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(57) Abstract: Fuels hydrocracking can be used to generate a variety of product slates. Varying the temperature can allow an amount
of naphtha product and an amount of unconverted product to be varied. The method can be enabled by a hydrocracking catalyst that
includes a combimation of metals with activity for hydrodesulturization.
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CATALYST AND METHOD FOR FUELS HYDROCRACKING

FIELD OF THE INVENTION
FUHEE Catalytic methods are described below for fuels hydrocracking to malke

muttiple fuel products.

BACKGROUNKND OF THE INVENTION

GO ] One method for increasing the feedstocks suitable for production of fuels can
be to use cracking to convert higher boitling petroleum feeds to lower boiling products.
For example, distitiate botling range feeds can be hydrocracked 1o generate additional
naphtha boiling range products. Historically, many fuels hydrocracker reaction systoms

were operated (o generate @ maximum amount of naphtha for motor gasoline.

SUMMARY OF THE INVENTION
003 In one embodiment herein 1s a method for producing a naphtha product and
an ynconveried product, comprising:

exposing a fivst feedstock 1o a first hydrocracking catalyst 1o a fivst reaction vessel
under first hydrocracking conditions to form a first hydrocracked effluent including at
least a first iquid phase portion, at least about 60 wi% of the first feedstock boiling above
about 400°T (about 204°C) and at least about 60 wi% of the first teedstock bothing below
about 650°F (about 343°C), the furst 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 gud phase portion and at least a portion of a second higwd
phase portion to form a first naphtha fraction and a first unconverted fraction, the first
naphtha fraction corresponding to at least about 80 wit% 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product, a weight of the withdrawn first unconverted product corresponding to from about
S wt¥ to about 15 wi% of the first feedstock, the withdrawn {irst unconverted product
having an mtal bodling point of at least abowut 400°F (about 204°C);

separating at least a portion of the remaming portion of the fivst unconverted

fraction gs a second feedstock:
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exposing the second feedstock to a second hydrocracking catalyst in a second
reactor vessel under second hydrocracking conditions to form a second hydrocracked
citituent including at least the second hiquid phase portion; and

separating the second hydrocracked effluent to produce the second lignnd phase
portion;

wherein the temperature of the second hydrocracking conditions 1s at least about
20°F (11°C) less than the temperature of the first hydrocracking conditions, and wherein
the ternperature of the first hydrocracking conditions at start-of-run 1s less than about
THGF (377°C).
G4 ] In another embodiment herein 18 a method for producing a naphtha product
and an unconverted product, comprising:

cxposing a first feedstock to a first catalyst 1 a first reaction vessel under
hydrotreating conditions 1o form 4 first reactor eftluent;

cxposing at feast 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 etftluent;

mcluding at feast g tirst hquid phase portion, at least about 60 wi% of the first
feedstock boiling above about 400°F {about 204°C) and at least about 60 wit% of the first
fecdstock botling below about 630°F (about 343°(C), and the first hydrocracking catalyst
comprising Ni, Mo, and W on an acidic support, the ratio of Mo 10 W being from about
2:1 10 about 1:2;

fractionating the first higuid phase portion and at feast a portion of a second hignd
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 botling point of about 400°F (about 204°C) or less;

withdrawing a portion of the first unconverted fraction as a {irst unconverted
product, a weight of the withdrawn first unconverted product corresponding to from about
S wt% to about 15 wi% of the first feedstock, the withdrawn first unconverted product
having an mitial botling point of at least about 400°F (about 204°C);

separating at least a portion of the remmamng portion of the {irst unconverted

fraction as a second feedstock:
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exposing the second feedstock to a second hydrocracking catalyst in a third
reaction vessel under second hydrocrackang conditions to form a second hvdrocracked
citituent including at least the second hiquid phase portion; and

separating the second hydrocracked effluent to produce the second lignnd phase
portion;

wherein the temperature of the second hydrocracking conditions 1s at least about
20°F (11°0C) less than the temperature of the first hydrocracking conditions, and wherein
the ternperature of the first hydrocracking conditions at start-of-run 1s less than about

710°F (377°C).

BRIEF DESCRIPTION OF THE FIGURES
LUHIRT FIG. 1 schematically shows an example of a reaction system suitable for

processing of a hvdrocarbon feed according to the mvention.
LHHEY FiG. 2 schematically shows an example of a reaction system suitable for
processing of a hydrocarbon feed according to the mvention,

DETAILED DESCRIPTION OF THE EMBODIMENTS

L 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 32 3 3 3 3 3 3 3 32 3 32 32 3 3 2 32 3 3 2 3 3 32 3 32 3 2 3 3 3 3 3 32 2 3 3 3 3 3 32 2 3 3 32 3 3 3 3 3 3 3 3 3 32 3 3 3 32 3 3 2 2 3 3 2 3 3 3 2 3 3 2 2 3 3 3 3 3 32 3 3 32 3 3 3 3 2 3 3 3 3 3 3 3 3 32 3 3 2 2 3 3 3 32 3 32 32 3 3 3 3 3 3 3 3 3 3 3}

Overview
O8] In various embodiments, methods are provided for performing fuels

hydrocrackang m a tlexible manner. The reaction can be enabled by a catalyst can be used
that allows for modification of the amount of conversion during reaction. This can allow
tor increased control over the amount of naphtha and diesel produced during the reaction.
OGS | Historically, many fuels hyvdrocracking units have been operated o provide a
maximun amount of naphtha. In such units, the goal was to ¢reate naphtha to mect
gasoline demand, such as 1 a country like the United States with a substantial moior
gasoline demand. In the future, however, additional marginal refining capacity for
creating naphtha may not be needed. 11 excess naphtha refining Capacity 18 avalable, i
may be beneticial to operate a fuels hyvdrocracking unit i a manner that produces
additional diesel fuel.

LHHBY COme of the difficulties i operating a fuels hydrocracking unit can be
achieving both a desived level of conversion (for creating naphtha) and a desired level of

sultur removal. Conversion of feed (for creafing naphtha) 18 fypically driven by cracking
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functionality in a catalyst. Cracking can assist with some removal of heteroatoms such as
sulfur, but typically a hydrocracking catalyst can also mclude additional metals with
activity for hydrodesulfurization 1n order 10 meet a desired goal for heteroatom removal
{e.¢., desuliurization). Additionally, m order to allow for a sufficient run length between
reactor turn-around events, the desired levels of cracking and heteroatom removal are
preferably achicved under reaction conditions that reduce or mitigate the deterioration of
the cracking/hvdrodesulfurization catalyst(s).

LR In various embodiments, methods are provided that can allow for production
ot a naphtha product and an unconverted product in varying amounts. The methods can be
facilitated by use of hydrocracking catalysts having both cracking and desulfurization
functionality. The desulturization functionality can be provided by using a catalyst with
supported metals, such as a combination of Group VIB and Group VI metals. One

cxample can be a catalyst including Ni as a Group VI metal and 2 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 1:3. Additionally or alternately, the molar ratio of W o Mo can
be about 3:1 or less, for example about 21 or less, about 1.5:1 or less, or about 111 or less.
Further additionally or alternately, the molar ratio of Mo to W can be at least about 1:3, for
cxample at least about 1:2, at least about 1:1.5, or at least about 1:1. Using a mixture of
Group VI metals can improve the desulfunzation activaty of a catalyst while having a
reduced or nunimal impact on the cracking activity of the catalyst, In some embodiments,
a catalyst with a muxture of Group VI metals can be operated over a wider range of
temperatares while stil providing suthicient desulturization to mect naphtha and/or dicsel
sultur specifications. This can allow for creation of a wider range of naphtha versus diesel
product ratios af tomperatures that produce a comymercially viable run length for the
catalyst.

{1110 E Oue conventional process tor gasoline production can be to convert a higher
boiling feed mto a naphtha-boiling range product. For example, a relatively low-grade
distillate teed, such as a light cycle o1l from a flmd catalvtic cracking unut, can be
hydrocracked to gasoline at relatively high conversion with some mternal recvele of
unconverted product. Instead of recyeling the entire unconverted product, a portion of the
unconverted product can be withdrawn as an unconverted product, such as a diesel

product. This withdrawn unconverted product can advantageously bave umproved



CA 02832247 2013-10-02
WO 2012/174181 PCT/US2012/042348

properties relative to the tfeed. For example, the sulfur content of the unconverted product
can be improved, such that the sulfur content renders the unconverted product suitable for
use as ultra low sulfur (e.2., 10 wppm or less) diescl.

G2 By operating a hght feed hydrocracker reaction system 10 have less than
100% conversion of feed to naphtha boiling range products, the reaction system can be
used to make a portion of this umproved unconverted product. Opcerating the hight teed
hydrocracker reaction system 0 produce an unconverted product in addition 1o a
converted product can provide Hiexibility for relineries {0 match products with changes in
demand. However, mereasing the amount of unconverted product often corresponds to
reducing the total reactivity of the system, such as by reducing the temperature and/or
mcreasing the space velocity, With conventional catalysts, decreasing the total reactivity
can lead to msuthcient desulfunzation of the feed. Thus, although additional unconverted
product can be created, the additional unconverted product can tend 1o have g sulfur
content greater than a desired amount for a diesel fuel.

{UHIR] In various embodiments, methods are provided for producing a converted
product and an unconverted product. The converted product and unconverted product ¢an
be defined relafive 1o a conversion teraperature. An at least partially distillate boiling
range feed can be exposed to hydrocracking conditions in a first hydrocracking stage. The
cffhuent from the first stage can then be passed through a separator 10 separate a gas phase
portion of the effluent from a hquid phase portion. The hiquid effluent can then be
fractionated to produce at least a converted fraction and an unconverted fraction. A
portion of the unconverted fraction can be withdrawn as an unconveried product. The
remaimning portion of the unconverted fraction can then be exposed to hydrocracking
condifions 1 a second hydrocracking stage. The ettluent from the second hydrocracking
stage can be separated {0 remove @ gas phase portion. The remaining hguid eftluent from
the second hydrocracking stage can be fed to the same (or a different) fractionator.
Optionally, the hquad effluent from the first stage and the second stage can be combined
prior to entering the fractionator. Optionally, a dewaxing catalyst can be inchuded within a
reactor to further improve the cold flow properties of the unconverted product.

014 The above provides the general process flow for a teed through the system.
By using a catalyst according 1o the mvention, additional flexibility in processing of feeds

can be achieved. For example, when processing a single teed and/or ditferent feeds, the
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temperature can be vared to produce varving amounts of unconverted product while still

meeting desired sulfur specifications.

Feedsiock

OS] A mineral hydrocarbon feedstock refers to a hyvdrocarbon feedstock derived
from the earth {e.g., crude o1, o1l shale, ¢t¢.) that has optionally been subjocted to one or

more separation and/or other refining processes. The mineral hydrocarbon feedstock can

be a petroleum feedstiock boiling in the diesel range or above. Examples of suntable
mineral feeds can melude atmosphenic gas oils, hight cycle odls, or other feeds with a
boiling range profile sinular to an atmospheric sas ol and/or a light cycie o1l Other
examples of suitable muneral feeds can include, but are not himited to, virgin distillates,
hydrotreated virgin distillates, kerosene, diesel boiling range feeds (such as hydrotreated
dicsel boiling range feeds), and the like, and combinations thercot.

LHEY The boiling range of a suitable feedstock can be characterized in various
manners. One option can be to characterize the amount of feedstock that boils above
about 330°F (177°C). At least about 60 wits, for example at least about R0 wit% or at least
about 98 wile, of a feedstock can boil above about 350°F (about 177°C). Addmonally or
alternately, at least about 60 wi%, tor cxample at least about 80 wi% or at least about 90
wit%s, of the feedstock can boil above about 400°F (about 204°C). Another option can be
to characterize the amount ot feed that boils below a temperature value, In addition to, or
as an altcrnative 1o, the bouing range features described above, at least about 60 wit%, for
cxample at least about 8 wi% or at least about 90 wt9%s, of a teedstock can boil below
about 650°F (about 343°C). Further additionally or alternately, at teast about 60 wi9%, for
cxample at least about 20 wt¥ or at least about 90 wi%, of a feedstock can boil below
about 700°F (about 371°C). Sull {further additionally or alternatively, a feedstock can
have a {inal boithng pomnt of about RZ5°F (about 441°C) or less, for example about 800°F
(about 427°C) or ess, about 750°F (about 399°C) or less, or about 700°F (about 371°C) or
tess. Temperature values can be based on ASTM D28¥7.

017 ] In a preferred embodiment, the feedstock 1s comprised of a hight cyele o1l
boihing range matenal {(also reterred 10 heremm as “hght eycle o117}, As defined berem, a
light cyele oil is a hydrocarbon boiling with a T10 boiling point of at least 300°F (149°C)

and a T90 boiling point fess than or equal to 630°F (343°C). The terms “T10 boiling
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point” and “T90 boithing pomnt” (and smmilar) are known terms i the industry. By the term
“T10 boithng pomnt™ 1t 18 meant that 10 wit% of the material will be in the vapor phase at
the detined temperature under standard conditions. Simuilarly, by the term “T90 boiling
point” it 1s meant that 90 wit'% of the material will be 1n the vapor phase at the defined
ternperature under standard conditions. Under a specihically preterred embodiment herein,
feedstock (in parficular either the first or second fecdstock as further described herem)
consists essentially of, or alternatively 1s, a light cycle ¢il boiling range maternal,

(BG8L] In some embodiments, a “sour” feed can be used. In such embodiments, the
nitrogen content can be at least about 30 wppm, tor example at least about 75 wpm or at
teast about 100 wppm. Even in such “sour” embodiments, the nitrogen conient ¢an
optionaily but preterably be about 2000 wppm or less, for example about 1300 wppm or
fess or about 1800 wppm or less. Additionally or alternately m such “sour” emnbodiments,
the sulfur content can be at feast about 100 wppm, for exampie atf least about 200 wppm or

rd
&,

at least about 500 wppm. Further additionally or aliernately, even m such “sour”
embodiments, the sulbur content can optionally but preferably be about 3.0 wit% or less,
tor example about 2.0 wit% or less or about 1.0 wi% or less.

29

O82Z] In some embodiments, a “sweet” feed having a velatively lower level of sultur
and/or nitrogen contanunants may be used as at least a portion of the feed entering a
reactor. A sweet feed can represent a hyvdrocarbon feedstock that has been hyvdrotreated
and/or that otherwise has a relatively fow sulfur and nitrogen content. For exaraple, the
mput How 1o 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 less, for example about 38 wppm or less, about 20 wppm or less, or about 10
wppm or fess. Additionally or alternately m such embodiments, the nitrogen content can
be about 50 wppm or less, tor example about 20 wppm or less or about 10 wppm or less.
(BGG3]  In the discussion below, a biocomponent feedstock refers to a hydrocarbon
feedstock denved from a biclogical raw material component, {rom biocomponent Sources
such as vegetable, antmal, fish, and/or algae, Note that, for the purposes of this document,
vegetabie fats/ois refer generally 10 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 nclude vegetable fats/oils, anual tats/ouls, fish oils, pyrolysis ods, and algae

tipids/otls, as well as components of such materials, and in some embodiments can
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specifically inciude one or more type of ipid compounds. Lipid compounds are typically
biological compounds that are msolubie i water, but soluble m nonpolar (or fat) solvents,
Non-finiting examplies of such solvents include alcohols, ethers, chloroform, alkyi
acetates, benzene, and combinations thereof.

HG04] Major classes of ipids inchude, bat are not necessarily limited to, fatty acids,
aiveerol-derived ipids (ncluding fats, oils and phospholipids), sphingosine-derived lipids
(including ceramides, cercbrosides, ganghosides, and sphingomyelings), sterouds and therr
derivatives, terpenes and their dertvatives, fat-soluble vitamins, certain aromatic
compounds, and long-chaim alcohols and waxes.

HO05]  In living organisms, hipids generally serve as the basis for cell membranes and
as a form of {uel storage. Lipids can also be tound conjugated with proteins or
carbohydrates, such as m the form of hpoproteins and hpopolysaccharides.

O006]  Examples of vegetable oils that can be used m accordance with this invention
include, but arc not lumited 1o rapesced {(canola) o1, soybean o, coconut oil, suntiower
oil, palm oil, palm kernel oil, peanut o1, hinseed oil, tall oil, corn o1, castor oil, jatropha
ail, joioba oil, ohive oil, tlaxseed o1, camehina ol satflower o1l babassu od, tallow o1,
and rice bran o1l

BO87] Vepgetable oils as referred 1o hercin can also include processed vegetable ot
material. Non-lumiting examples of processed vegetable ol material include fatty acids
and tatty acid alkvl esters. Alkyl esters typically inchude C-Cs alkyl esters. One or more
of methyl, ethyl, and propyl osters are preferred.

{B008] Examples of animal fats that can be used in accordance with the invention
include, but are not limited to, beef fat (tallow), hog {at (lard), turkey fat, fish fat/oil, and
chicken fat. The animal fats can be obtained from any suitable source mchuding
restaurants and meat production tacidities.

008 Animal fats as referred to herein also mnclude processed animal fat material.
Non-timting examples of processed animal fat material mmclode fatty acids and fatty acid
alkoyl esters. Alloyl esters typically inclade C-Cs alkyl esters. One or more of methyl,
cthvl, and propyvi esters are preferred.

G108 Algae oils or lipids are typically contained in algae in the form of membrane
components, storage products, and metabolites. Certain algal strams, particularly

microalgac such as diatoms and cyanobacternia, contain proportionally high levels of ipids.
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Algal sources for the algae oils can contain varying amounts, e.g., from 2 wi% 10 40 wt%
of lipuds, based on total weight of the biomass iself,

0011 Algal sources for algae oils mnclude, but are not united to, unicellular and
multiceliular algae. Examples of such algae include a rhodophyte, chiorophyte,
heterokontophvie, tnbophyvte, glaycophyte, chlorarachmophyte, cuglenoid, haptophyie,
cryptomonad, dinoflagelium, phytoplankton, and the like, and combmations thercof. In
one embodiment, algae can be of the classes Chlorophyecae and/or Hapiophyta, Specific
species can inciude, but are not limited to, Neochioris oleoabundans, Scenedesmus
dimorphus, Euglena gracilis, Phacodactvium tricornutum, Pleurochirysis carterae,
Prymnesium parvum, {etraselmis chui, and Chiamydomonas reinnardtii.

0121 Additionally or alternately, non-himiting cxampies of microaleae can inchude,
tor example, Achnanthes, Amphiprora, Amphora, Ankistrodesmus, Asteromonas,
Boekelovia, Borodinella, Botrvococcus, Bracteococcus, Chaetoceras, Carteria,
Chicmydomonas, Chiorococcum, Chiorogonium, Chiorella, Chvoomonas, Chrvsosphaera,
Cricosphaera, Crypthecodinium, Cryptomonas, Cyciotelia, Dunaliella, Ellipsoidon,
Emiliania, Fremosphaera, Ernodesmius, Euglena, Franceia, Fragilaria, Gloeothamnion,
Haematococcus, Halocafeteria, Hymenomonas, Isochrysis, Lepocinelis, Micractinium,
Mornoraphidium, Nannochloris, Nannochioropsis, Navicula, Neochioris, Nephrochioris,
Nephroselmis, Nitzschia, Ochiromonas, Oedogonium, Oocvsts, Ostreococcus, Paviova,
Parachiorella, Pascheria, Phaeodactylum, Phazus, Platymonas, Fleurochrysis,
Pleurococcus, Prototheca, Pseudochlorelia, Pvramimonas, Pyrobotrys, Scenedesmus,
Skeletonema, Spyrogyra, Stichococcus, Tetraseimis, Thalassiosira, Viridiella, and Volvox
species, inchuding freshwater and marime microalgal species of these or other genera.
O813]  Further additionally or altemately, the algac used according to the mvention
can be characterized as cyanobacteria. Non-limiting examples of cvanobacieria can
imclude, for example, Agmenellum, Anabaena, Anabaenopsis, Anacystis, Aphanizomenon,
Arthrospira, Astevocapsa, Borzia, Calothrix, Chamaesiphon, Chiorogioeopsis,
Chroococcidiopsis, Chroococcus, Crinalivm, Cyancbacterium, Cyanobium, Cyanocystis,
Cvanospira, Cyanothece, Cylindrospermopsis, Cylindrospermum, Daciylococcopsis,
Dermocarpelia, Fischervella, Fremyvelia, Geitleria, Geitlierinema, Gloeobacter,
Gloeocapsa, Gloeothece, Halospirulina, fvengariella, Leptolvughya, Limnothrix, Lyngbva,

Microcoleus, Microcystis, Myxosarcinag, Nodularia, Nostoc, Nostochopsis, (sciliatoria,
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Phormidium, FPlankiothrix, Pleurocapsa, Frochlorococcus, Prochioron, Prochiorothrix,
Pseudanabaena, Rivularia, Schizothrix, Scvionema, Spivuling, Stanievia, Starvia,
Stigonema, Svmploca, Synechococcus, Svnechocystis, Tolvpothrix, Trichodesmium,
Tychonema, and Xenococcus species, mchiding freshwater and marine cyanobacterial
species of these or other genera.

814]  The biocomponent feeds usable in the present mmvention can include any of
those which comprise primartly trigiyeerides and free fatty acids (FEAs). The tnighycerides
and FFAS typically contain aliphatic hydrocarbon chams in ther structure having from 8
to 36 carbons, preferably from 10 to 26 carbons, for example trom 14 t0 22 carbons.
Types of tnglveerides can be determimned according 1o ther fatty acid constituenis. The
fatty acid constituents can be readily determined using Gas Chromatography (GC)
analysis. This analysis wnvolves extracting the fat or o1, sapomibving (hydrolvzing) the fat
or oul, preparing an alkyl {e.g., methyl) ester of the saponified fat or oil, and deternuning
the type of (methyl) ester using GC analysis, In one embodiment, a majority (i.e., greater
than 50%) of the triglyceride present in the hipid material can be comprised of Cip to Cog,
tor example Ui to Chg, fatty acid constituents, based on total triglyceride present in the
iipid material. Further, a triglyceride 18 a molecule having a structure substantially
wlentical to the reaction product of glveerol and three fatty acuds. Thus, although a
triglyceride 1s described heremn as being comprised of fatty acids, 1t should be undersiood
that the fatty acid component does not necessarily contain a carboxyiic acid hydrogen,
Other types of teed that are derived from biological raw material conmponents ¢can include

tatty acid esters, such as fatty acid alkyl esters {e.g., FAME and/or FAEE).

HGIS]  Biocomponent based diesel bothing range feedstreams typically have relatively
fow nitrogen and sulfur contents. For examplie, a biocomponent based feedstrean can
contain a nitrogen content up to about 300 wppm, for example up 0 about 300 wppm or
up to about 100 wppm, and/or a sulfur content up 1o about SO0 wppm, for example up o
about 300 wppm or up to about 100 wppm. Instead of mitrogen and/or sultur, the primary
heteroatom component i biocomponent teeds 18 typically oxysen., Biocomponent diesel
botling range fecdstreams, e.g., can include an oxygen content up to about 10 wt%, for
cxample up to about 12 wi% or up to about 14 wi%. Suitable iocomponent diesel boiling

range feedstreams, prior to hyvdrotreatment, can include an oxyeen content of at least about
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I wi%, for example at fcast about 2 wit%, at least about 3 wt%, at least about 5 wi%, or at
feast about & wt%.
816]  In an crobodument, the feedstock can mchude up to about 1009% of a feed
having a biocomponent origin, which can mclude or be a hydrotreated vegetable o1l feed, a
hydrotreated fatty acid alkyl ester teed, or another type of hydrotreated biocomponent
feod. A hvdrofreated biocomponent feed can be a biocomponent feed that has been
previousiy hydroprocessed, e.g., to reduce the oxygen content of the feed to about SO0
wppm or less, for example to about 200 wppm or less or to about 100 wppm or less.
Correspondingly, a biocomponent {eed can be hydrotreated, e.g., to reduce the oxygen
content of the feed, prior to other optional bvdroprocessing, to about 500 wppm or less, {or
example to about 200 wppm or less or to about 180 wppm or less. Additionally or
alternately, a biocomponent feed can be blended with a muneral feed, so that the blended
feed can be tadored t0 have an oxygen content of about 300 wppm or less, for example
about 200 wppm or less or about 100 wppm or less, optionally i addition to feed targets
tor nitrogen and/or sulfor content, as noted below. In embodiments where at least a
portion of the feed 1s of a biocomponent ongim, that portion can be at least about 2 wi%,
for exampie at least about 5 wt%, at least about 1} wit%, at least about 20 wt%, at least
about 25 wtY%, at icast about 35 wi%, at least about SO wit%, at least about 60 wits, or at
least about 75 wit%., Additionally or alternately, where at least g portion of the feed s of a
biocomponent origin, the biocormponent portion can be about 75 wi% or less, for example
apout 680 wi% or less, about 50 wt% or less, about 35 wit% or less, about 25 wi% or less,
about 20 wit% or less, about 10 wi% or less, or about 5§ wt% or less.
R8T In embodiments where the feed 1s a mixture of a mneral {feed and a
biocomponent feed, the mixed feed can exhubit a sulfur content of about 5000 wppm or
¢css, for exampie about 2500 wppm or less, about 1000 wppm or less, about SOO wppm or
tess, about 200 wppm or less, about 100 wppm or less, about 50 wppm or less, about 30
wppm or less, about 20 wppm or less, about 15 wppm or less, or about 10 wppm or fess.
In certain optional embodiments, the nuxed feed can exhibit a sulfur content of at lcast
about 100 wppm, for example at least about 200 wppm or at least about 500 wppm.
Additionally or alternately, i embodiments where the {eed 1s a maxture of a muneral feed
and a biocomponent feed, the mixed fecd can exhibit a nitrogen content of about 20060

wppm or less, for example about 1500 wppm or less, about 1000 wppm or less, about 530
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wppm or fess, about 200 wppm or less, about 100 wppm or less, about 50 wppm or less,
about 30 wppm or less, about 20 wppm or less, about 15 wppm or {ess, or about 10 wppm
o1 less.

(BG1I8]  In some embodiments, a dewaxing catalyst can be used that includes the sulfide
form of a metal, such as a dewaxing catalyst that mchudes nickel and tungsten. In such
embodiments, 1t can be benchicial for the feed 10 have at least a mmmmum sulbur content.
The munimum sulfur content can be suifficiont to mamtain the suifided metals ot the
dewaxing catalyst in a sulfided state. In such embodiments, for example, the feedstock
encountered by the dewaxing catalyst (which can be partially processed) can have a sulfur
content ot at least about 100 wppm, for exampie at least about 150 wppm or at {east about
200 wppm. Additionally or alternately m such embodiments, the feedstock can have a
sulfur content of about SO0 wppm or iess, or about 400 wpprm or less, or about 300 wppm
or less. In combination with, or regardless of, the sulfur content of the feedstock,
additional sulfur can be provided to maintain the metals of a dewaxing catalyst 1n a suifide
state, .2, by mtroducing gas phase sultur such as H; S, One potential source of H, S gas
can be {from hydrotreatment of the muneral portion of a feed. I a mineral {eed portion 15
hydrotreated prior to combination with a biocomponent {ced, a portion of the gas phase
ctiluent from the hydrotreatment process or stage can be cascaded along with hvdrotreated
hguid effluent to provide the gas phase sulfur contribution.

0819 The contents of components such as sulfur, mitrogen, oxygen, and olctins (Gnser
alia) mn a teedstock created by blending two or more feedstocks can typically be
determined using a weighted average based on the blended feeds. For example, a mineral
feed and a brocomponent feed can be blended mn a ratio of about 80 wi% mineral feed and
about 20 wit% bioccomponent feed. In such a scenanio, 1f the mineral feed has a sulfur
content of about 1000 wppm, and the biocomponent feed has a sultur content of about 16
wppm, the resulting blended feed could be expected 10 have a sulfur content of about RG22
Wppm.

{B028F In an embodiment, a distiliate boiling range feedstream suitable forusc as a
hydrocracker feed 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 13°F (about -7°C). Additionally or
alternately, the distiliate boihing range teedstream can have a cloud pomt of about 42°F

(about 67C) or less, preferably about 367K {(about -1°C) or less, for example about 24°F
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(about ~-4°C) or less, or about 15°F {about -9°C) or less. Further additionally or
alternately, the cetane nurnber for the teed can be about 35 or less, for exampie about 30 or
fess. Still further additionally or aliernately, the cetane number for the teed canbe a

cetane number typically observed {or a feed such as a light cyele oil.

---------------------------------------------------

0211 In various cmbodiments, a reactor configuration can be used that 15 suitable for
performing light feed hydrocracking to gencrale 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.

(U222 A reaction system suitable for performing the mventive 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 mclude two or
maore reactors, with the total effiuent passed nto cach reactor i a stage. Inan
cmbodiment with two or more reactors i the first stage, a first reactor in the first stage can

mchude one or more catalyst beds that contamn hydrotreating catalyst, This can allow for

§ [

-

heteroatom removal (hyvdrodesulfunization, hyvdrodemtrogenation, and/or
hydrodeoxygenation) involving a feedstock. A second reactor mn the first stage can
contain one or more catalyst beds of hyvdrocracking catalyst. Having two or more reactors
can allow for additional flexibility i selecting reaction conditions between the reactors.
Varigus aliernative contigurations ¢an be used for the first stage. For example, the first
stage can include beds of both hydrotreating and hvdrocracking catalyst in a single reactor.
Another option can be 10 have multiple reactors, wiath at least one reactor that contains
both hydrotreating and hydrocrackang catalyst,

{06231 Optionally, in addition to the hvdrocracking and optional hydrotreating
catalyst, at lcast one bed of catalyst in the first stage can include a catalyst capable of
dewaxing., Optionally but preferably, the dewaxing catalyst can be placed m a bed that 15
downstream from at least a portion of the hyvdrocracking catalyst in the stage, such as by
placing the dewaxing catalyst in a final catalyst bed in the stage. Other options for the
tocation of dewaxing catalyst can be: 10 place the dewaxing catalyst after all of the
hydrocracking catalyst; 1o place the dewaxing catalyst afier at least one bed of

hydrocracking catalyst; or to place the dewaxing catalyst betore the first bed of the
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hydrocracking catalyst. Placing the dewaxing catalyst 1n the final bed of the stage can
atiow the dewaxaing to occur on the products of the hydrocracking reaction, which
advantaseousty can allow tor dewaxing of any parattinic 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 addwtional control of
reaction condifions during catalytic dewaxing, such as allowing for some separate
temperature controf of the dewaxing and hvdrocracking processes. Locating the dewaxing
catalyst in the fivst stage can allow the dewaxing to be performed on the total
feodstock/effluent 1 the stage,

(0624]  One option for achieving additional control of the dewaxing reaction
conditions can be to include a8 quench between the hydrocracking catalyst bed(s) and the
dewaxing catalyvst bed(s). Because hydroprocessing reactions are typically exothermug,
using 4 quench stream between beds of hyvdroprocessing catalyst can provide some
tomperature control to allow tor selection of dewaxing condifions. For examplie, an
optional eas quench, such as a hydrogen gas quench and/or an mmert gas guench, can be
mcluded between the hydrocracking beds and the dewaxing bed. It hydrogen s
mtroduced as part of the quench, the quench hydrogen can also modify the amount of
avatiable hydrogen for the dewaxing reactions.

OU25] A separation device can be used after the first stage (0 remove gas phase
confamunants in the fivst stage cttluent gencrated durmg exposure of the feedstock 1o the
hydrocracking, dewaxing, and/or hydrotreating catalysts. The separation device ¢an
produce a gas phase output and a hiquid phase output. The gas phase cutput can be treated
i 4 typical manner for a contarmnant gas phase output, such as scrubbing the gas phase
output to allow for recyching of any hvdrogen content.

{0026]  The liguid phase output from the separator can then be fractionated to form at
least a converted fraction and an unconverted {raction. For example, the fractionator can
be used to produce at least a naphtha fraction and a diesel fraction. Additional fractions
can aiso 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 1o the gasoline pool, or one or more of the naphtha fractions ¢can

undergo further processing, for example to improve the octane rating, betfore being sent 10
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the gasolime pool. This could mclude using a naphtha fraction as a feed to a reforming
unit.

0271 At least a portion of the unconverted fraction can be withdrawn as 4 product
stream. The remainder of the unconverted fraction, if any, can be used as an mput {or a
second hydrocracking stage. Relative 1o the first stage, the second hydrocrackang stage
can have a lower fevel of sultur and nirogen contanunants. The hvdrocrackang conditions
in the second stage can be selected to achicve a total desired level of conversion.
Cptionally, a dewaxing catalyst can be included 1n the second stage in addition to and/or
mn place of the dewaxing catalyst in the first stage.

U28]  Optionally, the second stage effhuent can be passed mto a gas-hiquid separation
device that may be the same as or different from the first stage separator. The gas phase
portion from the separation device can be recycled to recapture hydrogen, or can be used
i any convenient manner. The iguid phase portion can be fed 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 higud
ctilucnt streams can enter the fractionator at separate locations. Alternately, separate
fractionators can be used 1o process some or all of the first stage effluent and the second
stage citlucnt.

B6G29F  In an optional embodiment, a preliminary stage can be mcluded prior to the
fivst stage. In this type of embodiment, a prefumnary stage reactor {or reactors) can be
used to perform hydrotreatraent of a feedstock., The prelummary stage reactor(s) can
optionally include hydrocracking catalyst as welll A gas-hiquid separation device can be
used after the prehimunary stage reactor(s) 1o separate gas phase products (which can be the
same 48 or different than either or both of the first and second stage separator(s)). The
tiquid cttiuent from the preliminary stage reactor{s) can then pass 1o the one or more
first stage reactors, e.2., that include hvdrocracking catalyst. As described above, the one
or more first stage reactors can also optionally mnclude some hydrotreating catalyst. An
embodiment mnvolving a preliminary stage can be useiud, for example, it the feedstock
includes a brocomponent portion that could benefit from pretreatment. In such a situation,
the prelimnary stage reactor(s) can be operated o perform a nuld hydrotreatiment that s
sufficient for af feast partial hydrodecoxvgenation of the feed, as well as some optional

hydrodesulfurization and/or hydrodenitrogenation, as necessary. The hydrodeoxygenation
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reaction can produce U0 and CO, as contaminant by-products. In addition to being
potential catalyst powsons, any CO generated may be difficult 1o handie i1t 18 passed into
the general refinery hvdrogen recyeie system. Using a preliminary hydrotreatiment stage
can allow CO and CO; to be removed 1n the prelininary stage separation device. The gas
phase effluent from the prelimunary stage separation device can then recerve different
handhing from a typical gas phase effluent. For example, it may be cost etfective 10 use
the gas phase effiuent from a preliminary stage separator as fucl gas, as opposed 10

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

Catalvst and Reaction Conditions

(BG38]  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 m terms of conversion of molecules that boil above a temperature threshold to
molecules below that threshold., For example, in g light feed hydrocracker, the conversion
temperature can be about 350°F {(about 177°C), infer alia, {(alternately, e.g., about 375°F
(about 19170}, about 400°F (about 204°C), or about 423°F (about 218°C)}). Optionaily,
the conversion temperature can be mdicative of a desired cut point for a converted fraction
product generated by the light feed hvdrocracker reaction system. Alternately, the
conversion temperature can be a convement temperature for characterizing the products,
with cut pomits sclected at other tomperatures.

30311 The amount of conversion of a feedstock can be characterized at several
locations within a reaction system. One potential characterization tor the conversion of
feedstock can be the amount of conversion i the first reaction stage. As described above,
this conversion temperature can be any convenient teraperature, such as about 350°F
(about 177°C), about 375°F (about 191°C), about 400°K {about 204°C), or about 425°F
(about 213°C). In an embodiment, the amount of conversion n the first stage can be at
teast about 40%, for example at least about 50%. Additionally or alicrnafely, the amount
of conversion in the first stage can be about 75% or less, tor example about 65% or 1ess or
about 609% or less. Another way {0 characterize the amount of conversion ¢an be {0
charactenize the amount of conversion in the total hguid products generated by the reaction
system, This can inchude any naphtha, diesel, or other product streams that exit the

reaction system. This conversion amount mcludes conversion that occurs 1 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 atf 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 85% or less, about 75% or
tess, or about 70% or less.

8321 Hydrocracking catalysts typically contamn sulfided base metals on acidic
supports, such as amorphous silica-alumina, cracking zeolites such as USY, and/or
acidified alumina. Often these acidic supports are nuxed or bound with other metal oxides
such as aluming, titama, and/or sithica. The acidic support can be the primary source of
cracking activity tor a catalyst., Typically, as the temperature increases, the amount of
cracking can mcrease {or g given acidic support. Support materials which may be used can
comprise a refractory oxide matenal such as alumuna, sihica, alumina-silica, kicselguhbr,
digfomaceous carth, magnesia, zircoria, or combinations thereot, with alumina, silica,
alumina-sifica being the most common (and preferred, n one embodiment).

(BG33] In various embodiments, the sulfided base metals can include nickel and a
combination of molybdenum and tungsten. The meoelar ratio of Group VIHI to Group VIB
metals can be from about 91 {0 about 1.9, for example from about 3:1 10 about 1.3 or
irom about 2:1 to about 1.2, As noted above, the molar ratio of molybdenum o tungsten
can have a value from about 3:1 to about 1:3. The combination of nickel, molybdenum, and
tungsten can provide a substantial portion of the desulfunzation activity of the catalyst, This
desulfunzation activity can mcrease as the molar ratio of molybdenum 1o tungsien
approaches 1:1.

{3034F In various embodiments, hydrocracking conditions m the first stage and the
second stage can be selected (together or mdependently) to achicve a desived fevel of
conversion in the reaction system. A hydrocracking process i the first stage (or otherwise
under sour conditions) can be carried out using one or more of the following conditions: a
temperature from about 5507F (about 288°C) to about 730°F (about 3Y9°C), a hydrogen
partial pressure from about 250 psig (about 1.7 MPag) 10 about 5600 psig (about 34.5
MPag), a liguid hourly space velocity from about 0.05 hr”’ to about 10 hr™', and a hydrogen
treat gas rate from about 200 scf/bbl (about 34 Nm'/m™ ) to about 10,000 scf/bbl (abowut
(781 Nm /mo)., 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



CA 02832247 2013-10-02
WO 2012/174181 PCT/US2012/042348

- 18 -

partial pressure from about 500 psig (about 3.5 MPag) {0 about 3000 psig (about 2.7
MPag), a liguid hourly space velocity from about 0.2 hr'' to about 2 b, and a hydrogen
treat gas rate from about 1200 scf/bbl (about 200 Nm /m’) to about 6000 scf/bbl (about
1020 Nm/m). In a preferred embodiment, first hydrocracking conditions at start-of-run
have a temperature of less than about 710°F (377°C).

U351 A hvdrocracking process 1n a second stage (or otherwise under non-sour, ot
sweet, conditions) can be performed under condifions similar to those used for a first stage
hydrocracking process, or the conditions can be different. In an embodiment, the
conditions mn a {non-sour or sweet) second stage can have less severe conditions than a
hydrocracking process n a first (sour) stage. In such an embodiment, the second stage
hydrocracking process conditions can mclude a temperature about 20°F (11°0), or even
about 40°F (22°C), less than the temperature tor a hydrocrackang process m the first stage,
for example about SO°F (about 44°C) less or about 120°F (about 67°C) less, and/or a
pressure about 100 psig (690 kPag) less than the pressure for a hydrocracking process in
the first stage, {or example about 200 psig (about 1.4 MPag) less or about 300 psig (about
2.1 MPag) less. Additionally or alternately, suatable hydrocracking conditions for a second
(non-sour, or sweet) stage can imclude, but are not limited to, conditions sumiiar {0 a first
(sour) stage, which can mciude one or more of the folowmg conditions: a temperature
from about 350°F (about 238°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), 4
fiquid hourly space velocity from about 0.05 hr”' to about 10 ™', and a hydrogen treat gas
rate from about 200 scf/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
temperature from about 600°F (about 343°C) to about R15°F {(about 435°C), g hydrogen
partial pressure from about 500 psig (about 3.5 MPag} 1o about 3008 psig (about 2.7
MPag), a liguid hourly space velocity from about 0.2 he' to about 2 hr'', and a hydrogen
treat gas rate from about 1200 scf/bbl (about 200 Nm'/ma”) to about 6000 scf/bbl (about
1020 Nm /m),

{BG36]  In various embodiments, the hydrocracking catalyst for the second stage can be
the same or different from the catalyst i the first stage. Hydrocracking catalysts typically
contain sulfided base metals on acudic supports, such as amorphous silica-alumina,

cracking zeolites such as USY, and/or acidified alununa. Often these acidic supports are
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mixed or bound with other metal oxides such as alumina, titama, and/or silica. Non-
hinuting examples of metals for hydrocrackang catalysts inchude nickel, nickel-cobalt-
moivbdenum, cobalt-molybdenum, nickel-tungsten, mickel-molybdenum, and/or nickel-
molvbdenum-tungsten. Additionally or alternately, hydrocracking catalysts with noble
metals can also be used. Non-hnuting examples of noble metal catalysts mnclude those based
on platinum and/or palladum. Support materials which may be used can comprise a
refractory oxide material such as alumina, silica, alununa-silica, kieselgubr, diatomaceous
carth, magnesia, zircona, or combmations thercot, with ahumina, silica, ahumima-silica bemng
the most conunon (and preterred, 1 one ermbodiment).

(G371 In vanous embodiments, a feed can also be hydrotreated in the first stage
and/or 1n a preliminary stage prior to further processing. A suitable catalyst for
hydrotreatment can comprise, consist essentially of, or be a catalyst composed of one or
support. Suitable metal oxide supports can include relatively low acidic oxides such as
sitica, alumina, silica-aluminas, titania, or a combination thereot. The supported Group
VHI and/or Group VIB metal(s) can mclude, but are not himated to, Co, Ny, Fe, Mo, W, Pt,
Pd, Rh, Ir, and combinations thereof., Individual hyvdrogenation metal embodiments can
mclude, but are not imated to, Pt only, Pd only, or Ni only, while mixed hydrogenation
metal embodiments can mcltade, but are not limited o, Pt and Pd, Pt and Rh, Nt and W, Ni
and Mo, Ntand Mo and W, Co and Mo, Co and Nt and Mo, Co and N1 and W, or another
combination. When only one hydrogenation metal 18 present, the amount of that
hydrogenation metal can be at least about (.1 wt% based on the total weight of the
catalyst, for exaraple at {east about 8.5 wit% or at {east about 0.6 wt%. Additionally or
alternately when only one hydrogenation metal 1s present, the amount of that
hydrogenation metal can be about 5.0 wi% or less based on the total weight of the catalyst,
for example about 3.5 wi% or less, about 2.5 wi% or less, about 1.5 wi9% or less, about 1.0
wi%e or fess, about 0.9 wi% or less, about .75 wt% or less, or about §.6 wit% or less.
Further additionally or alicmately when more than one hydrogenation metal 1s prosent, the
collective amount of hydrogenation metals can be at least about .1 wit9% based on the total
weight of the catalyst, for example at least about .25 wi%, at least about 0.5 wi%, at least
about 0.6 wi%, at least about (.75 wi%, or at least about | wi%. Stili further additionally

or alternately when more than one hydrogenation metal 1s present, the collective amount
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of hydrogenation metals can be about 35 wit% or less based on the total weight of the
catalvst, for exampie about 30 wit% or less, about 25 wit% or less, about 20 wi% or iess,
apbout 15 wit% or less, about 10 wt% or less, or about 5 witt or less. {n embodiments
wherein the supported metal comprises a noble metal, the amount of noble metalk(s) is
typically less than about 2 wit%, for example less than abouat 1 wit%, about 6.9 wit%6 or less,
about 0.75 wi % or iess, or about (.6 wt % or less. The amounts of metal(s) may be
measured by methods specified by ASTM for mdividual metals, mncluding but not lunited
to atomue absorption spectroscopy (AAS), mdactively coupled plasma-atomic enmussion
spectrometry (ICP-AAS), or the hike,

{0G38] Hydrotreating conditions can typically include one or more of the following
conditions: a temperature from about 550°F {about 288°C) to about 330°F (about 443°(},
a hydrogen partial pressure from about 250 psig (about 1.7 MPag) to about SG00 psig
(about 34.5 MPag), a liquid hourly space velocity from about 0.05 hr'' 1o about 10 hr'”,
and a hydrogen treat gas rate from about 200 scf/bbl (about 34 Nm /) to about 10,000
scf/bbl (about 1781 Nm/m' ). Additionally 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 SO0 psig {(about 3.5 MPag) to about 3000 psig (about
20.7 MPag), a Hquid hourly space velocity from about 0.2 hr'' to about 2 i, and a
hydrogen treat gas rate from about 1200 scf/bbl (about 200 Nm /ot ) to about 6000 scf/bbl
(about 1020 Nm /m). The different ranges of teraperatures can be used based on the type
of teed and the deswred hydrotreatment resull. For example, the temperature range of
about 550°F (about 288°C) to about 650°F {about 3437} could be suitable for a2 muld
hydrotreatment process for deoxygenation of a feed contarung a biocomponent portion.
U39 In still another ermabodiment, the same conditions can be used for hydrotreating
and hydrocracking beds or stages, such as using hyvdrotreating conditions for both or using
bydrocracking conditions for both, Additionally or alternately, the pressure for the
hydrotreating and hyvdrocracking beds or stages ¢an be the same.

{00408] In some alternative or optional embodiments, a dewaxing catalyst can also be
included in the first stage, the second stage, and/or other stages in the hght feed
hydrocracker. Tyvpically, the dewaxing catalyst can be located 1n a bed downstream from
any hydrocracking catalyst present 1 a stage. This can allow the dewaxing to occur on

modecules that have already been hydrotreated to remove a significant fraction of organic
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sulfur- and nitrogen- containing species. Optionally, the dewaxing catalyst can be located

in the same reactor as af feast a portion of the hydrocracking catalyst 1 a stage.

Alternately, the entire cffluent from a reactor containing hydrocracking catalyst can be fed

into a separate reactor containing the dewaxing catalyst. Exposing the dewaxing catalyst
to the entire etftuent from prior hvdrocracking can expose the catalyst to a hydrocarbon
stream that mchides both a converted fraction and an unconveried fraction. In some
cmbodiments, exposing the dewaxing catalyst 1o this type of hvdrocarbon stream can
provide unexpected benefits. For example, using the entire hydrocarbon stream mstead of
just the unconverted fraction can decrease the tfemperature required to achieve a desired
drop in cloud point for the unconverted fraction of the hydrocarbon stream. This decrease
i temperature can be accompanied by an increase in space velocity for the feed over the
dewaxing catalyst, such as an mcrease i space velocity sutficient 8o that at least as muuch
ynconverted fraction 1s dewaxed, as compared 1o 4 configuration where only the
anconverted fraction s dewaxed.

{0048]  Suitable dewaxing catalysis can include, but are not limited to, molecular
sieves such as crystalime aluminosilicates (zeohites). In an embodiment, the molecular

SICVE can comprise, consist essentially of, or be Z5M-5, Z5M-22, Z5M-23, Z5M-35,

Z5M-48, zeolite Beta, or a combination thercot, for example ZSM-23, zeolite Beta, and/or
L5M-4R. Optionally but preferably, molecular sieves that arg selective for dewaxing by
isomerization as opposed 1o cracking can be used, such as ZSM-48, zeolite Beta, Z5M-23,
or 3 combination thereof., Additionally or alternately, the molecular sieve can comprise,
consist essentially of, or be a 1Q-member ring 1-D molecular sieve. Optionally but
preferably, the dewaxing catalyst can mnclude a binder for the molecular sieve, such as
alumina, titarua, siica, silica-aluming, zirconia, or a combination thereof, for example
alumina and {itania or two or more of silica, zirconia, and titania.

{00421 One charactenstic that can mmpact the activity of the molecular steve 1s the ratio
of silica to alumna (SYVAD ratio) 1n the molecular sieve. Inan embodument, the molecular
sieve can have g suica to alununa ratio of about 200:1 or less, for exampic about 1530:1 or
fess, about 120:1 or less, about 104:1 or less, about 96:1 or iess, or about 75:1 or less.
Additionally or alternately, the molecular sieve can have a silica to alurmna ratio of at

feast about 30:1, for example at least about 4.1, at least about 50:1, or at 1cast about 65:1.
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0043] Aside from the molecular steve(s) and optional binder, the dewaxing catalyst
can also optionally but preferably mclude at least one metal hydrogenation component,
such as a Group VI metal. Suitable Group VI metals can include, but are not hnuted
to, Pt, Pd, Ny, or a combination thereof., When a metal hydrogenation component 18
present, the dewaxing catalyst can mchude at least about 8.1 wi% of the Group VI 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 least about 5.0 wit%. Additionally or alternately, the dewaxing
catalyst can mnciude about 1 wit¥% or less of the Group VI metal, for example about 5.0
wit% or less, about 2.5 wie or less, about 1.5 wi% or less, or about 1.0 wi%e or less.
844]  In some embodiments, the dewaxing catalyst can include an additional Group
VIB metal hvdrogenation component, such as W and/or Mo, In such embodiments, when
a Group VIB metal 18 present, the dewaxing catalyst can include at least about .5 wt%s of
the Group VIB metal, tor cxample at least about 1.0 wit%, at least about 2.5 wt%, or at
icast about 5.0 wit%. Additionally or aliernately in such embodiments, the dewaxing
catalyst can mclude about 20 wit% or less of the Group VIB metal, for exampie about 15
wi%o or tess, about 10 witYe or less, about 5.0 wi%o or tess, about 2.5 wi¥s or less, or about
1.0 wi% or less. In one preferred embodiment, the dewaxing catalyst can meiude Pt
and/or Pd as the hvdrogenation metal component. {n another preferred embodiment, the
dewaxing catalyst can inchide as the hydrogenation metal components N1 and W, Ny and
Mo, or N1 and 4 combination of W and Mo.

[0045]  In various embodiments, the dewaxing catalyst used according to the invention
can advantageously be tolerant of the presence of sulfur and/or mitrogen during processing.
Suntable catalysts can include those based on ZSM-48, Z3M-23, and/or zeohte Beta, It s
also noted that Z5M-23 with a silica to alumina ratio between about 20:1 and about 40:1 15
sometimes reforred 1o as S8Z-32. Additional or aliernate suitable catalyst bases ¢an

mclude 1-dimensional 10-member ring zeolites. Further additional or alternate suitabie

catalysts can inclade EU-2, EU-11, and/or ZBM-38,

0846] A bound dewaxing catalyst can also be charactenized by comparing the
nmicropore (or zeolite) surface area of the catalyst with the total surtace area of the catalyst.
These surtace arcas can be calculated based on analysis of nitrogen porosimetry data using

the BET method tor surface arca measurement. Previous work has shown that the amount

of zeolite contont versus binder content in catalyst can be determmed from BET
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measurements {see, e.g., Johnson, M.F. L., Jour Catal., (1978) 52, 425). The micropore
surtace arca of a catalyst refers to the amount of catalyst surtace arca provided due to the
molecuiar sicve and/or the pores 1n the catalyst in the BET measurements. The fotal
surtace area represents the micropore surface phus the external surface area of the bound
catalyst, In one embodiment, the percentage of micropore surface area relative 1o the total
surface arca of a bound catalyst can be at least about 35%, for example at least about 38%,
at least about 40%, or at icast about 45%. Additionally or alternately, the percentage of
micropore surface arca relative (o total surtace area can be about 63% or less, for example
about 649% or less, about 55% or less, or about 509 or less.
00471 Additionally or alternately, the dewaxing catalyst can comprise, consist
cssentially of, or be a catalyst that has not been dealununated. Further additionally
atternately, the binder for the catalyst can mchide a mixture of binder materials containing
alununa.

00451 Catalvtic dewaxing can be performed by exposing a feedstock t0 a dewaxing

catalyst under effective (catalviic) dewaxing conditions. Effective dewaxing condiiions
can mnclude Hydrotreating condifions can typically mclude one or more of the following
conditions: 4 temperature from about 550%F (about 285°C) 1o about 840°F (about 449°C),
a hvdrogen 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 0.5 hr'™' to about 20 hr'', and
a hydrogen treat gas rate from about 200 scf/bbl (about 34 Nm/m) to about 10,000
scf/bbi (about 1781 Nm'/m ). Additionally or alternately, the conditions can include one
or more of a temperature from about 600°F (about 343°C) to about 815°F (about 433°(), a
hydrogen partial pressure from about SO0 psig (about 3.5 MPag) to about 3000 psig (about
20.7 MPag), a liquid hourly space velocity from about 2 bt to about 10k, and a
hvdrogen treat gas rate from about 1200 scf/bbi (about 200 Nm'/m’} to about 6000 scf/bbl
(about 1020 Nm /mv).
Q04%] Further additionally or alternately, the conditions for dewaxing can be selected
based on the conditions {or a preceding reaction m the stage, such as hydrocracking
conditions or hydrotreating conditions. Such conditions can be turther modified using a
quench between previous catalyst bed(s) and the bed for the dewaxing catalyst. Instead of
operating the dewaxing process at a femperature corresponding to the exit temperature of

the prior catalyst bed, a quench can be used to reduce the temperature for the hydrocarbon
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stream at the beginning of the dewaxing catalyst bed. One option can be to use a quench
t0 have a teraperature at the beginning of the dewaxing catalyst bed that 1s about the same
as the outlet temperature of the prior catalyst bed. Another option ¢an be to use a quench
to have a temperature at the beginning of the dewaxing catalyst bed that 15 at least about
FO°K (about 670 lower than the pnior catalyst bed, for exampie at least about 20°F (about
F1°C) lower, at least about 30°F (about 17°C) lower, or at least about 40°F (about 22°C)

tower.

Reaction Products

(G581 In various embodiments, the hydrocracking conditions in a light feed
hydrocracking reaction system can be suthicient to atiain a conversion level of at least
about 30%, {or example at feast about 60%, at least about 70%, at least about 80%, or at
feast about 5%, Additionally or alternately, the hydrocrackang conditions in the reaction
system can be sufficient to attam a conversion level of not more than about 85%, {or
example not more than about 309%, not more than about 75%, or not more than about 70%.
Further additionally or alternately, the hydrocracking conditions i the high-
conversion/second hydrocracking stage can be sufficiont to attain a conversion fevel from

§

about 50% to about 5%, for example from about 55% to about 70%, tfrom about 60% to

about 85%, or from about 60% 0 about 75%. As used herewn, the term “conversion
fevel,” with reference 1o a teedstream being hvdrocracked, means the relative amount of
change in boiling point of the mdividual molecules mn the feedstream from above 400°F
(204°C+) 1o 400°F or below (204°C-). Conversion level can be measured by any
appropriate means and, for a feedstream whose miimum boiling pomnt 1s at least 400, {°F
(204.5°C), can represent the average proportion of material that has passed through the
hydrocracking process and has a botling point less than or equal t0 400.0°F (204.4°C},
compared to the total amount of hydrocracked matenal.

631 In varous embodiments, a hight feed hydrocracker reaction system can be used
to produce at least a converted product and an unconverted product. The converted
product can correspond to a product with a boiling pomt below about 400°F (about 204°C-
3, while the unconverted product can correspond 1o a product with a boiling point above
about 400°F (about 204°C+). Note that the temperature for the conversion level can differ

irom the temperature for defining a converted product and an unconverted product,
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{38521 A converted product can be a majority of the product generated by the hight
teed hydrocracker reaction system. An example of a converted product can be a naphtha
botling range product. In an embodiment, a converted product can have a botling range
from about 753°F {about 24°(} to about 400°F (about 204°C). Additionally or alternately,
an tial boiling pomt for a converted product can be at least about 75°F {about 24°C), for
cxample at least about 85°F {about 30°C) or at least about 100°F (about 38°C). Further
additionally or aliernately, a final boiling point can be about 425°F (about 218°C) or less,
tor example about 400°F (about 204°C) or less, about 375°F {about 191°C) or less, or
about 350°F (about 177°C) or less. Addtionally or alternately, 1t may be desirable 1o
create mukliiple products from an unconverted fraction. For exampie, a light naphtha
product can have a final botling pomt of about 325°F {about 163°C} or less, for exampie
about 300°F (about 149°C) or less or about 2735%F (about 135°C) or less. Such a hight
naphtha product could be complemented by a heavy naphtha product. A heavy naphtha
product can have a botling range starting at the final botling point for a light naphtha
product, and a final boiling pomnt as described above.

053] Another option for charactenzing a converted product, separately or m addition
t0 an imtial and/or final boiling point, can be 10 characierize one or more micrmediate
tomperatures 1n a boiling range. For exampie, a temperature where about 10 wi¥% of the
converted product will boil can be referred to as a T10 boiling pomt. In such an
cmbodiment, the T10 boiling powt {or the converted product can be at feast about F00°F
(about 38°C), for example at least about 115°F (about 46°C) or at least about 125°F (about
52900, Additionally or alternately, the T90 boiling point {(where about 90 wt% of the
converted product will botl) can be about 375°F (about 191°C) or fess, tor example about
350°F {(about 177°C) or less or about 325°F (about 163°C) or {ess, In some situations,
intermediate boiing point values such as T10 and/or T90 values can be bencticial {for
characterizing a hydrocarbon fraction, as intermediate boiling pomt values may be more
representative of the overall characteristics.

{8854]  The amount of converted product can vary depending on the reaction
conditions. In an embodiment, at least about 50 wi% of the total liquid product generated
by the light feed hydrocracker reaction system can be a converted product, tor example at
teast about 60 wit%, at lcast about 70 Wi, at least about 88 wi%, or at least about 85 wi%%,

Additionally or alternately, about 95 wi% or less of the total higuid product can be a
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converted product, for exampic about 85 wi% or less, about 75 wi% or less, or about 65
wive Or less.

OO35]  An unconverted product from the light feed hydrocracker reaction system can
ais¢ be characienized i varions ways. In an embodiment, an unconverted productcanbe a
product with a boihing range {rom about 400°F {(about 204°C) to about {70 (about
466°C). Additionally or aliernately, an mmifial boiling point {or an unconverted product can
be at least about 350°F (about 177°C), for example at least about 375°F (about 191°C), at
fcast about 400°F (about 204°C), at feast about 425°F {about 218°C), or at least about
450°F (about 232°C). Further additionally or aliernately, a final boiling pomnt can be about
83G°F (about 443°C) or less, for example about 800°F {about 427°C) or less, about 775°F
(about 413°C) or less, or about 750°F (about 399°C) or less.

{3056]  Another option for characterizing an unconverted product, separately or in
addition 10 an yutial and/or final boiling pount, can be 1o charactenze one or more
mtermediate temperatures in a boiling range. For example, a T10 bouing pont for the
anconverted product can be at least about 325°F {about 163°C), for exampie at least about
350°F (about 177°C), at least about 375°F (about 191°C), at least about 430°F (about
204°C), at least about 425°F (about 213°C), or at least about 430°F (about 232°C).
Additionally or alternately, the T90 boiling point for the unconverted product can be about
TO0°F (about 371°C) or fess, tor example about 673°F (about 3577C) or less, about 630°F
(about 343°C) or leoss, or about 625°F (about 329°C) or less.

{08571 The amount of unconverted product can vary depending on the reaction
conditions. In an embodiment, at least about 5 wi% of the total liquid product generated
by the light feed hydrocracker reaction system can be an unconverted product, for example
at least about 10 wit%, at lcast about 20 wi%, or at ieast about 30 wi%. Additionally or
afternately, about 50 wt% or less of the total iguid product can be an unconverted product,
for example about 45 wi% or less, about 40 wit% or less, about 35 wi% or less, about 30
wi%o or less, about 25 wit¥ or less, or about 20 wi% or less.

{OO38] It 18 noted that the nitial boiling point for the unconverted product can be
dependent on how the cut point 18 defined for the various products generated in the
fractionator. For example, i @ fractionator 15 conligured to generate a converted product
and an unconverted product, the mtial boiling point for the unconverted product can be

related to the final boiling point for the naphtha product. Similarly, a T90 bouding pomnt for
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a converted product may be related m some manner (0 a T18 boiling point for the
unconverted product from the same fractionator.

OG59]  Although the boiling ranges above are described with reference to a converted
product and an unconverted product, 1t 1s understood that a plurahity of different
(converted and/or unconverted) cuts could be generated by the fractionator while still
satistying the above ranges. For example, a product slate from a fractionator could
include a light naphtha and a heavy naphtha as converied products, and the withdrawn
portion of the unconverted fraction can correspond to a diesel product. Still other
combinations of products could also be generated.

B068] In an additional or alternate embodiment, the cloud point for an unconveried
product withdrawn from the reaction system can be characterized. For example, a
withdrawn unconverted product can have a cloud point of about 189K (about -7°C) or less,
for example about 12°F {about -117C) or less, about 6°F (about -14°C) or less, or about
O°F {(about -18°C) or less. Additionally or alicrnately, the cloud poimnt of a withdrawn
anconverted product can be dependent on the amount of unconverted product withdrawn
relative 10 the amount of {eed. For example, if the withdrawn amount of anconverted
product corresponds to from about S wit% to about 15 wt% of the feed, the cloud point of
the withdrawn unconverted product can be about 38°F (about 16°C) lower than the cloud
pont of the feed. Additionally or alternately, if the withdrawn amount of unconverted
product corresponds to from about 10 wi% 10 about 25 wi% of the feed, the cloud pomnt of
the withdrawn unconverted product can be about 20°F {about 11°C) lower than the cloud
point of the feed. Further additionally or alternately, i the withdrawn amount of
unconverted product corresponds o from about 20 w96 to about 35 wib of the feed, the
cloud pownt of the withdrawn unconverted product can be about 16°F {(about 6°C) lower

than the cloud pomt ot the feed.

Cther Erobodunents

10061]  Additionally or alicrnately, the present invention can include one or more of
the {oliowing embodiments.

8621 Embodument 1. A method for producing a naphtha prodaoct and an unconverted

product, comprising:
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exposing a first feedstock to a first hydrocracking catalyst i a first reaction vessel
under first hydrocracking conditions 1o torm 4 first hyvdrocracked cttluent including at
feast a first liquid phase portion, at feast about 60 wit% of the first feedstock boiling above
about 400°F (about 204°C) and at least about 60 wi% of the first feedsiock boiling below
about 650°F (about 343°C), the first hydrocrackng 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;

tractionating the first liquid phase portion and at least a portion of a second hguid
phase portion to form a {irst naphtha fraction and a first anconverted fraction, the first
naphtha fraction corresponding to at lcast about 80 wi% of the first feedstock and having a
final botling point of about 400°F (about 204°C) or less;

withdrawing a portion of the first unconverted fraction as a first unconveried
product, a weight of the withdrawn first unconverted product corresponding to from about
5 wi to about 15 wi% of the first feedstock, the withdrawn first unconverted product
having an mnitial boiling point of at least about 400°F {about 204°Cy;

separating at least a portion of the remaining portion of the first unconverted
fraction as a second fecdstock:

cxposing the second feedstock 10 a second hydrocracking catalyst in a second
reactor vessel under second hydrocracking conditions to form a second hydrocracked
cfthuent includimg at least the second ligand phase portion; and

separating the second hvdrocracked cttluent to produce the second liquid phase
portion;

wherein the teraperature of the second hydrocracking conditions 18 at least about
20°F (11°C) less than the femperature of the first hydrocracking conditions, and whercin
the temperature of the first hvdrocracking conditions at start-of-run 1s less than about
THOOE (377°0).
863] Embodument 2. A method for producing a naphtha prodaoct and an unconverted
product, comprising:

cxposing a first feedstock to g 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 effluent 1o a fivst hydrocracking
catalyst in a second reaction vessel under first hydrocracking conditions to fornm a first

hydrocracked effhient;
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mcluding at feast a first hiquid phase portion, at least about 60 wit%% of the first
fecdstock boiling above about 400°F (about 204°C) and at least about 60 wi% ot the fivst
fecdstock boiling below about 050°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 {rom about
2.1 to about 1:2;

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

withdrawing a portion of the first unconveried fraction as a first unconveried
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 fivst unconverted product
having an mitial boiling point of at least about 400°F (about 2047C);

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

cxposing the second feedstock 1o a second hydrocracking catalyst in a third
reaction vessel under second hvdrocracking conditions to form a second hvdrocracked
cifhient including at least the second liguud phase portion; and

separating the second hydrocracked effluent to produce the second ligwnd phase
portion;

wherein the temperature of the second hydrocracking conditions 18 at least about
20°F (11°0) less than the temperature of the first hydrocrackang conditions, and wherein
the teraperature of the first hvdrocrackaing conditions at start-of-run 1s less than about
7T10°F (377°C)
i3364] Embodiment 3. The method of embodiment 1, wherein the first reaction vessel
further contains 8 hydrotreating catalyst.
{0065] Embodiment 4. The method of emnbodiment 2, wherein the fivst catalyst s a
hydrotreating catalyst,
(380667  Embodiment S. The method of embodiment 2, wherein the first catalystis a
hydrocracking catalyst.,
8067 Embodument 6. The method of embodiment 4, wherein the first reaction vessel

also contains a hvdrocracking catalyst.
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(3068  Embodiment 7. The method of any preceding embodiment, wherein the second
bhydrocracked effluent 1s separated 1nio at least a second naphtha fraction and a second
unconverted fraction, and at least a portion of the second unconverted fraction 1s used as
the second higpnd phase portion.

[B06%]  Embodiment 8. The method of embodiment 7, wherein the second naphtha
fraction corresponds 1o from about S8 wi% 1o about 80 wi% of the second {eedstock and
has a final boiling point of about 400°F (204°C)

{0078] Embodiment 9. The method of any preceding embodiment, wherein at least
about 80 wt%% ot at least one of the first feedstock and the second feedstock boils below
about 700°F (371°C).

0071] Embodiment 10, The method of any preceding embodiment, wherein a weight

of the first unconveried product corresponds {0 ess than about 25 wi% of the first

8721 Embodument 11, The method of any preceding ermnbodunent, wherein at feast 4
portion of the second liquid phase portion 18 separated as a sccond unconverted product.
(0673 Embodiment 12, The method of embodiment 11, wherein a weight of the
second unconverted product corresponds to from about 20 wit?% 10 about 50 wi9% of the
second feedstock.

0674 Embodiment 13. The method of any preceding embodiment, 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).

08751 Embodiment 14, The method of any preceding embodiment, wheremn the TO0
boiling point of at icast one of the first unconverted product and the second unconverted
product 18 about 700°F (371°C) or lgss.

{3076] Embodiment 15, The method of any preceding embodiment, wheremn abouat 25
wt%6 or less of at least one of the first unconverted product and the second unconverted
product boils above about 6060°F (316°C).

(086771 Embodiment 16. The method of any of embodiments 1 and 3-15, wherein the
first reaction vessel turther contains a dewaxing catalyst,

G878] Embodument 17. The method of any of embodiments 2-15, wherein the second

reaction vessel further contaimns a dewaxing catalyst,
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(0679 Embodiment 18, The method of any of embodiments 16-17, wherein the

dewaxing catalyst cormprises ZSM-48, ZSM-23, zeolite Beta, or a combination thereof.
B088] Embodiment 19, The method of any preceding ernbodunent, wherein the first
feedstock is comprised of a light cyele oil with a T10 boiling point of at least 300°F
(149°C) and a T90 boiling point less than or equal to 6507F (343°C).

H068E] Embodiment 20. The method of any preceding embodument, wherein the first
fecdstock consists essentially of a light cycie o1l

Examples of Reaction Svstem Conhicurations

U821 FIG. 1 shows an example of a two stage reaction systom 188 for producing a
converted and unconverted product according to an embodument of the mvention. In FIG,
i, a first stage of a two stage hydrocracking system 18 represented by reactors 118 and 126,
A hydrocarbon teed 112 and a hydrogen-containing streamn 114 are fed into reactor 118,
Hydrocarbon feed 112 and hydrogen-contamng stream 114 are shown as being combined
prior to entering reactor 116, but these streams can be miroduced into reactor 110
separately, together, or 1n any other conventent manner. Reactor 118 can contain ong or
more beds of hydrotreating and/or hydrocracking catalyst. The feed 112 can be exposed to
the hydrotreating and/or hvdrocracking catalyst under effective hvdrotreating and/or
hvdrocracking conditions. The entire effluent 122 from reactor 118 can then be cascaded
mnto reactor 128, Optionally, an additional hydrogen-contaiming stream 124 can be added
to reactor $28, such as by adding additional hydrogen-contavung stream 124 to first
reactor eftfuent 122, Reactor 126 can also inchude one or more beds of hydrotreating
and/or hydrocracking catalyst. Optionally, reactor 128 can also mclude one or more beds
of dewaxing catalyst 128 downstream from the hvdrocracking catalyst in reactor 124,
Cptionally, a quench stream 127 can be mcluded prior to the optional dewaxing catalyst
bed{(s) 128, such as a hydrogen-contaming quench sircam.

B883] The hydrocracked effhient 132 from reactor 128 can be passed mto separator
130 for separation o a gas phase portion 138 and a hquid phase portion 142, The gas
phase portion 138 can be used m any convenient mannet, such as by scrubbing the gas
phase portion to allow for recovery and recycle of some/all of the unreacted hydrogen
gas phase portion 1358, Ligwd phase portion 142 can be sent to fractionator 148 for

fractionation into at least a converted portion and an unconverted portion. In the
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cmbodiment shown 1 FIG. 1, fractionator 148 produces a hight naphtha portion 146 and a
heavy naphtha portion 147 as converted portions. Fractionator 148 also produces 4
bottoms or unconverted portion 152, An unconverted product stream 155 can be
withdrawn from unconverted portion 182, The unconverted product stream 135 can be a
dicsel product generated by the reaction system. The remamder of unconverted portion
152 can be used as the mput for reactor 158, which serves 4s the second stage m the
reaction system. An optional hydrogen-containing strcam 154 can also be mtroduced mnto
reactor 158, The inpat mto reactor 158 can be exposed {0 one or more beds of
hydrocracking and/or hydrotreating catalyst i reactor 188, The effluent 162 trom reactor
150 can be separated m separator 168 to form a gas phase portion 165 and a higuid phase
portion 172, The gas phase portion 165 can be used 1 any convement manner, such as by
scrubbing the gas phase portion to aliow for recovery and recyele of some/all of the
hydrogen 1 gas phase portion 165, The hquid phase portion 172 can be tractionated in
fractionator $48. The liquid phase portion 172 ¢can be mtroduced inio fractionator 1486 1n
any conventent manner. For case of display in FIG. 1, hiquid phase portion 172 15 shown
as entering the fractionator separately from stream 142, Liquud phase portion 172 and
frgquid phase portion 142 can alternatively be combined prior {0 entering fractionator 144,
(B684F  FIG. 2 shows the integration of a reaction svstem such as the reaction system in
F1G, 1 owiath other refinery processes. In FIG. 2, the veaction systemn 188 shown m FIG. |
18 represented within the central box. In FIG. 2, the input feedstroam 1o reaction systeom
180 corresponds to a distiliate output from a thud catalytic cracking (FCC) unit 2883, One
of the potential outputs from an FCC unit 288 can be a distillate portion that has a boiling
range 1n the same vicmnity as an atmosphernie gas oil. However, a naphtha strcam
generated by hvdrocrackang of an FCC distillate output can lead to a naphtha with a
relatively low octane rating. In order to achicve a higher octane rating, the naphtha output
from reaction system 188 can be used as a feed to a reforming reactor 294, The reforming
reactor 23 can generate 4 naphtha output sfream 292 with an mmproved octane rating

relative to the octane rating of the naphtha stream from the reaction system 1066,

Hxamples — Simulations

Processing |

(U85 A series of simulations were performed to demonstrate the potential benefits of

processing with a catalyst according to the mvention. The simulations represented a
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configuration sumilar to the configuration shown in FIG. 1. In the simulations, the first
reactor was modeled as confainung a hydrotreatmeoent catalyst. The catalyst i the second
reactor was vaned to demonstrate the benefit of catalysts according o the mvention, The
third reactor was modeled as containing a hydrocracking catalyst suitable for use in
relatively sweet service. The reactors did not inchude any optional dewaxang catalyst, The
simulated feedstock represented a light cyele ol from a tlwid catalytic cracking unit.
[0086] In the simulations, three types of catalysts were modeled in the second reactor.
{Cne catalyst corresponded to a hydrocracking catalyst with NiMo as supported metals. A
second catalyst corresponded 0 a hydrocracking catalyst with N1W as supported metals.
A third catalyst 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 determune relative activity values for each type ol metal on a supported
hydrocrackang catalyst. Bascd on the measured activitics, the NiMo catalyst was assigned
a relative desulfunzation activity of about 8.62; the NiW catalyst was assigned a relative
desulfurization activity of about 8.75; and the NitMoW catalyst was assigned a relative
desulfurization activity of about 1.00. In the model, the hvdrocracking activity was not
influenced by the type of supported metal, so the supported metals changed only the
desulfurization activity. Because the tomperature was held constant 1n the second reactor,
the amount of naphtha product, diesel product, and hight ends make was also
approxumnately the same. The dificrence between the sumulations corresponds to the

ditference in sultur conient.

Table l

12 Catalvst type NiMo Niw NiMoW
 Rel HDS Activity T A 062 4 W ER— T L
BIWABT S Y R A | 616 s 4
RowaBt bt e I o me
K3 WABT “E HU4 6034 HOG

 RI Effhient S content | wppm k32 b SR R -
 R2 BEffhuent Scontent | wppwy b N A R [ I
 Diesel Suifurcontent | wppm {212 s i 9 f
| Diesel Yield  vel% 44.2 44.2 44.0 |
 Naphtha Yield C vol% | 688 o 8.8 688
C1-CdGasYield oWt 66 6 A 66
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FO871 Table 1 shows details from a first series of simulations. In this first series, the
terperature i cach reactor was held constant while the catalyst was varied. Since only
the catalyst in the second reactor was varied, the amount of desulfunization m the first

reactor was relatively constant in the first series of simulations.

(0881 As shown in Table 1, the catalyst according to the mvention (Catalyst B)
resulted i a dhesel sulfur content of less than about 10 wppm. By contrast, the
comparative catalysts resulied in relatively higher sulfur contents above about 10 wppm,
which can be an ultra low sulfur diesel target. As a result, for the conditions selected n
Table 1, only the catalyst according {0 the mvention would produce a diesel product that
can mect a deswed ultra low sulfur diesel target.

B089]  Table 2 shows detaitls from a second series of sumulations. In this second
series, the temperature in the second reactor was varied to achieve approximately constant
sulfur content m the diesel product. Due to the lower relative activity of the other

catalysts, an increased tomperature was used to compoeonsate in those simulations.

Table 2

- Fixed Product Sulfur | i Base Case Catalyst A i Catalysi B

B2 Catalyst type 2 S I NiMo____ | NiW____  NiMoW |
 Rel HDS Activity i 062 . | Y - T R .. 4

R1 WABT | 676 o 67 676 J
R2 WABT oF 737 718 700
' R3 WART °F 604 604 604
 R1Eftluent S content o wppm {132 A R R -
 R2 Effluent S content | wppw 4 33 3T | I 2 N
_-_1_?__tf:_-»_t»f_-»_l__.‘_zt»_t_l.ii}_l_‘__a«.@?_f}is.f}i ____________________ wppmy S A R 9
- Diesel Yield O LVY% 29.2 , 36.9 , 44.2
 Naphtha Yield L% 84.5 164 T 688
_______ CdasYeld b ooowt% o84 s b

HBG98]  As shown in Table 2, achieving the desived diesel sulfur content using the
catalysts A and Base Case results 1o a substantial reduction mn diesel yield. Further, the
increased temperature required to mect the desired diesel sulfur content results m an
increased amount of light ends, as shown by the C-C4 gas vield. This demonstrates the
Hexibuity of a catalyst according to the mvention. Depending on the desired ratio of
naphtha vield to diesel yicld, the temperature o the second reactor can be adjusted {0

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

098] Table 2 also shows a more general property of the invention. In various

cmbodiments, the tomperatures m the first hydrocracking stage can be vaned to modity

the unconverted product (such as diesel) vield from the reaction. Due in part {0 the
mereased hydrodesulfumzation ability of a catalyst according 1o the mnvention, several
types of hvdrocracking operating regimes are available. For example, a first
hydrocracking operating regime can be used to process feeds at a bigher start-of-run
temperature. The higher start-of-run temperature can be usetul for producing a higher
proportion of naphtha, A second run can then be pertormed with a lower start-of-run
temperature, in order to produce a higher proportion of an unconveried product.
Alternately, the first run can have the lower start-of-run temperature and the second run
can have the higher start-of-run teraperature,

00921 In an emboduuent, the start-of-run teraperature of the first hvdrocracking stage
can be varied to differ by at least about 10°C, for exampie at least about 15°C or at least
about 20°C, 1n consecutive runs. When the temperature of the first hvdrocracking stage is
varied, the feedstock can be the same or ditferent for the different processing conditions.
093] I a teedstock with a simular boiling point profile 18 used 1n the two runs, the
difference 1n start-oi-run temperatures can be used 10 vary the proportion of naphtha and
unconverted product. For example, an increase i start-of-run temperature of at least
about FO°C can be used to merease the amount of naphtha product by at least about 10
wi%. Addiionally or aliomately, an mcrease in start-of-run teraperature of at least about
15°C can be used to merease the amount of naphtha product by at feast about 15 wt9s.
Further additionally or alternately, an mcrease in start-of-run temperature of at least about
20°C can be used 10 mmcrease the amount of naphtha product by at least about 20 wi%.
Stifl further additionally or alternately, if a fecdstock with a different boiling point profile
is used m the two runs, the difference mn start-of-run temperatures can be used to mamtamn
a desired product slate.

0094]  Considering things in a slightly different way, changing the start-of-run
temperature can, in some embodiments, modify the amount/vield of unconverted product
generated. For example, an mcrease wn start-of-run temperature of at least about 10°C can
be used to decrease the amount of unconverted product by at least about 10 wit%.

Additionally or alternately, an increase mn start-of-run temperature of at feast about 15°C
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can be used to decrease the amount of unconverted product by at east about 15 witY.
Further addifionally or alicmately, an merease in start-of-run teroperature of at least about
2(°C can be used to docrease the amount of unconverted product by at least about 20 wi%s.
Still further additionally or aliernately, if a feedstock with a ditferent boiling point profile
15 used m the two rans, the difference m start-of-run termperatures can be used to mamntain
a desured product slate.

{0%5]  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
tower start-of-run terpperature can be used to produce a naphtha product that corresponds
to at feast about 70 witY of the feedstock, e.g., at least about 75 wit%, at lcast about &0
wi%o, or at least about 35 wi%. Additionally or alternately, the lower start-of-run
temperature can be used to produce an unconverted product that corresponds 1o at least
about 5 wi% of the fecdstock, and that typically also corresponds 10 about 25 wi% or less
of the fecdstock, for example about 20 wit or iess, about 15 wit% 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 50 wtY, at lcast about 55 wit%, or at least about 60 wit%. In such cmbodiments, the
naphtha product can additionally or alternately correspond to about 80 wtl% or less of the
feedstock, for example about 73 wi% or less, about 70 wit% or less, about 65 wi9% or less,
or about 60 wt¥% or less, Further additionally or alicmately, the higher start-of-run
toemperature can be usced to produce an unconveried product that corresponds to at least
about 15 wt% of the feedstock, {or example at least about 20 wit%, at least about 25 wit'%,
or at least about 30 wi%. Further additionally or alternately, the unconverted product can
correspond 1o about 50 wit% or iess of the feedstock, for example about 45 wi% or less,
about 40 wit% or less, about 35 wi¥% or less, about 30 wt% or less, or about 20 wit% or less.
{096] Although the present invention bas been described i terms of specific
cmbodiments, 1t 18 not so hinuted. Suitable alicrations/moditications for operation under
speciiic conditions should be apparent to those skilled i the art. It 1s therefore miended
that the following claims be mterpreied as covering ali such alierations/modifications as

fall within the true spint/scope of the mvention.
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CLAIMS:
i, A method for producing a naphtha product and an unconverted product,

COMPrismg:

cxposmg a first feedstock to a first hydrocracking catalyst in a first reaction vessel
under first hydrocracking conditions 1o form a first hvdrocracked cttluent including at
feast a first liquid phase portion, at fcast about 60 wit% of the first feedstock boiling above
about 400°F (about 204°C) and at least about 60 w9 of the first feedstock boiling below
about 65G°F {about 343°C), the first hvdrocracking catalvst 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 hquid
phase portion 1o form a first naphtha fraction and a first unconverted fraction, the first
naphtha fraction corresponding 10 at 1cast about 88 wi of the first fecdstock 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 ynconverted
product, a weight of the withdrawn first unconverted product corresponding to from about
5 wt% to about 15 wt% of the furst feedstock, the withdrawn first unconverted product
having an wmitial botling 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 fecdstock:

cxposing the second feedstock to a second hydrocracking catalyst i a second
reactor vessel under second hydrocracking conditions to form a second hydrocracked
cttluent inchuding at least the second liquid phasce portion; and

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

wherein the temperature of the second hvdrocracking conditions 18 at least about
2(°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),.

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

COMPrismg:



CA 02832247 2013-10-02
WO 2012/174181 PCT/US2012/042348

- 3 .~

exposing a first feedstock {0 g first catalyst in a first reaction vessel under
hydrotreating conditions 1o form 4 first reactor effluent;

cxposing at least a portion of the first reactor ettlucnt 1o a first hydrocracking
catalyst in a second reaction vessel under first hydrocracking conditions to form a first
hydrocracked etftluent;

mcluding at feast a first hiquid phase portion, at least about 60 wi% of the first
feedstock boiling above about 400°F {about 204°C) and at feast about 60 wit% of the first
feedstock botling below about 630°F (about 343°C), and the first hydrocracking catalyst
comprising Ni, Mo, and W on an acidic support, the ratio of Mo to W bemg from about
2:1 to about 1:Z:

fractionating the first liquid phase portion and at feast a portion of a second higud
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
S wt% to about 15 wi% of the first feedstock, the withdrawn first unconverted product
having an mitial botling pomt of at least about 400°F (about 204°C);

separating at least a portion of the remmamng portion of the first anconverted
fraction as a second feedstock;

exposing the second feedstock to a second hydrocracking catalyst in a third
reaction vessel under second hydrocracking conditions {0 form a second hydrocracked
ctituent mcluding atf feast the second hquid phase portion; and

separating the second hydrocracked effluent 1o produce the second higuid phase
portion;

wheremn the temperature of the second hydrocracking conditions 18 at least about
20°F (11°C) less than the temperature of the first hydrocracking condifions, and wheremn
the temperature of the first hydrocracking conditions at start-of-run 18 less than about

710°F (377°C).

3. The method of claim 1, wheremn the first reaction vessel further contains a

hydrotreating catalyst.
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4. The method of claim 2, wherein the first catalyst 18 a hydrotreating catalyst.
3. The method of claim 2, wherein the first catalyst is @ hydrocracking catalyst.
6. The method of claim 4, wherein the first reaction vessel also contamns a

hydrocracking catalyst.

7. The method of any preceding claim, wherein the second hvdrocracked etfluent s
separated into at least a second naphtha fraction and a second unconverted traction, and at
fcast a portion of the second unconverted fraction 18 used as the second hiquid phase

portion.

X. The method of claim 7, wherein the second naphtha {raction corresponds to from
about 50 wt% to about 30 wi% of the second feedstock and has a final boiling pomnt of

about 400°F (204°C)

9. The method of any preceding claim, wherein at least about 30 wi% of at least one

of the first teedstock and the second feedstock boils below about 700°F (37170,

i0.  The method of any preceding clamm, whercin a weight of the first unconverted

product corresponds (o less than about 238 wi% of the first feedstock.

i1, The method of any preceding claim, wherein at least a portion of the second hquid

phase portion 1s separated as a second unconverted product.

i2.  The method of claim 11, wherein a weight of the second unconverted product

corresponds to from about 20 wt¥e to about 5O wtl of the second feedstock.

13.  The method of any preceding claim, wherem at least one of the first unconverted
product and the second unconverted product has a T10 botling pownt of at least about

425°F (218°C).
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14, The method of any procedmng claim, wheremn the 190 boiling pomnt of at least one
of the first unconverted product and the second unconverted product 18 about 700°F

(371°C) or less.

{5, The method of any preceding claim, whercin about 25 wit% or 1oss of at least one
of the first unconverted product and the second unconverted product boils above about

S00°F (316°C).

16, The method of any of claims 1 and 3-15, whercin the first reaction vessel turther

contains a dewaxing catalyst.

i7.  The method of any of claims 2-15, wherem the second reaction vessel furthe

contains a dewaxing catalyst.

18.  The method of any of claims 16-17, wherein the doewaxing catalyst comprises

ZSM-43, ZSM-23, zeolite Beta, or a combination thereof.

19,  The method of any preceding claym, wherein the fivst feedstock 1s comprised of a
tight cyele oif with a T10 boiling point of at feast 300°F (149°C) and a T90 boiling point
fess than or equal to 650°F (343°Ch.

28, The method of any preceding claim, wherem the first feedstock consists essentially

of a light cyele otl,
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