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HYDROCRACKING OF GAS OILS WITH INCREASED DISTILEATE YIELD

FIELD

(0001} This disclosure provides a system and a method for processing of

sulfur- and/or nitrogen-countaining feedstocks to produce distillate products.

BACKGROUND

[6862] Hydrocracking of hydrocarbon foedstocks is often used to convert lower
value hydrocarbon fractions into higher value products, such as conversion of vacuum
gas oil {(VGO) feedstocks to various fucls and lubricants. Typical hydrocracking reaction
schemes can include an initial hydrotreatment step, a hydrocracking step, and a post
hydrotreatment step, such as dewaxing or hydrofinishing. After these steps, the effluent

can be frachionated to separate out a desired diesel fuel and/or lubricant ol base oil.

[6003] A process train for hydrocracking a feedstock can be designed to emphasize
the production of fuels or the production of lubricant base otls. During fuels
hydrocracking, typically the goal of the hydrocracking is to cause conversion of higher
boiling point molecules to molecules boiling in a desired range, such as the diesel boiling
range, kerosene boiling range, and/or naphtha boiling range. Many types of fuels
bydrocracking processes also generate a bottorns component from hydrocracking that
potentially can be used as a lubricant basc oil. However, the lubricant base oil is
produced 1u a lesser aroount, and often is recycled and/or hydrocracked again to increase
the fuels yvield. In hydrocracking for forming a lubricant base oil the goal of the
hydrocracking is typically to remove contaminants and/or provide viscosity index uplift
for the feed. This results 1n some feed conversion, however, so that a hydrocracking
process for generating a lubricant base ol typically produces a lesser amount of fractions
that botl in the diesel boiling range, kerosene botling range, and/or naphtha boiling
range. Duce to the difference in the desired goals, the overall process conditions during
fuels hydrocracking of a given feedstock typically differ from the overall process
conditions during hydrocracking for lubricant base oil production on a similar type of

feedstock.
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[6094] U.S. Patent 7,261,805 describes a method for dewaxing and cracking of
hydrocarbon streams. A feedstock with an end boiling point exceeding 650°F (343°C) is
contacted with a hydrocracking catalyst and an isoroerization dewaxing catalyst to
produce an upgraded product with a reduced wax content. The feedstock is described as
contacting the hydrocracking catalyst first, but it 15 noted that the order of the steps can

be changed without a significant decrease in yield.

[3805] U.S. Patent Application Publication 2012/0080357 describes a method for
hydrocracking a feedstream to produce a converted fraction that inchudes a high distiliate
vield and improved properties and an unconverted fraction that includes a lubricant base
oil fraction with improved propertics. The hydrocracking can be a two-stage

hydrocracking systern that includes a USY catalyst and a ZSM-48 catalyst.

[G086] U.S. 8,303,804 describes a method for producing a jet fuel, such as by
bydrotreatment and dewaxing of a kerosene feedstock. The dewaxing cau be performed

using a ZSM-48 catalyst.

SUMMARY

[6067] In an aspect, 2 method for processing a feedstock to form a distillate product
18 provided. The method includes contacting a feedstock having a T3 boiling point of at
feast about 473°F (245°C) with a first hydrotreating catalyst under first effective
hydrotreating conditions to produce a first hydrotreated cffiuent, the first hydrotreating
catalyst comprising at least one Group VI non-noble metal and at least one Group VIB
metal on a refractory support; performing a separation on the first hydrotreated cffifuent
to forra at least a first separated effluent portion and a first remaining effluent portion;
contacting the first remaining effluent portion with a sccond hydrotreating catalyst under
second effective hydrotreating conditions to produce a second hydrotreated effluent, the
second hydrotreating catalyst comprising at least one Group VI non-noble metal and at
least one Group VIB metal on a refractory support; fractionating the second hydrotreated
effluent to form at least a hydrotreated distillate boiling range product and a second

remaining cffiuent portion, the second remaining cffluent portion having a T35 boiling
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point of at least about 700°F; countacting the second remaining effluent portion with a
hydrocracking catalyst under effective hydrocracking conditions to produce a
hydrocracked efflucut, the hydrocracking catalyst comprising a large pore roolecular
sicve; and fractionating the hydrocracked effluent to produce at least a hydrocracked

distillate boiling range product.

BRIEFE DESCRIPTION OF THE DRAWINGS

[008] FIG. 1 schematically shows an cxample of a multi-stage reaction system.

13609) FiGG. 2 schematically shows an example of a multi-stage reaction system

according to an emabodirnent of the jovention,

(G016} FIG. 3 schematically shows an cxample of a multi-stage reaction systern

according to an emabodirnent of the jovention,

DETALLED DESCRIPTION

{6011} All numerical values within the detailed description and the claims herein are
modified by “about” or “approximately” the indicated value, and take into account
experimental ervor and variations that would be expected by a persoun having ordivary
skill in the art.

Querview

(6012} In various crabodiments, systems and racthods are provided for improving the
yvield of distiliate products from hydroprocessing  (including hydrotreatment,
hydrocracking, and/or catalytic dewaxing) of gas oil feedstocks, such as vacuurn gas oil
feeds or other feeds having a similar type of boiling range. It has been unexpectedly
found that stripping of gascs or fractionation to scparate out g distillate fraction during
mitial hydrotreatment of a feed can provide a substantial increase in distiflate yield at a

desired amount of feedstock conversion. In some aspects, the tmprovement in yield of
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distillate products allows a desired level of conversion to be performed on a feedstock
for generating lubricating base oil products while reducing or minimizing the amount of
naphtha {or lower) boiling range produocts. In other aspects, the improvement in yield of
distillate products corresponds to an improved yield during a single pass through a
reaction systern, so that distillate yield 1s mcereased even though a lubricant boiling range

product is not generated.

{6813} As an example, some improvewents i distillate product yield can be
achicved based on scparation or removal of contaminant gases during hydrotreatment of
a feedstock. This can reduce the reguired severity of subsequent processing stages,
allowing for less conversion of desired distillate boiling range products to naphtha or
lower boiling range products. Rernoval of contarninant gases can also reduce the
temperature required fo achieve a desired level of conversion to distillates, or
alternatively, increase the amount of conversion at a specified temperature.  Other
improvements in distiflate yield can be achieved by fractionating the feedstock during
hydrotreatment, so that distillate boiling range components are cxposed to fewer
bydroprocessing stages.  Avoiding exposure of distillate boiling range products to
additional hydroprocessing, such as a scoond hydrotreatment stage, can prevent further
conversion of such products to naphtha or lower boiling range products.  Sull other
improvements in distillate yield can be achieved by stripping contaminant gases and/or
fractionating the hydrotreated feedstock after hydrotreatment and before hydrocracking.
Once again, this can reduce additional conversion of products by avoiding exposurc to a
downstrearn hydrocracking stage or reducing the severity of such a stage. Yet other
improvements in distillate yield can be achieved by dewaxing a hydrotreated feed prior
to hydrocracking. During hydrocracking, paraffinic molecules with fow or no branches
can require higher severity conditions in order to achieve desired levels of conversion.
Such higher severity conditions can result in overcracking of other types of species, such
as naphthenic or aromatic wolecules, which can reduce overall vield in the distilate
boiling range. Performing dewaxing prior to hydrocracking can increase the number of
branches 1o paraffinic molecules, which reduce the severity required to achieve the
desired level of conversion for such paraffinic molecules. In still other aspects, two or
more of these distilate yield improvement techniques can be combined to provide still

higher yield of distillate products.
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{3814} A desired distillate product can be generated by hydroprocessing a feedstock
having a suitable boiling range. The feedstock can optionally be suitable for generation
of a lubricant base oil {(which could also be referred to as a lubricant base stock). The
process can typically include at least two of hydrotreating, hydrocracking, and catalytic

cewaxing of the feedstock. Optionally the process can further include hydrofinishing of
the feedstock. The process can result in production of a converted fraction that includes
a distillate boiling range product and an unconverted portion.  Optionally, the
unconverted portion can be recycled for further production of distillate boiling range
products. Additionally or alternately, the unconverted portion can include a lubricant
boiling range product, or the unconverted portion can be used as a feed for another

process such as fluid catalytic cracking.

[(815] In various aspects, methods are provided for enhancing distillate production
at a given total level of feed conversion. In some aspects, the total amount of feed
conversion can indicate the suitability of the unconverted portion of the feed for use as a
product, such as a lubricant base oil product. By improving distillate yield at a given
fevel of conversion, a desired lubricant botling range product can be produced, including
a desired amount of lubricant boiling range product, while also generating an increased
aroount of distillate boiling range product. Thus, the increase in the amount of distillate
product can be at the expense of additional naphtha or lower boiling range products.
This is in contrast to conventional methods, which can lead to reduced yields of lubricant
boiling range products when improving distillate vyield.  Alernatively, improving
distillate yield at a given level of conversion can also be beneficial for feeds where the
unconverted portion will be used as a feed for another refinery process, such as fhud
catalytic cracking or coking. In still other aspects, improving the distillate yield at a
given level of conversion can allow for improved throughput 1o a reaction system. For
example, in a fuels hydrocracking systern with recycle to maximize production of
products in the fucls boiling range, increasing the distillate yield at a given level of
conversion can reduce the amount of recycle of unconverted bottoms that is required for

the reaction systern, which allows for increased processing of fresh feedstock.

[6016] In this discussion, the distiliate boiling range 1s detined as 350°F (177°C) to

700°F (371°C). Distillate botling range products can include products suttable for use as
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kerosene products (including jet fuel products) and diesel products, such as premium
diesel or winter diesel products. Such distillate botling range products can be suitable for

use divectly, or optionally after further processing.

(6017} In vartous aspects, an additional advantage of performing an intermcdiate
fractionation to recover a distiflate boiling range product is an expansion of the types of
suitable feedstocks. For conventional systerns where hydrotreatraent and hydrocracking
are performed on a feed without intermediate recovery of products, any distiliate boiling
range components present in the feed are exposed to the full range of hydroprocessing.
This can lead to substantial reaction of such distillate boiling range compounents present
in the mitial feed, leading to formation of naphtha and light ends type products at the
cxpense of the original distillate components in the feed. By performing an intermediate
fractionation, distillate boiling range components can be exposed to at least a portion of a
hydrotreatracnt stage and then separated out. This allows for sulfur reduction m the
resulting distillate product while reducing or minimizing the amount of loss of distillate
boiling range components present in the initial feed. Instead, an increased amount of
such orviginal distillate boiling range components can be included in the eventual

distillate product.

[B318] In this discussion, the severity of hydroprocessing performed on a feed can be
characterized based on an amount of conversion of the feedstock. In various aspects, the
reaction conditions in the reaction system can be selected to generate a desired level of
conversion of a feed. Conversion of a feed is defined in terms of conversion of
molecules that boil above a temperature threshold to molecules below that threshold.
The conversion temperature can be any convenient temperature.  Unless otherwise
specified, the conversion temperature in this discussion 18 a conversion teraperature of

TO0°F (371°C),

[6619] The amount of conversion can correspond to the total conversion of
molecules within any stage of the reaction system that is used to hydroprocess the lower
boiling portion of the feed from the vacoum distillation unit. The amount of conversion
desired for a suitable feedstock can depend on a variety of factors, such as the boiling

range of the feedstock, the aroount of heteroatom contarivants (such as sulfur and/or
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nitrogen) in the feedstock, and/or the nature of the desired lubricant products. Suitable
arnounts of conversion across all hydroprocessing stages can correspond to at least about
25 wi% couversion of 700°F+ (371°C+) portions of the feedsiock to portions boiling
below 700°F, such as at least about 35 wit%, or at least about 45 wi%, or at least about 50
wi%. [In varicus aspects, the amount of conversion is about 75 wit% or less, such as
about 65 wt% or less, or 35 wit% or less. It is noted that the amount of conversion refers
to conversion during a single pass through a reaction systera. For cxample, a portion of
the unconverted feed (boiling at above 700°F) can be recycled to the beginning of the
reaction systern and/or to another carlicr point in the reaction systern for further

hydroprocessing.

G026} In this discussion, a stage can correspond to a single reactor or a plurality of
reactors. Optionally, multiple parallel reactors can be used to perform one or more of the
processes, or multiple parallel reactors can be used for all processes 1 a stage. Each
stage and/or reactor can include one or more catalyst beds containing hydroprocessing
catalyst. Note that a “bed” of catalyst in the discussion below can refer to a partial
physical catalyst bed. For example, a catalyst bed within a reactor could be filled
partially with a hydrocracking catalyst and partially with a dewaxing catalyst. For
convenicnce in description, even though the two catalysts may be stacked together i a
single catalyst bed, the hydrocracking catalyst and dewaxing catalyst can cach be

referred to conceptually as separate catalyst beds.

16021} In this discussion, a medium pore dewaxing catalyst refers to a catalyst that
wcludes a 10-member ring molecular sieve. Examples of molecular sieves suitable for
forming a medium pore dewaxing catalyst include 10-member ring 1-dimensional
molecular sieves, such as EU-1, ZSM-35 (or ferrierite), Z3M-11, Z8M-57, NU-87,
SAP(O-11, ZSM-48, Z8M-23, and ZSM-22. In this discussion, a large pore
hydrocracking catalyst refers to a catalyst that includes a 12-member ring molecular
sieve. An example of a molecular sieve suitable for forming a large pore hydrocracking
catalyst is USY zeolite with a silica to alumina ratio of about 200:1 or less and a unit cell

size of about 24.5 Angstroms or less.
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Feedstocks

[6622] A wide range of petroleum and chermucal feedstocks can be hydroprocessed in
accordance with the present invention. Some suitable feedstocks include gas oils, such
as vacuumm gas oils. More generally, suitable feedstocks include whole and reduced
petroleum crudes, atmospheric and vacuum residua, solvent deasphaited residua, cycle
otls, FCC tower bottoms, gas oils, inchuding atmospheric and vacuum gas oils and coker
gas oils, hight to heavy distillates ncluding raw virgin distillates, hydrocrackates,
hydrotreated oils, dewaxed oils, slack waxes, Fischer-Tropsch waxes, raffinates, and

mixtures of these materials,

6623} Ounc way of defining a feedstock is based on the boiling range of the feed.
Oue option for defining a boiling range 1s to use an inihial boiling point for a feed and/or
a final boiling point for a feed. Another option, which in some instances may provide a
more representative description of a feed, 1s to characterize a feed based on the amount
of the feed that boils at one or more temperatures. For example, a8 “T5” boiling point for
a feed 1s defined as the temperature at which 5 w6 of the feed will boil off. Sirmlarly, a
“T95” boiling point 18 a temperature at which 95 wt% of the feed will boil, while a

“T99.5” botling point i3 a temperature at which 99.3 wi% of the feed will boil.

[6024] Typical feeds include, for example, feeds with an initial boiling point of at
least about 630°F (343°C), or at least about 700°F (371°C), or at least about 750°F
(399°C). The amount of lower boiling point material in the feed may impact the total
aroount of diesel generated as a side product. Alternatively, a feed may be characterized
using a T5 boiling point, such as a feed with a T3 boiling point of at least about 650°F
(343°C), or at least about T00°F (371°C), or at least about 730°F (399°C). Typical fecds
inchade, for example, foeds with a final boiling point of about 1150°F (621°C}, or about
T100°F (593°C) or less, or about 1050°F (366°C) or less. Alternatively, a feed may be
characterized using a T95 boiling point, such as a feed with a TOS boiling point of about
PISO°F (621°C), or about 1100°F (593°C) or less, or about 1050°F (566°C) or less, Tt is
voted that feeds with still fower initial botling points and/or T3 boiling poinis may also
be suitable for increasing the yield of premimm diesel, so long as sufficient higher boiling

material is available so that the overall nature of the process is a hubricant base oil
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production process. Feedstocks sach as deasphalted o1l with a final boiling point or a

T95 boiling point of about 1130°F (621°C) or less may also be suitable.

[B825] In some aspects, feeds with an increased amount of distiliate botling range
components can be used as feedstocks.  Traditionally such distillate boiling range
components would be excluded from a process for hydrocracking of a gas oil feed, in
order to avoid conversion of the distillate components to less valuable naphtha or hight
ends products. In such aspects, the TS boiling pownt of a feedstock can be at least about
473°F (245°C), such as at least about 527°F (275°C), or at least about 572°F (300°C}, or
at least about 600°F (316°C).

[(026] In cmbodiments involving an imitial sulfur removal stage prior fo
hydrocracking, the sulfur content of the feed can be at least 100 ppro by weight of sulfur,
or at feast 1000 wppm, or at icast 2000 wppm, or at least 4000 wppm, or at least 20,000
wppm, or at least about 40,000 wppm. 1o other embodiments, wncluding some
emnbediments where a previously hydrotreated and/or hydrocracked feed is used, the
sulfur content can be about 2000 wppm or less, or about 1000 wppro or less, or about

500 wppm or less, or about 100 wppm or less.

(60271 In some embodiments, at least a portion of the feed can correspond to a feed
derived from a biocomponent source. In this discussion, a biocomponent feedstock
refers to a hydrocarbon feedstock derived from a biological vaw roaterial coraponent,
from biocomponent sources such as vegetable, animal, fish, and/or aigae. Note that, for
the purposcs of this document, vegetable fats/oils refer gencrally to any plant based
material, and can include fat/pils derived from a source such as plants of the genus
Jatropha. Generally, the biocomponent sources can mnclude vegetable fats/oils, animal
fats/oils, fish oils, pyrolysis oils, and algae lipids/oils, as well as components of such
materials, and in some embodiments can specifically include one or more type of lipid
compounds. Lipid compounds are typically bislogical compounds that are insoluble in
water, but soluble in nonpolar (or fat) solvents. Non-limiting examples of such solvents

mclude aleohols, ethers, chloroform, alkyl acetates, benzene, and combinations thereof.
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Hydroprocessing with Improved Distillate Product Yield with Interstage Fractionation

[G828] Various types of hydroprocessing can be used in the production of distillate
products.  Typical processes include hydrotreating and/or hydrocracking processes to
remove contaminants and/or provide uplift in the viscosity mdex (V1) of the feed. The
hydrotreated and/or hydrocracked feed can then optionally be dewaxed to mprove coid
flow properties, such as pour point or cloud point. The hydrocracked, optionally
dewaxed feed can then optionally be hydrofinished, for example, to reroove arorsatics
from the labricant base oil product. This can be valuable for removing compounds that

are constdered hazardous under various regulations.

[(029] In sornc aspects, improvements in distillate yicld can be achicved for
configurations mvolving hydrotreatment of a feed followed by hydrocracking of the
feed.  Dewaxing can optionally be performed prior to and/or after hydrocracking if a
tubricant base ol product 18 desired and/or to improve the cold flow properties of the

distillate product.

[6838] In this discussion, a hydrotreatment process refers to a process involving a
catalyst with at least one Group VI or Group VIH metal supported on a refractory
support, such as an amorphous oxide support. Preferably, a hydrotreating catalyst can
include a support that 18 substantially free from molecular sicves, such as a support that
contains about 0.01 wt% or less of molecular sieves. Conversion oun hydrotreating
catalysts can typically occur wvia reaction mechanisms  associated  with
hydrodesulfurization (HDS), hydrodenitrogenation (HDN), aromatic ring saturation,
and/or dealkylation. By contrast, a hydrocracking process refers to a process involving a
catalyst that includes a molccular sieve, such as a catalyst that incorporates a zeolite or
another type of crystalline molecular sieve. Conversion over hydrocracking catalysts can
typically occur via reaction mechanisms associated with aromatic ring saturation, ring

opening, dealkylation, paraffin isomerization, and/or cracking.

[6031] FIGS. 1 — 3 show cxamples of possible configurations for perforraing
hydrotreating and hydrocracking on a suitable feedstock, such as a vacuum gas oil

teedstock.  In the configuration shown m FIG. 1, a feed 105 18 hydrotreated 110 for
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removal of sulfur and/or nitrogen and theo hydrocracked 120, The effluent 115 from
hydrotreatment stage 110 is cascaded into hydrocracking stage 120 without stripping or
other mitermediate separvation.  The hydrocracking stage genervates a hydrocracked

cffluent 122 that can include a hydrocracked distillate boiling range product.

6832} A configuration such as FIG. 1 provides a baseline level of distillate yield for
processing a feedstock.,  In FIG. 1, the hydrotreatment stage can be used for
desulfurization and/or denitrogevation of a feed to a desired level at a lower level of
severity as compared to using a hydrocracking stage for heteroatom removal. The
hydrocracking stage can then be used perform additional conversion ou the hydrotreated
foed until a desired level of conversion 18 reached. However, since the effluent from the
hydrotreating stage s cascaded into the hydrocracking stage, the H,S and NH» gencrated
during hydrotreatment are also passed into the hydrocracking stage. This can suppress
the activity of the hydrocracking catalyst, leading to higher severity conditions to achieve

a desired level of conversion.

[3033] FIG. 2 shows a variation on FIG. | where the cffluent 115 can pass through a
separation stage 225 after hydrotreatment stage 110 and prior to hydrocracking stage
120. One option is to use a gas-liquid separstor or stripper as separation stage 225, In
this option, contaminant gases 228 formed during hydrotreatment, such as HoS and NH;,
as well as other light ends, can be removed from the effluent prior to hydrocracking.
However, any distillate in the effluent 115 is still passed into hydrocracking stage 120.
Alternatively, separation stage 225 can correspond to a fractionator, such as a distillation
colamn or a {lash separator, that allows for removal of at least contaminant gases 22K
and a distillate boiling range portion 233 of cffluent 115 prior the effluent entering the
hydrocracking stage 120. In this alternative, the remainiog portion 218 of the effluent
can correspond to an unconverted portion of the initial feed 105 that boils above the
distillate botling range. I a tlash separator is used, the distillate botling range portion
233 may also inittally include a naphtha boiling range portion as well light ends. The
distillate boiling range portion could then be separated from other portions at 4 later time.
If a fractionator is used, a separate naphtha boiling range portion (not shown} can also be

tormed during separation of the distillate botling range portion.
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[6834] The types of configurations exeroplified by FIG. 2 can provide at least two
types of benefits relative to a configuration similar to FIG. 1. For configurations where
contaminant gases are removed prior o passing the hvdrotreated effluent into the
hydrocracking stage, the removal of contaminant gases allows for use of milder reaction
conditions in the hydrocracking stage while achicving a sirmilar fevel of feed conversion.
This can be due, for example, to the catalysts in the hydrocracking stage having a higher
effective catalytic activity when catalyst suppressants or poisons {such as contaminant
gases) are removed. Another potential benefit can be achieved in configurations where a
distillate product portion 1s rernoved from the ctfluent prior to passing the cfflucnt nto
the hydrocracking stage. In such a configuration, the distillate product portion removed
prior to hydrocracking is not exposed to further hydroprocessing conditions, and
therefore such a removed product portion 18 not further cracked to comapounds boiling
below the distillate botling range. Example 1 below demonstrates the benefit of a

contfiguration according to FIG. 2 versus the configuration in FIG. 1.

[6035] FIG. 3 shows a potential variation in how the feed is hydrotreated. In FIG. 3,
instead of hydrotreating a feed using a single hydrotreating stage, a feed 305 is
hydrotreated in at least two hydrotreatment stages 340 and 350. A scparation stage 365
between the hydrotreatment stages 340 and 350 can ctther correspond to a gas-hquid
separation stage (such as a stripper) or a fractionation stage. If separation stage 365 is a
gas-hqud separation stage, contamivant gases and other light ends 368 can be removed
from cffluent 345, If separation stage 365 is a fractionator, a distillate boiling range
portion 373 can be separated out from the romaining portion 368 of the effluent prior to

hydrocracking,.

(6636} The types of configurations exemplified by FIG. 3 can provide at [east two
types of benefits relative to a configuration simtlar to FIG. 1 or FIG. 2. For
configurations where contaminant gases are removed at an intermediate location during
hydrotreating, the removal of contaminant gases allows for use of milder reaction
conditions in the later catalyst beds of the hydrotreating stage while achicving a simtlar
level of feed desulfurization. This can be due, for example, to the catalysts in the later
hydrotreatment beds having a higher effective catalytic activity when  catalyst

suppressants or poisons {such as contaminant gases) are removed. Another potential
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benefit can be achieved in configurations where a distillate product portion is removed at
an intermediate location during hydrotreating.  In such a configuration, the distillate
product portion removed at the interroediate location is not exposed to further
hydroprocessing conditions in the later hydrotreatment catalyst beds, and therefore such
a rerooved product portion 18 not further converted to compounds boiling below the
distillate boiling range. Example 2 below shows the benefits of a configuration

according to FIG. 3 relative to FIGS. 1 and 2.

[38337] When the separation is performed between two stages (such as between two
hydrotreating stages or between a hydrotreating stage and a bhydrocracking stage), the
separation can result in formation of at least a separated offluent portion (that is removed
tromn further processing) and a remaining cffluent portion that is passed o the next
hydroprocessing stage. When the separation corresponds fo siripping of gases or another
gas-liquid type separation, the separated cfffuent portion can have a relatively low final
boiling point. For example, the T93 boiling points of the separated effluent can be about
250°F (121°C) or less, such as about 200°F (93°C) or less, or about 150°F (65°C) or less
or about 100°F (38°C) or less. It is noted that the above T95 boiling points contemplate
scparations where the separated cffluent containg naphtha boiling range components, but

does not contain distillate boiling range components,

[3338] When the scparation corresponds to a fractionation, the separated effluent
portion can include a distillate boiling range product, either as part of a single separated
cffluent, or as one of several separated products generated by the fractionation that are
not exposed to further hydroprocessing. To sach aspects, the remaining effiuent portion
can correspond to a bottoms portion from the fractionation. Depending on the nature of
the scparation, the remaining efffuent portion can have a TS boiling point of at least
about 600°F (316°C}), such as at least about 650°F (343°C3), or at least about 700°F
(371°C). For the lower TS boiling points, the remaining portion of the offluent may
contain substantial amounts of distillate boiling range components that are exposed to
further hydroprocessing. This strategy might be used, for example, to provide for further
removal of sulfur or nitrogen from the heavier portions of the distillate boiling range
components. If it is desired to substantially remove all distillate boiling range

compounents frova the remaining portion of the effluent, the fractionation can be
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performed to generate a remaining effluent portion with a T3 boiling point of at least
about 700°F (371°C}. For cxample, a fractionation to substantially remove all distillate
boiling range components can be performed on the efflucot from a hydrotreating stage

prior to passing the effluent into a dewaxing stage or a hydrocracking stage.

Hvdrocracking with Improved Conversion or Improved Distillate Yield

[6639] In some aspects, additional distillate vield can also be achieved by exposing a
hydrotreated feedstock to hydrocracking and dewaxing catalysts in a specific order. In
particular, for a medium pore size dewaxing catalyst that performs dewaxing primarily
by isomerization, exposing the hydrotreated feedstock to the dewaxing catalyst prior to
exposing the feedstock to a large pore hydrocracking catalyst can reduce the required

severity in the hydrocracking stage for achieving a desired level of feed conversion.

[(0406] Alternatively, using a medium pore size dewaxing catalyst prior to a large
pore hydrocracking catalyst can achieve a similar distillate yield relative to a
conventional configuration but lead to improved conversion without mcereasing the
severity of the hydrocracking conditions. For lubricant base oil production, achieving a
desired lubricant base oil product often involves hydroprocessing of a feedstock to
achieve a desired level of feed conversion. The remaining unconverted portion of the
feed is then suitable for use {(after optional further processing} as a hubricant base stock.
Achieving a desired level of conversion for lubricant base stock production at lower
severity processing conditions can be beneficial for various reasons, such as improved
catalyst hifetime and/or process run length, or reduced hydrogen consumption during

processing.

(6041 Some types of large pore hydrocracking catalysts, such as hydrocracking
catalysts containing zeolite Y, can be sclective for cracking of cyclic and/or branched
compounds relative to paraffinic compounds.  As a result, when a feedstock with a
sufficient amount of waxy components is hydrocracked, the waxy compounds require
higher severity conditions for cracking. This can lead to overall higher severity

conditions for cracking of a feed in order to achieve a desired level of feed conversion.
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[6042] Conventionally, dewaxing is typically performed after hydrocracking. Whule
this can be effective for generating a feed having desired cold flow propertics, such a
configuration does vot vecessarily improve distillate yield. To coutrast to a conventional
configuration, a dewaxing catalyst having isomerization dewaxing activity can be used
for catalytic dewaxing of a feedstock prior to hydrocracking. In this type of
configuration, dewaxing of the feedstock can allow waxy or paraffinic molecules in the
feedstock to be converted to compounds with a larger number of branches.  Such
branched compounds can be more casily cracked when exposed to a hydrocracking
catalyst. This can allow for use of lower severity conditions in order to achicve a desired
fevel of feed conversion. Under such lower severity conditions, the amount of
“overcracking” to convert distillate compounds to lower boiling compounds (such as
naphtha or light ends) can be reduced, resulting in a greater vield of distillate boiling
range product at a given level of feed conversion. Alternatively, performing dewaxing
prior to hydrocracking can allow for increased feed conversion at reaction conditions
with similar severity. Example 3 demonstrates the benefit of this improved configuration

for dewaxing and hydrocracking catalyst beds or stages.

Hyvdrotreatment Conditions

[(3343] Hydrotreatment is typically used to reduce the sulfur, nitrogen, and aromatic
content of a feed. The catalysts used for hydrotreatment can mclude conventional
hydroprocessing catalysts, such as those that comprise at least one Group VI non-noble
metal (Columns 8 ~ 10 of TUPAC periodic table), preferably Fe, Co, and/or Ni, such as
Co and/or Ni; and at least one Group VI metal (Coluron 6 of TUPAC perodic table),
preferably Mo and/or W. Such hydroprocessing catalysts can optionally include
transition metal sulfides. These metals or mixtures of wetals are typically present as
oxides or sulfides on refractory metal oxide supports. Suitable metal oxide supports
mnclude low acidic oxides such as silica, alumina, titania, silica-titania, and
titania-alumina.  Suitable aluminas are porous aluminas such as gamma or eta having
average pore sizes from 50 to 200 A, or 75 to 150 A; a surface area from 100 to 300
rnz/g, or 150 to 250 m?’/g; and a pore volume of from 025 10 1.0 crn3,"g, or .35 w0 0.8
cmt’/g. The supports are preferably not proraoted with a halogen such as fluorine as this

generally increases the acidity of the support.



WO 2015/084564 PCT/US2014/065620

(6044 The at least one Group VIH nouv-noble metal, v oxide form, can typically be
present in an amount ranging from about 2 wt% to about 40 wit%, preferably from about
4 wt% to about 15 wit%. The at least one Group VI metal, 1o oxide forrn, can typically
be present in an amount ranging from about 2 wt% to about 70 wt%, preferably for
supported catalysts from about 6 wit% to about 40 wt% or from about 10 wt% to about 30
wt%. These weight percents are based on the total weight of the catalyst. Suitable metal
catalysts include cobalt/molybderum (1-10% Co as oxide, 10-40% Mo as oxide},
nickel/molybdenum (1-10% Ni as oxide, 10-40% Co as oxide), or nickel/tungsten

(1-10% Nias oxade, 10-40% W as oxide) on alumina, silica, silica-alumina, or titania.

[6045] Alternatively, the hydrotreating catalyst can be a bulk metal catalyst, or a
combination of stacked beds of supported and bulk metal catalyst. By bulk metal, 1t 18
meant that the catalysts are unsupported wherein the bulk catalyst particles comprise
30-100 wt. % of at least one Group VI non-noble metal and at least one Group VIB
metal, based on the total weight of the bulk catalyst particles, calculated as metal oxides
and wherein the bulk catalyst particles have a surface area of at least 10 m%g. It is
furthermore preferred that the bulk metal hydrotreating catalysts vsed herein comprise
about 50 to about 100 wt%, and even more preferably about 70 to about 100 wt%, of at
least one Group VI non-voble metal and at least one Group VIB wmetal, based on the
total weight of the particles, calculated as metal oxides. The amount of Group VIB and

Group VI non-noble metals can easily be determined VIB TEM-EDX.

[6046] Bulk catalyst compositions comprising one Group VIH non-noble metal and
two Group VIB metals are preferred. It has been found that in this case, the bulk catalyst
particles are sintering-resistant. Thus the active surface area of the bulk catalyst particles
is maintained daring use. The molar ratio of Group VIB to Group VIHI non-noble metals
ranges generaily from 10:1-1:10 and preferably from 3:1-1:3. In the case of a core-shell
structured particle, these ratios of course apply to the metals contained in the shell. If
more than one Group VIB metal is contained in the bulk catalyst particles, the ratio of
the different Group VIB metals 15 generally not critical. The same holds when more than
one Group VI non-noble metal is applied. In the case where molybdenum and tungsten
are present as Group VIB metals, the molybdenunutungsten ratio preferably lies in the

vange of 9:1-1:9. Preferably the Group VI non-noble metal coroprises uickel and/or
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cobalt. It is further preferred that the Group VIB metal comprises a combination of
molybdenum and tungsten.  Preferably, combinations of nickel/melyvbdenuny/tungsten
and cobalt/molybdenum/tungsten and nickel/cobalt/molvbdenum/tungsten are  used.
These types of precipitates appear to be sinter-resistant. Thus, the active surface arca of
the precipitate 18 maintained during use. The mctals arc preferably present as oxidic
compounds of the corresponding metals, or if the catalyst composition has been sulfided,

sulfidic compounds of the corresponding metals,

[30347] It 18 also preferred that the bulk metal hydrotreating catalysts used herein
have a surface area of at least 50 m%/g and more preferably of at least 100 m™/g. 1t is also
desired that the pore size distribution of the bulk metal hydrotreating catalysts be
approximately the same as the onc of conventional hydrotreating catalysts. Bulk metal
hydrotreating catalysts have a pore volume of 0.05-3 ml/g, or of 8.1-4 mb/g, or of 0.1-3
ml/g, or of 0.1-2 ml/g determined by nitrogen adsorption. Preferably, pores smaller than
I nm are not present. The bullk metal hydrotreating catalysts can have a median diameter
of at least 50 nm, or at least 100 nm. The bulk metal hydrotreating catalysts can have a
median diameter of not wmore than 5000 pum, or vot more than 3000 pm. In an
ernbediment, the median particle diameter lics in the range of 0.1-30 wm and most

preferably in the range of 0.5-50 um.

(048] The hydrotreatmacnt is carried out in the presence of hydrogen. A hydrogen
stream is, therefore, fed or injected into a vessel or reaction zone or hydroprocessing
zone in which the hydroprocessing catalyst is located. Hydrogen, which is contained in a
hydrogen-containing “ireat gas,” 18 provided to the reaction zone. Treat gas, as referred
to in this invention, can be either pure hydrogen or a hydrogen-containing gas, which is a
gas strearm contaiming hydrogen in an amount that is sufficient for the intended
reaction{s), optionally including one or more other gasses (e.g., nitrogen and light
hydrocarbons such as racthane), and which will not adversely interfere with or affect
either the reactions or the products. Impurities, such as H;8 and NH; are undesirable
and would typically be removed from the treat gas before it is conducted to the reactor.
The treat gas stream introduced into a reaction stage will preferably contain at least about

50 vol. % and more preferably at least about 75 vol. % hydrogen.
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[6049] Hydrotreating conditions can include temperatures of about 200°C to about
450°C, or about 315°C to about 425°C; pressures of about 250 psig (1.8 MPag) to about
S000 psig (34.6 MPag) or about 300 psig (2.1 MPag) to about 3000 psig (20.8 MPag);
liquid hourly space velocities (LHSV) of about 0.1 hr' to about 10 hr'; and hydrogen
treat rates of about 200 scf/B (35.6 ma'/m’) to about 10,000 scf/B (1781 rm’/m’), or about

500 (89 m'/m’) to about 10,000 scf/B (1781 m’/m").

Hvdrocracking Conditions

[6056] Hydrocracking catalysts typically contain sulfided base metals on acidic
supports, such as amorphous silica alumina, cracking zeolites or other cracking
molecular sicves such as USY, or acidified alumina.  In somc preferred aspects, a
hydrocracking catalyst can include at least one molecular sieve, such as a zeolite. Often
these acidic supports are mixed or bound with other metal oxides such as alumina, titania
or silica. Non-limiting examples of supported catalytic metals for hydrocracking catalysts
include nickel, nickel-cobalt-molybdenum, cobalt-molybdenum, nickel-tungsten, nickel-
molybdenurs,  and/or  mckel-molybdenuro-tungsten. Additionally or  alternately,
hydrocracking catalysts with noble metals can also be used. Non-limiting examples of
noble metal catalysis include those based on platinum and/or palladiure. Support materials
which may be used for both the noble and non-noble metal catalysts can comprise a
refractory oxide material such as alomina, silica, alumina-silica, kieselgohr, diatomaceous
garth, magnesia, zirconia, or combinations thereof, with alumina, silica, alumina-silica

being the most comroon (and preferred, n one crobodiment).

(3051 In some aspects, a hydrocracking catalyst can include a large pore molecular
sieve that 18 selective for cracking of branched hydrocarbons and/or cychic hydrocarbons.
Zeolite Y, such as ultrastable zeolite Y (USY) is an example of a zeolite molecular sieve
that is sclective for cracking of branched hydrocarbons and cyclic hydrocarbons.
Depending on the aspect, the stlica to alumina ratio in a USY zeolite can be at least about
10, such as at least about 15, or at lcast about 25, or at lcast about 50, or at least about 100,
Bepending on the aspect, the unit cell size for a USY zeolite can be about 24.50 Angstroms
ot less, such as about 24.45 Angstroms or less, or about 24.40 Angstroras or less, or about

24.35 Angstroms or less, such as about 24.30 Angstroms.
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{3852} ln various ewbodiments, the conditions selected for hydrocracking can
depend on the desired level of conversion, the level of contaminants in the input feed to
the bydrocracking stage, and poteotially other factors. A hydrocracking process
performed under sour conditions, such as conditions where the sulfur content of the input
teed to the hydrocracking stage is at least SO0 wppr, can be carried out at temperatures
of about 350°F (288°C) to about 840°F (449°C), hydrogen partial pressures of from
about 250 psig to about 5000 psig (1.8 MPag to 34.6 MPag), liquid hourly space
velocities of from 0.05 h™ to 10 17, and hydrogen treat gas rates of from 35.6 m/m’ to
1781 m'/m’ {200 SCF/B to 10,000 SCF/B). In other embodiments, the conditions can
include temperatures in the range of about 600°F (343°C) to about 815°F (435°C),
hydrogen partial pressures of from about 500 psig to about 3000 psig (3.5 MPag-20.9
MPag), liquid hourly space velocities of from about 0.2 h! to about 2 b and hydrogen
treat pas rates of from about 213 m'/m’ to about 1068 m’/m’ (1200 SCF/B to 6000

SCF/B),

053] A hydrocracking process performed under non-sour conditions can be
performed under conditions similar to those used for sour conditions, or the conditions
can be different.  Alternatively, a non-sour hydrocracking stage can have less severe
conditions than a simiar hydrocracking stage operating under sour couditions. Suitable
hydrocracking conditions can include temperatures of about 550°F (288°C) to about
840°F (449°C), hydrogen partial pressures of from about 250 psig to about S000 psig
(1.8 MPag to 34.6 MPag), liquid hourly space velocities of from 0.05 b to 10 b, and
hydrogen treat gas rates of from 35.6 m/m’ to 1781 m'/m’ (200 SCE/B to 10,000
SCH/B)Y. In other emboediments, the conditions can include temperatures in the range of
about 600°F (343°C) to about 815°F (435°C), hydrogen partial pressures of from about
500 psig to about 3000 psig (3.5 MPag-20.9 MPag), liquid hourly space velocities of
from about 0.2 i’ to about 2 b and hydrogen treat gas rates of from about 213 m’/m’ to

about 1068 m’/m’ (1200 SCF/B to 6000 SCF/B).

Dewaxing Process

[(3054] In various cmbodiments, a dewaxing catalyst is also included. Typically, the

dewaxing catalyst 1s located i a bed downstream from any hydrocracking catalyst stages
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and/or any hydrocracking catalyst present in a stage. This can allow the dewaxing to
gccur on molecules that have already been hydrotreated or hydrocracked to remove a
significant fraction of organic sulfur- and witrogen-containing species. The dewaxing
catalyst can be located in the same reactor as at least a portion of the hydrocracking
catalyst in a stage. Alternatively, the effluent from a reactor containing hydrocracking
catalyst, possibly after a gas-liquid separation, can be fed into a separate stage or reactor

containing the dewaxing catalyst.

[B055] Suitable dewaxing catalysts can include molecular sieves such as crystalline
aluminosilicates (zeolites). In an ernbodivaent, the wolecular sieve can comprise, consist
cssentially of, or be ZSM-5, ZSM-22, ZSM-23, ZS8M-35, Z5M-48, zeolite Beta,
ZSM-57, or a combination thereof, for example Z5M-23 and/or Z5M-48, or Z5M-48
and/or zeolite Beta. Optionally but preferably, molecular sieves that are selective for
dewaxing by isomerization as opposcd to cracking can be used, such as ZSM-4¥&, zeolite
Beta, ZSM-23, or a combination thereof. Additionally or alternately, the molecular sieve
can comprise, consist cssentially of, or be a 10-member ring 1-D molecular sieve.
Examples mclude EU-1, Z8SM-35 {(or ferrienite), Z5M-11, Z5M-57, NU-§7, SAPO-11,
ZSM-48, Z5M-23, and ZS5M-22. Preferred materials are EU-2, EU-11, ZBM-30,
ZEM-4R, or Z5M-23. F5M-48 is most preferred. Note that a zeohte having the ZSM-23
structure with a silica to alumina ratio of trom about 20:1 to about 40:1 can sometimes
be referred to as S8Z-32. Other voolecular sieves that are isostructural with the above
materials mclude Theta-1, NU-16, EU-13, KZ-1, and NU-23. Optionally but preferably,
the dewaxing catalyst can include a binder for the molecular sieve, such as alumina,
titania, silica, silica-alumina, zirconia, or a combination thereof, for example alumina

and/or titania or silica and/or zirconia and/or titania.

6056} Preferably, the dewaxing catalysts used in processes according to the
mvention are catalvsts with a low ratio of silica to alurnina. For example, for ZSM-4§,
the ratio of silica to alumina in the zeolite can be less than 200:1, or less than 110:1, or
less than 100:1, or less than 90:1, or less than 80:1. In various embodiments, the ratio of

silica to alumina can be from 3011 to 200:1, 60:1 to 110:1, or 70:1 to 10011,
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[6057] ln various cwbodiments, the catalysts according fo the invention further
include a metal hydrogenation component. The metal hydrogenation component is
typically a Group VI and/or a Group VIHI metal. Preferably, the metal hydrogenation
component is a Group VI noble metal. Preferably, the metal hydrogenation component
18 Pt, Pd, or a mixture thereof. In an alternative preferred embodiment, the metal
hydrogenation component can be a combination of a non-noble Group VI metal with a
Group VI metal.  Suitable combinations can include Ni, Co, or Fe with Mo or W,

preferably Ni with Mo or W.

[0O58] The wetal hydrogenation component may be added to the catalyst in any
convenient manner. One technique for adding the metal hydrogenation component is by
ncipicnt wetness., For example, after combining a zeolite and a binder, the combined
zeolite and binder can be extruded into catalyst particles. These catalyst particles can
then be exposed to a solution containing a suitable metal precursor.  Alternatively, metal
can be added to the catalyst by ion exchange, where a metal precursor is added to a

mixture of zeolite (or zeolite and binder) prior to extrusion.

[6059] The amount of metal in the catalyst can be at least 0.1 wi% based on catalyst,
or at lcast 0.15 wt%, or at least 8.2 wi%, or at lcast .25 wt%, or at lcast 0.3 wi%, or at
feast 0.5 wit% based on catalyst. The amount of metal in the catalyst can be 20 wit% or
less based on catalyst, or 10 wi% or less, or S wi% or less, or 2.5 wt% or less, or 1 wt%
or less. For embodiments where the metal is Pt, Pd, another Group VI noble metal, or a
combination thereof, the amount of metal can be from 0.1 to § wt%, preferably from 0.1
0 2 wt%, or 0.25 to 1.8 wi%, or 0.4 10 1.5 wi%. For embodimenis where the metal is a
combination of a non-noble Group VI metal with a Group VI metal, the combined
amount of metal can be from 0.5 wt% to 20 wit%6, or I wi¥% to 15 wi%, or 2.5 wi% to i

Wi,

6066} The dewaxing catalysts useful in processes according to the invention can
also inciude a binder. In some embodiments, the dewaxing catalysts used in process
according to the invention are formulated using a low surface area binder, a low surface
arca binder represents a binder with a surface area of 100 m®/g or less, or 80 m’/g or less,

r-v
7

2,
or 70 m’/g or less,
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(6061} A zeolite can be combined with binder in any convenient manner. For
example, a bound catalyst can be produced by starting with powders of both the zeolite
and binder, cornbinng and mulling the powders with added water to form a mixture, and
then extruding the mixture to produce a bound catalyst of a desired size. Extrusion aids
can also be used to modity the extrusion flow properties of the zeolite and binder
mixture. The amount of framework alumina in the catalyst may range from 0.1 to 3.33

wit%s, or 0.1 t0 2.7 wi%, or 0.2 0 2 wit%, or (.3 to 1 wt%.

(6062} In yet another embodiment, a binder composed of two or more metal oxides
can also be used. Io such an embodiment, the weight percentage of the low surface area
binder is preferably greater than the weight percentage of the higher surface area binder.
Alternatively, if both metal oxides used for forming a mixed metal oxide binder have a
sufficiently low surface area, the proportions of cach metal oxide in the binder are less
fmportant.  When two or more metal oxides are used to forrn a binder, the two metal
oxides can be incorporated into the catalyst by any convenient method. For example,
one binder can be mixed with the zeolite during formation of the zeolite powder, such as
during spray drying. The spray dried zeolite/binder powder can then be mixed with the
sccond metal oxide binder prior to extrusion. In yet another embodiment, the dewaxing

catalyst 1s self-bound and does not contain a binder.

(3063} A bound dewaxing catalyst can alse be charactenized by comparing the
micropore {or zeolite) surface area of the catalyst with the total surface area of the
catalyst. These surface areas can be calculated based on analysis of nitrogen porosimetry
data using the BET method for surface arca measurerent. Previous work has shown that
the amount of zeolite content versus binder content in catalyst can be determined from
BET measurements (see, e.g., Johnson, M.F.L., Jour. Catal, (1978) 52, 423}, The
micropore surface area of a catalyst refers to the amount of catalyst surface area provided
duc to the melecular sicve and/or the pores in the catalyst in the BET measurerents,
The total surface arca represents the micropore surface plus the external surface area of
the bound catalyst. In onc cmbodiment, the percentage of micropore surface area
relative to the total surface area of a bound catalyst can be at least about 35%, for
cxample at least about 38%, at lcast about 40%, or at lcast about 45%. Additionally or

alternately, the percentage of wicropore surface area relative to total surface area can be
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about 65% or less, for example about 60% or less, about 55% or less, or about 50% or

fess.

[3864] Additionally or alternately, the dewaxing catalyst can comprise, consist
essentially of, or be a catalyst that has not been desluminated. Further additionally or
alternately, the binder for the catalyst can include a muxture of binder materials

containing alumina.

6865} Process conditions in a catalytic dewaxing zone can include a temperature of
about 200°C to about 450°C, preferably about 270°C to about 400°C, a hydrogen partial
pressure of about 1.8 MPag to about 34.6 MPag (250 psig to 3000 psig}, preferably about
4.8 MPag to about 20.8 MPag, and a hydrogen treat gas rate of about 35.6 m’/m’ (200
SCF/B) to about 1781 mi'/ne” (10,000 scf/R), preferably about 178 m’/m’ (1000 SCF/B)
to about 890.6 m'/m’ (5000 SCF/B). In still other embodiments, the conditions can
include temperatures in the range of about 600°F (343°C) to about 815°F (435°C),
hydrogen partial pressures of from about 500 psig to about 3000 psig (3.5 MPag-20.9
MPag), and hydrogen treat gas rates of from about 213 m'/m’ to about 1068 m’/m” (1200
SCF. The LHSY can be from sbout 0.1 h™' to about 10 k™ , such as from about 0.5 o

about S it and/or from about 1 h' to about 4 b,

Hvdrofinishing and/or Aromatic Saturation Process

[6066] In various embodiments, a hydrofinishing and/or aromatic saturation stage
may also be provided. The hydrofinishing and/or aromatic saturation can occur after the
tast hydrocracking or dewaxing stage. The hydrofinishing and/or aromatic satoration can
gceur either before or after fractionation.  If hydrofinishing and/or aromatic saturation
occurs after fractionation, the hydrofinishing can be performed on one or more portions
of the fractionated product, such as being performed on one or more lubricant base oil
portions.  Alternatively, the entire effluent frormn the last hydrocracking or dewaxing

process can be hydrofinished and/or undergo aromatic saturation.

[6667] ln some sttuations, a hydrofinishing process and an aromatic saturation

process can refer to a single process performed using the same catalyst.  Alternatively,
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one type of catalyst or catalyst system can be provided to perform aromatic saturation,
while a second catalyst or catalyst system can be used for hydrofinishing. Typically a
hydrofinishing and/or aromatic saturation process will be perforroed in a separate reactor
from dewaxing or hydrocracking processes for practical reasons, such as facilitating use
of a lower temperature for the hydrofinishing or aromatic saturation process. However,
an additional hydrofinishing reactor following a hydrocracking or dewaxing process but
prior to fractionation could still be considered part ot g second stage of 4 reaction systern

conceptually.

{6068 Hydrofinishing and/or aromatic saturation catalysis can include catalysts
containing Group VI metals, Group VI metals, and mixtures thercof. In an
embodiment, preferred metals include at least one wetal sulfide having a strong
hydrogenation function. In another embodiment, the hydrofinishing catalyst can include
a Group VI noble metal, such as Pt, Pd, or a combination thercof. The mixture of
metals may also be present as bulk metal catalysts wherein the amount of metal is about
30 wt. % or greater based on catalyst. Suitablc metal oxide supports include low acidic
oxides such as silica, alumina, silica-aluminas or titania, preferably alumina. The
preferred hydrofinushing catalysts for aromatic saturation will comprise at least once mctal
having relatively strong hydrogenation function on a porous support. Typical support
materials include amorphous or crystalline oxide materials such as alurina, silica, and
sitica-alumina. The support materials may also be modified, such as by halogenation, or
in particular fluorination. The metal content of the catalyst is often as high as about 20
weight percent for nov-noble metals. In an embodiment, a preferred hydrofinishing
catalyst can include a crystaliine material belonging to the M41IS class or family of
catalysts. The M4IS family of catalysts are wesoporous materials having high silica
content. Examples include MCM-41, MCM-48 and MUCM-50. A preferred member of
this class is MCM-41. If separate catalysts are used for aromatic saturation and
hydrofinishing, an aromatic saturation catalyst can be selected based on activity and/or
sclectivity for aromatic saturation, while a hydrofinishing catalyst can be selected based
on activity for improving product specifications, such as product color and polynuciear

aromatic reduction.
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[6069] Hydrofimshing conditions can inclade teraperatures from about 125°C to
about 425°C, preferably about 180°C to about 280°C, total pressures from about 500
psig (3.4 MPa) to about 3000 psig (20.7 MPa), preferably about 1500 psig (10.3 MPa) to
about 2500 psig (17.2 MPa), and liguid hourly space velocity from about 0.1 hr' to
about 5 hr! LHSV, preferably about 0.5 hr'' to about 1.5 hr'.

Fxample 1 — Senaration between Hydrotreatment and Hvdrocracking

G876 In this cxample, a vacuum gas o1l feedstock was hydroprocessed using a
vartety of reaction system configurations. In Configuration A, a feedstock was
hydrotreated and hydrocracked, with the effluent from hydrotreatinent being cascaded
into the hydrocracking stage. This corresponds roughly to the configuration shown in
FIG. 1. In Configuration B, the hydrotreated effluent was stripped of gases prior to
entering the hydrocracking stage. In Configuration C, the hydrotreated effluent was both
stripped fractionated, so that only the portion of the effluent having a higher beiling
range thao a distillate product was passed into the hydrocracking stage. Counfigurations

B and € correspond to variations of the configuration shown in FIG. 2.

16671} In this Example, the vacuum gas oil feedstock shown in Table | was exposed
to the hydrotreatment and hydrocracking stages. In addition to the sulfur content,
nitrogen content, and API gravity, Table 1 also provides details about the boiling point
profile of the feed. The TS temperature corresponds to the temperature at which 5 wit%
of the feed can be distilled {can be determined, for example, according to D2KR7), while
the T95 temperature corresponds to a similar 5 wt% boeiling point for the foed. The row
for percentage of the feed with a boiling point between 350°F (177°C) and 7006°F
(371°C) corresponds fo the percentage of the feed that boils in the distillate product

range according to the defirutions n this description.

Table 1: Feedstock

Feed Property Feed |
S 2.6 wt¥
N 828 ppm
APL/SG 22.1
15 661°F (349°C)
15 950°F (510°C)
%6350-T00°F 11 wi%
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[6672] ln this Example, the feedstock is exposed to a hydrotreating stage (R1)
followed by a hydrocracking stage (RZ). Table 2 shows the results from processing of
the feedstock wn Table T over various catalysts in a reaction system corresponding to
Configuration A. The pressures and temperatures shown in Table Z were used in both
stages of the reaction system. The hydrotreating catalyst corresponds to a coramercially
available NiMo supported hydrotreating catalyst. It is designated in the table as “"HDT™.
Various catalysts were used as a hydrocracking catalyst, as shown in columns 3 — 6 of
Table 2. For the hydrocracking catalysts shown in columns 3 — 6, cach catalyst included
the molecular sieve indicated in the table and comparable amounts of NiW supported on
the catalyst. For the USY hydrocracking catalyst in column 6, the USY had a silica to
alumina ratio of about 10 and a unit cell size of about 24.50 Angstroms. Note that
coluron 2 1o Table 2 represents a comparative exarple where the hydrotreating catalyst
was used in both of the reactor stages. In other words, the process configuration for

colamn 2 corresponds to two stages of hydrotreating.

Table 2 - Configuration A Hydroprocessing Results (ne intermediate separation)

I—Feedl {2-HDTonly |3 4 5 6

P, psig 1875 1875 1875 1875 1875
1,F 710 710 710 710 710
LHSV I 1 1 1 1

R1 catalyst HDT HDT HDT HDT HDT
R2 catalyst HDT ZSM48 ZSM-5 Betg USY
Conv % 30 40 45 50 60
Yo distillate | 11 29 33 30 32 35
{350°F

TO0°F)
[6673) As shown in Table 2, using a hydrocracking catalyst in the second stage of

Configuration A results in additional conversion, but only a modest amount of additional
production of distillate boiling range product. The Jargest aroount of distillate boiling

range product was generated when using the USY hydrocracking catalyst.

6874} Table 3 shows examples of the benefits of using either Configuration B or
Configuration C in order to tmprove distillate yield. Configurations B and C arc similar

to Configuration A, with the exception of stripping of gases {(Configuration B) or
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fractionation to generate an intermediate distillate product (Configuration C). In
Configuration {, only the portion of the cffluent beiling above the distillate product
(>T700°F or 371°C) is passed into the hydrocracking stage R2. The same type of USY

catalyst is used for cach of the runs shown in Table 3.

Table 3 — Benefit of Intermediate Stripping or Fractionation

Drirect cascade Ri-<stripping of R1-<fractionation>-R2
{Case 6 from gascs>-R2 Configuration C
Table 2} Configuration B

P 1875 1875 1875

T 710 710 710

LHSY 1 i |

R1 catalyst HDT HDT HDT

R2 catalyst USY USY USY

Conv 60 60 60

% distillate 35 36 45

16875) As shown in Table 3, stripping out contaminant gases between the

hydrotreatruent and hydrocracking stages (Configuration B) provided only slightly
higher distillate yield at the same level of conversion. By contrast, fractionating the
effluent from hydrotreatment (Configuration C) so that only the 700°F+ portion is passed
into the hydrocracking stage generated 10 wit% of additional distillate product relative to

Configuration A,

Example 2 — Strinping or Fractionation durine Hvdrotreatment

[38376] In this example, vacuum gas o¢il feedstocks were hydrotreated using various
configurations to achicve a desired level of sulfur removal. The hydrotreated effluents
generated from these configurations could, for example, be used as wnput feeds for a
subsequent hydrocracking stage according to other configurations described herein. In
Configuration I3, a feed was hydrotreated to achieve a desired amouut of sulfur removal
without any intermediate separation. This can correspound, for example, to a single stage
of hydrotreatment {such as a single hydrotreatruent reactor), or using two stages or
reactors with a cascade of effluent from the first reactor to the second reactor. In
Configuration E, the effluent from a first hydrotreating stage (Stage 1) was stripped to

remove contaminant gases prior to passing the efftuent into a second hydrotreating stage
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(Stage 2). In Configuration F, the effluent frow a first hydrotreating stage was both
stripped and fractionated, so that only the portion of the effluent having a higher boiling
range than a distillate product s passed into the second hydrotreating stage.

Configurations B and C correspond to variations of the configuration shown in FIG. 3.

166771 Tabie 4 shows various feedstocks used in this Example. In addition to the
sulfur content, nitrogen content, and APT gravity, Table 1 also provides details about the
boiling point profile of the feed. The T3 temperature corresponds to the temperature at
which 5§ wit% of the feed can be distilled {can be determined, for example, according to
D2887), while the TS5 temperature corresponds to a similar 95 wt% botling poiut for the
feed. The row for percentage of the feed with a boiling point between 350°F (177°C)
and 700°F (371°C) corresponds to the percentage of the feed that boils in the distillate
product range according to the definitions in this description. It is noted that Feed 1 is

the same as Feed 1 i Example 1.

Table 4 — Feed Properties for Vacuum Gas Qils

Feed Propertics Feed 1 Feed 2

S (wit%) 2.6% 2.66

N §28 ppm 917 ppm
API 22.] {(3.8985
TS 661 F 334 C
193 950 F 597 ¢
Y350°F-T007F (wt%) 1% 5 %

[GG78] Table 5 shows the amount of distillate product generated by processing Feed
I from Table 4 in Configuration D at different levels of severity over two different
catalysts. One catalyst is the supported NiMo hydrotreating catalyst described in
Exaraplc 1. The second catalyst corresponds to a comumnercially available bulk NiMo
catalyst. In Table 5, the supported catalyst ts designated by “HDT”, while the bulk

hydrotreating catalyst 15 designated by “Bulk Cat”.
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Table 5 — Processing of Feed 1 in Configuration D

<Feed 1> HDT HDT Bulk Cat Bulk Cat
P IR75 psig 1875 psig 1275 psig 1275 psig
T H680OF 710F 680F 710F
LHSY (hr') 1 1 i 1.14
N 828 ppm 25 ppim 10 ppm 10 ppm 10 ppm
S 2.6 wt% 600 ppm 49 pom 180 ppm 23 ppm
% 350°F- i 21 35 25 36
TOO°F (wi%o)
[B079] As shown m Table S, increasing the soverity of the hydrotreating conditions

resulted in increased distillate product yields. This is in addition to the expected

decrease in the amount of sulfur remaining in the hydrotreated feed.

[6086] Tabie © shows results from processing of Feed 2 in Configuration I and
Configuration E. For processing in Configuration E, the supported NiMo catalyst (HDT)
ts used in both R1 and R2. Under simtlar reaction conditions, Configuration E resulted
in removal of sulfur and nitrogen that is at least comparable to Configuration D}, with an

additional 9 wt% of distillate product yield.

Table 6 ~ Improved Distillate Yield with Intermediate Stripping (Configuration E)

Feed 2 HDT R1HDT — <stripping of gases>—
R2 HDT

P 1875 1873

T 7I0F 710

LHSY 1 1

N 917 ppm 10 <10

S 2.66 % 21 <21

% 350-700F 13 28 37
6081} Table 7 shows results from processing of Feed 2 in Configuration D and

Configuration F. For processing in Configuration F, the supported NiMo catalyst (HDT)
is used in both R1 and R2. Under similar reaction conditions, Configuration F resulted
in removal of sulfur and nitrogen that is at least comparable to Contiguration D, with an

additional 20 wt% of distillate product yield.
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Table 7 - Improved Distillate Yield with Int, Fractionation {Configuration F)

Feed 2 HDT only R1 HDT —<fractionation>— R2

HDT

P 1875 1875

T 710 F 710

LHSY 1 1

N 917 ppm 19 < 10

S 2.66 % 21 <2

% 350-700F 5 28 48

Exaraple 3 — Isomerization Dewaxing Prior to Hydrocracking

[3082] This example demonstrates the benefits of stacking medium pore dewaxing
catalysts with isomerization activity in the proper order relative to large pore
hydrocracking catalysts. In this example, a vacuum gas oil feedstock was hydrotreated,
fractionated to scparatc out any distillate boiling range product gencrated during
hydrotreatment, and then hydrocracked. In most of the process runs described in this
example, the hydrotreated cffluent was also dewaxed prior to hydrocracking. The
configuration is generally similar to the configuration shown wn FIG. 2, with the
dewaxing and hydrocracking catalyst both being located in the R2 reactor. The feed

used n this example corresponds to Feed 1 from Table 4 above.

[B083] The hydrotreatment in this exaraple was performed using the coramercially
available supported NiMo hydrotreating catalyst that is referenced in the other examples
as the “HDT” catalyst. The hydrocracking catalyst used in this example 15 a USY
catalyst with a silica to alumina ratio of about 10 and a unit cell size of about 24.50
Angstroms. The dewaxing catalysts are specified in Tables § and 9 below, along with
the process conditions for both the hydrotreatment and the dewaxing/hydrocracking
stages. The dewaxing catalysts further include 0.6 wt% of Pt supported on the catalyst as
a hydrogenation metal. The medinm pore dewaxing catalysts shown in Tabic 8 include
ZSM-48, Z8M-5, Z8M-22, zeolite Beta, Z8M-23, Z8M-35, and ZSM-57. In this
cxample, the R2 reactor was loaded with approximately 30 wit% of dewaxing catalyst

and 70 wit% of hydrocracking catalyst.

{3084 Table & shows results from a series of process rans with different wedium

pore dewaxing catalysts located upstream from the USY hydrocracking catalyst. For
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comparison, the first process run 1 Table 8 shows the result of processing the feedstock

without a dewaxing catalyst prior to the hydrocracking catalyst.

Table § - Dewaxing Prior to Hydroeracking

1 2 3 4 5 6 7 8
P, psig 1275 1275 1275 11275 {1275 11273 1275 1275
1,F 700 700 700 700 700 1700 700 700
LHSY 2 2 2 2 2 2 2 2
R1 HDT HDT HDT |HDT | HDT |HDT HDT KF-84§
catalyst
R2 None | ZSM- | Z8M- | ZSM- | Beta | ZS8M- | ZSM-35 | ZSM-57
catalysti 48 5 22 23
R2 USY USY USY |JUSY {USY | USY USY USY
catalyst2
Conv 40 59 60 55 75 44 44 48
% 35 39 31 33 35 35 32 31
distillate
{350°F
TO0°F)

{6085 As shown in Table 8, exposing the hydrotreated effluent to ZSM-48 prior o
hydrocracking unexpectedly results in an increase in both feed conversion and distillate
product yield (350°F — 7060°F, 177°C — 371°C). The remaining dewaxing catalysis are
effective for improving the conversion at constant severity, but the distillate yield is
stmilar or lower relative to exposing the feed to the hydrocracking catalyst without prior

dewaxing.

6086} To further demonstrate the benefits of exposing a hydrotreated feed to the

cwaxing catalyst prior to hydrocracking, Table 9 shows the results from several
vartations for stacking the dewaxing catalyst with the hydrocracking catalyst. In Table 9,
colurons | and 2 are the same as columns | and 2 in Table 8. Column 3 provides a
companison with dewaxing the effluent from hydrocracking.  Coluran 4 provides a
comparison with having the dewaxing and hydrocracking catalysts mixed within the
catalyst bed, so that the hydrotreated effluent is exposed to both catalysts at the same
time instead of sequentially. As shown in Table 9, exposing the hydrotreated feed to the
dewaxing catalyst prior to the hydrocracking catalyst in sequence {run 2 in Table 9)

provides superior conversion and distillate yield relative to using a mixed bed of
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dewaxing and hydrocracking catalyst {run 9). The results are alse superior to having the

dewaxing catalyst located after the hydrocracking catalyst (run 10}

Table 9 — Alternatives for Stacking of Dewaxing and Hydrocracking Catalyst

i 2 9 1
P 1275 1275 1275 1275
T 700 700 700 700
LHSY 2 2 2 2
R1 catalyst HDT HDT HDT HDT
R72 catalyst] Noug ZSM-48 USY ZSMAE+USY
R2 catalyst? USY INY £5M-4% none
Conv 46 50 35 39
Yo distillate 35 39 31 35

Additional Embodiments

(6087} Ermbodiment 1. A wethod for processing a feedstock to form a distiliate
product, comprising: contacting a feedstock having a T3 boiling point of at least about
A73°F (243°C) with a first hydrotreating catalyst under first cffective hydrotreating
conditions to produce a first hydrotreated cofftuent, the first hydrotreating catalyst
coraprising at feast one Group VI nou-noble metal and at least one Group VIB metal on
a refractory support; performing a separation on the first hydrotreated effluent to form at
least a first separated efflucut portion and a first remaining efftuent portion; contacting
the first remaining effluent portion with a second hydrotreating catalyst under second
effective hydrotreating conditions to produce a second hydrotreated effluent, the second
hydrotreating catalyst comprising at least one Group VI non-noble metal and at least
onc Group VIB metal on a refractory support; fractionating the sccond hydrotreated
cffluent to form at least a hydrotreated distillate boiling range product and a second
remaining cffluent portion, the second remaining cffluent portion having a T3 boiling
point of at least about 700°F (371°C); contacting the second remaining effluent portion
with a hydrocracking catalyst under effective hydrocracking conditions to produce a
bydrocracked effluent, the hydrocracking catalyst comprising a large pore melecular
sieve; and fractionating the hydrocracked offluent to produce at least a hydrocracked

distillate boiling range product.



WO 2015/084564 PCT/US2014/065620

[6088] Embodiment 2. The method of Embodiment 1, wherein performing a
scparation on the first hydrotreated effluent comprises stripping the first hydrotreated

effluent.

THEY Embodiment 3. The method of any of the above Embodiments, wherein the

first separated effiuent portion has a T95 boiling point of about 300°F (149°C) or less.

[6090] Embodiment 4. The method of any of the above Embodiments, wherein
performing a separation on the first hydrotreated effluent comprises fractionating the first
hydrotreated efflucunt, the first separated efflucnt comprising at least an intermediate

distillate boiling range product.

(6091} Embodiment 5. The method of Embodiment 4, wherein the first revoaining
effluent has a TS boiling point of at least about 600°F (316°C), such as at [east about

700°F (371°C).

(3692} Embodiment 6. The method of any of the above Embodiments, wherein the
fivst hydrotreating catalyst 1s the same as the second hydrotreating catalyst, and the first
cffective hydrotreating conditions are the same as the second effective hydrotreating

conditions.

[BG93] Embodiment 7. The method of any of the above Embodiments, wherein the
first hydrotreating catalyst and/or the second hydrotreating catalyst coraprises an
amorphous support, a support that is substantially free of molecular sieve, or a

combination thereof,

(3394 Embodiment 8. The method of any of the above Embodiments, wherein the
feedstock has a T35 boiling point of at least about 600°F (3167C), such as at least about

650°F (343°C).

[6095] Embodiment 9. The method of any of the above HEmbodiments, further
comprising contacting the sccond remaining effluent portion with a medium pore

dewaxing catalyst under effective dewaxing conditions prior to contacting the second
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remaining effiuent portion with the large pore hydrocracking catalyst, the medium pore
dewaxing catalyst optionally comprising a 10-member ring I-dimensional dewaxing

catalyst.

[3096] Embodiment 10. The method of Embodiment 9, wherein the medium pore
dewaxing catalyst comprises, BEU-1, Z8M-35 (or ferrierite}, ZSM-11, Z8M-57, NUJ-K7,
SAPO-11, ZSM-48, ZSM-23, and ZSM-22, or a combination thercof the dewaxing
catalyst preferably comprising ZSM-48, ZSM-57, Z8M-23, or a combination thereof,

and more preferably comprising Z5M-48.

[6097] Embodiment 11, The method of Embodiments 9 or 10, wherein the effective
dewaxing conditions comprise g temperature of about 200°C to about 450°C, a hydrogen
partial pressure of about 1.8 MPag to about 34.6 MPag (250 psig to 3000 psig), a
hydrogen treat gas rate of about 35.6 m/m’ {200 SCE/B) to about 1781 m/m’ (10,000
sct/B), and an LHSV of about 0.1 bt to about 10 R

[B098] Embodiment 12, The method of any of the above Embodiments, wherein the
first effective hydrotreating conditions comprise a temperature of about 200°C to about
450°C, a pressure of about 250 psig (1.8 MPag) to about 5000 psig (34.6 MPag), a liquid
hourly space velocities (LHSV) of about 0.1 hr'’ to about 10 hr'', and a hydrogen treat

gas rate of about 200 scf/B (35.6 m’/m’) to about 10,000 scf/B (1781 m'/m’).

13699) Embodiment 13, The method of any of the above Embodiments, wherein the
second effective hydrotreating conditions comprise a temperature of about 200°C to
about 450°C, a pressure of about 250 psig (1.8 MPag) to about 5000 psig (34.6 MPag), a
liquid hourly space velocities (LHSV) of about 0.1 br'' to about 10 hr', and a hydrogen

treat gas rate of about 200 scf/B (35.6 m'/m’) to about 10,000 scf/B (1781 m’/m”).

[06108] Embodiment 14, The method of any of the above Embodiments, wherein the
cffective hydrocracking conditions comprise a temperature of about 550°F (288°C) to
about 840°F (449°C), a hydrogen partial pressure of from about 250 psig to about 5000
psig (1.8 MPag to 34.6 MPag), a liquid hourly space velocity of from 0.05 b to 10 b,

and a hydrogen treat gas rate of froro 35.6 m'/m’ to 1781 wm’/m’ (200 SCE/B to 10,000
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SCE/B), the hydrocracking catalyst preferably comprising USY with a unit cell size of

about 24.50 Angstroms or less and a silica to alumina ratio of about 10 to about 200.

{33101} Embodiment 15. The method of any of the above Embodiments, further
comprising hydrofinushing at lcast one of the hydrocracked distillate boiling range
product or the hydrocracked effluent under effective hydrofinishing conditions, the
cffective hydrofinishing conditions comprising a temperature from about 180°C to about
280°C, a total pressures from about 500 psig (3.4 MPa) to about 3000 psig (20.7 MPa),

and a liquid hourly space velocity from about 0.1 hr”' to about 5 hr'' LHSV.

[68102]  When numerical lower limits and numerical upper himits are listed herein,
ranges from any lower limit to any upper limit are contemplated. While the illustrative
erobodiroents of the wvention have been described with particularity, it will be
understood that various other modifications will be apparent to and can be readily made
by those skilled m the art without departing froro the spirit and scope of the imvention.
Accordingly, it 18 not intended that the scope of the claims appended hereto be limited to
the examples and descriptions set forth heremn but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present invention,
wnchuding all features which would be treated as cquivalents thereof by those skilled in

the art to which the invention pertains.

[66103] The present invention has been described above with reference to numerous
emnbediments and specific examples. Many variations will suggest themselves to those
skilled in this art mm light of the above detailed description.  All such obvious variations

are within the full intended scope of the appended claims.
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CLAIMS:
i A method for processing a feedstock to form a distilate product,
comprising:

contacting a feedstock having a T3 boiling point of at least about 473°F
(245°C) with a first hydrotreating catalyst under first effoctive hydrotreating conditions
to produce a first hydrotreated effluent, the first hydrotreating catalyst comprising at least
one Group VI non-noble metal and at least one Group VIB metal on a refractory

support;

performing a separation on the first hydrotreated efflucnt to form at least a

first separated cffiuent portion and a first remaining cffluent portion;

contacting the first remaining effluent portion with a second hydrotreating
catalyst under sceond effective hydrotreating conditions to produce 4 second
hydrotreated effluent, the second hydrotreating catalyst comprising at least one Group

VI non-noble metal and at least one Group VIB metal on a refractory support;

fractionating the second hydrotreated cffluent to form at least a
hydrotreated distillate boiling range product and a second remaining effluent portion, the
sccond remaining cfffuent portion having a T5 boiling point of at least about 700°F

(371°C);

contacting the second remaining effluent portion with a hydrocracking
catalyst under effective hydrocracking conditions to produce a hydrocracked effluent, the

hydrocracking catalyst corprising a large pore molecular sieve; and

fractionating the hydrocracked effluent to produce at least a hydrocracked

distillate boiling range product.

~

2. The method of claim 1, wherein performing a separation on the first

hydrotreated efftuent comprises stripping the first hydrotreated effluent.
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3. The method of claim 1, wherein the fivst separated efftuent portion has a

T95 boiling point of about 3060°F (149°C) or less.

4. The method of claim 1, wherein performing a separation on the first
hydrotreated effluent comprises fractionating the first hydrotreated cfffuent, the first

separated effluent comprising at least an intermediate distillate botling range product.

5. The rocthod of claim 4, wherein the first rernaining effiuent has a TS

boiling point of at least about 706°F (371°C}.

6. The rocthod of clairo 1, wherein the first hydrotreating catalyst is the same
as the second hydrotreating catalyst, and the first effective hydrotreating conditions are

the samce as the second effective hydrotreating conditions.

7. The method of claim 1, wherein the first hydrotreating catalyst comprises
an arsorphous support, a support that 1s substantially free of molecular sieve, or a

combination thereof,

g. The method of claim 1, wherein the second hydrotreating catalyst
comprises an amorphous support, a support that is substantially frec of molecular sicve,

or a combination thereof,

9. The racthod of claimn 1, wherein the feedstock has a TS5 boiling point of at

least about 600°F {316°C), such as at least about 630°F (343°C).

18, The method of claim 1, wherein the feedstock has a TS boiling point of at

least about 650°F (343°C).

11, The method of claim 1, further comprising contacting the second remaining
cffluent portion with a medium pore dewaxing catalyst under effective dewaxing
conditions prior to contacting the second revoaining efftuent portion with the large pore

hydrocracking catalyst.
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12, The method of claim 11, wherein the mediur pore dewaxing catalyst

comprises one or more 1@-member ring |-dimensional molecular sicves.

13, The method of claim 11, wherein the medium pore dewaxing catalyst

comprises Z5M-48, Z8M-57, ZSM-23, or a combination thereofl

14, The method of claim 11, wherein the effective dewaxing conditions
coraprise a temperature of about 200°C to about 450°C, a hydrogen partial pressure of
about 1.8 MPag to about 34.6 MPag (250 psig to 5000 psig), a hydrogen treat gas rate of
about 35.6 m’/m’ (200 SCE/B) to about 1781 m’/m” (10,000 scf/B), and an LHSV of

about 0.1 h”' to about 10 h.

15. The method of claim 1, wheren the first effective hydrotreating conditions
comprise a temperature of about 200°C to about 450°C, a pressure of about 250 psig (1.8
MPag} to about 5000 psig (34.6 MPag), a liquid bourly space velocities (LHSV} of about
0.1 hr'' to about 10 hr'', and a hydrogen treat gas rate of about 200 sef/B (35.6 m'/m’) to

about 10,000 scf/B (1781 m’/m’).

16.  The method of claim 1, wherein the second effective hydrotreating
conditions comprise a temperature of about 200°C to about 450°C, a pressure of about
250 psig (1.8 MPag) to about 5000 psig (34.6 MPag}, a liquid hourly space velocities
(LHSV) of about 0.1 hr'l to about 10 br'', and a hydrogen treat gas rate of about 200

scf/B (35.6 m’/m’) to about 10,000 scf/B (1781 m’/m").

17.  The method of claim 1, wheren the effective hydrocracking conditions
comprise a temperature of about 350°F (288°C) to about 840°F (449°(C), a hydrogen
partial pressure of from about 250 psig to about 5000 psig (1.8 MPag to 34.6 MPag), a
liquid hourly space velocity of from 0.05 h™ to 10 b, and a hydrogen treat gas rate of

from 35.6 m/m’ to 1781 m’/m’ (200 SCF/B to 10,000 SCF/B).

18, The method of claim 1, wherein the hydrocracking catalyst comprises USY
with a unit cell size of about 24.50 Angstroms or less and a silica to aluroina ratio of

about 10 to about 200,
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19.  The method of claim 1, further coruprising bydrofinishing at least one of the
hydrocracked distillate boiling range product or the hydrocracked cffluent under
effective hydrofinushing counditions, the effective hydrofinishing conditions comprising a
temperature from about 180°C to about 280°C, a total pressures from about 500 psig (3.4
MPa} to about 3000 psig (20.7 MPa), and a liquid hourly space velocity frorn about 0.1
hr' to about 5 ! LHSV.



