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PRODUCTION OF LUBRICANT BASE OILS FROM
DILUTE ETHYLENE FEEDS

6601} Systems and methods arc provided for production of fubricant oil bascstocks

by oligomerization of a dilute ethylene feedstock.

BACKGROUND

[G302] Oligomerization/polymerization of ethylene is a well known technology for
producing alpha olefins and polyethylene. However, the technology typically requires a
coraplex purification schewe to recover “polyroer grade” ethylene from sources such as
steam cracker or light gas recovery from a fluid catalytic cracker (FCC). Up to two-thirds
of the cost of manmufacturing “polymer grade” cthylene can be associated with such
purificaiotn of an ethylene stream prior to the actual oligomerization reaction. The
purification can be required, i part, to avoid “poisoning’” of the oligomerization catalyst
with common heteroatonm species present in a FCC light gas recovery stream {or other

retinery stream), such as mercaptans and/or hydrogen sulfide.

[G003] U.S. Patent Application Publication 2010/0249474 describes a process for
oligomerizing dilute olefins. A dilute ethylene stream, such as an FCC dry gas stream,
can be used as the feed for oligomerization. A catalyst corresponding to an amorphous
sihica~alurnina base with supported Group VI and/or Group VIB metals can be used to
catalyze the oligomerization. Such a catalyst is described as being resistant to feed
mmpuritics such as hydrogen sulfide, carbon oxides, and ammomnia.  The catalyst is
described as having a silica to aluming ratio of no more than 38, such as no more than
20. In the description of the catalyst, it is noted that the silica alumina ratio of the catlyst

should not be greater than 30.



WO 2014/149731 PCT/US2014/020592

[R)

SUMMARY.

[6084] In an aspect, a method for forming fuel and lubricant products is provided.
The method ncludes comprising exposing a feedstock compnising 50 vol% of ethylene
or less to a catalyst comprising a zeolite with 10-member rings under effective
oligorerization conditions to produce an oligomerized efflucot; hydroprocessing at least
a portion of the oligomerized effluent under effective hydroprocessing conditions to form
a hydroprocessed effluent; and scparating the hydroprocessed effluent to form s fraction
having a boiling point of 350°F (177°C} or less, one or more lubricant base oil fractions,
and at least one dicsel fuel fraction having a lower boiling range than at least one

lubricant base oil fraction.

[6605] In some additional aspects, exposing the feedstock comprising 50 vol% of
cthylene or less to a catalyst comprising a zeolite with 10-member rings under effective
oligomerization conditions to produce an oligomerized offluent can include cxposing the
feedstock to a first catalyst comprising a zeolite with 10-member rings under effective
gas phasc oligomerization condifions to forma an intermediate oligomerized product;
separating the intermediate oligomerized product to form at least a gas phase
ntermediate product and an intermediate product with an nitial botling point of at least
60°C; and exposing at [east a portion of the intermediate product with a boiling point of
at least 60°C to a second catalyst comprising a zeolite with 10-member rings under

effective liguid phase oligomerization conditions to form the oligomerized effiuent.

BRIEE DESCRIPTION OF THE DRAWINGS

[3306] FIG. 1 schematically shows an example of a configuration suitable for

forming oligomerizing an cthylene feedstock to form fuel and lubricant products.

DETAILED DESCRIPTION

[6007] Al numerical values within the detailed description and the claims herein are

modified by “about” or “approximately” the indicated value, and take into account
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experimental error and variations that would be expected by a person haviog ordinary

skill in the art,

Overview

[G008] In various embodiments, methods are provided for oligomerizing a dilute
ethylene feed to form oligomers suitable for use as fuels and/or lubricant base oils. The
fuels and/or lubricant base oils are formed by oligomerization of impure dilute cthylene
with a zeolific catalyst, where the zeohtic catalyst is resistant to the presence of poisons
such as sulfur and nifrogen in the ethylene feed. The oligomers can also be formed n
presence of diluents such as light paraffius. By using a low cost feed as an input to the
gligomerization reaction, such as an off-gas from an FCC process, various embodiments
described herein can provide a low cost option for producing tabe range molecules, such

as waxes and isoparaffins with carbon numbers higher than C26.

[6069] In various embodiments, a dilute ethylene strearn can be provided by known
processes such as a steam cracker, an ethane cracker, or an FCC process. The ethylene
streams produced by such methods are typically frapure and often contaim kuown poisons
for catalysts, such as hydrogen sulfide and mercaptans. Furthermore, higher olefins may
be present, including and not imited to propylene and butenes. Butadiene and acetylene
may also be present. In addition to the presence of these olefinic species, reactive light

paratfins may be present and may act as diluents.

6016 After forming oligomer products suitable for use as feeds for fuels and/or
tubricant base oil production, the ohigomer products can be hydroprocessed to modify the
characteristics of the products. For example, the oligomer products can be hydrotreated
to remove heteroatoros (such as sulfur} that are ncorporated into the oligomer products.
The oligomer products can also be catalytically dewaxed and/or hydrocracked in order to
mprove  viscosity propertics, cold-flow propertics, and/or other properties of the

oligomer products.

LHITE Y Group 1 basestocks or base oils are defined as base oils with less than 90 wi%

saturated molecules and/or at lcast 0.03 wt% sulfur content. Group | basestocks also
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have a viscosity wndex (VD) of at least 80 but less than 120, Group 11 basestocks or base
oils contain at least 90 wt% saturated molecules and less than 0.03 wt% sulfur. Group I
basestocks also have a viscosity index of at lcast 80 but less than 120, Group I
basestocks or base oils contatn at least 90 wit% saturated molecules and less than 0.03
wi% sulfur, with a viscosity index of at least 120, In addition to the above formal
definitions, some Group | basestocks may be referred to as a Group I+ basestock, which
corresponds to a Group I basestock with a VI value of 103 to 108, Some Group I
basestocks may be referred to as a Group 1+ basestock, which corresponds to a Group 1
basestock with a VI of at least 113, Some Group i basestocks may be referred to as a
Group [+ basestock, which corresponds to a Group 1H basestock with a VI value of at

feast 140,

iguid Feedsiocks and Producis

{6812} One way of defining a feedstock or a product is based on the boiling range of
the feed or product. In this discussion, reference will be made to feed botling ranges for
clarity, but it is understood that the boiling ranges described herein are also applicable to

products.

[6613] Oue option for defining a bothing range is to use an initial 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 {or product), is to characterize a
feed based on the amount of the feed that botls at one or more temperatures.  For
exaraple, a “T5” boiling point for g feed is defined as the temperature at which 5 wit% of
the feed will botl off. Stmilarly, a “T95” boiling point 1s a temperatare at 95 wit% of the

feed will boil.

[6014] Typical lubricant boiling range feeds (or products) include, for cxample,
toeds with an initial boiling point of at least 650°F (343°C}, or at least 700°F (371°C), or
at least 75G°F (399°C). Alternatively, a feed may be characterized using a T3 boiling
point, such as a feed with a T5 boiling point of at least 650°F (343°C), or at least 700°F
(371°C), or at least 750°F (399°C). In some aspects, the final boiling point of the feed

can be at least 1I00°F (593°C), such as at least 1150°F (621°C) or at least 1200°F



WO 2014/149731 PCT/US2014/020592

(649°C). luv other aspects, a feed way be used that does not wnclude a large portion of
molecules that would traditional be considered as vacuum distiliation bottoms. For
exaraple, the foed may correspond to a vacuurn gas oil feed that has already been
separated from a traditional vacuum bottoms portion. Such feeds include, for example,
teeds with a final boiling pownt of 1150°F (621°C), or 1100°F (593°C) or less, or 1050°F
{566°C) or less. Alternatively, a feed may be characterized using a T95 boiling point,
such as a feed with a T95 boiling point of HI50°F (621°C) or less, or 1100°F (393°C) or
less, or 10507F (566°C) or less. An example of a suitable type of feedstock is a wide cut
vacuum gas oil (VGO) feed, with a TS boiling point of at least 700°F (371°C) and a T95

boiling point of F100°F or less.

[B015] The above feed description corresponds to a potential feed for producing
fubricant base otls. In some aspects, methods are provided for producing both fuels and
lubricants. Because fuels are a potentially desired product, feedstocks and/or products
with lower boiling coraponents may also be suitable. For exarople, a fuels feedstock or
product, can have a TS5 boiling point of at least 250°F (121°C), such as at least 350°F
(177°C). Exaroples of a suitable boiling range include a boiling range of from 2506°F
{(121°C) to 700°F (371°C), such as from 390°F (200°C) to 650°F (343°C). Additionally
or alternately, the upper end of the boiling range for a fuels feed {(or product) can

correspond to the lower end of the boiling range for a hubricant base oil feed (or product).

(016} In some cmbodiments, the cthylene source for forming fucls boiling range
and lubricant botling range oligomers can be an output stream from a steam cracker. Ina
steam cracker, a crude o1l, refinery stream, or other hydrocarbon-like stream 18 used as an
input for a cracking reaction to generate ethylene. While such an ethylene stream is
suitable for use in forming oligomers, such a stream 1s not preferred as it 1s a higher cost

source of ethylene relative to other options.

(6017} In other embodiraents, the ethylene source can be an off-gas from a refinery
process that is used for another purpose. For example, fluid catalytic cracking is used in

a refinery to convert distillate fuel and/or hubricant boiling range streams into naphtha
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boiling range products. During a fluid catalytic cracking process, heavier hydrocarbon
molecules are “cracked” to form lighter molecules. The process typically also generates
light side products meluding hydrogen, carbon oxades, hight ends, and water. The hight
ends represent a mix of low weight hydrocarbon compounds, such as methane or ethane.
Hydrogen sulfide 18 also produced if the feed to the FCC unit includes sulfur corapounds,
which is the typical situation. As the desired products from an FCC unit are separated or
distilled out, these light gas products are separated into an “off-gas”. Because of the
variety of corapounds i the off-gas, and because of the low hydrogen concentration, the
off-gas from an FCC reactor is conventionally viewed as a low value stream. As noted
above, for a conventional oligomerization process, an FCC stream must be punified to

increase the concentration of cthylene and/or remove impurities.

[G818] The off-gas from an FCC process can include a variety of hydrocarbon type
components, including (but not limited to) methane, cthane, cthylene, acetylene,
propane, propene, butane, and/or butene.  Optionally, an initial separvation can be
performed to remove a majority of the Cs and C4 components of an FCC off-gas prior to
using the stream as a feed for oligomerization, The FCC off-gas can also include H; and
specics that correspond to impurities, such as H;S and/or NH;. The amount of cthylene
m the off-gas can correspond to 5 vol% to SO vol% of the stream. More typically, the
amount of cthylene in an off-gas can be 20 vol% or less of a feed, such as 15 vol% or
less or 10 vol% or less. For an off-gas where the Cz and C4 components have been at
feast partially removed, the amount of cthylene can be 25 voi% or less of the stream,
such as 20 vol% or less. Methane can correspond to another large volume component in
the off-gas, with a content of 25 vol% to 55 vol%. More generally, other refinery
streams having an cthylene content of 50 vol% or less, and preferably an cthylene
content of 20 vol% or less, can be suitable for use as a dilute cthylene feed for
oligomerization. Additionally or alternately, the amount of non-olefinic components
(such as alkanes) in the dilute ethylene feed can be at least 20 vol%, such as at least 30

vol%.
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Catalysts for Olicomerization

[6819] In various cmbodiments, oligomerization of dilute cthylene can be performed
by exposing the dilute ethylene feed to a regenerable zeolite {or other molecular sicve)
catalyst under effective oligomerization conditions. Examples of suitable zcolite
catalysis can include zeolites that have a 10-merober ring in the zeolite structure, such as
a 10-member ring 1-D or 3-D zeolite structure. Examples of suitable zeolites include
ZSM-5, Z8M-22, Z53M-23, Z5M-48, and combinations thereof. Other cxamples of
zeolites {or other molecular sigves) inchude EU-1, Z8M-35 {or fernerite), Z5M-11,
Z8M-57, NU-87, and SAPO-11. Note that a zeolite having the ZSM-23 structure with a

silica to ahumina ratio of from 20:1 to 40:1 can sometimes be referred to as 887-32.

[6628] Preferably, the dewaxing catalysis used in processes according to the
disclosure are catalysts with a low ratio of silica to alumina. For example, for Z8M-4§,
the ratio of silica to alumina in the zeolite can be less than 20011, such as less than 110:1,
or less than 100:1, or less than 98:1, or less than 75:1. In various emboediments, the ratio

of silica to aluming can be from 56:1 t0 200:1, such as 60:1 to 160:1, or 7¢:1 to 100:1.

[3021] Optionally but preferably, the dewaxing catalyst can include a binder for the
molecular sieve, such as alumina, titama, silica, silica-alurmuina, zirconia, or a
combination thereof, for example alumina and/or titania or silica and/or zirconia and/or
titania.  In some optional embodiments where the binder includes silica-aluming or a
combination of silica and alumina, the ratio of silica to alumina in the binder can be at
lcast 40, such as at least 530. Alternatively, the ratio of silica to alumina in the total
catalyst (zeolite plus binder) can be at least 40, such as at least 50, In still other
alternative embodiments, the binder can be a binder that does not contain alumina, such

as a binder composed of titania, zirconia, silica, or a combination thereof.

(6022} Optionally, the zeolite catalysts can further include a metal hydrogenation
component. The metal hydrogenation component is typically a Group Vi and/or a Group
VI metal. Preferably, the metal hydrogenation component 1s a Group VIH noble metal,
Preferably, the metal hydrogenation component is Pt, Pd, or a mixture thereof. In an

alternative preferred embodiment, the metal hydrogenation component can be a
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combination of a nov-noble Group VI metal with a Groop VI metal.  Suitable

combinations can include Ni, Co, or Fe with Mo or W, preferably Ni with Mo or W,

[6623] The metal hydrogenation component may be added o the catalyst in any
convenient manner. One technique for adding the metal hydrogenation component is by
meiptent wetness. For exarople, after corobining 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 s suitable roctal precursor. Alternatively, metal
can be added to the catalyst by ion exchange, where a metal precursor is added to a

mixture of zeolite {(or zoolite and binder) prior to exirusion.

16624} The amount of metal in the catalyst can be at least 0.1 wt% based on catalyst,
or at least 8.15 wit¥%, or at lecast .2 wt%, or at least .25 wit%, or at lcast .3 wt%6, or at
least 0.5 wt% based on catalyst. The amount of metal in the catalyst can be 20 wit% or
less based on catalyst, or 10 wt% or less, or 5 wt% or less, or 2.5 wi% or less, or 1 wi%
or less. For embodiments where the metal is Pt, Pd, another Group VI noble metal, ora
combination thercot, the amount of metal can be from 0.1 to § wi%, preferably from 0.1
10 2 wit%, or (.25 to 1.8 wt%, or 0.4 to 1.5 wt%. For embodiments where the metal is a
combination of a non-noble Group VIIF metal with a Group VI metal, the combined
amount of metal can be from 0.5 wit% to 20 wi%, or 1 wit% t0 15 wi%, or 2.5 wi¥% to 10

wi%.

[3025] The catalysts useful in oligomerization processes according to the disclosure
can also include a binder. In some cmbodiments, the catalysts used in oligomenization
processes according to the disclosure can be formulated using a low surface area binder,
where a low surface area binder represents a binder with a surface arca of 100 m’/g or
less, or 80 m’/g or less, or 70 w'/g or less. Optionally, a ratio of zeolite surface area to
binder surface arca for the catalyst can be at least 80:100 such as at least 1:1. The
araount of zeolite in a catalyst formulated using a binder can be frorn 30 wi% zeohte to
90 wt% zeolite relative to the combined weight of binder and zeolite. Preferably, the
amount of zeolite s at least 50 wit%% of the combined weight of zeolite and binder, such

as at least 60 wis or from 65 wi% to 80 wi%.
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Formation of Oligomers from Dilute Ethvlene Feedstock

[6026] The zeolite {or other molecular sieve) catalysts noted above can be used to
form oligomers from a dilute ethylene feedstock. The oligomerization process can be

performed as a single step process or a two step process.

[827] In a single step process, all of the oligomerization is performed iun a single
stage and/or 1o a single reactor. The dilute cthylene feedstock 18 introduced into the
single stage as a gas phase feed. The ethylene feed 18 exposed to the zeolite catalyst
under effective oligomerization conditions. For cxample, the ethylene feed can be
exposed to the zeolite catalyst at a teraperature of 20°C to 300°C, such as at least 25°C or
at least 30°C or at least 100°C and/or preferably 250°C or less, more preferably 225°C or
less. The ethylene feed can be exposed to the catalyst at a gas bourly space velocity
(based on ethylene) of 1 hr'' to 500 hr'', such as at least 5 hr™' or at least 10 hr” or at least
20 hr''or at lesst 30 hr'' and/or 250 hr’ or less or 100 br'! or less. The total pressure can
be from 1 atm (100 kPag) to 200 atm (20.2 MPag), and preferably 100 atm (10.1 MPag)
or lcss. Optionally, the oligomerization feed can be exposed to the catalyst at a hydrogen
partial pressure that is at least 1% of the total pressure, such as at least 5% of the total
pressure or at least 10% of the total pressure.  The reaction products can then be
fractionated to separate light ends (inchading unreacted cthylene) from any naphtha,
distillate fuel, and lhubricant or wax products. In a single step process, a higher

proportion of fuel prodacts are formed.

[(028] In a two step process, a first oligomerization to Cg+ olefins (e, Cp and
higher carbon number oligomers} is achieved under gas phase conditions similar to those
described above. The product is then condensed to recover the Uet olefing and
preferably to recover Cp+ olefins {(1.e, Cyy and higher carbon number oligomers).
Recovering the Cq+ olefing roughly corresponds to recovering an intermediate portion
from the first oligomerization having a boihing point of 60°C or greater. Recovering the
Ciot olefins roughly corresponds to recovering an intermediate portion with a boiling
poiot of at least 170°C. Thas, the intermocdiate product that is recovered for further
oligomerization can correspond to an intermediate product with an initial boiling point of

at least 60°C, such as at Icast 100°C, or at least 150°C. The resulting intermediate
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product is then further oligomerized 1n presence of an acid catalyst under liquid phase
conditions to produce higher molecular weight molecules, preferably with more than 20
carbons atorns {Cy+), and more preferably with more than 26 carbon atoms (Cag+). For
the liquid phase oligomerization, the olefin-containing feed from the first stage can be
cxposed to the catalyst at a temperature from 20°C to 300°C, such as at least 25°C or at
feast 50°C or at least 100°C and/or preferably 250°C or less, more preferably 225°C or
less. The total pressure can be from 1 atm (100 kPag) to 200 atm (20.2 MPag), and
preferably 100 atm (10.1 MPag) or less. Optiopally, the liguid oligomerization feed can
be cxposed to the catalyst at a hydrogen partial pressure that is at least 1% of the total

pressure, such as at least 5% of the total pressure or at least 10% of the total pressure,

[3829] In some optional ermbodiments, the oligomerization reaction system can
include a recycle loop to allow lower molecular weight oligomers to be recycled to a
steam cracker or another type of reaction stage suitable for cracking molecules to form
ethylene.  For example, n a single step process, the oligomers formed during
oligomerization can be roughly divided into three types of compounds. A first type of
compounds corresponds to hubricant boiling range compounds. Such compounds often
contain at least 25 or 26 carbon atoms. A second group of compounds corresponds to
distillate fuel compounds, such as diesel and/or kerosene. These compounds tend to
have between 10 to 25 carbon atoms. A third type of compound corresponds to
compounds having 10 carbon atoms or less. Such compounds correspond to naphtha
boiling range compounds. Due to the lower value of naphtha relative to hubricant base
oils, a portion of the naphtha boiling range compounds can optionally be recyeled to a
stearn cracker 1o order to make additional dilute ethylene feedstock. This can allow the
naphtha boiling range compounds to be recycled and converted into higher value
products.  Optionally, a portion of the distilate fuels can also be recyeled to a steam

cracker, or the distillate fuels portion can be used as a product stream.

[3330] Due to the presence of H, S, organic sulfur, and/or other sulfur compounds in
refinery FCC off-gas (or various other dilute ethylene feeds), the resulting oligomers can
also inchude organic sulfur. The amount of organic sulfur in the oligorers generated

from the dilute ethylenc feed can be, for example, at least 25 wppm, or at least 50 wppm,
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or at least 100 wppm, or at least 200 wppm, or at least 400 wppm. A subsequent

hydrotreating process can be used to remove this sulfur from the oligomers.

Hydronrocessing for Production of Distillate Fuels and Lubricant Basestocks

{6831} After forming compounds by oligomerization, the oligomers can be
hydroprocessed to remove contaminants and/or improve product properties, such as cold
flow propertics. Hydrotreatroent {or muld hydrocracking) can be used for removal of
contaminants, and optionally to provide some viscosity index uplift, while catalytic

cwaxing {by isomerization or cracking) can be used to improve cold tlow properties.

[6632] In the discussion below, a stage can correspond to a single reactor or a
plurality of reactors. Optionally, multiple parallel reactors can be used to perforrn onc or
more of the processes, or multiple parallel reactors can be used for all processes in a
stage.  Hach stage and/or reactor can include onc 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
convenience in description, cven though the two catalysts may be stacked together in a
single catalyst bed, the hydrocracking catalyst and dewaxing catalyst can cach be

referred to conceptually as separate catalyst beds.

(6633} In the discussion herein, reference will be made to a hydroprocessing reaction
system.  The hydroprocessing reaction system corresponds to the one or more stages,
such as two stages and/or reactors and an optional intermediate separator, that are used to
exposc a feed to a plurality of catalysts under hydroprocessing conditions. The phurality
of catalysts can be distributed between the stages and/or reactors i any convenient

manner, with some preferred methods of arranging the catalyst described herein.

(6634} Various types of hydroprocessing can be used in the production of fuels
and/or lubricant base oils. Typical processes include a catalytic dewaxing and/or
hydrocracking process to modify viscosity properties and/or cold flow properties, such as

pour point or cloud point. The hydrocracked and/or dewaxed feed can then be
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bydrofirushed, for exarple, to saturate olefins and arowatics from the product. In
addition to the above, a hydrotreatment stage can alse be used for contaminant removal.
The hydrotreatment of the oligomer products can be performed prior to or after the

hydrocracking and/or dewaxing.

Hvdrotreatment Conditions

[3635] Hydrotreatment 1s typically used to reduce the sultur, nitrogen, and arornatic
content of a feed. The catalysts used for hydrotreatment of the heavy portion of the
crude oil from the flash separator can include conventional hydroprocessing catalysts,
such as those that coraprise at least one Group VI non-noble metal (Columns 8 — 10 of
IUPAC periodic table), preferably Fe, Co, and/or Ni, such as Co and/or Ni; and at least
one Group VI wmetal (Column 6 of IWPACU periodic table), preferably Mo and/or W.
Such hydroprocessing catalysts optionally include transition metal sulfides that are
mpregnated or dispersed on a refractory support or carrier such as aluming and/or silica.
The support or carrier itself typically has no significant/measurable catalytic activity.
Substantially carrier- or support-free catalysts, commonly referred to as bulk catalysts,

generally have higher volumetric activities than their supported counterparts.

[6036] The catalysts can cither be 1n bulk forre or wn supported form. To addition to
alumina and/or silica, other suitable support/carrier materials can include, but are not
Hmited to, zeolites, titanig, silica-titania, and titania-aluming.  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 arca from 100 to 300 m%/g, or 150 to 250 m”/g; and a pore volume of

a

from 0.25 to 1.0 cm'/g, or 035 to 0.8 cm’/g. More generally, any convenient size,
shape, and/or pore size distribution for a catalyst suitable for hydrotreatment of a
distillate (including lubricant base otl) boiling range feed in a conventional manner may
be used. It is within the scope of the present disclosure that more than one type of

hydroprocessing catalyst can be used in oue or muultiple reaction vessels.

60371 The at least one Group VIHI non-noble metal, in oxide form, can typically be
present in an amount ranging from 2 wt% to 40 wi%, preferably from 4 wit% to 15 wit%.

The at least one Group VI metal, in oxide form, can typically be present in an amount
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ranging from 2 wit% to 70 wi%, preferably for supported catalysts from 6 wit% to 40 wi%
or from 10 wit% to 30 wt%. These weight percents are based on the total weight of the
catalyst. Suitable metal catalysts include cobalt/molybdenurn (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% Ni as oxide, 10-40% W as oxide) on alumina, silica, silica-

alumina, or titania.

[G838] The hydrotreatment 18 carried out n the presence of hydrogen. A hydrogen
stream is, therefore, fed or injected mto a vessel or reaction zone or hydroprocessing
zone i which the hydroprocessing catalyst 1s located. Hydrogen, which is contaimmed in a
hydrogen “treat gas,” is provided to the reaction zone. Treat gas, as referred to in this
disclosure, can be cither pure hydrogen or a hydrogen-containing gas, which is a gas
streamn containing hydrogen it 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 methane), and which will not adversely interfere with or affect cither the reactions or
the products. Impurities, such as H,S and NH, are undesirable and would typically be
removed from the treat gas before it 18 conducied o the reactor. The treat gas stream
infroduced into a reaction stage will preferably contain at least 50 vol. % and more

preferably at least 75 vol. % hydrogen.

[3039] Hydrotreating conditions can include temperatures of 200°C to 430°C, or
3135°C to 425°C; pressures of 250 psig (1.8 MPag) to 5000 psig (34.6 MPag) or 300 psig
(2.1 MPag) to 3000 psig (20.8 MPag); hquid hourly space velocities (LHSV) of 0.1 bt
"to 10 hr''; and hydrogen treat rates of 200 scf/B (35.6 m’/m’) to 10,000 scf/B (1781
mim’), or 500 (89 mY/m’) to 10,000 sef/B (1781 m™/m’).

Catalviic Dewaxing Process

[(040] Suitable dewaxing catalysts can include molecular sieves such as crystalline
aluminosilicates (zeolites). In an ernbodivaent, the wolecular sieve can comprise, consist
essentiaily of, or be Z8M-5, Z8M-22, Z8M-23, Z5M-35, Z85M-48, zeolite Beta, or a
combination thercof, for exaraple Z5M-23 and/or Z8M-48, or Z8M-4% and/or zeolite

Beta.  Optionally but preferably, molecular sieves that are selective for dewaxing by
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wsoracrization as opposed to cracking can be used, such as ZSM-4R, zeohie Beta,
Z5M-23, or a combination thereof. Additionally or alternately, the molecular sieve can
comprise, consist essentially of, or be a 10-meraber ring 1-D molecular sieve. Examples
include EU-1, ZSM-35 {or ferrierite), ZSM-11, Z8M-57, NU-K7, SAPQO-11, Z5M-4R,
ZSM-23, and ZSM-22. Preferred materials are EU-2, EU-11, ZBM-30, ZSM-48, or
ZSM-23. ZSM-48 15 most preferred. Note that a zeolite having the Z8M-23 structure
with a silica to alumina ratio of from 20:1 to 40:1 can somctimes be referred to as
S82-32. Gther molecular sieves that are isostructural with the above matenals include
Theta-1, NU-10, EU-13, KZ-1, and NU-Z3. Optionally but preferably, the dewaxing
catalyst can inchude a binder for the wolecular sieve, such as alumina, titania, silica,
silica-alumina, zirconia, or a combination thereof, for example alumina and/or titania or

silica and/or zircoma and/or titania.

(6041} Preferably, the dewaxing catalysts used in processes according to the
disclosure are catalysts with a low ratio of silica to alurnina. For exaraple, for Z8M-48,
the ratio of silica to alumina in the zeolite can be less than 200:1, such as less than 110:4,
or less than 100:1, or less than 90:1, or less than 75:1. In various embodiments, the ratio

of stlica to alumina can be from 50:1 to 200:1, such as 60:1 10 160:1, or 70:1 to 100:1.

6842} In various embodiments, the catalysts according to the disclosure further
include a metal hydrogenation component. The metal hydrogenation component is
typically a Group VI and/or a Group VIHI metal. Preferably, the wmetal hydrogenation
component is a Group VI noble metal. Preferably, the metal hydrogenation component
is 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.

[6043] The wetal hydrogenation component roay be added to the catalyst in aoy
convenient manner., One technique for adding the metal hydrogenation component is by
weipicot wetness, For example, after combining a zeolite and a binder, the combned
zeolite and binder can be exiruded into catalyst particles. These catalyst particles can

then be exposed to a solution containing a suttable metal precursor.  Alternatively, metal
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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.

[6044] The aroount of metal 1u the catalyst can be at least 0.1 wi% based ou catalyst,
or at least 0.15 wt%, or at lcast 8.2 wt%, or at least .25 wi%, or at least 0.3 wt%, or at
least 0.5 wt% based on catalyst. The amount of metal 1u the catalyst can be 20 wi% or
less based on catalyst, or 10 wit% or less, or 5 wt% or less, or 2.5 wt% or less, or 1 wt%
or less. For embodiments where the metal is Pt, Pd, another Group VIH noble motal, ora
combination thereof, the amount of metal can be from 0.1 to 5 wt%, preferably from (.1
1o 2 wi%, or 8.25 to 1.8 wit%, or 8.4 to 1.5 wt%. For embodiments 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 wit% to 20 wi%, or 1 wit% to 15 wit%, or 2.5 wt% to 10

wi%.

[6845] The dewsxing catalysts useful in proccsses according to the disclosure can
also inciude a binder. In some embodiments, the dewaxing catalysts used in process
according to the disclosure are formulated using a low surtace arca binder, a low surface
area binder represents a binder with a surface area of 100 m™/g or less, or 80 m%/g or less,
or 70 m™/g or less. The amount of zeolite in a catalyst formulated using a binder can be
from 30 wt% zeolite to 90 wit% zeolite relative to the combined weight of binder and
zeolite. Preferably, the amount of zeolite is at least 50 wt% of the combined weight of

zeolite and binder, such as at least 60 wt% or from 65 wi% to 80 wit¥s,

{3046} 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, combining 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 modify 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

wi%, or 0.1 10 2.7 wt¥e, or 0.2 to 2 wi%, or 0.3 to 1 wit%.

[6047| Process conditions in a catalytic dewaxing zone in a sour environment can

include a temperature of from 200 to 450°C, preferably 270 to 400°C, a hydrogen partial



WO 2014/149731 PCT/US2014/020592
16~

pressure of from 1.8 MPag to 34.6 MPag (250 psig to 5000 psig), preferably 4.8 MPag to
20.8 MPag, and a hydrogen circulation rate of from 35.6 m’/m’ (200 SCF/B) to 1781
m/mn (10,000 scf/B), preferably 178 m’/m” (1000 SCE/B) to 890.6 m'/m’ {5000
SCE/B}. In still other embodiments, the conditions can include temperatures in the range
of 600°F (343°C) to 815°F (435°C), hydrogen partial pressures of from 500 psig to 3000
psig (3.5 MPag-20.9 MPag), and hydrogen treat gas rates of from 213 m'/m’ to 1068
m’/m’ (1200 SCE/B to 6000 SCF/B). These latter conditions may be suitable, for
example, if the dewaxing stage is operating under sour conditions. The liquid hourly
space velocity can vary depending on the relative amount of hydrocracking catalyst used
versus dewaxing catalyst.  Relative to the combined amount of hydrocracking and
dewaxing catalyst, the LHSV can be from 0.2 h”' to 10 h'', such as from 0.5 h” to 5 1
and/or from 1 b to 4 W', Depending on the relative amount of hydrocracking catalyst
and dewaxing catalyst used, the LHSV relative to only the dewaxing catalyst can be from

0.25 h' to 50 b, such as from 0.5 h™ to 20 b, and preferably from 1.0h" t0 4.0 0

Hvdrocracking Conditions

6048 Hydrocracking catalysts typically contain sulfided base metals on acidic
supports, such as amorphous silica alumina, cracking zeolites such as USY, or acidified
alumina. Often these acidic supports are mixed or bound with other metal oxides such as
alumina, titania or silica. Hxamples of suitable acidic supports include acidic molecular
sieves, such as zeolites or silicoaluminophophates. One example of suitable zeolite is
USY, such as a USY zeolite with cell size of 24.25 Angstroms or less. Additionally or
alternately, the catalyst can be a low acidity wolecular sieve, such as a USY zeolite with
a 5ito Al ratio of at least 20, and preferably at least 40 or 58. Zeolite Beta is another
exaraple of a potentially suitable hydrocracking catalyst.  Nouv-limuting examples of
metals for hydrocracking catalysts include metals or combinations of metals that include at
least one Group VI metal, such as nickel, nickel-cobalt-molybdenum, cobalt-
molybdenum, nickel-tungsten, nickel-molybdenum, and/or nickel-molybdenum-tungsten.
Additionally or alternately, hydrocracking catalysts with noble metals can also be used.
MNou-limiting exaruples of voble wetal catalysts include those based on platimum and/or
palladium. Support materials which may be used for both the noble and non-noble metal

catalysis can comprise a retfractory oxide matenial sach as alumioa, silica, aluraina-silica,
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laeselgubr, diatomaceous earth, magnesia, zirconia, or combinations thereof, with alumina,

silica, alumina-silica being the most common {and preferred, in one embodiment).

(3849} In various aspects, the conditions selected for hydrocracking can depeund on
the desired level of conversion, the level of contaminants in the input feed to the
hydrocracking stage, and potentially other factors. For example, a hydrocracking process
performed prior to hydrotreatment can be carried out at temperatures of S50°F (288°C) to
840°F (449°C), hydrogen partial pressures of from 250 psig to 53000 psig (1.8 MPag to
34.6 MPag), liquid hourly space velocities of from 0.05 b to 10 h'', 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 temperatares in the range of 600°F (343°C) to
815°F (435°C), hydrogen partial pressures of from 500 psig to 3000 psig (3.5 MPag-20.9
MPag), and hydrogen treat gas rates of from 213 m*/m’ to 1068 m’/m’ (1200 SCF/B to
6000 SCE/B). The LHSV relative to only the hydrocracking catalyst can be from (.25
h'to 50 b, such as from 0.5 b7 to 20 b, and preferably from 1.0 b to 4.0 b
Alternatively, milder hydrocracking conditions can alse be desirable, such as for a
bydrocracking stage located downstreamn from the hydrotreating stage.  In such an
alternative, suitable hydrocracking conditions can include ternperatures of 350°F (288°C)
to 8407F (449°C), hydrogen partial pressures of from 250 psig to 5000 psig (1.8 MPag to
34.6 MPag), liquid hourly space velocities of from 0.05 h' to 10 b, and hydrogen treat
gas rates of from 35.6 m7/m’ to 1781 m'/m’ (200 SCF/B to 10,000 SCF/B). In other
embodiments, the conditions can include termperatures in the range of 600°F (343°C) to
R15°F (435°C), hydrogen partial pressurcs of from 500 psig to 3000 psig (3.5 MPag-20.9
MPag), and hydrogen treat gas rates of from 213 m’/m’ to 1068 w’/m’ (1200 SCF/B to

6000 SCE/B),

Hvdrofinishing and/or Aromatic Saturation Process

[60SG] In some aspects, a bydrofirushing and/or aromatic saturation stage can also be
provided. The hydrofinishing and/or aromatic saturation can occur after the last
bydrocracking or dewaxing stage. The hydrofinishing and/or aroroatic saturation can
gccur either before or after fractionation.  Hf hydrofinishing and/or aromatic saturation

occurs after fractionation, the hydrofinishing can be performed on one or more portions
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of the fractionated product, such as being performed on the botioms from the reaction
stage {i.c., the hydrocracker bottoms). Alternatively, the entire effluent from the last
hydrocracking or dewaxing process can be hydrofinished and/or undergo aromatic

saturation.

6051 In some situations, a hydrofinishing process and an aromatic saturation
process can refer to a single process performed using the same catalyst.  Alternatively,
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 performed in a separate reactor
from dewaxing or hydrocracking processes for practical reasons, such as facilitating use
of a lower temperature for the hydrotinmshing or aromatic saturation process. However,
an additional hydrofinishing reactor following a hydrocracking or dewaxing process but
prior to fractionation could still be considered part of a second stage of a reaction system

conceptually.

[0S2] Hydrofinishing and/or aromatic saturation catalysts can include catalysts
containing Group VI metals, Group VHI metals, and mixtures thercof. In an
cmbodiment, preferred metals mclude at least one metal sulfide having & strong
hydrogenation function. In another embodiment, the hydrofinishing catalyst can include
a Group VI noble metal, such as Pt, Pd, or 2 combination thercof. The mixture of
metals may also be present as bulk metal catalysts wherein the amount of metal is 30 wit.
% or greater based on catalyst. Suitable metal oxide supports include low acidic oxides
such as silica, aluroina, silica-aluminas or titania, preferably alumina. The preferred
hydrofinishing catalysts for aromatic saturation will comprise at least one metal having
relatively strong hydrogenation function on a porous support. Typical support roaterials
include amorphous or crystalline oxide materials such as alumina, silica, and silica-
alumina. The support materials may also be modificd, such as by halogenation, or n
particular fluorination. The metal content of the catalyst is often as high as 20 weight
percent for non-noble metals, In an erobodiraent, a preferred hydrofinishing catalyst can
melude a crystalline material belonging to the M415 class or family of catalysts. The
M41S family of catalysts are mesoporous materials having high silica content. Examples

wchude MOM-41, MCM-48 and MCM-50. A preferred member of this class is
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MCM-41. If separate catalysts are used for aromatic saturation and hydrofinishing, an
aromatic saturation catalyst can be sclected based on activity and/or selectivity for
aromatic saturation, while a hydrofimishing catalyst can be selected based on activity for
improving product spectfications, such as product color and polynuciear aromatic

reduction.

[6053] Hydrofinishing conditions can include temperatures from [123°C to 425°C,
preferably 180°C to 280°C, a hydrogen partial pressure from 500 psig (3.4 MPa) to 3000
psig (20.7 MPa}, preferably 1500 psig (10.3 MPa) to 2500 psig (17.2 MPa}, and liquid
hourly space velocity from 0.1 hr' to § hr'' LHSV, preforably 0.5 'l to 1.5 hrl,
Additionally, a hydrogen treat gas rate of from 35.6 m'/m’ to 1781 m'/m’ (200 SCF/B to

10,000 SCF/B) can be used.

60541 After hydroprocessing, the hydroprocessed oligomers can be fractionated to
forrn at least one naphtha fraction, at least one dicsel or distillate fuel fraction, and at
feast one lubricant base oil fraction. Optionally, a fractionation can alse be performed on
the oligomer stream prior to hydroprocessing, so that a portion of the lower boiling

{naphtha} compounds can be recycled for cracking to form more dilute ethylene.

Exarapie of Configuration for Integrated Reaction Svstem

[B0S5] FIG. 1 shows a scheratic example of configuration for oligomerizing a dilute
ethylene feed to form fuels and lubricant base oils. In the erobodivaent shown m FIG. 1,
a gas feed 102 containing ethylene and other mmpuritics and/or diluents can be used as
the 1nttial feed for oligomerization. Gas feed 102 can correspond to, for exaraple, an off-
gas from an FCC process, optionally after removal of Ci and €4 components.
Optionally, feed 102 can be combined with an cthylene-containing efftuent 115 from a
steam cracker 110, The mput feeds for steam cracker 110 can correspond to a separate
104 of larger molecules and/or recyeled oligomers (and possibly ethylenc) 164 from the
oligomerization process. Feed 102 is then passed into an oligomerization stage 120, In
FIG. 1, the oligomerization stage 120 is shown as a single reactor, but a two-stage
reactor and/or multiple reactors can also be used. The oligomerization stage 120

generates an oligomerized output stream 125, Oufput stream 125 can then optionally be
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fractionated to forr a lower botling portion 132, an intermediate boiling portion 134, and
a higher boiling portion 136. For cxample, lower boiling portion 132 can correspond
roughly to compounds containing 10 carbon atoms or less. This includes uoreacted
cthylene, other light ends, and naphtha boiling range compounds. The lower boiling
portion 132 can be used as part of a recyele feed 164 for steam cracker 110, or the lower
boiling portion can be used as a naphtha product 162, typically after additional
scparation o remove compounds with a boiling point of less than 100°F (ie., roughly
cormapounds with less than 5 carbon atorus). The wiermediate boiling portion 134 1s
optional, and can be included as part of higher boiling portion 136. In the configuration
shown 1o FIG. 1, the wiermediate boiling portion does not underge further
hydroprocessing. Instead, the intermediate boiling portion can cxit the reaction system
for use as a diesel fuel, possibly after additional processing. The interraediate boiling
portion can correspond to compounds, for example, with 10 to 25 carbon atoms, such as
compounds with 10 to 20 carbon atorus. The higher boihing portion 136 contains the
remaining portion of the oligomerized output stream, which can correspond fo

compounds with 20 or more carbon atoms, such as 25 or more carbon atoms.

[(3056] The higher boiling portion 136 is then passed into one or more
hydroprocessing stage(s) 140 for contaminant removal and improvement of viscosity
and/or cold flow properties. Hydroprocessing stage(s) can include one or more
hydrotreatment stages for contaminant removal and one or more dewaxing and/or
hydrocracking stages for property improvements. The severity of the hydroprocessing
stages can vary, depending on the amount of property improvement needed to produce a
desirable tubricant base oi, such as a Group 1, Group I+, or Group HI base il The
hydroprocessed cffluent 145 can then be fractionated to generate at least one lower
boiling portion 152 (including light ends and naphtha}, at least one intermediate boiling
portion 154 (diesel and/or kerosene), and at icast onc higher boiling portion 156
(lubricant base oil). The at least ove lubricant base oi portion 156 preferably

corresponds to a Group I, Group U+, and/or Group 11 lubricant base oil portion.

THESH When numerical lower limits and numernical apper Hmits are listed herein,
ranges from any lower limit to any upper limit are contemplated. While the illustrative

embodiments of the disclosure bave been described with particularity, @ will be
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understood that various other modifications will be apparent to and can be readily wade
by those skilled in the art without departing from the spirit and scope of the disclosure.
Accordingly, it s not intended that the scope of the claims appended hercto be limited to
the examples and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside m the present
disclosure, including all features which would be treated as equivalents thereof by those

skilled in the art to which the disclosure pertains.

[BO58] The present disclosure has been described above with reference to numerous
erabodiraents and specific examples. Many variations will suggest themscelves to those
skilled in this art in light of the above detailed description.  All such obvious variations

are within the full intended scope of the appended clatms.
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CELAIMS:

1. A method for forming fuel and lubricant products, comprising:

exposing a feedstock comprising 50 vol% of ethylene or less to a catalyst
comprising a zeolite with 10-member vings under effective oligorerization conditions to

produce an oligomerized cffluent;

hydroprocessing at least a portion of the oligomerized effluent under effective

hydroprocessing couditions to form a hydroprocessed effluent; and

separating the hydroprocessed effluent to form a fraction having a boiling point
¥ g
of 350°F (177°C) or less, one or more lubricant base oif fractions, and at least one diesel

tuel fraction having a lower botling range than at least onc lubricant base o1l fraction.

2. The method of claim 1, wherein exposing the feedstock comprising 50 vol% of
cthylene or less to a catalyst comprising a zeolite with 10~-member rings under effective

oligomerization conditions to produce an oligomerized effluent comprises:

exposing the feedstock to a first catalyst comprising a zeolite with 10-member
rings under ctfective gas phase oligornerization conditions to form an intermediate

oligomerized product;

separating the intermediate oligomerized product to form at least a gas phase
ntermediate product and an intermediate product with an initial boiling point of at least

60°C: and

exposing at least a portion of the interroediate product with a boiling point of at
least 60°C to a second catalyst comprising a zeolite with 10-member rings under

effective liguid phase oligomerization conditions to form the oligomerized effiuent.

3. The method of claim 2, further comprising:

recycling at least a portion of the gas phase intermediate product to a cracking

process;
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cracking the recycled fraction to form an ethylene-containing etflucot; and

exposing the ethylene-coutaining effluent to the catalyst coraprising a zeolite

with 10~-member rings under the effective oligomerization conditions.

4. The methed of claim 2, wherein the intermediate oligomerized product is
separated to form at least a gas phase product and an intermediate product with an initial
boiling pownt of at least 150°C.

5. The method of claim 1, wheremn hydroprocessing the oligomerized efflucnt
comprises hydrotreating the oligomerized effluent, catalytically dewaxing the
oligomerized cffluent, hydrocracking the oligomerized effluent, hydrofinishing the

oligomerized effluent, or a combination thereof.

6. The method of claim S, wherein hydroprocessing the oligomcerized effluent
comprises hydrotreating the oligomerized effluent to form a hydrotreated effluent, and
catalytically dewaxing the hydrotreated effluent.

7. The method of claim 5, wherein hydroprocessing the oligomerized effluent
comprises hydrocracking the oligomerized effluent to form a hydrocracked effluent, and

hydrotreating the hydrocracked effluent.

R. The method of claim 1, wherein the feedstock comprises an off-gas frors a flnd

catalytic cracking process.

9. The method of claim 8, wherein at least a portion of the Cs and C4 compounds in
the off-gas from the fluid catalvtic cracking process are separated from the foedstock
priot to exposing the feedstock to the catalyst compuising the zeolite having 10-member

rings.

10. The method of claim 1, further comprising:

recycling at least a portion of the fraction having a boiling point of 350°F

{177°C) or less to a cracking process;
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cracking the recycled fraction to form an ethylene-containing etflucot; and

exposing the ethylene-coutaining effluent to the catalyst coraprising a zeolite

with 10~-member rings under the effective oligomerization conditions.

11, The method of claim 1, wheremn the catalyst coraprising a zeolite with
10-member rings compriscs Z8SM-5, ZSM-22, ZSM-23, Z5M-48, or a combination

thereof,

12. The method of claim 11, wherein the zeolite has a silica to alumina ratio of at

least 40,

13, The method of claim 1, wherein the catalyst comprising a zeolite with
10-member rings further comprises at least one of a metal hydrogenation component and

a binder.

14, The method of claim 1, wherein hydroprocessing the oligomerized effluent under
cffective hydroprocessing conditions to form a hydroprocessed effluent comprises
hydroprocessing a portion of the oligomerized effluent having a TS boiling point of at

feast 350°F.

15, The method of claim |, wherein hydroprocessing the oligomerized effluent under
effective hydroprocessing conditions to form a hydroprocessed efflucut comprises
hydroprocessing a portion of the oligomerized effluent having a TS5 boiling point of at

least 6G0°F.

16. The method of claim 1, whercin at least one of the one or more lubricant basc oil

fractions coraprises a Group 11, Group T+, or Group 111 lubricant base oil.

17, The method of claim 1, wherein the at least a portion of the oligomerized offluent

has a sulfur content of at feast 50 wppm.

18.  The method of claim 1, further comprising subjecting the one ot more lubricant

base oil fractions and/or at least one diesel fuel fraction to one or more further converting
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steps selected from the group consisting of hydrocracking, fluid catalytic cracking,

isomerizing and combinations thereof.



