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13 Historically, there has been little interest in cracking kerosene or other light

14  products to even lighter products. In the United States, there is little demand

15 for gas or other very iight volatile products. Bottoms materials are usually the

16  material recycled in two-stage hydrocracking as practiced in the United _

17  States. There is, however, a demand for products such as LPG and LNG in

18 Asia.

19

20  Although there has been demand for very light products in some paris of the

21  world, there was a belief by many experts that light products would not crack

22  in most reactors {using conventional hydrocracking catalysts as opposed to

23  FCC catalysts) because they are in the vapor phase as opposed to the liquid

24 phase. This belief apparently originated due to the fact that the environment

25 in a single-stage hydrocracker, in the presence of H2S and NHj, is not

26  conducive to cracking of light products.

27

28 The concept of recycling bottoms material back to an initial hydrocracking

29  stage (rather than a second hydrocracking stage) is well known. U.S. Pat.
30 No. 6,261,441 (Gentry et al.) discloses recycling of bottoms material which
31 has been hydrocracked and dewaxed back fo a hydrocracker.

32
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: 14  dehydrogenation component. The feedstock is preferably a fight cycle oil.
15  Light cycle oil is heavier than the kerosene and naphtha cracked in the instant
16 invention, and only one hydrocracking stage is employed in Fischer et al.
17
18 SUMMARY OF THE INVENTION
19 |
20 ' The Applicants have found that in the environment of a clean second-stage
21  hydrocracker, with heteroatoms removed, light products will crack. The
22 examplés demonstrate that the net yield of kerosene decreased when
23  recycled to the second stage on a raw feed blend basis, while the qualities of
24  the middle distillates remained the same. Recycling the kerosene to the
25 second stage increased the yield of 170-350°F reformer naphtha, the product

26 most highly valued by the customer.

27

28 Disclosed herein is a process for the production of light products, such as
29 | gas and naphtha, by processing kerosene in a second stage (or a

30 subsequent stage) of a multi-stage hydrocracker. Kerosene, d.ies'e! and

31 naphtha from other sources can be included in the recycle, and

32 . subsequent hydroprocessing stages can be maintained at lower pressures
33 than the initial hydroprocessing stage. This can result in cost savings.




30 subsequent stage) of a nulti-stage hydrocracker. Kerosene, diesel and
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than the initial hydroprocessing stage. This can result in cost savings. 2
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summari zed as follows: 2 3 A nethod for hydroprocessi ng a hydrocarbon

f eedst ock, the nethod 4 enpl oying nmultiple hydroprocessing zones within a
singl e regct T8 instind invBRtionds SENMANAIARG félloersf ol | owi ng steps: 6 7 (a)
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havi ng on@ or nore beds cont ai ni ng hydroprocessing catal yst, the 9

hydr opr ocgssiAgefked GorAgiBprotBdsiNg MrRIFocahoRfEEdSRIcRCIAS Pretbacondi tions, 10
wherein the feedstock is contacted with catal yst ngd hydro en o 11 produce
a vapor st e@mPiYINgMyiligje hydreprpeassingszanes WiliR:@ single repstiqn ving the
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stream of 6step (b) with the liquid effluent fromother 17 hydroprocessing
zones; 184 19.(d | b CHA ' onprises 20
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ker osene and di rtron to bot t 5 fraction; 26

10 wherein the feedstock is contacted with catalyst and hydrogen to
11 produce a vapor stream and a liquid stream as effluent;
12

13 (b) removing the vapor stream of step (a), which comprises hydrogen,
14 hydrogen suffide and light hydrocarbonaceous gases overhead,
15
16 (¢) combining the liquid stream of step (b) with the liquid effluent from other
17 hydroprocessing zones;
18
19 (d) passing the liquid stream of step (c), which comprises
20 hydrocarbonaceous compounds boiling in approximately the same range
21 of the hydrocarbonaceous feedstock, to fractionation;
22
23 (e) separating the liquid stream of step (d), in fractionation, into gas,
24 naphtha, kerosene and diesel fractions, in addition to the bottoms
25 fraction;
26
27 (f) passing the bottoms fraction of step (e) to further processing or recycling
28 to one or more of the other hydroprocessing zones of step (c);
29 _
30 {g) passingoneor more of the naphtha, kerosene and diesel fractions to

| 31 further processing as products or recycling one or more of the fractions

32 to one or more of the other hydroprocessing zones of step (c) the
33 kerosene, naphtha, and diese! fractions being in combination with
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13 BRIEF DESCRIPTION OF THE DRAWING

14

15 The Figure illustrates a two-stage hydrocracking process having the capability
16 for recycle of bottoms fractions, diesel fractions, kerosene fraction or naphtha
17  fractions to the second reactor stage.

18

19 DETAILED DESCRIPTION OF THE INVENTION

20

21  Preheated oil feed in stream 1 is mixed with hydrogen in stream 2 prior to its
22 entrance into first stage or primary hydroprocessing zone 10. This

23  hydroprocessing zone is breferably a downflow, fixed bed reactor. This

24  reactor contains multiple beds of hydroprocessing catalysts. At least one bed
25 contains hydrocracking catalyst.

26

27 The effluent 3 of the first stage reactor, which has been hydrotreated and
.28  partially hydrocracked, comprises a liquid stream and a vapor stream. The
29 vapor stream 3(a) is removed overhead. It comprises hydrogen, hydrogen
30 sulfide and light hydrocarhonaceous gases. The fiquid stream 3(b) is

31  combined with the liquid effluent from other process zones, represented by
32 stream 4. Stream 3(b) and stream 4 are combined to create stream 5.

33 Stream 5 is passed to the fractionation unit 30, where it is separated into gas




24 reactor contains nultiple beds of hydroprocessing catalysts. At |east
one bed 25 contains hydrocracking catalyst. 26 27 The @&ilfebuat287f t he
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denet al | H2edFeedss, vacuum resi dua, atnospheric residua, deasphalted

15

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

17  Typical feedstocks include any heavy or synthetic oil fraction or process

18  stream having a boiling point above 392°F (200°C). Such feedstocks include
19 vacuum gas oils, heavy atmospheric gas oil, delayed coker gas ofl, visbreaker
20 gas oil demetallized oils, vacuum residua, atmospheric residua, deasphalted
21  oil, Fischer-Tropsch streams, and FCC streams.

22

23  Products

24

25 Although emphasis is placed on the increased production of gas and naphtha,
26  the process of this invention is also useful in the production of middle distillate
27 fractions bolling in the range of about 250-700°F (121-371°C). A middle

28 distillate fraction is defined as having an approximate boiling range from about
29  250°F to 700°F. Atleast 75 vol %, preferably 85 vol %, of the components of
30 the middle distillate have a normal boiling point of greater than 250°F. At

31 least about 75 vol %, preferably 85 vol %, of the components of the middie

32 distillate have a normal boiling point of less than 700°F. The term “middle

33 distillate” includes the diesel, jet fuel and kerosene boiling range fractions.



21 oil, Fischer-Tropsch streans, and FCC streans. 22 23 Products 24 25

Al t hough enphasis is placed on the increased production &Fe@&éaf}iﬁ@mnapht ha,
26 the process of this invention is also useful in the production of mddle
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PCTI US03/ 13816 1 The kerosene or jet fuel boiling point range refers to the

range betvleen 280F 2 and 525F (38-274C). The term "diesel boiling range"

refers to dy beb ' 700F
(21 3710 B e B B B TR, el n ¢ he

process of6 t Hineentign.i Gasoling onnaphéheondrmelhokoilsdptieriangeoheiew #90%o0i | s in the

range bel 400F 4C), .or Clo-. .Baoi | i f ' oduct
fracti onso}r,vec@@jézrcén‘gri?(%”a IIIHngB’gF? PI:Yﬂ”sz'g Bg}d:ﬁﬁtgﬁ%ﬁ%% rpx%'{%dj%a{ﬁ% such
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product of9 t HIlkSOpFReelREal sefinencmakets. aRfl PrOYUGPrIGeS.  he range from 550F to
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which refers primarily in this, 6 17 a'prﬁl ication to h drocri’:\(i)ki_nﬁ_l or
hydr ot r eati ndeayy bydielipatpd g%%@p%g, et_juefﬁgthls invention, usually boils

12 the range from 550°F to 700°F.

13
14 Conditions
15

16  Hydroprocessing conditions is a general term which refers primarily in this
17  application to hydrocracking or hydrotreating, preferably hydrocracking. The
18 first stage reactor, as depicted in Figure 1, is a partial conversion

189 hydrocracker.

20 _

21  Typical hydrocracking conditions include a reaction temperature of from

22  400°F-950°F (204°C-510°C), preferably 650°F-850°F (343°C-454°C).

23 Reaction pressure ranges from 500 to 5000 psig (3.5-4.5 MPa), preferably
24  1500-3500 psig (10.4-24.2 MPa). LHSV ranges from 0.1 to 15 hr (viv),

25  preferably 0.25-2.5 hr'. Hydrogen consumption ranges from 500 to

26 2500 SCF per barrel of liquid hydrocarbon feed (89.1-445m° Ho/m® feed).
27 Reactors subsequent to the first hydroprocessing reactor are operated at a
28 pressure at least 100 psig lower than that of the first reactor, and preferably
29 from 500 to 1000 psig lower than the first reactor.

30 '




18 first stage reactor, as depicted in Figure 1, is a partial conversion 19
hydrocracker. 20 21 Typical hydrocracking conditions i nélligheuasy 2&Hct i on
tenperature of from 22 400F-950F (204C-510C), preferably 650F-850F
(343C-454C). 23 Reaction pressure ranges from500 to 5000 psig (3.5-4.5
MPa) , pMe&F®Aasrs 24 1500- 3500 psig (10.4-24.2 MPa). PCHIFYIERIgGes from 0. 1
to 15 hr-' (v/v), 25 preferably 0.25-2.5 hr'. Hydrogen consunption ranges
fromb500 to 26 2500 SCF per barrel of liquid hydrocarbon feed (89.1-445n8
H2/ n8 f eedq) . catdifsfReact ors subsequent to the first hydroprocessing reactor
are operated at a 28 pressure at |east 100 psig |ower than that of the
first reaétor, and preferably 29 from500 to 1000 psig | ower than the

first reagtofachiydioptodesbing abie RaP éontiPoRGohe43fRsDCTb&ISRA/ 13816 1 Cat al yst
2 3 Each hydroprocessing zone may contain only one catal yst, or several 4

cat al yst s4i ncHaNgs ga¥Aation. 6 The hydrocracki ng catal yst general |y
conpri ses?a cracki ng conponent, a 7 hydrogenation conponent, and a bi nder.

Such catalysts are well known in the 8 art. The cracking conponent may
i ncl ude af afir hyssecsacking eatdlyst apnerallyeapasea giagking campelint@e, such as a

erpl oy REk, Pt ol i AaE, Schieatlsls e el imthé ¥ 21 2"
al uni na. &heatyTnecfeniing eompaneponanincide an pectphars slicajalumingpheseup Vi1, or
B o i Tl
sul fi des10r cackirgadtivity eften emplopREXSREY iand USY 2catitesy She binderde hydr ogenat i on
19 CormORE SuleRA HRbh VoD gl kG QPR B asiPBk el ot of the
pal | adi utz  Gibupayll, beGroupséiimets ot bddéstrsatfidestherecf, quefpablyrang cei t her al one
or tn 13 more of iron, chromium, molybdenum, tungsten, cobalt, or nickel, or the
14  sulfides or oxides thereof. If present in the catalyst, these hydrogenation
15 components generally make up from about 5% to about 40% by weight of the
16 catalyst. Alternatively, noble metals, especially piatinum and/or palladium,
17  may be present as the hydrogenation component, either alone or in
18  combination with the base metal hydrogenation components iron, chromium
19  molybdenum, tungsten, cobalt, or nickel. If present, the platinum group
20 metals will generally make up from about 0.1% to about 2% by weight of the
21 catalyst.
22
23  Hydrotreating catalyst usually is designed to remove sulfur and nitrogen and
24 provide a degree of aromatic saturation. It will typically be a composite of a
25  Group VI metal or compound thereof, and a Group VIl metal or compound
. 26 thereof supported on a porous refractory base such as alumina. Examples of
27  hydrotreating catalysts are alumina supported cobalt-molybdenum, nickel
28 sulfide, nickel-tungsten, cobalt-tungsten and nickel-molybdenum. Typically,
29  such hydrotreating catalysts are presulfided.
30 |
31 Catalyst selection is dictated by process needs and product specifications. In
32 particular, a noble catalyst may be used in the second stage when there is a

33 low amount of H,S present.
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hydr ot r eatd ngreglind K&tbSer. € presul fided. 30 31 Catalyst selection is
di ctated by process needs and product specifications. In 32 particular, a
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amount of g42S present. 7 2 FebruarygR@fip WO 03/ 104358 PCT/ US03/13816 | The
Exanpl es bel ow denonstrate the rel alive effectiveness of recycling 2
kerosene tl produce |ighter products of high quality, as opposed to not 3
recycl i ng kergse: " y I was
si mul at ed 7lt()y g%sﬁxg&k%&gﬁ%ggﬁ%ﬁ Taé&#"ﬁ gz%s%g%ﬁéf rsggégéﬁlltﬁ%ﬁ%?age over the
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the runs .\/ﬁeﬁfgaégagggégﬁ%e%g&éFg%Bﬁ%H%&é°ﬂ4ﬁ[er@g\m%gﬁg\dlﬁ’at ed by deducting
t he suppltherdrahatiosr diet pieldsdmed the umstwhere kerssene s ‘necysled ethvieer osene yi el d
(a1 oss el antoeBl KRIBRENS dUOYE  ElHinePlar K8 SERERBRRom RE YfbE™ = net
12  measured kerosene yield (gross weight of kerosene product-weight of

13 kerosene “recycled” = net yield of kerosene product).

14 '

15  In kerosene recycle mode, a base metal zeolite hydrocracking catalyst

16  cracked a substantial fraction of the kerosene to naphtha and gas (see

17 Tables 1 and 2). The net yield of kerosene decreased on a raw feed blend

18  basis and the qualities of the middle distillates remained the same. Recycling
19 the kerosene to the second stage did increase the yield of 170-350°F reformer
20 naphtha, a product in most demand by the customer.




15 I n kerosene recycle node, a base netal zeolite hydrocracking catal yst

16 cracked a substantial fraction of the kerosene to napRthi¢hrandZ¥is (see
17 Tables | and 2). The net yield of kerosene decreased on a raw feed bl end
18 basi waesdoisbe qualities of the middle distillates prensiznggst he sane.
Recycling 19 the kerosene to the second stage did increase the yield of
170- 350F reformer 20 naphtha, a product in nost denand by the custoner. 8
2 February 2007 WD 03/104358 PCT/ Ug@i/E3816 1 TABLE 1 2 3 Two- St age

Hydr ocracki ng of 4 Vacuum Gas O | /" Hydrocracking Gas G| / 5 Light Cycle
Q| Feed Bl end Using Hydrocracking Catalyst 6 7 Run Hours 600-624 8
Reactor 1laTenp, OF 725 9 Reachgj.stdgd ApdrociebkiR@8f 10 Overal | LHSV, hr' 1.00
11 Per Pass Conversion 58 12 Tot a? Pressure, PSI G 2297 13 No Loss Prod.
Yields W4 % Vol . % 14 ¥ecwimGag &l HydrogrgckingGes (/56 17 ics 0.94 1.62 18

nC4 0.63 ;. 06 19 Cp: % 4 20ind TRURSHRKMA Ml 48 21 350- 550F
29. 99 33.§4 22 55%%%@%%8 é e ecycle Bl eed 34.84 38.17 24

Recycl e Cét Point, OF 656

7 Run Hours 600-624

8 Reactor 1 Temp, °F 725

9 Reactor 2 Temp, °F 669
10 Overall LHSV, hr" 1.00
11 Per Pass Conversion 58
12  Total Pressure, PSIG 2297
13  No Loss Prod. Yields Wt. % Vol. %
14 Cy 0.13
15 C 0.18
16 Cs 0.56
17 iCq " 0.94 1.62
18 nCq 0.63 1.06
19 Cs-170°F 3.43 5.04
20 170-350°F ' 13.04 16.48
21 350-550°F 29.99 33.44
22 550-RCP 15,57 16.92
23 Recycle Bleed 34.84 38.17
24  Recycle Cut Point, °F 656
25 Total Cs- 244
26 Total Cst+ 96.87 110.04
27 Closure 99.6 i
28

29 Fractionator Bottoms Nitrogen, ppm =~ 24.5



25 Total C4- 2.44 26 Total C5+ 96.87 110.04 27 Closure 99.6 // 28 29
Fractionator Bottons Nitrogen, ppm24.5 9 2 February 208%cbinari03)0704358
PCTI US03/ 13816 1 TABLE 2 2 3 Two- Stage Hydrocracking of 4 Vacuum Gas Q| /
Hydrocr sakedofsss O | / Light Cycle Ol 5 Feed Bl end permgosHgsicocr acki ng
Catal yst, with "Kerosene Recycle" 6 7 Hours 816-840 8 Reactor 1
Tenperature, OF 725 9 Reactor 2 Tenperature, OF 691 10 LHSV, 1/H 1.00 11
Per Pass Gonversion, %60 12 Total TReegure, psig 2294 13. 14 No Loss
Product Yields W. % Vol % 15 Cl1 013716 C2 0.20 17 C3 0.80 18 iC4 1.80
19 nC4 0.99 20 C5-170F 6.4 9.5 21 170-350F 18.0 22.8 22 350-550F 24.0

26.8 23 %50- 650F 15.3 16.6 %_gg&gﬂy@&cﬁoﬁﬁg%f 25 Recycl e cut point 650F
4 Vacuum Gas Oil / Hydrocracked Gas Oil / Light Cycle Qil

5 Feed Blend Using Hydrocracking Catalyst, with "Kerosene Recycle"
6
7 Hours 816-840
8 Reactor 1 Temperature, °F 725
9 Reactor 2 Temperature, °F 691
10 LHSV, 1/Hr 1.00
11 Per Pass Conversion, % 60
12  Total Pressure, psig 2294
13.
14  No Loss Product Yields Wt. % Vol %
15 Cs 0.13
16 C 0.20
17 Cs 0.80
18 iCq 1.80
19 nCs 099
20 Cs-170°F 6.4 9.5
21 170-350°F 18.0 22.8
22 350-550°F 24.0 26.8
23 550-650°F 15.3 16.6
24 650°F+ ' 324 35.3
25 Recycle cut point 650°F
26 Total Cs+ 96.1 - 1110
27 Total Cs- 3.72
28 Chemical H; Consumption, SCF/B 2080
29 Closure, % 99.7
30 |

31 Fractionator Bottoms Nitrogen, ppm 28

10




26 Total C5+ 96.1 111.0 27 Total C4- 3.72 28 Chemi cal H2 Consunption,
SCF/ B 2080 29 Cosure, %99.7 30 31 Fractionator BottofdehNuaro®d, ppm 28
10 2 February 2007 WD 03/104358 PCTI US03/13816 | WHAT IS CLAIMED IS: 2 3
1. A rrgwtmk/lfm_sg hydr opr ocessi ng a hydrocar bon feedst pgkusizngsiget hod 4
enpl oying nultiple hydroprocessing zones within a single reaction loop 5
?mddc?rrprkl Si ng ]'Ehe follow ng steps: 6 7 (a) passing a hydrocarbonaceous
eedstock,to I rQRr ocessing 8 zone having one or nore beds
cont ai ni né hmfphsgé@@igﬁg% catal yst, the hydroprocessi ng zone bei ng
nalntalngg at 10 hydroprocessing conditions, wherein the feedstock is
contacte 11 with catal yst and hydroge r a treamand a
liquid 13 s regérﬂ&@'°8$?¢/ﬂ¥8mpf°°f%¥” %%?é%%o@?ﬂsgg%khg‘\é@ﬁ%@dsst ream of step
é, azj, whi gh conprdnyseyinyymukiple hydropfcéssthgegees witihin iacingleattioghaop
ydr ocar bgnaceous gases, ,over head: 6 17 (c) conbining the liquid stream of
EoREng e QRN o 16 ¢ 5 ;

step (b) With t (A fiprang Y 18 ot her hydroprocessing zones; 19
20 (d) pagsing the liquid streamof step (c), which conprises 21

hydr ocar bonaceous conpounds boiling in roxjmately t 22 f
t he hydr o€ar bond@koRassingeRi8ydseqarban cefquﬁgg‘%éw)ék %ﬁﬁ%@y‘!}@g%g%ngepa; gtn igﬁgO

the Iiquig stream obosd BRidgbne dr thotd Bédsl ORI hydréirocessing

9 catalyst, the hydroprocessing zone being maintained at
10 hydroprocessing conditions, wherein the feedstack is contacted
11 with catalyst and hydrogen to produce a vapor stream and a liquid
12 stream as effluent;
13
14 (b) removing the vapor stream of step (a), which comprises hydrogen,
15 hydrogen sulfide and light hydrocarbonaceous gases overhead,;
16
17 (c) combining the liquid stream of step (b} with the liquid effluent from
18 other hydroprocessing zones;
19
20 (d) passing the liquid stream of step (c), which comprises
21 hydrocarbonaceous compounds boiling in approximately the same
22 range of the hydrocarbonaceous feedstock, to fractionation;
23
24 (e) - separating the liquid stream of step (d), in fractionation, info gas,
25 naphtha, kerosene and diesel fractions, in addition to the bottoms
26 fraction;
27. _
28 (f) passing the bottoms fraction of step (e} to further processing or
29 recycling to one or more of the other hydroprocessing zones of
30 - step (¢); |
31
32 (g) passing one or more of the naphtha, kerosene and diesei fractions
33 to further processing as products or recycling one or more of the

11




25 napht ha, kerosene and diesel fractions, in addition to the bottons 26
fraction; 27. 28 (f) passing the bottons fraction of stéFepaprt®%urt her
processing or 29 recycling to one or nore of the other hydroprocessing
zones okyo @HofkeP (C); 31 32 (g) passing one or norgcefysisigsipapht ha,
kerosene and diesel fractions 33 to further processing as products or
recycling one or nore of the 11 2 February 2007 WD 03/104358
PCTI US03/ 1,3816 | fr rocessin

Y FdctiBflto e RR Foft of IR Biner hdRraidashg By g

zones of 2 step (c) erosene a or esel ractlons being in 3
conbi nati @ wit h kersism(v&; thekgrnsene, f@ﬁphﬂlae@éi'esﬁlféiqﬂp%ge"ﬂg Wm ot her 4

sour ces, i d hydr og&) oo & Jﬁg%lrgf%}{v‘\aé rﬁQﬁlﬁﬁa BEkiEG ﬁaﬁt{&hﬁfrﬂﬁfbtﬁér 5

hydr opr oc&ssi ng condit i Os O& ressure t first
hydr opr ocelssi ng zonesoussesd, mhmmro@sang@m piEoRes being siadaiagd ?tal ly free of

of 'step () Lo fractPIREBRING by ebAe KRGl Buer frofke bR IR0 o

i ncreased ganount of ydsopaousdidg paEhamhpossessiag aeenda@pméntanount of ker osene,
in the fr ctlonatlon t (h ation step
of step (d). 14 15 Sé'bséﬂéalg?%@iggo 3) nbl"ﬂm rg?télt?\ﬁcob gﬁ'?)drng&r's]sure in the

subsequentg zone or 16 zones of claim1l, step (g), are at |least 100 psi

| ower than the pr ssure, 8 19 3. The process of
claim 2, wherein( hepaﬁﬁ'égglﬁéﬁ‘f‘?ﬁ‘??ft?é @g%ﬁ%fgﬂﬁat? he or 20 zones of claim
lis fron@OSOO to 1000 psig lower than the pressure in the 21 initial zone.

11 (i) recovering in fractionation an increased amount of gas and

12 ~ naphtha, and a decreased amount of kerosene, in the fractionation
13 stage of step (h) than in the fractionation step of step (e). -

14

16 2. The process of claim 1, wherein the pressure in the subsequent zone or
16 zones of claim 1, step {g), are at least 100 psi lower than the pressure in
17 the initial zone.

18

19 3. The process of claim 2, wherein the preséure‘in the subsequent Zone or
20 zones of claim 1 is from 500 to 1000 psig lower than the pressure in the
21 initial zone.

22

23 4. The process of claim 1, wherein at least one bed in each

24 hydroprocessing zone contains hydrocracking catalyst.

25 '

26 5. The process of claim 1, wherein the hydroprocessing conditions of

27 claim 1, step (a), and claim 1, step (g), comprise a reaction temperature
28 of from 400°F-950°F (204°C-510°C), a reaction pressure in the range
29 from 500 to 5000 psig (3.5-34.5 MPa), an LHSV in the range from 0.1 to
30 15 hr' (v/v), and hydrogen consumption in the range from 500 to

31 9500 scf per barrel of liquid hydrocarbon feed (89.1-445 m® Ha/m® feed).
32

12




22 23 4. The process of claim1l, wherein at |east one bg% %rrl\lgea#ﬁ 24
hydr opr ocessi ng zone contai ns hydrocracking catal yst. 2 Spriaty g process
of claim 1, wherein the hydroprocessing conditions of 27 claiml, step (a),
and cl aiwo dsossep (g), conprise a reaction tenperat urer/udsogief rom

400F- 950F (204C-510C), a reaction pressure in the range 29 from500 to
5000 psig (3.5-34.5 MPa), an LHSV in the range from0.1 to 30 15 hr'

(v/v), and hwdro i ' ; i 2500 scf per
barr el of 11 g dﬂﬁéy‘%?g‘%%%%*"?%e%é%ﬁ?‘14'3@%%&%5@%%‘3‘%9&}%‘33?."f 32 12 2
February 2007 VrioBl,sterd8B apdTriosdtapR) erafe@blymogpisedess of claim 5,

L step (), prcPhpaysilfiaFRUE ondbi s, GedcorgpeRied ;ST A

650F- 850F4( 343C- gradsure i tha ednige from/1 50063560 psigi( 10.4-24.2rMPajeLfi8\¥in 1500- 3500

psig (10.4-24.2 a HSV | he range from0.25.ta 2.5 ., and

hydr ogen €ons unpﬁ{gé%ﬁgeh%g'zg é%géthf 8 af‘ﬁ&'ﬁ’?’%@%" ?06‘%5@36‘5"3'8 ?h ep@%%ar rel of

li qui d hygr ocar bggmeee 150.stf fet ban8 of iqui hydtodazesh feed (3991-445 e process of
claim1, wherein the feed to claim1, step (a), conprises 10 hydrocarbons

boi I'i ng above 39@#@2&9@-. 11 12 8. The process of claim?7, wherein the
feed is sglected fromthe group 13 consisting of vacuumgas oil, heavy

at nospheric gas oil, delayed Coker 1 as. oil . vjispreaker gas oil,
denmet al | i Bed7oi | Ehe mfeeeﬂSiOéﬁ'?'"éva@f%M,egf(?%‘?;tﬁlﬁﬁ'mﬂs**%@i%dﬁ%{“gfésﬁphal ted oil,
Fi scher - Jpopsch l@}d?&%%nsﬁﬂﬂnd:%vﬁtmﬁmmcw 17 9. The process of claiml,

wherei n the hydraoprocessing catalysts of the 18 first hydroprocessing zone
of claimil, step (a), and the hydroprocessing 19 zone of claiml, step

(9), combisg a FfLAGKE of SHRPP HHerdf theteed is selected from the group

13 consisting of vacuum gas oil, heavy atmospheric gas oil, delayed coker
14 gas oil, visbreaker gas oil, demetallized oils, FCC light cycle oil, vacuum
15 residua deasphalted oil, Fischer-Tropsch streams, and FCC streams.
16

17 9. The process of claim 1, wherein the hydroprocessing catalysts of the
18 first hydroprocessing zone of claim 1, step (a), and the hydroprocessing
19 zone of claim 1, step (g), comprise a cracking component and a

20 hydrogenation component.

21

22 10. The process of claim 9, wherein the hydrogenation component is

23 selected from Group VI, Group Vil or Group Vill metals.

24 _

25 11. The process of claim 10, wherein the hydrogenation component is

26 selected from the group consisting of Ni, Mo, W, Pt and Pd or

27 combinations thereof.

28

29 12. The process of claim 10, wherein the Group VI, Group VIl or Group VIl
30 metals may exist as either sulfides or oxides.

31 '

32 13. The process of claim 10, wherein the hydrogenation component

33 ~ comprises 5 to 40 wt% of the catalyst.

13




20 hydrogenation conponent. 21 22 10. The process of clai,m9 ein the
hydr ogenati on conponent is 23 selected from Goup VI, Gﬁlgg%m?fly\lq@ G oup

VIIl metals. 24 25 11. The process of claim 10, wherein the hydrogenation
conponemo ¢3804386 sel ected fromthe group consisting eCriseydss W Pt and Pd
or 27 conbinations thereof. 28 29 12. The process of claim 10, wherein the
Goup VI, Goup VIl or Goup VIII 30 netals may exist as either sulfides
or oxides.q 3Ly 32yd Grocd BEofRIAAA 9% Switdreif ndbiBrdlals vbmpasafréabbytdr ogenat i on
conponent 33 conprises 5 to 40 wt% of the catalyst. 13 2 February 2007 WO
03/ 104358 2PCT/ USO3/vit3gtesboutizwt’rabthp calglysls of claim 11, wherein noble
netals comprise fromabout 2 0.1 wt%to about 2 wt% of the catalyst. 3 4
15. The process of claim9, wherein the cracking conponent may be 5

anor phous 4or 1BeolThe pocess of i 9, wherelithe eraeking COIMRANEN §1aY RRer ei n t he
zeolitic npone ' from 8 the group consisting of Y, USY, REX
and REY zg’glites.gﬁ]gkp?]?ggéggn e process of claim1, step (i), wherein an

i ncreased Ganount of 11 naphtha boiling in the range of 170-350F is

recovered 7 141 6. The process of claim 15, wherein the zeolitic component is selected from

8 the group consisting of Y, USY, REX, and REY zeolites.

9 |
10 17. The process of claim 1, step (i), wherein an increased amount of
11 naphtha bolling in the range of 170-350°F is recovered.
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