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CATALYST AND METHOD FOR FUELS HYDBROCRACKING

FIELD QF THE INVENTION

[66O1 ] Catalvtic methods are described below for fuels hydrocracking to make

multiple fuel products.

BACKGROUND OF THE INVENTION

[0GO2] One method for increasing the feedstocks suitable for production of fuels can
be to nse cracking to convert higher botling petroleam feeds to lower boiling products.
For exaraple, distillate boiling range feeds can be hydrocracked to generate additional
naphtha boiling range products. Historically, many fuels hydrocracker reaction systoms

were operated {0 generate @ maximum amount of naphtha for motor gasoline.

SUMMARY OF THE INVENTION

{8803] In one embodiment herein is a method for producing a naphtha product and
an unconverted product, comprising

exposing a fivst feedstock to a frst hydrocracking catalyst in a first reaction vessel
under first hydrocracking conditions to form a first hydrocracked offluent including at
teast & first Hguid phase portion, at least about 60 wi% of the first feedstock boiling above
about 400°F (about 204°C) and at least about 60 wi% of the first feedstock botling below
about 650°F (about 343°C), the first hvdrocracking catalyst comprising Ni, Mo, and W on
an acidic support, the ratio of Mo to W baing from about 2:1 to about 1:2;

fractionating the first Hiquid pbase portion and at least a portion of a second tiguid
phase portion to form a first naphtha fraction and a first unconverted fraction, the fivst
naphtha fraction corresponding to at least about 80 wt% of the first feedstock and having a
final botling point of abowut 400°F (about 204°C) or iess;

withdrawing a portion of the first unconverted fraction as a first unconverted
product, a weight of the withdrawn first unconverted product corresponding to from about
5 wit% to about 15 wi% of the first feedstock, the withdrawn first anconverted product
having an initial boiling point of at least about 400°T (about 204°C);
separating at least a portion of the remaining portion of the fivst unconverted

fraction as a second feedstock;
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gxposing the second feedsiock to a second hydrocracking catalyst in 2 second
reactor vessel under second hydrocracking conditions to form a second hydrocracked
effluent including at ieast the second liquid phase portion; and

separating the second hydrocracked efffuent to produce the second liquid phase
porien;

wherein the temperature of the second hydrocracking conditions s at fcast about
20°F {11°C) less thaa the temperature of the first hydrocracking conditions, and wherein
the teraperature of the first hydrocracking conditions at start-of-run is less than about
TYOTF (377°C).
{6684] In another embodiment berein 18 g method for producing a naphtha product
and an upconverted product, comprising:

exposing a first feedstock to a first catalyst in a Srst reaction vessel ander
hydrotreating conditions 1o form & first reactor ettluent;

expusing at feast a portion of the first reactor offfuent to a first hydrocracking
catalyst in a second reaction vessel under first hydrocracking conditions {o form a first
hydrocracked efflaent;

including at lcast a first liquid phasc portion, at least about 60 wit% of the first
foedstock boiling above about 400°F (about 2047C) and at least about 60 wi% of the first
foadstock boiling below about 65¢°F (about 343°C), and the first hydrocracking catalyst
comprising Ni, Mo, and W on an acidic support, the ratio of Mo to W being from about
2:1 to about 1:2;

fractionating the first liguid phase portion and at teast a portion of a second liguid
phase portion to form a fivst naphtha fraction and a first unconverted fraction, the Hrst
naphtha fraction corresponding to at least about 80 wit% of the first foedstock and having a
final boiling point of about 400°F (about 204°C) or less;

withdrawing a portion of the first unconverted fraction as a first unconverted
product, a weight of the withdrawn first unconverted product corresponding to from about
5 wit% to about 13 wi% of the first feedsiock, the withdrawn first unconverted product
having an initial botling point of at least about 400°F (abouat 204°C);

separvating at least a portion of the revaining portion of the first unconverted

fraction as a second feedstock;
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exposing the second feedsiock to a second hydrocracking catalyst in a third
reaction vessel under second hydrocracking conditions to form a second hydrocracked
efftuent including at feast the second liguid phase portion; and

separating the second hydrocracked effluent to produce the second liguid phase
poriion;

wherein the temperansre of the second hydrocracking conditions iy at least about
20°F {11°C} less than the temperature of the first hydrocracking conditions, and wherein
the teraperature of the first hydrocracking conditions at start-of-run is less than about

THWORE (377°C).

BRIEF DESCRIPTION OF THE FIGURES

{6685} FIG. 1 schematically shows an example of a reaction system saitable for
processing of a hydmcarbmi teed according to the invention.
{3006] FiG. 2 schematically shows an example of a reaction system suttable for

processing of a hydrocarbon feed according to the invention.

DETAILED DESCRIPTION QF THE EMBODIMENTS

Overview
{6607] In various embodiments, methods are provided for performing fuels
hydrocracking in a flexible manner. The reaction can be enabled by a catalyst can be ased
that allows for modification of the amount of conversion during reaction. This can allow
for increased control over the amount of naphtha and diesel produced during the reaction.
REERY] Historically, many fuels hydrocracking units have been operated fo provide a
maximum amount of naphtha. o such units, the goal was to create naphtha to meet
gasoline demand, such as in a country like the United States with a substantial motor
gasoline demand. In the future, however, additional marginal refining capacity for
reating naphtha may not be noeded. T8 exeess naphtha refining capacity is available, 1t
may be beneficial to operate & fuels bydrocracking unit in & reanner that produces
additional digsel fuel
10899} Ome of the difficulties in operating a fuels hydrocracking unit can be
achieving both a desired level of conversion (for creating naphtha) and a desired lovel of

sulfur removal, Conversion of feed (for creating naphtha) s typically driven by cracking
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functionality in a catalyst. Cracking can assist with some removal of heleroatoms such as

sulfur, but typically a hydrocracking catalyst can also wclhide additional metals with
activity for hydrodesulfurization in order to meet a desired gosal for hatervatom removal
{e.g., desulfurization), Additionally, in order o allow for a sufficient rum length between
reactor turn-around events, the desired levels of cracking and hetercatom removal are
preferably achieved under reaction conditions that reduce or mitigate the deterioration of
the cracking/hydrodesulfurization catalyst(s).

F0010] In various embodiments, methods are provided that can allow for production
of a naphtha product and an unconverted product in varying amounts. The methods can be
factlitated by use of hydrocracking catalysts having both cracking and desulfurizatior
functionality, The desulfurization functionality can be provided by using a catalyst with
supported metals, such a8 a combination of Group VIB and Groap VT metals. One
example can bo a catalyst including Nt as a Group VT metal and a mixture of W and Mo
as Group VIB metals. The W and Mo can be present in the catalyst in a molar ratio of
from about 3:1 to about 113, Additionally or aliernately, the molar ratio of W to Mo can
be about 3:1 or less, for exarnple about 2:1 or less, about 1.5:1 or less, or about 111 or less,
Further additionally or altornately, the molar ratio of Mo to W can be at keast about 1.3, for
cxammpie at least about 1,2, at least about 1:1.5, or at least about 111, Using a mixture of
Group VIIT metals can vmprove the desulfurization activity of a catalyst while having a
reduced or minimal impact on the cracking activity of the catalyst, In some cmboduments,
a catalyst with a mixture of Group VI metals can be operated over a wider range of
temperatures while still providing sufficient desulfurization to meet naphtha and/or diesel

sulfur specifications. This can allow for creation of a wider range of naphtba vorsus diesel

product ratios af temperatures that produce a conunercially viable run length for the
catalyst,
HRE (e conventional process for gasoling production can be to convert a higher

bothing foed into a naphtha-boiling range product. For example, a relatively low-grade
distillate feed, such as a light evele oil from a fluid catalytic cracking unit, can be
hydrocracked to gasoline at relatively high conversion with some internal recyele of
unconverted product. Instead of recyeling the entive unconverted product, a portion of the
unconvertod product can be withdrawn as an vnconverted product, such as a diesel

sroduct. This withdrawn unconverted product can advantageously have improve
duct. Tt thd 1 fuct tvantagoously have imaproved
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properties relative to the feed. For example, the sulfur content of the unconveried product
can be mproved, such that the sulfur content renders the unconverted product suitable for
use as ultra low sulfur (e.g., 10 wppm or less} diesel.

{6012] By operating a light feed hydrocracker reaction system to have less than
100% conversion of feed to naphtha botling range products, the reaction system can be
wsed to make a portion of this improved unconverted product. Operating the light feed
hydrocracker reaction system to produce an unconverted product in additicn to 2
converted product can provide flexibility for refineries {o match products with changes in
demand. However, increasing the amount of unconverted product often corresponds o
reducing the total reactivity of the system, such as by reducing the temaperature and/or
increasing the space velocity. With conventional catalysts, decreasing the total reactivity
can lead to insufficient desulfurization of the feed. Thus, although additional anconverted
product can be created, the additional unconverted product can tend 10 have a sultur
content greater than g desired amount for a diesel fuel.

[0613] In various embodiments, methods are provided for producing a converted
product and an unconveried product. The converted product and unconverted product can
he defined relative to a conversion temperature. An at least partially distiflate botling
range foed can be exposed to hydrocracking conditions in a first hydrocracking stage. The
effluent from the first stage can then be passed through a separator to separate a gas phase
portion of the effluent from a liquid phase portion. The liquid eftfluent can then be
fractionated 1o produce at least a converted fraction and an unconverted fraction. A
postion of the unconverted fraction can be withdrawn as an unconverted product. The
rernaining portion of the unconverted fraction can then be exposed to hydrocracking
conditions in a second hydrocracking stage. The effluent from the second hydrocracking
stage can be separated o remove a gas phase portion. The remaining liquid effluent from
the second hydrocracking stage can be fed to the same (or a different) fractionator,
Optionally, the lquid efffuent from the first stage and the second stage can be combined
prior to entering the fractionator. Optionally, a dewaxing catalyst can be included within a
reactor to further improve the cold flow properties of the unconverted product.

{8014 The above provides the general process flow for a feed through the systemy

By using a catalyst according to the jnventton, additional flexibility in processing of feeds

can be achieved. For example, when processing a single feed and/or different feeds, the




WO 2012/174181 PCT/US2012/042348

-6 -

temperature can be varied to produce varying amounts of eaconverted product while still

meeting desired sulfur specifications.

Feedstock

{6615] A mineral 1‘1ydrocari'3<m feedstock refers to a hydrocarbon feedstock derived
from the earth {e.g., crude oil, oil shale, ete)) that has optionally subjected to one or
more scparation and/or other refining processes. The mingral hydrocarbon feedstock can
be a petroleam feedstock boiling in the diesel range or above. Examples of suiiable
mineral feeds can include atmospheric gas oils, light cycle oils, or other feeds with a
boiling range profile similar to an atmospheric gas oil and/or a light cycle oil. Other
exampies of suitable mineral feeds can include, but are not Hmited to, virgin distiliates,
hydrotreated virgin distiflates, kerosene, diesel boiling range feeds (such as hydrotreated
digsef botling range foeds), and the like, and combinations thergot.

{0616} The boiling range of a suitable feedsiock can be characterized in various
manners. One option can be to characterize the amount of feedstock that botls above
about 350°F (177°C). At least sbout 60 wit%, for example at least aboat 8G wi%6 or at least
about Y0 wi%. of a feedstock can boil above about 350°F (about 177°C). Addiionally or
altcroatcly, at least about 60 w4, for example at least about 80 wi%% or at least about 90
wis, of the feedstock can boil above about 400°F {about 204°C). Another option ¢an be
to characterize the amount of feed that boils below a temperature value, In addition 1o, or
as an alternative to, the boiling range features described above, at least about 60 wi%, for
example at least about 80 wi¥% or at least about 90 wide, of a feedsiock can boil below
about 650°F (about 343°C). Further additionally or alicrnately, at least about 60 wi5, for
example at feast about 80 wt% or at least about 90 wi%s, of a feedstock can boil below
gbout 700°F (about 371°CY Sl further additionally or alternatively, a feedstock can
bave a final boiling point of about 825°F (about 441°C) or less, for example about §00°F
{about 4277C) or less, about 750°F (about 399°C) or less, or about 7007F {(about 371°Chor
less. Temperature values can be based on ASTM D28R7,

{8617} In a preferred embodiment, the feedstock is comprised of a light cyvele oil
boiling range material (also referred to herein as “light cycle o). As defined berein, 2
light cycle oif is a hydrocarbon boiling with a T10 boiling point of at least 300°F (145°C)

and a T90 boiling point fess than or equal to 650°F (343°C). The terms “T19 boiling
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point” and “TY90 boiling point” (and similar) are keown terms in the industry. By the term
T10 boiling pount” it 18 rocant that 10 w6 of the material will be in the vape A8C ¢
*“T10 boiling pout” it t that 10 wt% of the material will be in the vapor phasc at

¢ defined temperature under standard conditions. Similarly, by the term “T90 boiling
the detined ¢ t ier standard lit Similarly, by the term “T90 boiling
point” it is meant that 90 wi¥ of the material will be in the vapor phase at the defined

ternperature under standard conditions. Under a specifically preforred embodiment hevein,

e

vedstock (in particular cither the fivst or second feedstock as further described herein)
consists essentially of, or alternatively is, a light cycle oil botling range material,

[B001]  Insome embodiments, a “sour” feed can be used. In such embodiments, the
pitrogen content can be at feast about 56 wppm, for example at least about 75 wpm or at
trast about 100 wppm. Even in such “sour” embodiments, the nitrogen content can
optionally but preferably be about 2000 wppm or {ess, for example about 1500 wppm or
less or about 106G wppm or lesa. Additionally or alternately in such “sowr” erobodiments,
the sulfur content can be at feast about 100 wppm, for example at feast about 200 wppmi or
at least about 500 wppm. Further additionaliy or alternately, even in such “sowr”
embodiments, the sulfur content can optionally but preferably be about 3.0 wt%6 or less,
for example about 2.0 wi%% or less or about 1.0 e4% or Jess.

[G092]  In some ombodinents, a “aweet” foed having a relatively lower level of sulfur
and/or nitrogen contanddnants may be used as at least a portion of the feed entering a
reactor. A sweet feed can represent a hydrocarbon feedstock that has been hydrotreated
and/or that otherwise has a relatively fow sulfur and nitrogen content. For example, the
input flow to the second stage of the hydrocracking reaction system can typically be a
sweet feed. In such embodiments, the sulfur content can advantageously be about 100
wppm or tess, for example about 58 wppm or less, abowut 20 wppm or less, or about 10
wppm or less. Additionally or alternately in such embodiments, the nitrogen content can
Bre about 5O wppm or leys, for example about 20 wppm or less or about 16 wppm or tess.
[8883] In the discussion below, a biccomponent feedstock refers to a hydrocarbon
feedstock derived from a biological raw material component, from biocomponent sources
ctable, animal, fish, and/or algae. Note thas, for the purposes of this document,

such as ve

i3
5
<

o ;

vegetable fats/oils vefer generally to any plant based material, and can include fat/oils
derived from a source such as plants of the genus Jatropha, Generally, the biocomponent
sources can include vegetable fats/oils, animal fats/oils, fish oils, pyrolysis oils, and algae

lipids/oils, as well as components of such materials, and in some embodinments can
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specifically include one or more type of lipid compounds. Lipid compounds are typically
biolegical compounds that are insoluble tn water, but soluble in nonpolar {or fat) solvents.
Non-fimiting examples of such solvents include alcohols, ethers, chioroform, alkyl
acetates, benzeneg, and combinations thereof

[6084]  Major classes of lipids inchude, buat are not necessarily limited to, fatty acids,
glycerol-derived liptds (including fas, oils and phospholipids), sphingosine-derived lipids
{including ceramides, cerchrosides, gangliosides, and sphingomyeling), sterolds and their
derivatives, terpenes and their derivatives, fat-soluble vitamins, ceriain aromatic
compounds, and long-chain aleohols and waxes,

[6B05) 1o living organisms, Hpids generally serve as the basis for cell membranes and
as a form of fucl storage. Lipids can also be found conjugated with proteing or
carbohydrates, such as in the form of hipoproteins and lipopolysaccharides.

[0086]  Examples of vegetable oils that can be used in accordance with this invention
include, but are not Himited to rapesced (canola) oil, sovhean otf, coconut oit, sunflower
oil, palm oil, palm kernel oil, peanut oil, linsced oil, tall oil, corn oil, castor oil, jatropha
otl, Jojoba oil, olive o, flaxseed oil, cameling o, saffiower oil, babassu o, aHow o1l
and tice bran oil

[8087]  Vegetable oils as referred 1o herein can slso include processed vegetable oif
material. Mon-limiting examples of processed vegetable oif material include fatty acids
and fatty acid alkyl esters. Alky! esters typically inchude C,-Cs alkyl esters. One or more
of methyl, ethyl, and propyl esters are preferred,

[B808]  Examples of animal fats that can be used in accordance with the invention
include, but are not limited to, beef fat (tallow), hog fat (lard), turkey fat, fish fav/oil, and
chicken fat. The animal fats can be obtained from any suitable source including
restaurants and meat production fucihities.

{8860%  Animal fats as referred 1o herein also include processed animal fat material.
Non-Himiting examples of processed animal fat material inclade fatty acids and fatty acid
alkyl esters, Alkiyl esters typically inclade T -Cs alkyl esters. One or more of methyl,
cthyl, and propyi esters are preferred.

[0018]  Algae oils or lipids are typically contained in algae in the form of membrane
components, storage products, and metabolites. Certain algal strains, particularly

microzlgae such as diatoms and cyanobacieria, contain proportionally high levels of lipids.
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Algal sources for the algae oils can contain varying amounis, e.g., from 2 wi% 10 40 wi%
of lipids, based on total weight of the biomass itself,
D811 Algal sources for algae oils include, but are vot limired to, unicellular and
onufticeltular algae. Examples of such algae include a rhodophyte, chiorophyte,
heterokoutophyte, tribophyte, glaucophyte, chlorarachniophyie, cuglenoid, haptophyte,
cryptornonad, dinoflagelium, phytoplankton, and the tike, and combinations thereof, In
one embodimant, algae can be of the clagses Chlorophyceeae and/or Haptophyta, Specific
species can wclude, but are not limited to, Neochioris vleoabunduns, Scenedesmis
dimorphus, Buglena gracilis, Phaeodactyium tricornutum, Plewrochrysis carterae,
Pryminesium parvim, Tetraselmis chui, and Chlamydomonas reinhardtil.
{9812}  Additionally or aliernatcly, non-limiting examples of microalgae can include,
for example, dchnanthes, Amphiprora, Amphora, Ankivirodesmus, Asteromonas,
Boekelovia, Boradinella, Botrvococcus, Bracteococcus, Chaeroceras, Carteria,
Chlamydomonas, Chlorococonm, Chiorogonium, Chiorelia, Chroomonas, Chrvsosphaera,
Cricosphaery, Crypthecodinivm, Cripiomonas, Cyclotella, Dunalielia, Ellipsoidon,
Emiliania, Eremosphaera, Ernodesmius, Eugiena, Franceia, Fragilfaria, Gloeothamnion,
Haematococcus, Halocafeteria, Hymenomonas, Isochiysis, Lepocinelis, Micractinium,
Monoraphidium, Navnochloris, Nannochloropsis, Navicula, Neochioris, Nephrochioris
Nephroselmis, Nifzschia, Ochromonas, Oedogonium, Oocvstis. Ostreococcus, Paviova,
Purachiorella, Pascheria, Phacodactylum, Phagus, Platymonas, Plewrochrysis,
Plewrvcoccus, Protothecn, Pseudochiorella, Pyramimonas, Pyrobotrvs, Scenedesmus,
Skeletonema, Spyrogyra, Stichococows, Tetraselmis, Thalassiosira, Viridiella, and Folvox
species, inchuding freshwater and marine microalgal species of these or other genera.
{9813]  Further additionally or alternately, the algae used according o the invention
can be characterized as cvanobacteria. Non-limiting examples of cyanobacteria can
include, for example, dgmeneilum, Anabaena, Anabaenopsis, Anacystis, Aphanizomenon,

Arthrospira, Asterocapsa, Borzia, Calothrix, Chamaesiphon, Chi

croglocopsis,
Chroococcidiopsis. Chroococcus, Crinalivwm, Cyanobacterium, Cyanobium, Cvanocystis,
Cyanospira, Cvanothece, Cylindrospermopsis, Cyvlindrospermum, Daciviococcopsis,
Dermocarpelia, Fischerelln, Fremyella, Geitleria, Geltlerinema, Gloeobacter,

Glococapsa, Glneothece, Halospiruling, Ivengariella, Leptolvnghya, Limnothrix, Lyngbva,

Microcolens, Microcystis, Myxosarcing, Nodularia, Nostoc, Nostochopsis, Oscillatoria,
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Pharmidium, Plonktothriy, Plewrocapsa, Prochiorococeus, Prochioren, Prochiorothrix,
FPreudanabaena, Rivalaria, Schizothrix, Scviomema, Spiruling, Stanieria, Stavria,

ris, Tolvpothrix, Trichodesminm,

Stigonema, Svmploca, Svnechococcus, Svnechocy.
Tychonema, and Xenococcus species, inchuding freshwater and marine cyvanobacterial
spectes of these or other genera.

[6814]  The biccomponent feeds asable in the present invention can include any of
those which comprise primarily triglycerides and free farty acids (FFAs). The triglvcerides
and FFAs typically contain aliphatic hydrocarbon chains in their structure having from 8
to 36 carbons, preforably from {0 10 26 carbons, for example from {4 to 22 carbons.
Types of triglycerides can be determined according to their fatty acid constituents. The
fatty acid constituents can be readily determined using Gas Chromatography (GC)
apalysis. This analysis involves extracting the fat or oil, saponifying (hydrolvzing) the fat
or oUl, preparing an atkyl (e.g., methy!) ester ot the saponified fat or o, and determining
the type of {methyl) ester using GC analysis, In one embodiment, a majority (L.e., greater
than 50%;) of the triglyceride present in the lipid material can be comprised of Cig 1o Cos,
for example T to Cg, fatty acid constituents, based on {otal iriglyeeride present in the
lipid matcrial. Further, a triglyceride 15 & molecule having a structurc substantially
wdentical to the reaction product of giycerol and three fatty acids. Thus, although a
trighyceride is described herein as being comprised of fatty acids, i should be understood
that the fatty acid component does not necessarily contain a carboxylic acid hydrogen.
Other types of feed that are derived from biclogical raw material components can include
fatty acid esters, such as fatty acid alkyt esters {e.g&., FAME and/or FAEE).

{88151 Biocomponent based diesel boiling range feedstreams tvpically have relatively
fow nitrogen and sulfur contents, For example, a bioconmponent based feedstream can
contain a nitrogen content up to about 300 wppm, for example up to about 300 wppm or
up to about 100 wppm, and/or a sulfur content up (o about SO0 wppm, for example up to
about 300 wppm or up to about 100 wppm. Instead of nitrogen and/or sulfur, the primary
heterogtom component in hiocomponent foeds i typically oxyzen. Blocomponent diesel
boiling range feedstreams, e.g., can include an oxygen content up to about 10 wt%, for
example up to about 12 wi% or up to about 14 wi%. Suitable biocomponent diesel boiling

range feedstreams, prior o hydrotreatment, can include an oxygen content of at least about
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bwit%, for example at feast about 2 wi¥o, at least about 3 wi%, at least about 5§ wi%, or at
least about 8 wi%s.

{9816]  [nan erobodiment, the feedstock can include up 1o about 100% of a feed
having a biocomponent origin, which can inclade or be a hydrotreated vegetable oil feed, a
hydrotreated fatty acid alkyi ester feed, or another type of hydrotreated biocompongnt
fead. A hydrotreated biocomponent feed can be a biocoraponent feed that has been
previously hydroprocessed, e.g., to reduce the oxygen content of the feed to about 500
wppm or less, for example to about 200 wppm or less or to about 100 wopm or less.
Correspondingly, a biocomponent feed can be hydrotreated, 2.g., to reduce the oxygen
content of the feed, prior to other optional bydroprocessing, to about 500 wppm or less, for
exampie to about 200 wppm or less or 1o about 100 wppm or less. Additionally or
alternately, a biocomaponent feed can be blended with a mineral feed, so that the blended
feed can be tatbored to have an oxygen covtent of about SO0 wppm or less, for example
about 200 wppm or less or about 100 wppmm or less, optionally tn addition to feed targets
for nitrogen and/or sulfur content, as noted below, In embodiments where at least a
portion of the feed is of a biocomponent origin, that portion can be at least abowt 2 wi%,
for cxample at least about § wi%, at least about 10 wits, at feast about 20 wt%, at least
about 25 wit%, at least about 35 wi%, at least about 50 wio, ot least about 60 wis, or af
jeast about 75 wi%. Additionally or alternately, where at least a portion of the feed is of a
biocomponent origin, the biocomponent portion can be about 75 wi% or less, for example
about 60 wi% or leys, about 30 w4 or less, about 335 wit% or less, about 23 wie or legs,
about 2¢ wi¥% or less, about 10 wi%6 or less, or about § wi% or less.

{6817]  In embodiments where the feed is a mixture of a mineral feed and a
biocomponent feed, the mixed feed can exhibit a sulfur content of about 3000 wppm or
feas, for example about 2500 wppm oy less, abowt 100 wppm or less, about S50 wppm or
less, about 200 wppmm or less, about 100 wppm or less, about 50 wppm or less, sbout 30
wpput or less, about 20 wppra or less, about 15 wppm or less, or about 10 wppm or jess.

In certain optional embodiments, the mixed feed can exhibit a sulfur countent of at least
about 100 wppm, for example at least about 200 wppm or at 1east about 300 wppm,
Additionally or alternately, in embodiments where the feed 19 a mixture of a miveral feed
and a biocomponent feed, the mixed foed can exhibit a nitrogen content of about 2600

wppn or lzss, for example about 1500 wppm or less, about 1000 wppm or less, about 500
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wppm of fess, about 200 wppm or less, about 190 wppm or less, about 50 wppm or less,
about 30 wpprm or less, about 20 wppm or less, about 15 wppm or less, or about 18 wppm
or less.

{6G18]  Insome embodiments, a dewaxing catalyst can be used that includes the sulfide
form of a metal, such as a dewaxing catalyst that includes nickel and tungsten. In such
embodiments, 1t can be beneficial for the foed o have at least a mniraun sulfur confens,
The minimum sulfur content can be sufficient to maintain the suifided metals of the
dewaxing catalyst in a sulfided state. In such embodimenis, for example, the feedstock
encountered by the dewaxing catalyst (which can be partially processed) can bave a sulfur
content ot at least about 100 wppm, for example at least about 150 wppm or at least about
200 wppr. Additionally or alternately in such embodiments, the feedstock can have a
suifur content of about SO0 wppm or Tess, or about 400 wppm or less, or about 300 swppm
or less, {0 combination with, or regardiess of, the sultur content of the feedstock,
additional sulfur can be provided to maintain the metals of & dewaxing catalyst in a sulfide
state, e.g., by introducing gas phase sulfur such as H, 5. One potential source of HoS gas
can be from hydrotreatment of the mineral portion of a feed. If a mineral fesd portion s
hydrotreated prior to combination with a biccomponent foed, a portion of the gas phasc
cfffuent from the hydrotreatmment process or stage can be cascaded along with hydrotreated
liquid effluent to provide the gas phase sulfur contribution.

{06198]  The contents of components such as sultyr, nitrogen, oxygen, and olefing (inser

afia) in a feedstock created by blending two or more teedstocks can typically be

determined using a weighted average based on the blended feeds. For example, a mineral
feed and a biocomponent foed can be blended in a ratio of about §0 wi% mineral feed and
about 20 wi% biocomponent feed. In such a scenario, if the mineral feed has a sulfur
content of abouot 1000 wppm, and the biccomponent feed has a sulfur content of about 10
wppm, the resubting blended feed could be expected to bave a sulfur content of about 802
wpptn.

[0028]  In an ecmbodiment, 2 distillate boiling range foedsiream suitable foruse as a
fivdrocracker fead can have a cloud point of at least about 6°F (about -14°C), for example
at least about 12°F (about -11°C) or at least about 18°F {(about -7°C). Additionally or
afternately, the distillate botling range feedstream can have a cloud point of about 42°F

{about 6°C) or fesy, preferably about 36°F {about -1°C) or less, for example about 24°F
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{(aboui -4°C) or less, or about 15°F (about -9°C) or fess. Further additionally of
aliernately, the cetane nurmber for the feed can be abount 35 or less, for example about 30 or
fess. Still further additionally or alternately, the cotane number for the feed canbe a

cetane number typically observed for a feed such as a light eycle oil.

Reactor Configuration

18621}  In various embodiments, 3 reactor configuration can be used that is suitable for
performing light feed hydrocracking to generate fuel products. The reaction system can be
operated so that at least a majority (>50%) of the products from the light feed
hydrocracking are converted products, such as naphtha boiling range products.

[BG22] A reaction system suitable for performing the inventive method can include at
feast two hydrocracking stages. Note that a reaction stage can include one or more beds
and/or one or more reactors. The first hydrocracking stage can optionally include two or
more reactors, with the total effluent passed into cach reactor in a stage. [nan
embodiment with two or more reactors in the first stage, a first reactor in the first stage can
include one or more catalyst beds that contain hydrotreating eatalyst. This can allow for
heterpatom removal (hydrodesulfurization, bydrodenitrogenation, and/or
hvdrodeoxygonation) involving a feedstock. A sceond reactor in the first stage can
contain one or more cataiyst beds of hydrocracking catalyst. Having two or more reactors
can ailow for addinonal flexibility in selecting reaction conditions befween the reactors.
Various alternative contigurations can be used for the first stage. For example, the first
stage can include beds of both hydrotreating and hydrocracking catalyst in a single reactor.
Another option can be to have multiple reactors, with at least one reactor that contains
both hydrotreating and hydrocracking catalyst,

{6623]  Optionally, in addition to the hydrocracking and optional hydrotreating
catalyst, at least one bed of catalyst in the first stage can include a catalyst capable of
dewaxing. Optionally but preferably, the dewaxing catalyst can be placed in a bed that s

by

w

downstream from at least a portion of the hydrocracking catalyst in the stage, such a

placing the dewaxing catalyst in a final catalyst bed in the stage, Other options for the
tocation of dewaxing catalyst can be: 1o place the dewaxing catalyst after ali of the
hydrocracking catalyst; to place the dewaxing catalyst afier at least one bed of

hydrocracking catalyst; or to place the dewaxing catalyst before the first bed of the
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hydrocracking catalyst. Placing the dewaxing catalyst in the final bed of the stage can
atlow the dewaxing to occur on the products of the hydrocracking reaction, which
advantageously can allow for dewaxing of any paratfinic specics created due to ring-
opening during the hydrocracking reactions, Furthermore, having the dewaxing catalyst in
a separate bed from the hydrocracking catalyst can allow for some additional control of
reaction conditions during catalytic dewaxing, such as allowing for some separate
temperature coutrol of the dewaxing and hydrocracking processes. Locating the dewaxing
catalyst in the first stage can allow the dewaxing to be performed on the total
fecdstock/effluent in the stage.

{0624]  One option for achieving additional control of the dewaxing reaction
conditions can be to include a quench between the hydrocracking catalyst bed(s) and the
dewaxing catalyst bed(s). Because hydroprocessing reactions are typically exothermic,
using 4 guench strearn between beds of hydroprocessing catalyst can provide some
temperature control to allow for selection of dewaxing conditions. For example, an
optional gas quench, such as a hydrogen gas quench and/or an inert gas quench, can be
included between the hydrocracking beds and the dewaxing bed. WWhydrogen is
introduced as part of the quench, the quench hydrogen can also modify the amount of
avatlable hydrogen for the dewaxing reactions,

1828 A separation device can be used after the fivst stage 10 remove gas phase
contaminants in the fivst stage efffuent generated during exposure of the feedstock to the
hydrocracking, dewaxing, and/or hydrotreating catalysts. The separation device can
prodice a gas phase output and a liguid phase output. The gas phase output can be treated
in a typical manner for a contaminant gas phase output, such as scrubbing the gas phase
output to allow for recyeling of any hvdrogen content.

{0626]  The liguid phase output from the separator can then be fractionated to form at
least a converted fraction and an unconverted fraction. For example, the fractionator can
be used o produce al least a naphtha fraction and a diesel fraction. Additional fractions
can also be produced, such as a heavy naphtha fraction (in which case the naphtha fraction
would effectively constitute a light naphtha fraction). Any naphtha fractions from the
fractionator can be sent to the gasoline pool, or oue ot more of the saphtha fractions can

undergo further processing, for example to improve the octane rating, before being sent ©
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the gasoline pool. This could include using a naphtha fraction as a feed to a reforming
unit.

{B027] At least a portion of the uncounverted fraction can be withdrawn as 2 product
siream. The remainder of the unconverted fraction, if any, can be used as an input fora
second hydrocracking stage. Relative to the first stage, the second hydrocracking stage
can have a lower jevel of sulfur and nitrogen contaminants. The hydrocracking conditions
in the second stage can be selected 1o achieve a total desired fevel of conversion.
{ptionally, a dewaxing catalyst can be included in the second stage in addition to and/or
m place of the dewaxing catalyst in the fivst stage.

[0628]  Optionally, the second stage efffuent can be passed o a gas-tiquid separation
device that may be the same as or differcat from the first stage separator. The gas phase
portion from the separation device can be recycled to recapture hyvdrogen, or can be used
in any convenient manner, The Hquid phase portion can be fod to the fractionator. In
common fractionator embodiments, the liquid phase portion can be combined with the
liquid effiuent from the first stage prior to entry into the fractionator, or the two liquid
efflaent strearns can enter the fractionator at separate locations. Alternately, separate

fractionators can be used to process some or afl of the first stage effluent and the second

’.)3

tage cfflucnt.
[8629%]  In an optional embodiment, a preliminary stage can be imcluded prior to the
firet stage. In this type of embodiment, a preliminary stage veactor {or reactors) can be
used to perform bydrotreatroent of a feedstock. The prelirainary stage reactor(s) can
optionally include hydrocracking catalyst as well. A gas-liquid separation device can be
used after the preliminary stage reactor(s) to separate gas phase products (which can be the
same 18 or different than either or both of the first and secound stage separator{s)). The
liquid cfftucnt from the preliminary stage reactor(s) can then pass into the one or more
first siage reaciors, e.g., that inchude hyvdrocracking catalyst. As described above, the one
or more fivst stage reaciors can also optionally include some hydrotreating catalyst. An
embuodiment involving a preliminary stage can be useful, for example, if the feedstock
includes a biocomponent portion that could benefit from pretreatment. In such a sitaation,
the preliminary stage reactor(s) can be operated o perform a mild hydrotreatment that is
sufficient for at least partial hydrodeoxygenation of the feed, as woll as some optional

hydrodesulfurization and/or hydrodenitrogenation, as necessary. The hydrodeoxygenation
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reaction can produce {0 and CO4 as contaminant by-products. In addition to being
poteniial catalyst poisons, any CO generated may be ditficult to bandle i it s passed jnto
the general refinery hydrogen recycle svstem. Using a preliminary hydrotreatment stage
can ailow CO and U0, 10 be removed in the preliminary stage separation device. The gas
phase effluent from the preliminary stage separation device can then receive different
handling from a typical gas phase effluent. For example, ¥ may be cost etfective to use
the gas phase offfuent from a preliminary stage separator as fuel gas, as opposed to

attempting to scrub the gas phase effhuent and recyele the hydrogen.

Catalvst anid Reaction Conditions

{0638]  In various embodiments, the reaction conditions in the reaction system can be
selected to generate a desired level of conversion of a feed. Conversion of the feed can be
defined in terms of conversion of molecules that boil above a temperature threshold to
molecules below that threshold. For example, in a light feed hydrocracker, the conversion
temperature cait be about 330°F {about 177°C), inter alia, (aliernately, 2.g., about 375°F
{about 19170}, about 400°F {(sbout 2047C), or about 425°F (about 218°0)). Optionally,
the conversion tomperature can be indicative ot a desired cut point for a converted fraction
product generated by the light foed hydrocracker reaction system. Alternately, the
conversion temperabure can be a conventent temperature for characterizing the products,
with cut poinis selected at other temperatures,

[0831]  The amount of conversion of a feedstock can be characterized at several
locations within a reaction system. One potential characterization for the conversion of
feedstock can be the armsount of conversion in the first reaction stage. As described above,
this conversion temperature can be any convenient fernperature, such as about 350°F
{about 177°C), about 375°F (about 191°C), about 400°F (abowut 204°C), or about 425°F
(about 218°C). In an embodiment, the amount of conversion in the first stage can be at
least about 40%, for example at least about 50%. Additionally or aliernately, the amount
of conversion iu the first stage can be about 75% or less, for example about 659 or less or
about 60% or less. Another way to characterize the amount of conversion can be 1o
characterize the amount of conversion in the total liquid products generated by the reaction
systemn, This can inchude any naphtha, diesel, or other product streams that exit the

reaction system. This conversion amount includes conversion that occurs in any stage of
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the reaction system. In an embodiment, the amount of conversion for the reaction system
can be at least about 50%, for example at least about 60%, at least about 70%, or at least
about 80%. Additionally or alternately, the amount of conversion for the reaction system
can be about 95% or less, for example about 90% or less, about 3% or less, about 75% or
tess, or about 70% or less.

[0832]  Hydrocracking catalysts typicaily contain sulfided base metals onacidic
supports, such as amorphous silica-alumina, cracking zeolites such as USY, and/or
acidified alumina, Often these acidic supports are mixed or bound with other metal oxides
such as alumina, titania, and/or silica. The acidic support can be the primary source of
cracking activity for a catalyst. Typically, as the temperature increases, the amount of
cracking can increase for a given acidic support. Support materials which may be used can
comprise 8 refractory oxide material such as sluming, silica, alumina-silica, kicselguhr,
diatomaceous carth, magnesig, zircoma, or combinations thereot, with aluming, silica,
alumina-sitica being the most commuon (and preferred, in one embodiment).

{0633] In various embodiments, the sulfided base metals can include nickel and a
combination of molybdensn and tungsten. The wolar ratio of Group VI to Group VIB
ractals can be from about 9:1 1o about 19, for exampie from about 3:1 10 about 1.3 or
from about 201 to about 1:2. As noted above, the molar ratio of molybdenum to tungsten
can have a value from about 3.7 to about 1:3. The combination of nickel, molybdenurm, and
tungaten can provide a substantial portion of the desulfurization activity ot the catalyst. This
desulfurization activity can increase as the molar ratio of molybdenum to tungsten
approaches 11

{B834]  In various embodiments, hydrocracking conditions in the first stage and the
second stage can be selected (fogether or independeonily) to achicve a desired level of
conversion in the reaction system. A hydrocracking process fa the first stage {or otherwise
ander sour conditions) can be carried out using one or more of the following conditions: a
temperature from about 550°F (about 288°C) to about 750°F {(about 399°C), a hydrogen
partial pressure from about 250 psig (about 1.7 MPag) to about 5000 psig (about 34.5
MPag), a liquid hourly space velocity from about 0.05 ™' to about 10 he™| and a hydrogen
treat gas rate from about 200 scffbbl (about 34 Nm'/m™) to about 10,000 sct/bbl (about
1781 Nro'/m). Additionally or alternately, the conditions can include one or more of a

temperature from about 600°F (about 343°C) to about 710°F (about 377°C), a hydrogen
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partial pressure from aboat 500 psig (about 3.5 MPag) o about 3000 psig (about 20.7
MPag), a liquid hourly space velocity from about 0.2 b to about 2 he'!, and a hydrogen
treat gas rate from about 1200 scf/bbl (about 200 Nm'/m’) to about 6000 scf/bbi (about
1020 NmYm'). in a preferred embodiment, first hydroeracking conditions at start-of-run
have & temperatire of less than about 7H0°F (377°0).

{{BGSSE A hydrocracking process 1o a second stage (or otherwise under non-sour, or
sweet, conditions) can be performed under conditions similar to those used for a first stage
i};v'di'ocracking process, or the conditions can be different. [n an embodiment, the
conditions in a (non-sour or sweet) second stage can have less severs conditions than a
hydrocracking process in a first (sour) stage. In such an embodiment, the second stage
hydrocracking process conditions can include a temperature about 20°F (11°0), or even
about 40°F (22°C), less than the temperature for a hvdrocracking process in the first stage,
for example about §0°F {about 44°C) less or about {20°F (about 67°C) less, andfor a
pressure about 100 psig (690 klfag) less than the pressure for a hydrocracking process in
the first stage, for example about 200 psig (about 1.4 MPag) less or about 300 psig {about
2.1 MPag) less. Additionally or alternately, suitable hvdrocracking conditions for a second
{non-sour, or sweet) stage can include, but are not limited to, conditions similar to a first
{sour} stage, which can include ong or more of the following conditions: a temperature
from about 550°F (about 2887C) to about 750°F (about 399°C), a hydrogen partial
pressure frorp about 250 paig (sbout 1.7 MPag) 1o about 5000 psig (about 34,5 MPag), «
liquid hourly space velocity from about .05 hr™’ to about 10 br'', and a hydrogen treat gas
rate from about 200 sci/bbl (about 34 Nm'/m’) to about 10,000 scf/bbl (about 1781
N/ Additionally or alternately, the conditions can inclade one or more of a
temnperature from about 600°F {(about 343°C) to abour RIS™F {about 435°C), a hydrogen
partial pressure from about 500 psig (about 3.5 MPag) to about 3000 psig (about 20.7
MPag}, a liquid hourly space velocity fror about 0.2 he' to about 2 he™', and 2 hydrogen
treat gas rate from about 1200 seffbbl (abour 200 N’/ to about 6000 scf/bb! {about
1020 Nm'/m ).

[8636]  In various embodiments, the hydrocracking catalyst for the second stage can be
the same or different from the catalyst in the first stage. Hydrocracking catalysts typically
contain sulfided base metals on acidic supports, such as amorphous silica-alumina,

cracking zeolites such as USY, and/or aciditied alumina. Often these acidic supports are
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mixed or bound with other metal oxides such as alumina, tHania, and/or silica. Non-
Jimiting examples of metals for hvdrocracking catalysts include nickel, nickel-cobali-
molvbdenum, cobalt-molybdenuim, nickel-tungsten, nickel-molybdenum, and/or nickel-
molvbdenum-tungsten. Additionally or alternately, hydrocracking catalysts with noble
metals can also be used. Non-limiting examples of noble metal catalysts inclade those based
on platinum and/or palladiura. Support materials which may be used can comprise a
refractory oxide material such as alumina, silica, alumina-sitica, kieselgubr, diatomaceous
earth, magnesia, zirconia, or combinations thereof, with alumina, silica, ahunina-silica being
the most common (and preferred, 1n one erabodiment).
{0837})  In various embodiments, a feed can also be hydrotreated in the first stage
and/or in a preliminary stage prior to further processing. A suitable catalyst for
hydrotreatment can comprise, consist essentially of, or be a catalyst composed of one oy
more Group VI and/or Group VIB metals, optionally on 2 support, such as a metal oxide
support, Suitable metal oxide supports can inchude relatively low acidic oxides such as
silica, alumina, silica-aluminas, titania, or a combrination thereof. The supported Group
VT and/or Group VIB metal(s) can fnclunde, but are not hmited to, Co, N3, Fe, Mo, W, Py,
I'd, Rh, Ir, and combinations thercof Individual hvdrogenation metal cnbodiments can
include, but are not limited to, Pronly, Pd oaly, or Mi only, while mixed hydrogenation
metal embodiments can include, bud are not limited to, Prand Pd, Prand Bh, Niand W, N
and Mo, Nt andd Mo and W, Co and Mo, Co and Mi and Mo, Co and Ni and W, or another
combination. When only one hydrogenation metal is present, the amount of that
hvdrogenation metal can be at least about 0.1 wit% based on the total weight of the
catalyst, for exarople at least about 0.5 wi% or at least about 0.6 wt%%. Additionally or
alternately when only one hydrogenation metal is present, the amount of tha
hydrogenation metal can be about 3.0 wit% or less based on the total weight of the catalyst,
for example about 3.5 w1i% or less, about 2.5 wi% or tess, about 1.5 wi% or less, about 1.0
wiYo or tess, about 0.9 wi% or less, about 0.75 wit% or fess, or about 0.6 wit%) or legs.
Further additionally or alternately when more than one hydrogenation metal is present, the
collective amount of hydrogenation metals can be at least about 1.1 wi% based on the total
welght of the catalyst, for example at least abont 0.25 wi%, at least about 0.5 wi%, at least
about (.6 wi%, at least about §.75 wit%, or at least about | wi%. Sl further additionally

or alternately when more than one hydrogenation metal is present, the collective amount
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of hydrogenation metals can be about 38 wi% or less based on the total weight of the
catalyst, for example about 30 wi% or fess, about 25 wi% or less, about 20 wi% or less
about 15 wt% or less, sbout 10 wi%6 or less, or about § wit% or less. {o embodiments
wherein the supported metal comprises a noble metal, the amount of noble metal(s) is
typically less than about 2 wit%, for example Jess than aboat 1 w195, about 0.9 wi% or less,
about 8.73 wi % or less, or about .6 wt % or less. The amounts of metal(s) may be
measured by methods specitied by ASTM for individual metals, including but not limited
{0 atomic absorpii-:m spectroscopy {AAS), inductively coupled plasma-atomic emission
spectrometry {ICP-AAS), or the like,
j0038]  Hydrotreating conditions can typically include one or more of the following
conditions: a teraperabure from about 550°F (abowt 288°C) to about 830°F (about 443°C),
& hydrogen partial pressure from about 250 psig (about 1.7 MPag) to about 30600 psig
(about 34.5 MPag), a liquid bourly space velocity trom about 0.05 he'' 1o about 10 hr'!,
and a hydrogen treat gas rate from about 200 sef/bbl (about 34 Nm*/m’) to about 10,000
scf/bbl (about 1781 Nm'/m™). Additionafly or alternately, the conditions can include one
or more of a temperature from about 600°F (about 343°C) to about 750°F {about 399°C), a
hydrogen partial pressure from about 300 psig (about 3.5 MPag) to about 3000 psig {about
20.7 MPag). 5 quid hourly space velocity from about 0.2 hr' to about 2 ™', and »
hydrogen treat gas rate from about 1200 sef/bbi (about 200 No'/m’) to about 6009 sci/bbl
{about L1020 Nro'/m™). The differcnt ranges of teroperaturss can be used based on the type
of feed and the desired hydrotreatment result, For example, the temperature range of
about 550°F {about 288°C) to about 650°F (abowr 343°C) could be suitable for a mild
hydrotreatment process for deoxygenation of a feed containing a biocormponent portion,
[6O3%]  To s1ill another ermbodirent, the same conditions can be used for hvdrotreating
and hvdrocracking beds or stages, such as using hvdrotreating conditions for both or using
bydrocracking conditions for both, Additionally or alternately, the pressuare for the
bydrotreating and hydrocracking beds or stages can be the same,
[6048]  In some alternative or optional embodiments, & dewaxing catalyst can also be
included in the first stage, the second stage, and/or other stages in the light feed
bvdrocracker. Typically, the dewaxing catalyst can be located in a bed downstream from
any hydrocracking catalyst preaent jn a stage. This can allow the dewaxing to occur on

molecules that have already been hydrotreated to remove a significant fraction of organic
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sulfur- and nitrogen- containing species. Optionaily, the dewaxing catalyst can be located
in the same reactor as at least a portion of the hydroeracking catalyst 1o a stage.
Aliernately, the entire effluent from a reactor containing hydrocracking catalyst can be fed
into a separate reactor conaining the dewaxing catalyst. Exposing the dewaxing catalyst
to the entire effiuent from prior hyvdrocracking can expose the catalyst to a hydrocarbon
stream that includes both a converted fraction and an unconvernied fraciion. fo some
cmbodiments, cxposing the dewaxing catalyst 1o this type of hydrocarbon stream can
provide unexpected benefits. For example, using the entire hydrocarbon stream instead of
just the unconverted fraction can decrease the tomperature required to achicve a desired
drop in cloud point for the unconverted fraction of the hydrocarbon stream. This decrease
in temperature can be accompanied by aa increase in space velocity for the feed over the
dewaxing catalyst, such as an increase in space velocity sutfictent so that at teast as rauch
unconverted fraction is dewaxed, as compared to a configuration where only the
unconverted fraction is dewaxed.

{0041]  Suitable dewaxing catalysts can include, gt are not limited to, molecular
sieves such as erystalline aluminositicates (zeolites). In an embodiment, the molecular
sigve can comprise, consist cgsentially of, or be Z8M-5, Z8M-22, Z5M-23, Z5M-35,
ZEM-48, zeolite Beta, or a combination thereof, for example ZSM-23, zeolite Beta, and/or
Z5M-48. Optionally but preferably, molecular sieves that are selective for dewaxing by
isornerization as opposed fo cracking can be used, such as ZSM-438, zeolite Beota, ZSM-23,
or a combination thereof, Additionally or aliernately, the molecular sieve can comprise,
consist essentially of, or be a H-member ring 1D molecular sieve, Optionally but
preferably, the dewaxing catabyst can include a binder for the molecular sieve, such as
alurnina, titania, sifica, silica-alumina, zirconia, or a combination thereof, for example
afumina and titania or two or more of silica, zirconia, and titania.

{B042]  One characteristic that can impact the aclivity of the molecular sieve is the ratio
of sihica fo aluming (SVAL ratio) in the molecular sleve. In an embodiment, the molecular
sigve can have a silica to alumina ratio of about 20001 or less, for example about 150:1 or
less, about 120:1 or less, about 1M1 or less, about 90:1 or less, or about 75:1 or less.
Additionally or alternately, the molecular sisve can have a silica to alumina ratio of at

feast about 30:1, for cxampie at least about 401, at least about 50:1, or at loast about 65:1.
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f0043]  Aside from the molecular sieve(s) and optional binder, the dewaxing caialyst
can also optionaily bat preferably include at least one metal hydrogenation component,
such as a Group VI metal. Suitable Group VU metals can include, but are not finuted
to, Pt, Pd, N1, or 2 combination thereof. When a metal hydrogenation conponent is
present, the dewaxing catalyst can inchude at least about 0.1 wi% of the Group VUHI metal,
for example at least about 0.3 wi%, at least about 0.5 wi%, at least about 1.0 wi%, at least
about 2.5 wt%, or at feast about 3.0 wit%, Additionally or alternately, the dewaxing
catalyst can include about 10 wi% or less of the Group VI metal, for example about 5.0

wi%% or jess, about 2.5 wi% ot Jess, about 1.5 wi% or less, or about 1.0 wi% or less,

[0844]  In some embodiments, the dewaxing catalyst can include an additional Group
VIB metal hydrogenation component, such as W and/or Mo, In such embodiments, when
a Group VIB metal is present, the dewaxing catalyst can include at least about 8.5 wi% of
the Group VIB metal, for example at least about 1.0 wi%, at least about 2.5 wit%, or at
least about 5.0 wi%. Additionally or alternately in such embodiments, the dewaxing
catalyst can include about 20 wi%e or less of the Group VIB metal, for example about 15
wit or less, about 10 wit% or less, abouot 5.0 wi% or tess, about 2.5 wi%6 or less, or about
L8 wi% or less. To one preferred embodiment, the dewaxing catalyst can inclade Pt
and/or Pd ag the hydrogenation metal component. In another preferred cmbodiment, the
dewaxing catalyst can inchide as the hydrogenation metal components Ny and W, Ni and
Mo, or N1 and a combmation of W and Mo.

{0845]  In various embodiments, the dewaxing catalyst used according to the invention
can advaniageously be tolerant of the presence of sulfur and/or nitrogen during processing.
Suitable catalysts can include those based on Z8M-48, Z3M-23, and/or zeolite Beta. It is
also noted thar Z5M-23 with a sitica to alumina ratio between about 20:1 and about 40:1 is
sometimes reforred 1o as $8Z-32. Additional or alicrnate suitable catalyst bases can
include 1-dimensional [0-member ring zeolites, Fusther additional or alternate suitable
catalysts can inclade BEU-2, ELI-11, andfor ZBM-30.

{8046] A bound dewaxing catalyst can also be charactenized by comparing the
micropore {or zeolite) surface area of the catalyst with the total surface area of the catalyst.
These surface arcas can be calowlated based on analysis of nifrogen porosimetry data using
the BET method for surface area measurement. Previous work bas showa that the amount

of zoolite content versus binder content in catalyst can be determinad from BET
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measurements {see, e.g, Johnson, M.E.L., Jowr. Catal,, (1978) 52, 425). The micropors
surface arca of u catalyst rofors to the arcount of cumiysi surface arca provided due to the
motecular sicve and/or the pores in the catalyst in the BET measurements. The total
surface area represents the micropore sarface plus the external surface area of the bound
catalyst. In one ersbodiment, the percentage of micropore surface area relative to the total
surface area of a bound catalyst can be at feast about 35%, for example at least about 38%,
at feast about 40%, or at least about 45%. Additionally or alternately, the percentage of
micropore surface area relative to {otal surface area can be about 65% or less, for example
about 60% or less, about 55% or less, o about 30% or less,
{00647]  Additionally or aliernately, the dewaxing catalyst can comprise, consist
essentially of, or be a catalyst that has not been dealuminated. Further additionally or
altcrnately, the binder for the catalyst can inchide a micture of binder materials confaining
alunina.
{0648]  Catalytic dewaxing can be performed by exposing a feedstock 0 a dewaxing
catalyst under effective {catalytic) dewaxing conditions. Effective dewaxing conditions
can include Hydrotreating conditions can typically include one or more of the following
conditions: atemperature from about 350°F (about 288°C) 1o about 240°F {about 449°C3,

a hydrogen partial pressure from sbout 230 psig (about 1.7 MPag) to sbout 5000 psig

L@

cabout 34.5 MPag), a liquid hourly space velocity from about 0.5 hr'' to about 20 hr', and
a hydrogen treat gas rate from about 200 sct/bbl (about 34 Nre'/m™) to about 16,000
scf/bbi (about 1781 Nm'/m’). Additionally or alternately, the conditions can include one
or more of a temperature from aboui 600°F {about 343°C) to about R15°F (about 435°C), a
hydrogen partial pressare from about 300 psig (abowut 3.5 MPag) to about 3000 psig (about
20.7 MPag), a liquid hourly space velocity from about 2 br'' to about 10 b, and a
hydrogen treat gas rate tfrom about 1200 sot/bbi (about 200 N/ ) to about 6000 scf/bbl
fabout 1020 Nm'/m),

[004%]  Further additionally or alternately, the conditions for dewaxing can be selectes
based on the conditions for a preceding reaction in the stage, such as hydrocracking
conditions or hydrotreating conditions, Soch conditions can be further modified using a
quench between previous catalyst bed(s) and the bed for the dewaxing catalyst. Tostead of
operating the dewaxing process at a temperature corresponding to the exit teraperature of

the prior catalyst bed, a quench can be used to reduce the temperature for the hydrocarbon
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siream at the beginning of the dewaxing catalysi bed. One opiion can be to use a quench
fo have a teraperature at the beginniag of the dewaxing catalyst bed that is about the samce
as the outlet temperature of the prior catalyst bed. Another option can be to use a quench
to have a teraperature at the beginniag of the dewaxing catalyst bed that is at least about
FOCF fabout 67 lower than the prior catalyst bed, for example at least about 20°F (abouat
FEOC) fower, at feast about 30°F (about 17°C) fower, or at least about 40°F (about 22°C3

lower.

Reaction Produgts

[0630]  In various embodiments, the hydrocracking conditions in a light feed
hydrocracking reaction system can be sufficient to attain a conversion level of at least

7
/

about 50%, for exarmple at least about 60%, at least abowt 70%, at least about 0%, or at
feast about 85%,. Additionally or alternately, the hydrocracking conditions in the reaction
system can be sufficient to attain & conversion level of not more than about 83%, for
example not more than about 8096, not move than about 75%, or not more than about 70%.
Further additionally or aiternately, the hydrocracking conditions in the high-
conversion/second hydrocracking stage can be sufficicnt to attain a conversion lfevel from

)

about 50% 1o gbout 5%, for example from about 53% 1o about 70%, from sbout 66% to
about 85%, or from about 60% (o about 75%. As used herein, the term “conversion
fevel,” with reference to a feedstream being hvdrocracked, means the relative amount of
change in botling point of the individual molecules in the feedstream from above 400°F
(204°C+) 10 400°F or below (204°C-). Conversion level can be measured by any
appropriate means and, for a feedstream whose roinimnum boiling point iy af feast 400, 1°F
{204.3°C), can represent the average proportion of material that has passed through the
hydrocracking process and has a boiling point less than or equal o 400.0°F {204.4°C),
compared to the total amount of hydrocracked matenial.

{B051]  In various embodiments, a light feed bydrocracker reaction system can be used
0 produce at ieast a converted product and an unconverted product. The converted
product can correspond to a product with a boiling point below about 400°F (about 204°C-
), while the unconverted product can correspond to a product with a boiling point above
about 400°F (about 204°C+). Note that the teraperature for the conversion level can differ

from the temperature for defining a converted product and an unconverted product.
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[8832] A converted product can be a majority of the product generated by the light
feed hydrocracker reaction systern. An example of a converted product can be a naphtha
boiling range product. o an embodiment, a converted product can have a botling range
from about 75°F (about 24°() to about 400°F (about 204°C). Additionally or alternately,
ar initial boiling point for & converted product can be at least about 75°F (about 24°C), for
example at least abowt 85°F (about 30°C) or at Jeast about 100°F ( about 38°C). Further
additionally or alierately, a final boiling point can be about 425°F (about 218°C) or less,
for example about 400°F (about 204°C) or less, about 375°F (about 191°C) or fess, or
about 350°F (about [77°C) or less, Additionally or alternately, it may be desivable to
create muitiple products from an unconverted fraction. For example, a light naphtha
product can have a final boiling point of about 325°F (about 163°C) or less, for example
about 300°F {about 149°C) or less or about 275°F (about 135°C) or less. Such a light
naphtha product could be complemented by a beavy naphtha product. A heavy naphtha
product can have a boiling range starting at the final boiling point for g light naphtha
product, and a final boiling point as described above.

[8633]  Another option for charscierizing a converted product, separately or in addition
1o an initial and/or final boiling point, can be to characterize one ot more intermediate
tomperatures in a boiling range. For example, a tomperature where about 10 wi% of the
converted product will botl can be referred to as a Ti0 boiling poiut. o sach an
erbodiment, the T10 boiling point for the converted product can be at least about 100°F
{about 38°C), for example at least about 115°F (about 46°C) or at least about 125°F (about
5200, Additionally or alternately, the T90 boiling point (where about 90 wt96 of the
converted product will botly can be about 375°F (about 191°C) or less, for example about
350°F {about 177°CY or less or about 325°F (about 163°C) or less. In some sityations,
intermediate boiling point values such as T10 and/or TOO vahies can be beneficial for
characterizing a hydrocarbon fraction, as intermediate boiling poiut values may be more
representative of the overall characteristics.

[6034]  The amount of converted product can vary depending on the reaction
conditions. i an embodiment, at least about 38 wi% of the total liquid product generated
by the tight feed hydrocracker reaction system can be a converted product, for example at
teast about 60 wi%, at least about 70 wi%, at least about 80 wi%, or at least about 83 wi%,

Additionally or alternately, about 95 wi% or less of the total Hquid product can be a
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converted product, for example about 88 wi% or fess, about 75 wit% or less, or about 65
wi%e of less,
1POS85]  An unconverted product from the light feed hydrocracker reaction system can
also be characterized in various ways. In an embediment, an unconverted product can be a
product with a boiling range from about 400°F (about 204°C) to about R79°F (about
466°C). Additionally or alternately, an initial boiling point for an unconverted product can
be at least about 350°F (about 177°C), for example at least about 375°F (about 191°0), at
least about 400°F {about 204°C), at least about 425°F (about 218°C)H, or at least about
430°F {about 232°C). Further additionally or alternately, a final boiling point can be about
830°F (about 443°C) or less, for example about &00°F {about 427°C) or less, about 775°F
{about 413°C) or less, or about 750°F (about 399°C) or less.
196356]  Another option for characterizing an ancounverted product, sepasately or in
addition to an nitial and/or final boiling point, can be 1o characterize one or more
intermediate temperatures in a boiling range. For example, a T10 boiling point for the
unconverted product can be at least about 325°F {about 163°C), for example at least about
SSO°F (abou& 77°C), at least about 378°F (about 191°C), at least about 400°F (about
204°C), at least about 425°F (about 218°C), or at least about 450°F (about 232°C)
Additia}naﬁy or altcrnately, the T90 boiling point for the unconverted product can be about
TOO°F (about 371°C) or less, for example about 675°F (about 357°C) or less, about 650°F
{about 343°C or fess, or about 625°F {about 329°C) or less.
[8657]  The amount of unconverted product can vary depending on the reaction
conditions. In an embodiment, at least about S wi% of the total liquid product generated
by the light feed hydrocracker reaction system can be an unconverted product, for example
at fcast about 10 wt%, at least about 20 wi%, ov at least about 30 wi%. Additionally or
alternately, about 50 w6 or less of the total Hguid product can be an unconverted product,
for example about 45 wi% or less, about 40 wit% or fess, about 35 wi% or less, about 30
wi%a or teas, about 25 Wit or less, or about 20 wi% or less.
10088] It is noted that the initial boiling point for the unconverted product can be
dependent on how the cut point is defined for the various products generated in the
fractionator. For example, if a fractionator is configured (0 generate a converted product
and an unconverted product, the initial boiling point for the unconverted product can be

related to the final boiling point for the naphtha product. Similarly, a T90 boiling point for
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a converted product may be related in some manger (o a T 10 boiling point for the
unconverted product from the same fractionator,

i0058]  Although the boiling ranges above are described with reference to a converted
product and an unconverted product, it is understeod that a plurality of different
{converted and/or anconverted) cuts could be generated by the fractionator while still
satisfying the above ranges. For example, a product slate from a fractionator could
include a light naphtha and a heavy naphtha as converted products, and the withdrawn
portion of the unconverted fraction can correspond to a diesel product. Still other
combinationa of products could also be generated,

[8868]  In av additiona! or alternate embodiment, the cloud poud for an unconveried
product withdrawn from the reaction system can be characterized. For example, a

e

withdrawn unconverted product can have a cloud point of about 18°F (about -7°C) or less,
for example about 12°F {abour -117C) or less, about 6°F {about -14°C) or less, or about
§°F (about -18°C) or fess. Additionally or alternately, the cloud point of & withdrawn
anconverted product can be dependent on the amount of unconverted product withdrawn
relative (o the amount of feed. For example, if the withdrawn amount of anconverted
product corresponds to from about 5 wit% to about 15 wt% of the feed, the cloud point of
the withdrawn unconverted product can be about 30°F (about 16°C) lower than the cloud
point of the feed. Additionally or alternately, if the withdrawn amount of unconverted
product corresponds 1o from about 10 wi% to about 25 wi% of the feed, the cloud point of
the withdrawn unconverted product can be about 20°F {about 11°C) lower than the cloud
point of the feed. Further addidonally or alternately, if the withdrawn amount of
anconverted product corresponds to from about 20 wiSs to about 35 wits of the feed, the
cload point of the withdrawn unconverted product can be about 10°F (about 6°C) lower

than the cloud point of the feed.

Other Embodunenis

[8861]  Additionally or alternately, the present invention can include one or more of
the following embodiments.
[6862] Embodiment |, A method for producing a naphtha product and an unconverted

product, comprising
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exposing a first feedstock to a first hydrocracking catalyst in a first reaction vessel
under first hydrocracking conditions to form a fust hydrocracked effluent including at
least a first liquid phase portion, at feast about 60 wi% of the first feedstock boiling above
about 400°F (about 204°C) and at least about 60 wi% of the first feedstock boiling below
about 650°F (about 343°C), the first hydrocracking catalyst comprising Ni, Mo, and W on
an acidic support, the ratio of Mo to W being from about ;1 to about 1:2;

fractionating the tirst iquid phase portion and at least a portion of & second liguid
phase portion to form a first naphtha fraction and a first uncooverted fraction, the first
naphtha fraction corresponding to at feast about 80 wi% of the first feedstock and having a
final botling point of sbout 400°F (about 204°C) or lesy;

withdrawing a portion of the tirst unconverted fraction as a firyt unconveried
product, a weight of the withdrawn first unconverted produgt corresponding to frora about
5 wi% 1o about 15 wit% of the first feedstock, the withdrawn fivst unconverted product
having an initial boiling point of at least about 400°F {about 204°C);

separating at least a portion of the remaining portion of the first unconveried
fraction as a second feadstock;

exposing the second feedstock to a second hydrocracking catalyst in 2 second
reactor vessel under second hydrocracking conditions to form a second hydrocracked
effluent including at feast the second liquid phase portion; and

separating the second hydrocracked cffiuent to produce the second liquid phase
portion;

wherein the temperature of the second hydrocracking conditions is at feast about
20°F {L1°C) less than the tomperature of the first hydrocracking conditions, and wherein
the temperaturs of the first hydrocracking conditions at start-of-run is less than about
TIGOF (37770
[0663]  Embodiment 2. & method for producing a naphtha product and an unconverted
product, comprising:

exposing a first feedstock to a first catalyst in a first reaction vessel under
hydrotreating conditions to form a first reacior effluent;

exposing at feast a portion of the first reactor efffuent o a fivst hydrocracking
catalyst tn a second reaction vessel under first hydrocracking conditions to form a first

hydrocracked efftuent:
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including at feast a first liquid phase portion, at least about 60 wi% of the first
feedstock boiling above about 400°F {(about 204°C) and at Teast about 68 wi% of the frst
feedstock boiling below about 650°F (about 343°C), and the first hydrocracking catalyst
comprising Ni, Mo, and W on an acidic support, the ratio of Mo to W being from about
2:1 to about 1:2;

fractionating the first Hquid phase portion and at least a portion of 2 second higuid
phase portion to form a first naphtha fraction and a first unconverted fraction, the first
naphtha fraction corresponding to at feast about 80 wi% of the first feedstock and having a
final boiling point of sbout 400°F (about 204°C) or less;

withdrawing a portion of the first unconverted fraction as a first unconverted
product, a weight of the withdrawn first unconverted product corresponding to from about
5 wi% to abowt 15 wite of the first feedstock, the withdrawn first unconverted product
having an initial boiling point of at feast about 400°F (about 204°C);

separating at least a portion of the remaining portion of the first unconverted
fraction as a second feadstock;

exposing the second feedstock 1o a second hydrocracking catalyst in a third
reaction vessel under second hydrocracking conditions to form g second hydrocracked
effluent including at least the second liguid phase portion; and

separating the second hydrocracked effiuent to produce the second liquid phase
portion;

wherein the temperature of the second hydrocracking conditions is at feast about
20°F (117°0) tess than the temperature of the first hydrocracking conditions, and wherein
the teraperature of the first hydrocracking conditions at start-otf-run s fess than about
THOCF (377°C).
[0664]  Embodiment 3. The method of embodiment 1, wherein the first reaction vessel
further contains a hydrotreating catalyst.
H665]  Ewmbodiment 4. The method of embodiment 2, wherein the first catalystis a
hydrotreating catalyst,
[8366] Embodiment 5. The method of embodiment 2, whergin the first catalystis a
bydrocracking catalyst,
{86667] Embodiment 6. The method of embodiment 4, wherein the first reaction vessel

also contains a hydrocracking catalvst,
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{0668] Embodiment 7. The method of any preceding embodiment, wherein the second
bydrocracked efftuent is separated into at least a second naphtha fraction and a second
unconverted fracton, and at feast a portion of the second unconverted fraction is used as
the second liquid phase portion,

18969}  Embodiment 8. The method of embodiment 7, wherein the second naphtha
fraction corresponds to from about 30 wi% to about 80 wi% of the second feedstock and
has a final boiling point of about 400°F (204°C)

[067¢] Embodiment 9. The method of any preceding embodiment, wherein at least
about 80 wit% of at feast one of the first feedstock and the second feedstock boils below
about 700°F (371°C).

18671}  Embodiment 10, The mcthod of any preceding embodiment, wherein a weight
of the first unconverted product corresponds 1o less than about 25 wits of the first
feedstock.

{6672]  Embodiment 1. The method of any preceding embodiment, wherein at least &
portion of the second Hquid phase portion is separated as a second unconverted product.
{6673]  Embodiment 12. The method of embodiment 11, wherein a weight of the
second unconverted product corresponds to from about 20 wt% to about 50 wi% of the
second feedstock,

{8674] Embodiment 13, The method of any preceding embodiment, wherein at least
one of the first unconverted product and the second unconverted product has 2 T10 boiling
point of at feast about 425°F (218°C).

{0675] Ewmbodiment 14, The method of any preceding embodiment, wherein the T90
boiling point of at least one of the first unconverted product and the second unconverted
product is about 700°F (371°0) or less.

[B076]  Ewmbodiment 15, The method of any preceding embodiment, wherein about 25
wio or fess of at least one of the first unconverted product and the second unconverted
product boils above about 606°F (316°C).

{8877] Embodiment 16. The method of any of embodiments 1 and 3-15, wherein the
first reaction vessel further contains & dewaxing catalyst,

[8878]  Embodiment 17, The method of any of embodiments 2-15, wherein the second

reaction vessel further contains a dewaxing catalyst,
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[6879] Embodiment 8. The method of any of embodiments 16-17, wherein the
dewaxing catalyst comprises ZSM-48, ZSM-23, zeolite Beta, or a combination thereof,
{6688] Embodiment 19, The method of any preceding embodiment, wherein the first
foedstock is comprised of a Hight cycle oil with a T10 boifing point of at least 300°F
{149°C) and a T90 boiling point less than or equal to 6507F {343°C).

[6881]  Embodiment 20. The method of any preceding embodiment, wherein the first

fecdstock cousists esaentially of a light cycle oil.

Examples of Reaction Svstem Configurations

[0882]  FIG. | shows an example of & two stage reaction systom 108 for producing a
covverted and unconverted product according to an erubodiment of the invention, fu FIG,
L, a first stage of a two stage hydrocracking systemn is represented by reactors 110 and 126,
A hydrocarbon feed 132 and a hydrogen-containing strearmn 114 are fed into resctor 118,
Hydrocarbon feed 112 and hydrogen-containing stream $14 are shown as being combined
prior to entering reactor 116, but these streams can be introduced into reactor $19
separately, together, or in any other convenient manner. Reactor 110 can contain one or
more bads of hydrotreating and/or hydrocracking catalyst. The feed 112 can be exposed to
the hydrotreating and/or hydrocracking catalyst under effective hydrotreating and/or
hydrocracking conditions. The entire efftuent 122 from reactor 118 can then be cascaded
into reactor 128, Optionally, an additional hydrogen-containing strearn 124 can be added
to reactor $28, such as by adding additional bydrogen-containing stream 124 to furst
reactor offluent 122, Reactor 126 can also include onc or more beds of hydrotreating
and/or hvdrocracking catalyst. Optionally, reactor §28 can also nclude one or more beds
of dewaxing catalyst 1238 downsiream from the hydrocracking catalyst in reactor 126.
Optionally, a quench stream 127 can be included prior to the optional dewaxing catalyst
bed{s) 128, such as a hydrogen-containing quench siream.

[8683]  The hydrocracked effhuent 132 from reactor 128 can be passed ingo separator
138 for separation into a gas phase portion 138 and a liquid phase portion 142, The gas
phase portion $138 can be used in any convenient manncr, such as by scrubbing the gas
phase portion to allow for recovery and recycle of some/all of the unreacted hydrogen in
gas phase portion 138, Liquid phase portion 142 can be sent to fractionator 148 for

fractionation into at least a converted portion and an unconverted portion. o the
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embodiment shown in FIG. 1, fractionator 148 produces a Hight naphtha portion {46 and a
heavy naphtba portion 147 as converted portions, Fractionator 148 also produces a
bottoms or unconverted portion 152, An unconverted product streamn 155 can be
withdrawn from unconverted portion 152, The unconverted product stream 155 canbe a
diesel product generated by the reaction systern. The remainder of unconverted portion
152 can be used as the wput tor reactor 188, which serves as the second stage in the
reaction systera. An optional hvdrogen-containing stream 154 can also be introduced into

-

reactor §58. The inpat into reactor 138 can be exposed to one or more beds of

hydrocracking and/or hydrotreating catalyst in veactor 188, The effluent 162 from reactor
1560 can be scparated in scparator 168 to form a gas phase portion 168 and a liguid phase
portivn $72. The gas phase portion 163 can be used in any convenient manner, such as by
scrubbing the gas phase portion to allow {or recovery and recyele of some/all ot the
hydrogen in gas phase portion 185, The Hiquid phase portion 172 can be fractionated in
fractionator 148, The liquid phase portion 172 can be introduced into fractionator 148 in
any convenient manner. For case of display in FIG. 1, liquid phase portion 172 is shown
ag enfering the fractionator separately from siream 142, Liquid phase portion 172 and
tiquid phase portion 142 can alternatively be combined prior to entering fractionator 148,
[0684]  FIG. 2 shows the integration of a reaction systerm such as the reaction system in
FIG. t with other refinery processes. In FIG, 2, the reaction systern 18 shown in FIG. 1
is represenied within the central box, In FIG. 2, the input foedstrearn 1o reaction system
166 corresponds to a distiliate cutput from a fluid catalytic cracking (FCC) unit 288, One
of the potential sutputs from an FCC unit 288 can be a distillate portion that has a boiling
range 1o the same vicinity as an atmospheric gas otl. However, a naphtha strear
generated by hydrocracking of an FCC distitlate output can lead to a naphtha with a
refatively fow octane rating. In order to achieve a higher octane rating, the naphtha ouiput
frovo reaction system 168 can be used as a feed (o a reforming reactor 289, The reforming
reactor 294 can generate o naphtha ouiput stream 292 with an feproved octane rating

relative to the octane rating of the naphtha strearn from the reaction systern 100

Processing Examples — Simulations

[0885] A scrics of simulations were performed 1o demonstrate the potential benefits of

processing with a catalyst according to the invention, The simulations represented a
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configuration similar to the configuration shown in FIG. 1. In the simulations, the first
reactor was modeled as containing a hydrotreatroent catalyst. The catalyst in the second
reactor was varied to demonstrate the benefit of catalysts according to the invention. The
third reactor was modeled as containing a hydrocracking catalyst suitable for use in
relatively sweet service, The reactors did not include any optional dewaxing catalyst. The
simulated feedstock represented a Hght cyele otl from a thud catalytic cracking wnit,
[0086]  In the simulations, threo types of caralysts were modeled in the second reactor,
{me catalyst corresponded to a hydrocracking catalyst with NiMo as supported metals. A
second catalyvst corresponded to a hydrocracking catalyst with NiW as supported metals,
A third cataiyvst corresponded to a hydrocracking catalyst with NiMoW as supported
metals, with about a 1:1 molar ratio of Mo to W. Measured desulfurization activities were
used to determine relative activity values for each type of metal on a supporied
hydrocracking catalyst. Based on the measured activities, the NiMo catalyst was assigned
a refative desulfurization activity of about (.62; the NiW catalyst was assigned a relative
desulfurization activity of about 0.75; and the NiMoW catalyst was assigned a relative
desulfurization activity of about 1.00. In the model, the hydrocracking activity was not
influcnced by the type of supported metal, so the supported motals changed only the
desulfurization activity. Because the temperature was held constant in the second reactor,
the amount of naphtha product, diesel product, and light ends make was also
approximaiely the same. The difference between the stimulations corresponds to the

difference in sulfur content.

Tabile 1

Fixed Bxy Temp Base Case Catalyst A Catalyst B
12 Catalyst NiMo NIW NiMoW
Bel HDS Activity 0.62 §.75 1.00
BRI WART °F G676 576 676
R WABT °F 700 00 TO0
R3 WABT °F 604 604 6504
Rl BEfflyent § content Wppm 132 132 132
R2 Eftfluent S content wppm 16.9 7.8 4.1
Lyiese) Sulfur content WP 212 {5.1 7.9
Diesel Yield val% 44.2 44.2 44.2
Naphtha Yield vol% 68,8 68.8 68.8
C1-C4 (as Yield Wit 6.6 6.6 6.6
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[BO87]  Table | shows details from a first series of simulations. In this first series, the
temperature in each reactor was held constant while the catalyst was varied. Since only
the catalyst in the second reactor was varied, the amount of desulfurization in the first
reactor was relatively constant in the first series of simulations.

[BO88]  As shown in Table 1, the catalyst according 10 the invention (Catalyst B)
resulied in a dicsel sulfur content of less than about 10 wppm. By contrast, the
comparative catalysts resulted in relatively higher sulfur contents above about 10 wppm,
whicl can be an ultra low sulfur diesel target. As a result, for the conditions selected in
Table 1, only the catalyst according (o the mvention would produce a diesel product that
can meet a desired ultra low sulfur diese] farget.

{00688]  Table 2 shows details from a second series of simulations. In this second
series, the temperature in the second reactor was varied to achieve approximalely constant
subfur content in the diesel product. Due to the lower relative activity of the other

catalysts, an increased temperature was used to compensate in those simulations,

Table 2

Fixed Product Sulfur Base Case Catalyst A Latalyst B
t2 Catalysit NiMo NiW NiMoW
Bel HDS Activity 5.62 0.73 1,06
81 WART °F 676 676 676
RZ WABT °F 732 718 00
R3 WABT °F 604 504 604
Ri Effluent S content WppIn 132 132 132
R2 Effhuent 8 coulem Wpp 33 3.7 4.1
Diecsel Sullir conlent wppo 7.8 7.9 7.9
Diesel Yield LV% 152 36.9 44.2
Naphtha Yield LV% 84.5 76.4 H8.8
{1-04 Gas Yield W% 5.4 7.3 5.6

[G0%98]  Asshown in Table 2, achieving the desived diesel sulfur content using the
catalysts A and Base Case results fu e substantial reduction in diesel yield, Farther, the
increased temperature required to meet the desired diesel sulfur content results in an
increased amount of light ends, as shown by the C;-Cy gas yield. This demonstrates the
fHlexibiluy of a catalyst according to the nvention. Depending on the desived ratio of
naphtha yield to diesel vield, the temperature in the second reactor can be adjusted 1o

produce the diesel vields while also meeting a desired sulfur specification.
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Process Example 2 ~ Feed Flexibility

[B691]  Table 2 also shows a more general property of the invention. In variogs
embodiments, the fermperatures i the first hydrocracking stage can be varied to modify
the unconverted product (such as diesel) vield from the reaction. Due in part {0 the
increased hydrodesulfiization ability of a catalyst according to the invention, several
types of hydrocracking operating regimes are available. For example, a first
hydrocracking operating regime can be used to process feeds at a higher start-of-run
temperature. The higher start-of-ran temperature can be useful for producing a higher
proportion of naphtha, A second run can then be performed with a lower start-of-run
temperature, in order to produce a higher proportion of an unconverted product.
Alternately, the first run can have the lower start-of-run temperature and the second run
can have the higher start-of-run teroperature,

[9692]  In an embodimeny, the start-of-run temperature of the first hydrocracking stage
can be varied to differ by at least about 10°C, for example at least about 15°C or at least
about 20°C, in consecutive runs. When the temperature of the first hydrocracking stage is
varied, the feedstock can be the same or different for the different processing conditions.
{BO93]  If a feedstock with a similar boiling point profile is used in the two rums, the
difference in start-of-run temperatures can be used to vary the proportion of naphtha and
unconverted product. For example, an increase in start-of-run temperature of at least

about 10°C can be used to ingrease the amount of naphtha product by at least about 10

wi%. Additionally or alternately, an increase in start-of-run teroperature of at least about
15°C can be used to increase the amount of naphtha product by at least about 15 wi%.

Further additionally or alternately, an increase in start-of-run temperaturs of at Jeast about

20°C can be used to increase the amount of naphtha product by at least about 20 wi%s,

Seif further additionally or alternately, if a feedstock with a different boiling point profile

is used in the two runs, the difference in start-ot-run temperatures can be used to maintain
a desired product slate.

{0894]  Considering things in a slightly different way, changing the start-of-run
temperature can, in some embodiments, modify the amount/yield of unconverted product
generated. For example, an iocrease in stast-of-run temperature of at least about 10°C can
be used to decrease the amount of unconverted product by at ieast about 10 wt%,.

Additionally or altcrately, an increase in start-of-run temperature of at feast about 15°C
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can be used to decrease the amount of anconverted product by at least about 15 wi%
Further additionally or aliomately, an increase n start-of-run teroperature of at least about
28°C can be used to decrease the amount of unconverted product by at least about 20 wi%.
Stili further additionally or alternately, it a feedstock with a ditferent boiling point profile
is used in the two rans, the difference in start-of-run temperatures can be used to maintain
a desired product slate,
[8695]  Considering things in another slightly different way, modifying the start-of-run
temperature between runs can aliow for modification of a product slate. For example, a
lower start-ot-run teroperature can be used to produce a naphtha product that corresponds
to at least about 70 wtYe of the feedstock, e.g., at least about 75 wi, at least about 40
wito, or at least about 85 wi%. Additionally or alternately, the lower start-of-run
termperature can be used to produce an unconverted product that corresponds to at Jeast
about 5 wi% of the feedstock, and that typically also corresponds 10 about 25 wi%e or less
of the feedstock, for example about 20 wi% or less, about 15 wt¥o or less, or about 10 wi%
or less. Alternately, a higher start-of-run temperature can be used to produce a naphtha
product that corresponds to at least about 40 wi% of the product, for example at least
about 30 wt%, at lcast about 55 wi¥%, or at least about 60 wit%. in such embodiments, the
naphtha product can additionally or alternately correspond to about 383 wit% or less of the
feedstock, for example about 75 w4% or Tess, about 70 wit% or less, about 65 wi% or less,
or about 60 wit¥ or less, Further additionally or aliemately, the higher start-of-run
temperature can be used to produce an unconverted product that corresponds to at feast
about 15 wt% of the feedstock, for example at feast about 20 wi%s, at least about 25 wi%,
or at least about 30 wi%. Further additionally or alternately, the uncouverted product can
correspond 1o about SO wi%% or fess of the feedstock, for example about 45 witts or {ess,
about 40 wi% or less, about 35 wi% or less, about 30 wt™ or less, or about 20 wi% or less.
9096]  Although the present invention has been described in terms of specific
cmbodiments, it 1s not so fuwited, Suitable alierations/moedifications for operation under
specific conditions should be apparent to those skilled in the art. It is therefore intended
that the following claims be interpreted as covering ali such alterations/modifications as

fall within the true spiritscope of the nvention.
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CLAIMS:

1. A method for producing a naphtha product and an unconverted product,

comprising:

exposing a first feedstock to a first hydrocracking catalyst in a first reaction vessel
under first hydrocracking conditions to form a first hydrocracked effluent including at
least a first liquid phase portion, at least about 60 wt% of the first feedstock boiling above
about 400°F (about 204°C) and at least about 60 wt% of the first feedstock boiling below
about 650°F (about 343°C), the first hydrocracking catalyst comprising Ni, Mo, and W on
an acidic support, the ratio of Mo to W being from about 2:1 to about 1:2, the first

reaction vessel further containing a dewaxing catalyst;

fractionating the first liquid phase portion and at least a portion of a second liquid
phase portion to form a first naphtha fraction and a first unconverted fraction, the first
naphtha fraction corresponding to at least about 80 wt% of the first feedstock and having
a final boiling point of about 400°F (about 204°C) or less;

withdrawing a portion of the first unconverted fraction as a first unconverted
product, a weight of the withdrawn first unconverted product corresponding to from about
5 wt% to about 15 wt% of the first feedstock, the withdrawn first unconverted product
having an initial boiling point of at least about 400°F (about 204°C);

separating at least a portion of the remaining portion of the first unconverted

fraction as a second feedstock:

exposing the second feedstock to a second hydrocracking catalyst in a second
reactor vessel under second hydrocracking conditions to form a second hydrocracked

effluent including at least the second liquid phase portion; and

separating the second hydrocracked effluent to produce the second liquid phase

portion;

wherein the temperature of the second hydrocracking conditions is at least about
20°F (11°C) less than the temperature of the first hydrocracking conditions, and wherein
the temperature of the first hydrocracking conditions at start-of-run is less than about
710°F (377°C).
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2. The method of claim 1, wherein the second hydrocracked effluent is separated
into at least a second naphtha fraction and a second unconverted fraction, and at least a

portion of the second unconverted fraction is used as the second liquid phase portion.

3. The method of claim 2, wherein the second naphtha fraction corresponds to from
about 50 wt% to about 80 wt% of the second feedstock and has a final boiling point of
about 400°F (204°C).

4, The method of claim 1, wherein at least about 80 wt% of at least one of the first
feedstock and the second feedstock boils below about 700°F (371°C).

5. The method of claim 1, wherein a weight of the first unconverted product

corresponds to less than about 25 wt% of the first feedstock.

6. The method of claim 1, wherein at least a portion of the second liquid phase

portion is separated as a second unconverted product.

7. The method of claim 6, wherein a weight of the second unconverted product

corresponds to from about 20 wt% to about 50 wt% of the second feedstock.

8. The method of claim 6, wherein at least one of the first unconverted product and

the second unconverted product has a T10 boiling point of at least about 425°F (218°C).

9. The method of claim 8, wherein the T90 boiling point of at least one of the first
unconverted product and the second unconverted product is about 700°F (371°C) or

less.

10. The method of claim 9, wherein about 25 wt% or less of at least one of the first
unconverted product and the second unconverted product boils above about 600°F
(316°C).

11. The method of claim 1, wherein the dewaxing catalyst comprises ZSM-48, ZSM-

23, zeolite Beta, or a combination thereof.

12. The method of claim 1, wherein the first feedstock is comprised of a light cycle oil
with a T10 boiling point of at least 300°F (149°C) and a T90 boiling point less than or
equal to 650°F (343°C).

13. The method of claim 12, wherein the first feedstock consists essentially of a light

cycle oil.
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14. The method of claim 1, wherein the first reaction vessel further contains a

hydrotreating catalyst.

15. A method for producing a naphtha product and an unconverted product,

comprising:

exposing a first feedstock to a first catalyst in a first reaction vessel under

hydrotreating conditions to form a first reactor effluent;

exposing at least a portion of the first reactor effluent to a first hydrocracking
catalyst in a second reaction vessel under first hydrocracking conditions to form a first

hydrocracked effluent;

including at least a first liquid phase portion, at least about 60 wt% of the first
feedstock boiling above about 400°F (about 204°C) and at least about 60 wt% of the first
feedstock boiling below about 650°F (about 343°C), and the first hydrocracking catalyst
comprising Ni, Mo, and W on an acidic support, the ratio of Mo to W being from about
2:1 to about 1:2;

fractionating the first liquid phase portion and at least a portion of a second liquid
phase portion to form a first naphtha fraction and a first unconverted fraction, the first
naphtha fraction corresponding to at least about 80 wt% of the first feedstock and having
a final boiling point of about 400°F (about 204°C) or less;

withdrawing a portion of the first unconverted fraction as a first unconverted
product, a weight of the withdrawn first unconverted product corresponding to from about
5 wt% to about 15 wt% of the first feedstock, the withdrawn first unconverted product
having an initial boiling point of at least about 400°F (about 204°C);

separating at least a portion of the remaining portion of the first unconverted

fraction as a second feedstock;

exposing the second feedstock to a second hydrocracking catalyst in a third
reaction vessel under second hydrocracking conditions to form a second hydrocracked

effluent including at least the second liquid phase portion; and

separating the second hydrocracked effluent to produce the second liquid phase

portion;

wherein the temperature of the second hydrocracking conditions is at least about

20°F (11°C) less than the temperature of the first hydrocracking conditions, and wherein
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the temperature of the first hydrocracking conditions at start-of-run is less than about
710°F (377°C).

16. The method of claim 1, wherein the first catalyst is a hydrotreating catalyst.

17. The method of claim 16, wherein the first reaction vessel also contains a

hydrocracking catalyst.

18. The method of claim 15, wherein the second hydrocracked effluent is separated
into at least a second naphtha fraction and a second unconverted fraction, and at least a

portion of the second unconverted fraction is used as the second liquid phase portion.

19. The method of claim 18, wherein the second naphtha fraction corresponds to
from about 50 wt% to about 80 wt% of the second feedstock and has a final boiling point
of about 400°F (204°C).

20. The method of claim 15, wherein at least about 80 wt% of at least one of the first
feedstock and the second feedstock boils below about 700°F (371°C).

21. The method of claim 15, wherein a weight of the first unconverted product

corresponds to less than about 25 wt% of the first feedstock.

22. The method of claim 15, wherein at least a portion of the second liquid phase

portion is separated as a second unconverted product.

23. The method of claim 22, wherein a weight of the second unconverted product
corresponds to from about 20 wt% to about 50 wt% of the second feedstock.

24, The method of claim 22, wherein at least one of the first unconverted product and
the second unconverted product has a T10 boiling point of at least about 425°F (218°C)
and a T90 boiling point of about 700°F (371°C) or less.

25. The method of claim 24, wherein about 25 wt% or less of at least one of the first
unconverted product and the second unconverted product boils above about 600°F
(316°C).

26. The method of claim 1, wherein the second reaction vessel further contains a
dewaxing catalyst comprising ZSM-48, ZSM-23, zeolite Beta, or a combination thereof.

27. The method of claim 15, wherein the first feedstock is comprised of a light cycle
oil with a T10 boiling point of at least 300°F (149°C) and a T90 boiling point less than or
equal to 650°F (343°C).
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28. The method of claim 27, wherein the first feedstock consists essentially of a light

cycle oil.



