsdedydhocarbonveboilimnin the range form 500F to 1500F.

18  Such feedstocks include vacuum gas oils, demetallized oils, deasphalted oil,
19  Fischer-Tropsch streams, FCC and coker distillate streams, heavy crude

20 fractions, etc. Other streams include heavy atmospheric gas oil, delayed

21  coker gas oils, visbreaker gas oils, aromatic extracts, heavy residue thermal
22  or catalyst upgrader gas oils, and thermal or catalyst fluid cracker cycle oils.
23 Typical feedstocks contain from 100-5000 ppm nitrogen and from 0.2-5 wt. %
24 sulfur.

25

26  The recycle oil (from the product distillation) can be introduced at the second
27  stage hydrocracking inlet or at a suitable bed.

28 .

29  Products

30

31  The hydrocracking process of this invention is especially useful in the

32  production of middle distillate fractions boiling in the range of about 250 -

33 700F (121 - 371C). A middle distillate fraction is defined as having a boiling
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general ly include hydrocarbons boiling in the range

form 500F to 1500F. Such feedstocks include vacuum gas
words/1idenet al | i zed oils, deasphalted oil, PCT/US2005/018340

Fi scher-Tropsch streans, FCC and coker distillate

streans, heavy crude fractions, etc. O her streans

i nclude heavy atnospheric_gas oil, delayed coker gas

1 0i tangevirarbrebakt?5Qtes’ I s Thatemtmiddidistiate’ nglsley the
resi due.thernmal, or cataly . gas ai.l ;

24 nalane oo e SRl dig KRR EoRa" TR RrgdRie of et el

3T egdphgphmt ‘Pé’rﬁg{e’iﬂelfer‘sﬁ@ ih e RhgeOSwppM2B0tareyE2bra IR SR BHT ).
0.2-5 WM. %sulfur. The recycle oil %fromthe r oduct

4 di Sheltemn [dngel dalinBeanae’r GirIeda hyHrac éb%c%%“dgwﬁgs range
hydr oc ' FplAat_ t i I

5 ny SPREPSE R ISl 167 Gt 2 HBpREf oy icts e

6 usednte beloWh®OpROdCYt Botlingfrangebfevatiossidrbdye fractions

7 12 7acave Y PR 0N MRAUE SROPE SR hed

as i ' i Bnd Pi8duct
8¢ o RASRsficP §f LETAIAPST spLRF, RRavereh Haridknd e
9angrikes.osene boiling range fractions. The kerosene or
jet fuel boiling point range refers to the range
10pet ween 280 and 525F (138-274C). The term "di esel

boid | ibagge" refers to hydrocarbons boiling in the
11radd RS 50 to 700F (121 - 371 C). Gasoline or

12naphtha normal ly boils in the range bel ow 400 (204C).

pop [potl _ N
12 ORI A R S R D Bch e fan v
14as thisepphedtRptieHyatdtaciohg bharydrotdeting, Iprefeuaisie hytawabcking.

refinery markets and product prices. Conditions [0032]
15Hydr opr ocessi ng conditions is a general term which

16" ef[%%]ﬁ-@dm«gé%gi dbnditions include a reaction temperature between 400F
17 - 900F (204)C - 482C), preferably 650F - 850F (343C - 454C); a pressure
18  between 500 to 5000 psig (pounds per square inch gauge) (3.5-34.6 MPa),
19 preferably 1000 to 3000 psig (7.0-20.8 MPa); a feed rate (LHSV) of 0.5 hr (-1)
20 to 20 hr (-1) (v/v); and overall hydrogen consumption 300 to 2000 scf per
21 barrel of liquid hydrocarbon feed (53.4-356 m ( 3)/m (3 )feed).
22 '
23  [0034] Typical hydrocracking conditions include a reaction temperature of
24 from 400F - 950F (204C - 510C), preferably 650F - 850F (343C - 454C).
25  Reaction pressure ranges from 500 to 5000 psig (3.5-34.5 MPa), preferably
26  1500-3500 psig (10.4-24.2 MPa). LHSV ranges from 0.1 to 15 hr (-1)(v/v),
27  preferably 0.25-2.5 hr (-1). Hydrogen consumption ranges from 500 to 2500
28  scf per barrel of liquid hydrocarbon feed (89.1445m (3)H (2)/m (3)feed).
29
30 Catalyst
31
32 A hydroprocessing zone may contain only one catalyst, or several catalysts in
33 combination.
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this application to hydrocracki ng or hydrotreating,

pref erably hydrocracking. [0033] Hydrotreating
weoemdittdions i ncl ude a reaction tenperature bet MEBENS20006H 8340
- 900F (204)C - 482C), preferably 650F - 850F (343C -
454C); a pressure between 500 to 5000 psig (pounds per
square 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
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tal yst A hydroprocessing zone
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e cracki ng conmponent may include an
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14 Ze%r‘nbﬁx%\tloﬂ_ hethhepesel 'm?etQIeIWr é%t@lnl owmcn‘rerﬁd; ordlytadenum,
hé hydrogenati on component be a G oup

G

15 VI tungstenGoobglt, \ar nickebt @preﬁen&ﬁha@éatmunsg!qﬂpd@@fals will Generally
th f

161 urgsealn, PRBEEeRr 0 oF BT sl PhBylelRl HAESEBSt 1 des

q7thereof. If present in the catal yst t hese

hydr ogenati on conponents gener al
18 Y Hyd?otreatlng catalyg’g is preferably used m)‘{he upper beds. Hydrotreating

o W N

19 catalysts will typically be a composite of a Group VI metal or compound

20 thereof, and a Group VIl metal or compound thereof supported on a porous
21 refractory base such as alumina. Examples of hydrotreating catalysts are

22 alumina supported cobalt-molybdenum, nickel sulfide, nickel-tungsten, cobalt-
23 tungsten and nickel-molybdenum. Typically, such hydrotreating catalysts are
24  presulfided.



make up from about 5% to about 40% by wei ght of the
catalyst. Alternatively, noble netals referably used
WO poosovErt beds), especially plati num and/ or paPCEHUS2005/018340
may be present as the hydrogenation conponent, either
alone or in conbination wth the base netal
hydr ogenati on conponents nol ybdenum tungsten, cobalt,
1 orymiat keedlaintdd isr esent, the plati num group netals will
general ly make up from about 0.1%to about 2% by
2 wei ght of the catalyst. Hydrotreating catalyst is
prefer }@% | iRg rHepel deusinstdyrdirotangiahj which has at
3 cat al ygﬁgé/h |9{dyd§isg'29| y be a conposite of a, Goup M
4 et al ~ oleasomso@Adiierheieess. CamrrisesaRe i oW iINg SiRASal  or
conmpound t hereof supported on a porous refractory base
Ssuch as al uni na. Exanpl es of hydrotreating catal ysts
gare al UmE)na saHRYY 4 eddreasidn feet ytdentinst revctivaistage which is
sul fide, ni ckel'-t,ungsten, cobal tt ungst en and it tacted
7 ni ckel - mol ybanei@ined @b N¥HOPYOCESERE Q%@éf e WPpiRy!t Is contacte
catal ysts arg.pre | LS [ 4S5 rtion of
8 hydr opr ocessﬁﬁg aﬁ%ﬂ%&%ﬂggt %{ Phgtflg%(?bigﬁ\%ggﬁ%%?ﬁ\?hﬁh
ghas at | easttHeWeed ¢acsriventest ages, conprises the

followi ng steps: (a) passing a hydrocarbon feed into a
10first reaction stage which is maintained at

hydr opr ggessing; | L108%: or RS )it ol fdsedranséparation
11a cat al yst ihg%f'ﬁ&e}%s%mgﬁit ?‘fi xedeaget:%aafﬁodtq_gﬁ Feast a o
12portion of thend;eed is converted; (b) passing the
effluent of step (a) to a hot high pressure separation
13zone; (c) separating the streamof step (b) into an
14unconveg%)ed lséséva@lngftﬁé_ StesH m 2N dted (B) @ mnaaTmohivsitad liquid
convert products having boiling points bel ow t hat of
15t he feed, sakffluenbadnd astigaimgomprising converted products having

16 boiling points below that of the feed, said products being

17 subsequently passed to fractionation;

18

19 (d)  passing the unconverted liquid effluent from step (c) to a second
20 reaction stage, said stage comprising a plurality of reaction

21 zones, wherein each zone is maintained at hydrocracking

22 conditions and separation occurs between each zone;

23

24 (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
26 the feed;

27

28 (f) separating the effluent of step (e) into an unconverted liquid

29 effluent, and a hydrogen-rich converted stream;

30

31 (g) passing the unconverted liquid effluent from step (f) to a second
32 reaction zone of the second stage, the zone being maintained at
33 hydrocracking conditions;

-10-



subsequent|ly passed to fractionation; (d) passing the
unconverted liquid effluent fromstep (c) to a second

WO e@stiiam st age, said stage conprising a pl uraPCT/ySmwhs/018340
reacti on zones, wherein each zone is maintained at
hydr ocracki ng conditions and separati on occurs between
each zone; (e) contacting the feed in the first

1Legctign zgne of step (d) with a catalyst in a fixed
ed, thereby cqnverting at. | east ' f .t ;

2feed; ( seﬁi%{“&%?tlnﬁgth?ﬁ%eiﬂtﬁﬁgﬁfzgg(??%éet%p‘( SR grjlft% 1on (9) with

gunconverted }icguiyd: of 4 FiueMbed ahdrabyhyshvegy afiledst a portion of
converted stream” (g) passing the unconverted liquid

4effluent frotneseed (f) to a second reacti on zone of

6the second stage, the zone being naintai ned at
hydr ocracki ng conditions; (h) contacting the feed in

gthe secgnd rgagidnating aneefitiest efstém)h Motdroducaord psmore
in a fixed bed, thereby converting at |east a portion

7of the feed;n‘(“ﬂqlefjlsﬂﬂ%"@@’f@@limg;tr@ﬁg‘seffI uent of step

8(h) to produce one or nore mddle distillate product
streans. 2 . The process of claiml, wherein fresh

of eed nHth?r@@:&ﬁ@idf@thiw 1, lwhdreinfresbrfeed ealy bé goimbined with the

effluent of step (c. efore enterjng the second
10r eact or Uéﬁﬁg\@"teﬁ.“q@@e@l&‘%@e‘%@?ﬁ FCC) %?qfﬁ{el?“%ﬁ@ﬂéﬁ‘% serind
second ' tage may conprise a reactor having
11mJIti pl g@%g{;ﬂagag " beds. 4 . The process of claiml,

12wherein the second reaction stage may conprise several

135rr%l. : %Jhggplrgcet)s%dofrc?az%r%tﬂrﬂérginst%is%%bnd reaction stage may

14 comprise a reactor having multiple catalyst beds.

15

16 4. The process of claim 1, wherein the second reaction stage may

17 comprise several small, single bed reactors in series.

18

19 5. The process of claim 1, wherein the inlet temperature of each reaction
20 zone in the second stage subsequent to the first reaction zone is lower
21 than tiwe previous one and the outlet temperature of each reaction zone
22 subsequent to the first reaction zone is lower than the previous one.
23

24 6. The process of claim 5, wherein the average reaction temperature of
25 each reaction zone subsequent to the first reaction zone is at least 50F
26 lower than the average reaction temperature of the previous one.

27

28 7. The process of claim 1, wherein the catalyst of each reaction zone of
29 the second stage is a hydrocracking catalyst.

30

31 8. The process of claim 7, in which the catalyst in each bed subsequent
32 to the first one in the second stage reaction zone demonstrates

33 increasing activity.

-11-



5. The process of claim1, wherein the inlet
tenperature of each reaction zone in the second stage
wGaasegquent to the first reaction zone i s | owePCT/L82005/018340
the previous one and the outlet tenperature of each
reacti on zone subsequent to the first reaction zone is
| ower than the previous one. 6. The process of claim
1 5, gwher haptdoesavéclage 7 e@et@in@aﬁb@ﬁg‘r%tﬁmcéoﬁfzo@%% Rf the

reaction zone subsequent to the fir [ QR zone |
2 at |east® gl q%r‘?éﬂtefjﬁj@dg\r/E'V%rgg%roggn??%ﬁn%r% HEludhg
3 tenper atr e of rdhm tRe eXh@iFoRNEsout 400he5aro@eds Hi0C),
claim1, erein the catal yst of each react] 98 2N %
4the secrmagtion agssiEe & thedaoes Hew 9l %@‘é‘ﬁ}?b. Q.S‘QT(I%eé)‘ 4.5
process cl,al ' ' clfr!m& j BRS
5subsequyﬁ{a)tld%wgpi'i&@hghﬂﬁihcﬁqe secC egnrgcd%rtﬁ‘sage P800
6T eact | Ophra@te28BuTBErIaT alaes| biityuid s dgcartidnvieey (89. 1746 m’ He
process of claim 7, wherein each of the reaction zones
70of the fscgnd stage is operated under hydrocracking
8condi tions including tenperatures in the range from
about 400 - 950F (204 - 510C), reaction pressure in
ot hgor angaefrermsaQd clahmd) grh&s0idimpss prefedrds BydbciRéNg

LHSV of 0.1 to 15 h -1), d hyd ' f
10500 ¢ hr 60HIRBODOLER i RARER IO elth GPihy i G bt 454
117 eed ( 8%&%1’6%%{?0@@%'@ﬂoﬁhﬁ)d@"é&@%ﬁo%h 8680 sy (10.4-24.2

wher ei n re prererred hydrocracki n%) condi ti ons

12i ncl ude MP4 )eauelrlaS Ure25 tigegh 2Enhies angguRrqgegaconsumption of
C. -454 C

155500 ps S50 (R 09 SRR et RRR B ab g
14(-1) . gnd, fyedsogen consunption of 500 through 2500

scf per bartel of liquid hydrocarbon feed (89.1-445 n8
15H2 feed). 11. The process of claim1, wherein the

16unc1(%r.wer11h%dprggésl,suo c aiﬁwomij\(g‘r%ﬁw the unconverted effluent comprises
17 hydrocarbons which boil above 700F.

18

19 12.  The process of claim 1, wherein the converted stream comprises
20 hydrocarbons boiling below 700F.

21

22 13. The process of claim 1, wherein one or more side vessels comprises
23 hydroprocessing catalyst for further upgrading.

24

25 14. The process of claim 12, wherein the converted stream from each
26 reaction zone may be fractionated separately or be combined, then
27 fractionated into at least one fuel product.

28

20 15. The process of claim 1, wherein at least two of the reaction stages
30 operate within a single high-pressure hydrogen loop.

31

32 16. The process of claim 15, wherein the reaction stages operate at
33 different pressure and conversion levels.
-12-



hydr ocar bons whi ch boil above 700F. 12. The process of
claim1l, wherein the converted stream conprises
whyasooarbons boiling bel ow 700F. 13. The pr ocEGHUS{005/018340
claim1, wherein one or nore side vessels conprises
hydr opr ocessi ng catal yst for further upgradi ng. 14.
The process of claim 12, wherein the converted stream
1 fron1each reacti on zone may be fractionated separately

?ng pr nbb&%%ﬁgop%%gﬁB%g%@ggﬁ%ﬁg Pmﬁ&T%Eﬂ&ﬁﬁﬁéyﬁﬁgidbseL

| east two of the reaction stages operate within a
si ngl e hi gh-pressure hydrogen | oop. 16. The pro of

4 cl #8.m 1Bhe praness of tlaem rldavhpeHn §fﬂ@a@@9§eré®<éftéﬁl@f ict Ts jet fuel.
di fferent pressure and conversion |levels.17. The

5process of claim 14, wherein the preferred fuel

6 Pr eguct Ths pricesslof clbfim 1TEhahprais ¢iss pasfeceaiusl ploduct is naphtha.
wherein the preferred fuel product is jet fuel. 19.

7 The process of claim 14, wherein the preferred fuel

8 \%gg.u.ct Tb%g?c?cge@g%?clam ) %rﬁmﬁg?@eo‘)l@ s‘ﬁnférg;g%rdlto a preliminary

ein _ I S subj ec prell
g hydr ot r ppdrofigaBiestep.
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