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(57) Abstract: Methods are provided for processing glycerides to form lubricant boiling range molecules in a single reactor and/or a
single reaction zone. The glycerides are exposed to catalysts that are stable under the conditions present in the reaction zones during
conversion of glycerides to fatty ketones via a coupling reaction in the presence of a first catalyst, and the subsequent deoxygenation
and isomerization of the ketones in the presence of a second dewaxing catalyst. The glyceride-containing feedstock can further in -
clude free fatty acids or fatty acid derivatives that can also be used for formation of ketones and subsequent deoxygenation and iso -
merization. In some contiguration, the processing can occur in a single reaction zone containing mixed beds of the first and second
catalyst. Such configurations can be used to control the ratio of diesel boiling range molecules versus lubricant boiling range mo -
lecules generated by the methods.
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PRODUCTION OF LUBRICANT BASE OIES FROM BIOMASS

FIELD OF THE INVENTION

10661} This invention relates 1o methods for processing biomass to make

distitiate products,

BACKGROUND OF THE INVENTION

LEH One feedstock source for making renewable distiltate products is to use a
feedstock that contains triglycerides. Typical triglycerides include a three carbon
glyeerol backbone that has ester linkages to three longer side chains. Separating the
side chains from the glvcerol backbone typically results in formation of a fatty acid
corresponding to cach of the side chains, After separation from the glycerol backbone,
many of the fatty acids present in triglycerides can have a chain length that is suitable
for use, possibly after further processing, in diesel products such as diesel fuels or
diesel fuci additives.

16663} Lubricant base oils arc another potential product that can be made from a
biomass source. However, triglycerides with fatty acid chain lengths in the lubricant
base oil boiling range are currently less commmon. One option for making a lubricant
base oil product from a feed containing fatty acids is to couple two or more falty acid
chains to create molecules with longer chain lengths.

186641 European Patent Application No. EP 8437665 describes performing a
condensation reaction on carboxylic acids or polyfunctional compounds such as
triglycerides using a catalyst based on an iron-containing mineral, such as bauxite.
18865] ULS. Patent No. &,048,290 describes a process for producing branched
hyvdrocarbons. A feedstock derived from a biological starting material, such as a fatty
acid or a fatty acid derivative, is subjected to a condensation step to produce
hydrocarbons that also contain one or more heteroatoms, such as oxygen or nitrogen.
The condensation product is then subject to a combined hydrodefunctionalization and
isomerization step. In this combined step, isomerization and heteroatormn removal are
performed in the same step.  Examples of suitable catalysts for performing the

combined hydrodefunctionalization and isomerization step inchide alumina bound
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ZSM-23 or SAPG-11 with supported Pt as 3 hydrogenation metal. ZSM-48 is also
mentioned as a suitable zeolite.

16886] U.8. Patent No. §,053,614 describes a method for producing a base oil. In
various options, trighyceride containing feeds are converted to fatty acids or fatty acid
alkyl esters. The fatty acids or fatty acid esters are then used to form ketones via a
condensation reaction. The ketones are then deoxygenated in a hydrogenation step to
form paraffins, which were then isomerized. One or more distillation or separation
steps are included at various points in the process of converting the triglyceride

containing feed to the isomerized paraffin.

SUMMARY OF THE INVENTION

16667] Methods are provided for processing glycerides to form lubricant boiling
range molecules in a single reactor and/or a single reaction zone. The glycerides can be
exposed to catalysts that are stable under the conditions present in the reaction zones
during conversion of glycerides to fatty ketones via a coupling reaction in the presence
of a first catalyst, and the subsequent deoxygenation and isomerization of the ketones in
the presence of a second dewaxing catalyst, The glyceride-containing feedstock can
further include free fatty acids and/or fatty acid derivatives that can also be used for
formation of ketones and subsequent deoxygenation and isomerization. In some
configurations, the processing can occur in 8 single reaction zone containing mixed
beds of the first and second catalyst. Such configurations can be used to control the
ratio of diesel boiling range molecules versus lubricant boiling range molecules
generated by the methods.

16668 In one aspect of the invention, a method for processing a glyceride-
containing feedstock is provided. The method includes exposing a feedstock
containing glyveerides to a catalyst comprising at least about 5 wt% of a rare carth metal
salt, an alkal metal salt, an alkaline earth metal sall, or a combination thereof in the
presence of hydrogen under effective deoxygenation conditions to form an effluent
containing ketones. The amount of ketones in the cffiucnt can be at least about 50% of
the weight percentage of the glycerides in the feedstock, e.g., at least about 75% or at
feast about 90%. In such an aspect, the glyeerides in the feedstock can have an average

carbon number for side chains in the glycerides, and the average carbon number of
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ketones in the effluent can be greater than 1.5 times the average carbon number for the
side chains, e.g., greater than 1.75 tirnes the average carbon number for the side chaing
ot greater than 1.9 times., At least a portion of the effluent containing ketones can then
be exposed, without intermediate separation, to a dewsxing catalyst bound with g
hydrothermally stable binder onder effective dewaxing conditions to form a
deoxygenated effiuent, wherein the glycerides in the feedstock can have an average
carbon number for side chains in the glycerides, and an average carbon number of the
ketones in the effluent can be greater than 1.5 times the average carbon number for the
side chains. The feedstock can additionally or alternately contain at least one of free
fatty acids and fatty acid derivatives.  Optionally, when the combined weight
percentage of free fatty acids and/or fatty acid derivatives is at least about 13% of the
combined weight of glycerides, free fatty acids, and fatty acid derivatives, the average
carbon number of the ketones in the effluent can be greater thaw about 1.5 times a
weighted average carbon number for the side chains of the glycerides and the chains of
the free fatty acids and/or fatty acid derivatives.

16669] In ancther aspect of the invention, a method for processing 8 glyceride-
containing feedstock 18 provided.  The method ifncludes exposing a feedstock
containing at least 10 wt% glycerides to a catalyst mixture comprising a dewaxing
catalyst bound with a hydrothermally stable binder and a catalyst comprising at least
about 3 wit% of a rare carth metal salt, alkali metal salt, alkalive earth metal salt, ora
combination thereof in the presence of hydrogen under cffective deoxygenation
conditions, the effective deoxygenation conditions including a temperature of at least
about 300°C, to form a deoxygenated efflaent. The glycerides n the feedstock can
have an average carbon murnber for side chains in the glycerides, and at least 1 wi% of
the deoxygenated effluent can comprise fubricant boiling range molecules derived from
the glycerides in the feedstock, with the labricant boiling range molecules having a
number of carbon atoms greater than 1.5 times the average carbon number for the
glyceride side chains. The feedstock can additionally or alternately contain at least one
of free fatty acids and fatty acid derivatives. Optionally, when the combined weight
percentage of free fatty acids and fatty acid denivatives 15 at least about 10% of the
combined weight of glycerides, free fatty acids, and fatty acid derivatives, the average

carbon number of the ketones in the effluent can be greater than about 1.5 times a
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weighted average carbon number for the side chains of the glycerides and the chains of
the free fatty acids and/or fatty acid derivatives.

16610} In still another aspect of the invention, a method for processing a
glyceride-containing feedstock is provided. The method includes exposing a glyceride-
containing feedstock containing at feast 25 wi% of a combined weight of glycerndes,
free fatty acids, and fatty acid derivatives to a catalyst mixture in the presence of
hydrogen under effective deoxygenation conditions to form a deoxygenated cfftuent.
The effective deoxygenation conditions can advantageously include a temperature of at
least about 300°C. Preferably, the fatty acid derivatives are fatty acid esters or fatty
acid amides. The catalyst muxture can comprise a) a dewaxing catalyst comprising
ZE8M-48,) ZSM-23, or a combination thereof, the dewaxing catalyst being bound with a
hyvdrothermally stable binder comprising zirconum oxide, titanim oxide, cerium
oxide, or a combination thereot, and b) a catalyst comprising at least about 5 wi%o of a
rare earth metal salt, alkali metal salt, alkaline earth metal salt, or a combination thereof
on a support comprising zirconium oxide, titanium oxide, cerium oxide, or a8
combination thereof. The glycerides, free fatty acids, and fatty acid derivatives in the
feedstock have a weighted average carbon number for the fatty acid chains and the side
chaing in the glycerides. At least 1 wi%% of the deoxygenated effiuent comprises
fubricant boiling range molecules derived from the free fatty acids, fatty acid
derivatives, and glyvcerides in the feedstock., These lubricant boiling range molecules
can have an average number of carbon atoms greater than 1.5 times the weighted
average carbon number for the side chains of the glycerides and the fatty acid chains of

the free fatty acids and/or fatty acid derivatives.

BRIEF DESCRIPTION OF THE DRAWINGS

16611} Figure 1 shows a conventional reaction sequence for converting a
triglyceride to a ketone.

18612] Figure 2 shows resulis from processing a triglyceride-containing feed
according to an aspect of the invention.

10613} Figure 3 schematically shows a reaction system suitable for performing a

process according to an aspect of the invention.
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1661 4] Figure 4 shows results from processing a triglyceride-containing feed

according to an aspect of the invention,

DETAILED DESCRIPTION OF THE PREFERREDR EMBODIMENTS

16615} In varicus embodiments, systems and methods are provided for processing
a feed containing glycerides (such as triglyeerides) in a single bed and/or single reactor
configuration to form distillate boiling range molecules. The methods can allow for
conversion of glyceride molecules to isomerized lubricant and diesel boiling range
products without an intermediate separation. The methods can be enabled by use of a
dewaxing catalyst having enhanced activity and tolerance of the suberitical water
generated during deoxygenation of a triglyceride-containing feed.  In various aspects,
the methods can be additionally or alternately suitable for conversion of feeds
containing free fatty acids and/or fatty acid derivatives such as fatty acid esters and/or
fatty acid amides.

16616} One potential use for a glyceride-containing feed s to combine two or
more fatty acid side chains of the glycerides to form a larger molecule. For example,
the side chains of a triglveeride can typically be between 14 to 22 carbons long, making
the side chains more suitable for usc as a diesel fuel product. By combining two side
chains to form a larger molecule, the side chains can be converted to molecules suitable
in a tubricant base otl botling range. For example, a coapling reaction can be used to
combine two carboxylic acids to form a ketone. Additionally or alternately, fatty acid
chains from free fatty acids and/or fatty acid derivatives can participate in such
coupling reactions, with fatty acid side chains from glycerides and/or with fatty acid
chains from other free fatty acids and/or fatty acid derivatives,

18617} Processing of biomass feeds, however, can pose difficulties for refinery
processes, eg, due to the water generated during deoxygenation of a foed
Conventional methods can typically involve an imitial process step for converting
glycerides to another form, such as by separating fatty acid side chains in a triglyceride
from the glycerol backbone. While various refinery processes can be capable of
performing this conversion, the water and other by-products of the reaction can pose
difficulties for downstream processes. As a result, a deoxygenation step can often be

performed as an initial process in a separate reactor, which could allow any water and
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heat generated during deoxygenation to be removed in a controlled manner. While this
can avoid ditfficulties due to excess water production, isolating process steps in separate
reactors can usually require additional cquipment and processing costs.

10618} The cost of converting a glyceride-containing feed into lubricant boiling
range molecules can be reduced by selecting reaction catalysts effective for performing
the conversion in a single reactor while also being stable in the resulting reaction
environment. A first catalyst can be a metallic catalyst effective for catalyzing a
condensation reaction to form ketones. A sccond catalyst can be a dewaxing catalyst
tolerant of the water generated during the deoxygenation and coupling veactions for
forming the ketones. Depending on the desired product mix, the two catalysts can be
used in a stacked bed arrangement, or the catalysts can be mixed within g catalyst bed.
In a stacked bed arrangement, the efffuent from exposing the catalyst to one or more
catalyst beds of the first catalyst can be cascaded or otherwise passed into a catalyst bed

containing the second catalyst, e.g.. without intermediate separation of gas phase

products.
Feodstocks
10619] In the discussion below, a feed derived from a biological source (ie., a

biocomponent feed(stock)) refers to a feedstock derived from a biclogical raw material
componeut, such as vegetable fats/oils or 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 types of lipid compounds. Lipid compounds are
typically biological compounds that are insoluble n water, but soluble in nonpolar {(or
fat) solvents. Nouv-limeiting exaroples of such solvents include alcohols, cthers,
chioroform, alkyl acetates, benzene, and combinations thereof,

106261 Major classes of lipids can inclade, but are not necessarily limited to, fatty
acids, glycerol-derived Hpids {(including fats, oils and phospholipids), sphingosine-
derived bipids (including coramides, cerebrosides, gangliosides, and sphingomyeling),
steroids and their derivatives, terpencs and their derivatives, fat-soluble vitamins,

certain aromatic compounds, and fong-chain alcohols and waxes.
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16621} In living organisms, lipids generally serve as the basis for cell membranes
and as a form of fuel storage. Lipids can also be found conjugated with proteins or
carbohydrates, such as in the form of lipoproteins and lipopolysaccharides.

166221 Examples of vegetable oils that can be used in accordance with this
invention can include, but are not Himited to, rapeseed {canola) oil, soybean oil, cocomit
oil, sunflower oil, palm oil, palm kemel o1, peanut oil, linseed oil, tall oil, corn oil,
castor o, jatropha oil, jojoba oil, olive oil, flaxseed oil, camelina oil, safflower oil,
babassu oil, tallow oil, rice bran oil, and the like, and combinations thereof,

[6623] Vegetable oils as referred to herein can alse include processed vegetable
oil material as a portion of the feedstock. Non-limiting examples of processed
vegetable oif roaterial include fatty acids and/or fatty acid alkyl esters. Alkyl esters can
typically inchude C-Cs alkyl esters. One or more of methyl, cthyl, and propyl esters
can be preferred.

[6624] Examples of animal fats that can be used in accordance with the invention
mchade, but are not limited to, beef fat (taliow), hog fat (lard), turkey fat, fish fat/oil,
chicken fat, and the like, and combinations thereof. The animal fats can be obtained
from any suitable source including restaurants and meat production facilities.

[60325] Animal fats as referred to herein also include processed animal fat
material. Non-limiting examples of processed animal fat material include fatty acids
and/or fatty acid alkyl esters. Alkyl esters can typically inchide C;-Cs alkyl esters.
One or more of methyl, ethyl, and propyl esters can be preferred.

16626] Algae otls or lipids can typically be contained in algae in the form of
membrane components, storage products, and/or metabolites. Certain algal strains,
particalarly microalgae sach as diatoms and cyanobacteria, can contain proportionally
high levels of lipids. Algal sources for the algae oils can contain varying amounts, e.g.,
from 2 wi% to 40 wit%, of lipids based on total weight of the biomass itself

16G27] Algal sources for algae oils can include, but are not limited to, unicelhular
and multicellular algae.  Examples of soch algae can inchide a3 rhodophyte,
chlorophyte, heterokontophyte, tribophyte, glancophyte, chlorarachniophyte, cuglenoid,
haptophyte, cryptomonad, dinoflagellum, phytoplankton, and the like, and
combinations thereof. In one embodiment, algae can be of the classes Chlorophyceas

and/or Haptophyta. Specific species can inchude, but are not hmited to, Neochloris
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olecabundans, Scenedesmus dimorphus, Euglena gracilis, Phaeodactvium tricornutum,
Pleurochrysis carterae, Prymuesium parvum, Tetvaselmis chui, and Chiamydomonas
reinhardtii.  Additional or alternate algal sources can jnchide one or more microalgae
of the Achnanthes, Amphiprora, Amphora, Ankistrodesmus, Asteromonas, Boekelovia,
Borodinella, Botryvococcus, Bracteococcus, Chaetoceros, Carteria, Chiamydomonas,
Chiorococcum, Chiorogonium, Chlovella, Chroomonas, Chrysosphaera, Cricosphaera,
Crypthecodinium,  Crypiomonas, Cyclotella, Dunaliella, Eilipsoidon, FEmiliania,
Eremosphaera, Ernodesmius,  FEuglens, Franceiq, Fragilaria, Gloeothamnion,
Haemarococcus, Halocafeteria, Hymenomonas, Isochrysis, Lepocinclis, Micractinium,
Monoraphidium, Nannochloris, Nannochloropsis, Navicula, Neochioris,
Nephirochioris, Nephroselmis, Nitzschia, Ochromonas., Oedogonium, Oocysiis,
Ostreococcus,  Paviove,  Parachlorellas,  Pascheria, Phaecodacivium,  Phagus,
Pichochiorum, Pseudoneochioris, Pseudostaurastrum, Platvmonas, Pleuvochrysis,
Pleurococcus, Prototheca, Pseudochiorella, Pyramimonas, Pyrobotrys, Scenedesmus,
Schizochlamydella, Skeletonema, Spyrogvra, Stichococcus, Tetrachiorelia, Tetraselmis,
Thalassiosira, Tribonema, Vaucheria, Viridiells, and Volvox species, and/or one or
more cvanobacteria of the Adgmenellum, Anabaerna, Anabaenopsis, Anacystis,

Aphanizomenon, Arthrospira, Astevocapsa, Rorzia, Calothrix, Chamaesiphon,

Chlorogioeopsis, Chroococcidiopsis,  Chroococcus,  Crinalivm,  Cyanobacierium,
Cyanobium, Cvanocystis, Cyanospira, Cyvanothece, Cylindrospermaopsis,

Cylindrospermum,  Dactvlococcopsis,  Dermocarpella,  Fischerella,  Fremyelln,
Geitleria, Geitlerinema, Gloeobacier, Gloeocapsa, Gloeothece, Halospiruiing,
fyengariella,  Leptolyngbya, Limnothrix, Lyngbva, Microcoleus, Microcystis,
Myxosarcing,  Nodularia, Nostoc,  Nostochopsis,  Qscillatoria,  Phormidium,
Planktothrix,  Pleurocapsa,  Prochlorococcus,  Prochloron,  Prochiorothrix,
Pseudanabaena, Rivularia, Schizothrix, Scyfomema, Spivudina, Stanieria, Starria,
Stigonemea, Svmploca, Svnechococcus, Synechocystis, Tolypothrix, Trichodesmiuwm,
Tychonema, and Xenococcus species,

{6628} Other biccomponent feeds usable in the present invention can include any
of those which comprise primarily triglycerides, dighycerides, monoglycerides, and free
fatty acids (FFAs).  The trighycerides, diglycerides, monoglycerides, and FFAs

typically contain aliphatic hydrocarbon chains in thewr structure having from 8 to 36
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carbons, for exampie from 10 to 26 carbons or from 14 to 22 carbons. Types of
trighycerides can be determined according to their fatty acid constituents. The fatty acid
constituents can he readily deterroined using Gas Chromatography (GC) analysis, This
analysis involves extracting the fat or oil, saponifying (hydrolyzing) the fat or oil,
preparing an alkyl (e.g., methyl) ester of the saponified fat or oil, and determining the
type of (methyly ester using GC analysis. In one embodiment, a majority (.e., greater
than 50%) of the glyceride present in the lipid material can be comprised of Cyp t0 Cag
fatty acid constituents, based on total glyceride present in the hipid material. Further, a
glyceride is a molecule having a stractare identical to the hydrolysis reaction prodact of
glycerol and one, two, or three fatty acids. Thus, although a glyceride is described
herein as being comprised of one or more fatty acids, it should be understood that the
fatty acid component does not necessarily contain a carboxylic acid hydrogen. If
glycerides are present, a majority of glycerides present in the biocomponent feed can
preferably be comprised of Cyy to Cyg fatty acid constituents, based on total triglyceride
content. Other types of feed that are derived from biological raw material components
can include fatty acid esters, such as fatty acid alky] esters (e.g., FAME and/or FAEE)
and/or fatty acid amides.

16629] One method for characterizing the glycerides in a feedstock is based on
the number of carbons in the side chains. While some feedstocks may have consistent
numbers of carbons in each side chain, such as in a tristearin feedstock, many types of
glycerides will have variations in chain length between molecules and even within
molecules. In order to characterize these variations, the average mumber of carbons per
side chain in the glycerides can be determined. For example, consider a feedstock
countaining glycerides in the form of triglycerides. By definition a triglyceride contains
three side chaing. Hach side chain contains a number of carbons, as mentioned above.
By averaging the number of carbons in each side chain for the triglycerides in a
foedstock, an average side chain length for all triglycerides can be determined. The
average number of carbons (also referred to as average carbon number) per side chamn
in the feedstock can be used as a comparative value for characterizing products. For
example, the average number of carbons per side chain in the feedstock can be
compared with the average number of carbons 1o ketones and/or isomerized

hyvdrocarbons generated by converting and/or isomerizing the glyceride-containing
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feedstock, More generally, the average number of carbons in all side chains for all
types of glycerides in a feedstock can be used in place of the average number of
carbous per side chain in only the triglycerides in a feedstock.  Still more generally, a
weighted average can be determined for chains in free fatty acids, fatty acid derivatives,
and side chaing of glycerides.

186361 In vartous aspects, the production of ketones and corresponding
deoxygenated products can be based on processing of glycerides (such as
monoacylglycerides, diacylglyveerides, and/or triacviglycerides), free fatty acids, and/or
fatty acid derivatives within the biocompounent feed. Thus, the presence of at least
some glycerides, free fatty acids, and/or fatty acid derivatives within the biocomponent
portion of a feed can be desirable. In some aspects, the presence of at least some
glycerides in the biocomponent portion of the feed can be preferred, in order to take
advantage of the ability to start with a glyceride-containing feed and to produce
desirable diesel and/or fubricant boiling range molecules in a single process. The feed
can inchide at least about 10 wi% of feed based on a biocomponent source(s), for
example at least about 25 wi%. Preferably, the biocomponent portion of the feed can
be at least about 50 wt%, for example at least about 75 wit%, at least about 90 wt%4, or
at least about 95 wit%. Such higher amounts of feed from a biccomponent source can
provide an advantage based on the greater amount of renewable material. Additionally
ot alternately, the teed can be entirely a feed frore a biocomponent source, or the feed
can include about 99 wi% or less of a feed based on a biocomponent source, for
example about 85 wit% or less, about 8¢ wt% or less, about 75 wit% or less, or about 50
wit% or less.

18631} Higher amounts of foed from a biocomponent source can provide an
advantage based on the greater amount of renewable material, as well as potentially
including a greater amount of glycerides. Feeds with lower amounts of biocomponent
materials may have other processing advantages. Such advantages can inchude
mmproved flow characieristics within a reaction systers, as biocomponent feeds ofte
have a relatively high viscosity compared to conventional diesel or hubricant feeds in a
refinery.  Additionally or alternately, deoxygenation of a biocomponent feed can
typically generate a substantial amount of heat due to formation of highly favorable

producis from a free energy standpoint, such as H,O and CO,. For a typical catalyst
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bed with a bed length of 25 - 30 feet (about 9 — 10 meters), it can be preferable to have
a temperature increase across the bed of 100°F (55°C) or less. It deoxygenation of a
bioccomponent feed with a velatively high oxygen content is performed using a
sufficiently reactive catalyst, an cxotherm of greater than 100°F across the catalyst bed
can be generated. Blending a biocomponent feed with a portion that does not contain
oxvegen can reduce the exotherma generated across a catalyst bed used for performing
deoxygenation,

16632] The advantages of increased mineral feed content can be largely due to
difation of the biocomponent feed, as the processing conditions effective for
deoxygenation of a biocomponent feed can have a low or rainimal irapact on a typical
hyvdroprocessed mineral feed. Therefore, while the deoxygenation conditions can be
effective for deoxygenation of biocomponent feeds at a variety of blend ratios with
mineral feeds, it can be preferable to have at least about 75 wt% of the feed from a
biscomponent source, for example at least about 90 wit% or at least about 95 wi%.
16633} One option for increasing the biocomponent content of a feed while
retaining some of the benefits of adding a feed with reduced oxygen content can be to
use recycled product from processing of biocomponent feed as a diluent. A recycled
product from processing a hiocomponent feed is still derived from a biocomponent
source, and therefore such a recycled product is counted as a feed portion from a
biocompounent soarce. Thus, a feed containing 60% biocomponent feed that has not
heen processed and 40% of a recyeled product from processing of the biocomponent
feed would be considered as a feed that includes 100% of feed from a biocomponent
source.  As an example, at least a portion of the product from processing of a
biocomponent feed can be a diesel boiling range product.  Such a recyeled diesel
boiling range product can advantageously be deoxygenated, and therefore incorporation
of the recycled diesel boiling range product in the feed can advantageously reduce the
exotherm generated during deoxygenation.  Adding a recycled diesel boiling range
product 18 also likely to voprove the cold flow properties of a biocomponent feed.
More generally, any convenient product from processing of a biocomponent feed can
be recycled for blending with the bioccomponent feed in order to improve the cold flow
properties and/or to reduce the oxygen content of the input flow to a deoxygenation

process. If a recycled product flow is added to the input t0 a deoxygenation process,
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the amount of recycled product can correspond to at least about 10 wt% of the feed to
the deoxygenation process, for example at least about 25 wt% or at least about 40 wt%.
Additionally or alternately, the amount of recycied product in a foeed can be about 60
wi% or less, for example about 50 wit% or less, 40 wt¥% or less, or about 25 wi% or

Jess

5]

18634} While feed difation can be used to control the exotherm generated across 4
catalyst bed used for deoxygenation, it 18 noted that some processing options can
additionally or alternately impact the exotherm. One alternative can be to use a fess
reactive catalyst, so that a larger amount of catalyst can be needed at a given ligud
hourly space velocity (LHSV) in order to deoxygenate a feed to a desired level. An
additional or alternate option can he to reduce the amount of hydrogen provided for the
deoxygenation process.  Still ancther additional or aliernate option could be to
mtroduce additional features into 8 reactor to assist in cooling and/or transporting heat
away from a deoxygenation catalyst bed. In combination with selecting an appropriate
amount of product recycle and/or blending of another non-oxygenated feed, a desired
combination of a flow characteristics and heat generation during deoxygenation can be
achieved.

[6635] With regard to glyceride content, the feedstock can include at least about
10 wit% glycerides, for example at least abowt 25 wi%, preferably at least about 40
wi%, at least about 60 wt%, or at least about 80 wi%%. Additionally or alternately, the
feod can be composed entirely of glycerides, or the glyeeride content of the feed can be
about 99 wt% or less, for example about 95 wi% or less, about 90 wt% or less, about 75

wt% or less, or about 50 wit% or less. The glycenides can be monoglycenides,

o

diglycerides, and/or triglycerides.  Preferably, the glyeerides are triglycerides or a
mixture of glycerides that includes trighycerides. The methods described herein can be
suitable for conversion of glycerides to hubricant and diesel products in a single reactor,
so higher contents of glycerides can be preferred. However, to the degree that a recycle
loop is used to improve the feed flow properties or reduce the reaction exotherm across
catalyst beds, lower glyceride contents may be bepeficial. Optionally, a portion of the
glyceride content in the feedstock can be replaced by free fatty acid content and/or fatty

acid derivative content. In such an optional aspect, the above weight percentages can



WO 2014/015092 PCT/US2013/050984

refer to the combined weight percentage of glycerides, free fatty acids, and/or fatty acid
derivatives in the feedstock.

16636] Biocomponent based diesel boiling range feedstreams can have a wide
range of nifrogen and/or sulfur contents. For example, 3 biccomponent based
feedstream based on a vegetable oil source can contain up to about 300 wppm nitrogen,
In contrast, a biomass based feedstream containing whole or ruptured algae can
sorpetimes include a higher nitrogen content.  Depending oun the type of algae, the
nitrogen content of an algae based feedstream can be at least about 2 wit¥%, for example
at least about 3 wi%, at least about § wi%, or at least abouat 10 wi%, and algae with still
higher nitrogen contents are known. The sultur content of a biocoraponent foed can
also vary. in some embodiments, the suffur content can be about 500 wppm or less, for
example about 100G wppm or less, about 50 wppm or less, or about 10 wppm or less,
16637} Aside from nitrogen and sulfur, oxygen can be another heteroatom
component in biocomponeut based feeds. A biocomponent dicsel boiling range
fecdstream based on a vegetable oil, prior to hydrotreatment, can include up to about 10
wt%% oxygen, for example up 1o about 12 wi% or up to about 14 w96, Additionally or
alternately, such a biocomponent diesel boiing range foedstrearn can include at least
about 1 wt% oxygen, for example at least about 2 wit%, at least about 3 wt%, at least
about 4 wi%, at least about 5 wit%, at least about 6 wi%, or at least about 8 wi%.
Further additionally or alternately, a biocomponent feedstream, prior to hydrotreatment,
can include an olefin content of at least about 3 wi%, for example at least about § wt%
or at feast about 10 wit%.

{6638} A mineral feedstock refers o0 a conventional {e.g., non-biocomponent)
feedstock, typically derived from crude oil and that has optionally been subjected to
one or more separation and/or other refining processes. When mineral feedstock is
present, in one preferred embodiment, the mineral feedstock can be a petroleum
feedstock boiling in the diesel range or above. Examples of suitable mineral feedstocks
can include, but are not hmited to, virgin distillates, hydrotreated virgin distillates,
kerosene, diesel boiling range feeds (such as hydrotreated diesel boiling range feeds),
light cycle oils, atmospheric gas oils, and the like, and combinations thereof.

18639} Mineral feedstocks for blending with a biocomponent feedstock can be

relatively free of nitrogen (such as a previously hydrotreated feedstock) or can have a
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nitrogen content from about 1 wppm to about 2000 wppm nitrogen, for example from
about 30 wppm to about 1500 wppm or from about 75 to about 1000 wppm. In some
embodiments, when the mineral feedstock is present, it can have 4 sulfur content from
about 1 wppm to about 10,000 wppm sulfur, for example from about 10 wppm to about
5,000 wppro or from about 100 wppm to about 2,500 wppm.

13046] When present, a mineral feedstock for blending with a biocomponent
foedstock can preferably be a roineral feedstock with a relatively low sulfur countent,
such as a hydrotreated mineral feedstock. Using a mineral feedstock for blending that
contains a sufficiently low sulfur content can allow a resulting product to meet a
desived sulfur specification without requiring a subsequent hvdrotreatment unde

conditions that saturate olecfins. Such preferred feedstocks can be relatively free of
sulfur, or can have a sulfur content from about T wppm to about SO0 wppm, such as
from about 10 wppm to about 200 wppm of sulfur or from about 20 wppm to about 100
wppm of sulfur.  Additionally or alternately, the combined (biocomponent plus
mineral} feedstock can have a sulfur content of at least about 5 wppm, for example at
least about 10 wppm, at least about 25 wppm, or at least about 100 wppm. Further
additionally or alicrnately, the combined feedstock can have a sulfur content of about
SO0 wppm or less, about 100 wppm or less, or about 50 wppm or less. Still further
additionally or alternately, the nitrogen content of the combined feedstock can be about
1000 wppm or less, for example about 500 wppra or less, about 100 wppm or less,
about 56 wppro or less, about 30 wppm or less, about 20 wppm or less, or about 10
wppm or fess.

18641} The content of sulfir, nitrogen, oxyvgen, and olefins 1u a feedstock created
by blending two or more feedstocks can typically be determined using a weighted
average based on the blended feeds. For example, a mineral foed and a biocomponent
feed can be blended in a ratio of 80 wi% mineral feed and 20 wt% biocomponent feed.
If the mineral feed has a sulfur content of about 1000 wppm, and the biocomponent
feod has a sulfur content of about 10 wppm, the resulting blended feed could be
expected to have a sulfur content of about 802 wppm.

16642] The boiling range for biocomponent feedstreams suitable for use
according to the invention can vary depending on the nature of the bioccomponeut

source.  Biocomponent feedstreams with final boiling points up to about 10060°F
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(538°C) may be suitable for use, as the triglyeerides within a biocomponent feedstream
will have a higher boiling point than the boiling point of the individual chains attached
to the glycerol backbone. Mineral feedstreams suttable for use as a blending
component tend to boil within the range of sbout 215°F (about 102°C) to about R8OO°F
{about 427°C). Preferably, a mineral feedstream has an nitial beiling point of at least
about 215°F {about 102°C), for example at least about 250°F (about 121°C), at least
about 275%F (sbout 135°C), at least about 300°F (about 149°0), at least about 323°F
{about 163°C), at least about 350°F (about 177°C), at least about 400°F {about 204°0),
or at least about 451°F (aboat 233°C). Preferably, a mineral feedstream has a final
botling point of about 800°F (about 427°C) or less, or about 750°F (about 399°C) or
less. Additionally or alternately, 8 feedstock can be characterized by the boiling point
required to boil a specified percentage of the feed. For example, the temperabire
required 1o boil at least § wi% of a feed 5 referred to as a “T5” boiling point. A
suitable mineral (petroloum) feedstock can have a T35 boiling point of at least about
23(°F (about 110°C), for example at least about 250°F (about 121°C) or at least about
75°F (about 135°C). Further additionally or alterpately, the mineral (petroleum)
feedstock can have a T95 boiling point of about 775°F (about 418°C) or less, for
example about 750°F (about 399°C) or less or about 725°F {about 385°C) or less. In
another ernbodiment, the diesel boiling range feedstream can also inclode kerosene
range compounds to provide a feedstream with a boiling range from about 250°F (about
121°C}) to about ROOF (about 427°C),
[60G43] With regard to product efflucnts, deoxygenated effluents, or converted
etfluents, diesel boiling range streams are defined herein as streams with a T9S boiling
point of about 400°C or less, while lubricant boiling range strearos are defined herein as

streams with a TS boiling point above about 400°C.

Reactions for Oxveen Removal

10644} Oxygen removal during hydroprocessing of a feedstock typically occurs
via at least one of three reaction pathways. One potential reaction pathway is
hyvdrodeoxygenation. In a hydrodeoxygenation reaction, oxygen is typically removed
from feed molecule as water. The carbon chain for the teed molecule tends to remain

intact after a typical hydrodeoxygenation reaction. Water is typically a contaminant
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that can potentially contribute to deactivation of some conventional dewaxing catalysts,
such as conventional shimina bound zeolite catalysts.  However, by #self water
typically does not lead to corrosion within a reaction systern,  Additionally, removing
oxygen as water tends to maintain the chain length of a feed molecule. Maintaining the
chain length of molecules intended for use as a foel or fuel blending product s usually
heneficial, as U roeans that a greater percentage of the carbon from the foed can be
mcorporated into the final fuel product.
16645] Another potential reaction is (hvdro)decarboxylation, which includes
removing oxygen by forming CO» from biofeeds. This CO» tends to form carbonic
acid when combined with water. Carbonic acid corrosion may require metallurgical
upgrades to carbon steel in dowanstream equipment, particularly fin fans, heat
exchangers, and other locations where liquid water will be present prior to an amine
scrubbing system or other system for removing COs.
[6846] Another potential reaction is (hydro)decarbonylation, which includes
removing oxygen by forming CO from biofeeds. CO is 3 known inhibitor for
hyvdrodesalfunization. For example, 1000 ppro CO can deactivate a conventional CoMo
supported catalyst by at least 10%. CO is also typically not removed in appreciable
quantitics by conventional amine scrubbing systems. As such, CO can build up
through gas recycle and can be cascaded to downstream hydrotreatment, dewaxing,
and/or hydrofinishing stages. As a result, removing oxygen from a biocomponent feed
as CO may require the use of pressure swing adsorbers (including rapid cycle pressure
swing adsorbers) or other gas cleaning equipment in order to remove CO from a
reaction system,
(63471 Depending on the conditions present in a reactor, the relative amounts of
CO and CO; in a reactor can be modified by the water gas shift reaction. The water
gas shift reaction is an equifibrium reaction that can convert CO, and H, into CO and
H>O.  Due to the water gas shift reaction, the amount of decarbonylation and
decarboxylation may not be clear, due to conversion from one form of carbon oxide to
another. Hydrodeoxygenation can be distinguished at least in part from
decarbonylation and decarboxylation by characterizing the odd versus even numbered

carbons in a deoxygenated product.
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16648} Most catalysts used for performing a catalytic deoxygenation of a
biocompounent feed will be less than 100% selective for a given pathway. Instead, at
feast soroe deoxygenation of a feed will typically occur via each of the three pathways
mentioned above during a typical catalytic deoxygenation of a feed. The relative
amounts of deoxygenation by cach method will vary depending on the nature of the
catalyst and the veaction conditions.

(6649 Because feeds derived from biological sources typically have carbon
chains with cven numbers of carbon molecules, hydrodeoxygenation can be
distinguished from decarbonylation and decarboxyviation based on the carbon chain
tength of the resulting molecules. Hydrodeoxygenation can typically lead to production
of molecules with an even number of carbon atoms, while decarbonylation and

decarboxylation can typically lead to moelecuies with an odd number of carbon atoms.

Conversion of Glveerides 1o Ketone-Containing Product

16650] A catalyst suitsble for partial deoxygenation and reaction of glycerides
{(such as triglycerides) to form ketones is a catalyst that includes a rare carth metal, such
as a metal salt of a rare carth metal, an alkali metal, an alkaline earth metal, or a
combination thereof. Soroe suitable catalysts include clay roaterials containing a rare
earth metal, an alkali metal, and/or an alkaline carth metal. For example, hydrotalcite is
a clay that includes magnesium hydroxide. Other examples of suitable catalysts
include support materials impregnated with a rare carth metal salt, an alkali metal salt,
and/or an alkaline ecarth metal salt, such as an oxide, hydroxide, or carbonate. For
example, a refractory support such as titanium oxide, zirconium oxide, and/or cerium
oxide can be impregnated with a lanthanum, sodiam, and/or potassium salt, such as
potassium carbonate. Still other examples of suitable catalysts include bulk and/or
supported versions of rare earth, alkali, or alkaline earth metal salts, such as magnesivm
oxide and/or cesium oxide. More generally, alkah metal salts can include salts of Na,
K, Rb, and/or Cs, while alkaline carth metal salts can inchide salts of Mg, Ca, Sr,
and/or Ba. Rare earth metal salts can include, but are not limited to, salis of La, Ce,
and/or Y. Thus, a reference herein to a rare carth metal or rare carth metal salt is
defined to include at least La, Ce, and/or Y. The catalyst can include at least about 5

wi% of the rare earth metal salt, alkali metal salt, or alkaline earth metal salt relative to
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the total catalyst weight, for example at least about 15 wit% or at least about 25 wt%.
For catalysts based on clays, the catalyst can include about 75 wi%% or less of rare carth
metal salt, alkalt metal salt, or alkaline carth metal salt, for example about 50 wi% or
less, about 35 wi% or less, or about 25 wi% or less. For supported catalysts, the
catalyst can inchude about 35 wi% or less of rare earth metal salt, alkali metal sakt, or
alkaline carth metal salt, for example about 25 wi% or less or about 15 wi% or less. In
general, higher percentages of a rarc carth metal salt, an alkali metal salt, or an alkaline
earth metal salt can be desirable, but practical factors may limit the amount of rare carth
metal salt, alkali metal salt, and/or alkaline carth metal salk. For example, supported
catalysts may be Hmited based on the amount of salt that can be impregnated or
otherwise added to a support in a manner stable in the reaction environment. Similarly,
the amounnt of rare carth metal salt, alkali metal salt or alkaline earth metal salt present
in a clay may be limited in order to form a stable clay.

10651} To convert glycerides {(and optionally frec fatty acids and/or fatty acid
derivatives) to ketones, a glyceride-containing feed (or free fatty acid- and/or fatty acid
derivative- containing feed) can be exposed to a catalyst containing a rave carth metal,
alkalt metal, and/or alkaline earth metal under effective conditions tor performing a
reaction to convert glycerides (and optionally free fatty acids/fatty acid derivatives) to
ketones. The effective conditions for the conversion reaction can include a temperature
from about 300°C to about 450°C. It is not believed that hydrogen gas s required 1o
facilitate the condensation reaction. However, i aspects where a single reactor 18 used
both for forming ketones as well as deoxygenation and for isomerization of a feed,
hydrogen can typically be present in order to facilitate the deoxygenation and
isomerization reactions. As a result, in such embodiments, a hydrogen partial pressure
of about 1.8 MPag to sbout 34.6 MPag can typically be present. In such a
configuration, the reaction temperature can be from about 300°C to about 450°C, for
example from 320°C to 360°C, in order to balance the benefits of the reactions
occurring in the single reaction environment.

16652} Exposure of glycerides, free fatty acids, and/or fatty acid derivatives to a
rare earth, alkali metal, and/or alkaline earth metal catalyst can tend to generate a
mixture of products. One of the majority products in such a mixture can generally be a

fatty ketone. It is believed that fatty ketones are formed via a reaction between side
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chains of the glvcerides and/or the chains of the free fatty acids and/or fatty acid
derivatives.

[6853] FIG. 1 shows an cxample of a conventional reaction mechanism for
conversion of a triglyceride into a fatty ketone. In FIG. 1, a triglyceride is shown as an
initial starting molecule. In a conventional reaction mechanism, the triglyceride is
hydrotreated, resulting in formation of three fatty acid molecules and a molecule of
propane that corresponds to the three carbon backbone. Alternatively, the triglyceride
can be hydrolyzed to generate three free fatty acid molecules and one glycerol
molecule. The hydrolysis can be acid or base catalyzed. After separating the fatty acid
molecules, such as by extraction in an organic solvent, the fatty acids can be condensed
to form ketone molecules.

16654] The rare carth, alkali, and/or alkaline earth catalysts according to the
imvention can allow for the direct conversion of triglycerides and other glycerides to
fatty ketones, without requiring an initial step to form the free fatty acid.  The addition
of hydrogen and/or water to generate frec fatty acids may also not be required. Instead,
exposing 8 glyceride-containing feedstock to the rare carth, alkali, and/or alkaline carth
metal can allow for direct conversion of glycerides to a mixture of ketones.

10655} As an cxample, FIG. 2 shows results from reacting triglycerides over a
hyvdrotalcite catalyst according to the invention. To generate the data shown in FIG. 2,
a feed containing the triglyceride tristearin was exposed to a hydrotalcite catalyst at a
teraperature of about 325°C and a hydrogen partial pressure of about 400 psig (about
2.8 MPag) in a batch environment. Although hydrogen was added to this experiment, it
is believed that hydrogen is not required for ketone formation. The side chains in
tristearin correspond to the fatty acid stearic acid, which is an 18-carbon saturated fatty
acid. However, some side chains of other lengths were also present due to tmpurities in
the tristearin feed. With the exception of such impurities, the feed contained
approximately 100 wi% of tristearin.

16656] FI1G. 2 shows a gas chromatography — wmass spectroraetry (GCO/MS)
analysis of the reaction products formed from exposing the tristearin feed to the
hyvdrotalcite catalyst as described above. To perform the GU/MS analysis, dodecane
was added to the sample as an internal standard.  As shown in FIG. 2, the primary

product generated was a Cis ketone, which corresponded to the expected ketone that
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woutld be generated by a condensation reaction between two stearic acid molecules.
Although some Cs; ketone was observed, it is believed that this product was primarily
due to the presence of some side chains cotresponding to a 16-carbon fatty acid in the
sample. The small peak observed for g Csy ketone tends to support this interpretation.
Further, #t was assumed that some extent of cracking took place, which could have led
1o the formation of the observed shorter chain Chg and Cag ketones.

166571 Based on FIG. 2, it is believed that exposing a triglyceride-containing feed
{or other glyceride-containing feed) o a rare earth, alkali, and/or alkaline carth catalyst
pnder effective conversion conditions can result in formation of ketones from the
iriglycerides.  Also as shown in FIG. 2, to the degree that the triglyceride sample
corresponds to a mixture of side chains with varving numbers of carbons and/or
functional groups, the resulting ketones can also have variations in length/functionality.
[6658] In order to provide a general way of characterizing the ketounes resulting
fromn conversion of a glyceride feed, the average nurober of carbouns (Ge., average
carbon number) in ketones derived from glycerides can be compared with the average
number of carbons in the side chains of the glycerides. The average number of carbons
in ketones derived from glyeerides in a feed can be at least about 1.5 times the average
number of carbons in the side chains of the corresponding glycerides, for example at
least about 1.75 times the average number of carbons in the side chains or at least about
1.9 times the average nomber of carbons. Because the feedstock may contain less than
100 wi% of glycerides, the amount of ketoues having a specified average carbon
number can be normalized by the weight percentage of glycerides in the feed. The
weight of ketones in the converted effluent (prior to any deoxygenation) having a
specified average number of carbons can be at least 0.5 tines the weight of glveerides
in the feedstock, for example at least 0.75 times the weight of glycerides in the
feedstock or at least 1.9 times the weight of glyvcerides in the feedstock. For example,
consider a feed containing 50 wit% of triglycerides with an average carbon number of
18 for the side chaius. In such an exarople, the converted effluent can contain at least
25 wi% of ketones (at least 0.5 times the weight of tniglycerides) with an average
carbon number of at least 27 (at least 1.S times the average carbon mummber for
trighyeeride side chains). Additionally or alicrnately, such a converted effluent could

contain at least 37.5 wt% ketones {at least (0.75 times the weight of triglycerides)
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having an average carbon number of at least 27, and/or at least 45 wi% ketones {at least
1.9 times the weight of triglycerides) having an average carbon number of at least 27,
16659] In some aspects, a feed may contain substantial quantities of both
glycerides and free fatty acids and/or fatty acid derivatives, such as fatty acid esters
and/or fatty acid amides. For example, the weight of free fatty acids and/or fatty acid
derivatives in a feedstock may be at least about 10% of the combined weight of
glycerides and free fatty acids and/or fatty acid derivatives, for example at least about
25% of the combined weight. In such an aspect, the ketones resulting from the
conversion reaction can be characterized relative to the combined properties of the
glycerides, free fatty acids, and fatty acid derivatives in the feedstock. Thus, similar to
the definttion above, the average carbon number of the ketones generated by the
conversion reaction can be at least about 1.5 times (for example, at least about 1.75
times or at least about 1.9 times) of a weighted average based on the average number of
carbons in the side chains of triglycerides and the average chain length of the free fatty
acids and/or fatty acid derivatives. The weighted average can be based on the relative
amounts of glycerides, free fatty acids, and/or fatty acid derivatives in the feedstock.
Also in paraliel to the defimition above, the amount of ketones produced can be
normalized by the combined weight percentage of glycerides, free fatty acids, and fatty
acid derivatives in the feedstock., Thus, the amount of ketones having a specified
average carbon rumber can be at feast about 50% (for example, at least about 75% or at
teast about 90%) of the combined weight of glycerides, free fatty acids, and fatty acid
derivatives in the foedstock.

18660} Preferably, a catalyst selected for catalyzing the conversion of glycerides
to ketones can reroain relatively stable in the reaction environment. The conversion of
glycerides and/or free fatty acids to ketones using a rare earth, alkali, and/or alkaline
carth metal catalyst can result in some production of water, so catalysts that deteriorate
in water mway pose some difficulties in scaling up a process for commercial use. Tt is
noted that the clay hydrotaleite can be ctfective for catalyzing the reactions described
herein. However, hydrotalcite also appears to break down over time in the conditions
for converting triglycerides to ketones. Without being bound by any particular theory,
this may due to a phase change of the hydrotalcite alumina in the hydrothermal

environment. Some phases of aluming, such as y-alumina, are believed to be unstable



WO 2014/015092 PCT/US2013/050984

in a hydrothermal processing environment, leading to phase changes for supports
composed of such types of alumina that can result 1o a loss of activity over time., An
example of a hydrotherroally stable catalyst suitable for coupling of glyeerides and/or
free fatty acids to ketones inchudes, but is not limited to, lanthanum impregnated

ZIrcoma.

Isomerization of Ketone-Containing Product

16661} After forming ketones from glycerides and optionally free fatty acids, a
second catalyst can be used to deoxygenate the ketones formed from exposure to the
rare earth, alkali, and/or alkaline carth woetal catalyst. Preferably, the second catalyst
can also be suitable for isomerizing the resulting deoxyvgenated molecules. An
additional consideration in selecting a second catalyst can be that the catalyst should be
relatively stable 1o the presence of water, due to the water generated during conversion
of the triglycerides to ketones.

10662} Suitable catalysts for performing deoxygenation and isomerization in an
environment containing water can include dewaxing catalysts, such as zeolites, that are
bound using a binder material 50 that the catalyst can be stable in the presence of water
under cffective deoxygenation conditions. Such a binder material 18 referred to herein
as a hydrothermally stable binder. Examples of suitable dewaxing catalysts can inchude
zeolites that perform dewaxing primarily by isomerizing a hydrocarbon feedstock.
Optionally, the dewaxing catalysts can be zeolites with a unidimensional pore structure,
Suitable catalysts can include 10-member ring pore zeolites, such as EU-1, ZSM-35 (or
ferrigrite), ZSM-11, Z8M-57, WU-87, SAPCO-11, 7Z5M-22, and the ke, as
combinations thercof. Preferred matenals can comprise FU-2, EU-11, ZBM-30, ZSM-
48, and/or ZSM-23, with materials comaprising at feast ZSM-4¥ being particularly
preferred. Note that a zeolite having the ZSM-23 structare with a silica to alumina ratio
from about 20:1 to about 40:1 can sometimes be referred to as S8Z-32. Additional or
alternate molecular steves that are isostructural with the above materials can wnclude,
but are anot limited to, Theta-1, NU-10, EU-13, KZ-1, NU-23, and combinations
thereof,

16663] The catalysts can optionally but preforably additionally include a metal

hyvdrogenation component. The metal hydrogenation component can typically inchade
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g Group VI and/or a Group VII metal. In one preferred embodiment, the metal
hydrogenation component can be a Group VHI noble metal, such as P, Pd, or a mixture
thercof.  In an alternative preferred embodiment, the metal hydrogenation component
can be a combination of a2 non-noble Group VIU metal with a Group VIB metal.
Suitable combinations can mnclude Ni, Co, and/or Fe with Mo and/or W, preferably Ni
with Mo and/or W,

16664} The metal hydrogenation component may be added to the catalyst in any
convenient manner. One technique for adding the metal hydrogenation component is
by incipient wetness. For example, after combining a zeolite and a hydrothermally
stable binder, the combined zeolite and binder can be extruded into catalyst particies.
These catalyst particles can then be exposed to a solution containing a suitable metal
precursor.  Additionally or alternately, metal can be added to the catalyst by ion
exchange, where a metal precursor can be added to a mixture of zeohite {or zeohite and
binder) prior to extrusion.

10665} When a metal hydrogenation component is present, the amount of metal in
the catalyst can be at least 0.1 wt%% based on catalyst, for example at least .15 wi%, at
least 0.2 wi%, at least 0.25 wt%, at least 0.3 wi%, or at least 0.5 w6, based on the total
weight of the catalyst. Additionally or alternately, the amount of metal in the catalyst
can be 20 wi% or less based on catalyst, for example 10 wit%e or less, § wi% or less, 2.5
wi% or less, or I wi%6 or less. For embodiments where the metal comprises Pt, Pd,
another Group VIH noble metal, or a combination thereof, the amount of metal can be
from 0.7 wi% to 5 wito, for example from 8.1 to 2 wi%, from 0.25 wit¥% to 1.8 wi%e, or
from 0.4 wt% to 1.5 wt%. For embodiments where the metal comprises a combination
of a nou-noble Group VI metal with a Group VIB metal, the comnbined amount of
metal can be from 0.5 wt% to 20 wi%s, for example from I wit%% to 15 wtS6 or from 2.5
wi% to 16 wt%.

18666} Preferably, the dewaxing catalysts used in processes according to the
mvention can exhibit a low ratio of silica to alumina. For exarople, for Z8M-48, the
ratio of silica to alumina in the zeolite can be less than 200:1, for example less than
110:1, less than 100:1, less than 90:1, or less than 80:1. In various embodiments, the
ratio of silica to alumina can be from 30:1 to 200:1, for example from 60:1 to 110:1 or

from 70:1 10 100: 1.
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16667} The dewaxing catalysts useful in processes according to the invention can
also include a hydrothermally stable binder. Examples of svitable hydrothermally
stable binders can include metal oxides such as titantom oxides, zircontum oxides,
ceriumm oxides, and combinations thereof. By contrast, aluminum oxides are not
believed to be typically suitable for use as binders in reaction environments that contain
water.  Preferably, the catalyst for deoxygenation and isomerization can include a
binder material that can provide enhanced activity for deoxygenation, such as a tfitania
binder.

10868] Optionally, the dewaxing catalysts can be formulated using a relatively
tow surface area binder, a relatively low surface area binder representing a binder with
a surface area of 100 m”g or less, for example %0 m’/g or less or 70 m'/g or less.
Additionally or alternately, the binder and/or the zeolite particle size can be selected to
provide a catalyst with a desired ratio of micropore sarface area to total surface area. In
dewaxing catalysts used according to the imvention, the micropore surface area
corresponds to surface area from the unidimensional pores of zeolites in the dewaxing
catalyst. The total surface corresponds to the micropore surface arca phus the external
surface arca. Auny binder used in the catalyst will typically not contribute much to the
micropore surface area and typically will not significantly increase the total surface
arca of the catalyst. The external surface area represents the balance of the surface area
of the total catalyst minus the micropore surface arca. Both the binder and zeolite can
contribute to the value of the external surface arca. Preferably, the ratio of micropore
surface area to total surface area for a dewaxing catalyst can be equal to or greater than
25%.

[6036%] 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 optionally be used to modify the extrusion flow properties of the zeolite and
binder mixture.

16676 In some embodiments, a binder composed of two or more metal oxides
can be used. In such embodiments, the weight percentage of the low surface area

binder can preferably be greater than the weight percentage of the higher surface arca
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binder. Alternatively, if both metal oxides used for forming a mixed metal oxide binder
have a sufficiently low surface area, the proportions of each metal oxide in the binder
can be less important, When two or more metal oxides are used to form a hinder, 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 drving. The spray dried zeolite/binder powder can the
be mixed with the second metal oxide binder prior to extrusion.

16671} Process conditions for catalytic dewaxing can include at least one of! a
temperature from 200°C to 450°C, for example from 270°C to 400°C; a hydrogen
partial pressure from 1.7 MPag (250 psig) to 34.5 MPag (5000 psig), for example from
4.8 MPag (700 psig) to 20.7 MPag (3000 psig); a liguid hourly space velocity (LHSVY)
from §.2 v/v/hr to 1 v/v/hr, for example from 0.5 v/iv/hr to 3.0 v/v/hr; and a hydrogen
circulation rate from 35.6 Nm'/m® (200 scf/B) to 1780 Nm'/m’ (10,000 scP/B), for
example from 17¢ Nm’/m’ (1000 scf/B) to 891 Nm'/m’ (5000 scf/B).

16672} There are several alternatives for how to incorporate the dewaxing catalyst
in the reaction systern. One option can be to configure the rave earth, alkali, and/or
alkaline carth metal catalyst and the dewaxing catalyst as stacked beds. In this type of
configuration, g reactor OF roaction system can contain one or more initial beds of a rare
carth, alkali, and/or alkaline carth metal catalyst for converting trigiveerides to ketones.
As described above, exposing 8 glyceride-containing feed to the one or more initial
beds of rare carth, alkali, and/or alkaline carth metal catalyst can result in production of
an effluent containing ketones based on the side chains in the giycerides. The effluent
containing ketones can then be exposed to one or more beds of a dewaxing catalyst
under effective dewaxing conditions. This can result 1o deoxygenation of the ketone-
containing cffluent. Additionally, the dewaxing catalyst can introduce branches into
{isomerize) the carbon chains of the ketones {or deoxygenated ketones). For glyeerides
with side chains that originally contain only carbon, hydrogen, and oxygen, the
combination of forming ketones, deoxygenation, and isomerization can result in
branched hydrocarbons containing one or more branches, such as methyl branches. Of
course, if the side chains of the triglycerides contain other types of heteroatoms, such as

nitrogen and/or sulfur, other types of molecules ray be generated.
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[6673] For glyeerides with side chains containing between 12 and 20 carbon
atoms (or free fatty acids/fatty acid derivatives with 12-20 carbon atom chains), the
stacked bed configuration of rare carth, alkali, and/or alkaline carth metal catalyst and
dewaxing catalyst can result in production of deoxygenated molecules that can
advantageously botl in the lubricant botling range as a primary product, with some
production of deoxygenated molecules that can boil in the diesel boiling range. The
tubricant boiling range molecules can correspond to ketones that were formed during
conversion of the glycerides {and/or free fatty acids) in the feedstock. These ketones
can sabsequently be deoxygenated and isomerized. However, while the process of
converting glveertdes to fatty acids can typically occur at approximately 100%
conversion, less than all of the side chains in the glycerides (and/or free fatty acids)
may result in formation of ketones. Instead, at least a portion of the side chains from
the glycerides can reach the dewaxing catalyst without combining with another side
chain to form a lubricant boiling range molecule. These uncombined side chains can
also be deoxvygenated and isomerized by the dewaxing catalyst, resulting in dicsel
boiling range molecules. Thus, a stacked bed arrangement for the catalysts would be
expected to generate a majority portion of lubricant boiling range molecules from a
triglyceride feed and a minority portion of diese! boiling range molecules.

[6674] Ar alternative configuration can be to combine both the rare
carth/alkali/alkaline carth metal catalyst and the dewaxing catalyst in the same catalyst
bed. Inthis type of configuration, both the rare earth/alkali/alkaline carth metal catalyst
and the dewaxing catalyst can be exposed to the imitial feed. In this type of
configuration, an increased armount of the initial glycerides {and/or free fatty acids) in
the feed can be converted 1o diesel boiling range molecules. This s helieved to be due
to the ability of the dewaxing catalyst t0 deoxygenate the side chains of the glycerides
{and/or of an itermediate product of the glycerides, such as fatty acids) before reaction
to form a ketone can oceur,

18675] By Dblending varying amounts of dewaxing catalyst and rare
carth/alkali/alkaline earth metal in 3 combined catalyst bed, the ratio of the amount of
diesel boiling range molecules versus lubricant boiling range molecules can be
adjusted. Thus, still another option can be to use “stacked” beds of various mixtures of

the rare carth, alkali, and/or alkaline earth metal catalyst and the dewaxing catalyst.
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For example, a catalyst bed or beds containing 80% of a rare earth, alkali, and/or
alkaline carth metal catalyst and 209% of a dewaxing catalyst can produce a larger
amount of hubricant boiling range molecules than a catalyst bed or beds containing 25%
of the rare carth, alkali, and/or alkaline carth metal catalyst and 75% of the dowaxing
catalyst. An additional ov alternate option for controlling the relative amounts of
hubricant and diesel hoiling range molecules can be to combine the stacked bed and
mixed bed concepts. For example, an initial bed or an initial portion of a catalyst bed
can correspond to a rare earth, alkali, and/or alkaline earth metal catalyst, a second bed
or bed portion can correspond to a mixture of catalysts, and a third bed or portion can
correspond to a dewaxing catalyst.  Still other options for setting up various types of
gradients in the amount of rare earth, aikali, and/or alkaline carth metal catalyst and
dewaxing catalyst can additionally or alternately be used.

18676} In order to provide a general way of characterizing the hydrocarbong
rosulting from conversion, deoxygenation, and somerization of a glyceride feed, the
average carbon nmumber in deoxygenated molecules derived from glveerides can be
compared with the average number of carbouns in the side chains of the glycerides. The
average number of carbons in deoxygenated molecules derived from glycerides in a
feed can be at least about 1.5 times the average number of carbons in the side chains of
the corresponding glycerides, for example at least about 1.75 time the average number
of carbons in the side chains or at least about 1.9 tiroes the average number of carbons.
If the weight of free faity acids and fatty acid derivatives correspounds to more than
about 10 wtSs of the combined weight of glycerides, free fatty acids, and fatty acid
dertvatives, for example at least about 25 wt%, the average number of carbous in
deoxygenated molecules can instead be compared with weighted average number of

carbons in the combined glycerides, free fatty acids, and fatty acid derivatives in the

168771 Due to the ability of methods according to various aspects to perform a
conversion to ketones starting with a glyceride feed, it can be preferable for a feed
inchuding both glycerides and free fatty acids and/or fatty acid derivatives to contain at
feast 10 wt% of glycerides, for example at least 25 wt% of glvcerides. Optionally but

preferably, a feed jnchiding both glyeerides and free fatty acids and/or fatty acid
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derivatives can have a weight percentage of glvcerides greater than the combined
weight percentage of free fatty acids and fatty acid derivatives,

16678} Because the feedstock may contain less than 100 wi% of glyeerides (or
fess than 100 wit% of glycerides and free fatty acids), the amount of deoxygenated
molecules having a specified average carbon number can be normalized by the weight
percentage of glycerides {(or combined weight percentage of glveenides, free fatty acids,
and fatty acid derivatives) in the feed. Tn a situation where coupling to form ketones
and deoxygenation/isomerization is performed sequentially using stacked beds, the
weight of deoxygenated molecules 1u the product effluent having a specified average
nurober of carbons can be at least 0.5 times the weight of glyeerides (and/or glycerides
and free fatty acids) in the feedstock, for example at least (.75 times the weight or at
feast 0.9 times the weight. As above, the combined weight of glycerides, free fatty
acids, and fatty acid derivatives can be used in situations where the amount of free fatty
acids and/or fatty acid derivatives in the feed is at least about 10 wit% of the combined
weight of glycerides and free fatty acids, for example at least about 25 wt%. As an
example, consider a feed containing 50 wit% of triglycerides with an average carbon
nurober of 18 for the side chains. To such an exarople, the converted effluent can
contain at least 25 wit% of ketones (at least 0.5 times the weight of triglycerides) with
an average carbon number of at least 27 {at least 1.5 times the average carbon mumber
for iglyceride side chains).  Additionally or alternately, such a converted effluent
could contain at least 37.5 wi% ketones {at least .75 times the weight of triglveerides)
having an average carbon nmamber of at least 27, and/or at least 45 wt% ketones (at least
0.9 times the weight of triglycerides) having an average carbon number of at least 27,
18679 As an alternative, mixed beds of conversion catalyst and deoxygenation/
isomerization catalyst may be used. As noted sbove, in this configuration at least a
portion of the glyceride side chains and/or free fatty acid chains may contact the
deoxygenation/ 1somerization catalyst prior to coupling to form a ketone. This can
result in production of a higher percentage of diesel boiling range molecules in place of
fubricant boiling range molecules. As a result, when mixed catalyst beds are used, the

weight of deoxygenated molecules in the product efffuent having a specified average

o

number of carbons can be at least 0.1 times the weight of glycerides {or glycerides, free
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fatty acids, and fatty acid dertvatives) in the feedstock, for example at least .2 times

the weight, at least 0.25 times the weight, or at least 0.5 times the weight.

Conficurations for formation of distillate products

[REERTE FIG. 3 shows an example of a reactor suaitable for processing a glyceride-
and/or free fatty acid- containing feed. In FIG. 3, reactor 310 is shown as containing
reaction zones 322 and 342, Each reaction zone can correspond to one or more
catalyst beds. Alternatively, one or more reactors may be used in a cascade
configuration, and any convenient mumber of reaction zones may be used within a
reactor.

10681} In stacked bed configuration, reaction zone 322 can contain one or more
catalyst beds of a rare earth, alkali, and/or alkaline carth metal catalyst. A glyceride-
containing feedstock 305 1s ntroduced into reactor 310 so that the feedstock is exposed
1o the catalyst in the catalyst beds in reaction zone 322 prior to being exposed to the
catalyst in reaction zone 342, Optionally, the feedstock 305 can inchude both
glycerides and free fatty acids. In FIG. 3, hydrogen treat gas 301 is shown as entering
reactor 310 in a co-current manner relative to the flow of the feedstock 305,
Alternatively, hydrogen treat gas can be introduced into reactor 310 in other convenient
manners, such as introducing the hydrogen treat gas to flow counter-current relative to
feedstock 308,

106821 After passing through reaction zone 322, the effluent 15 exposed to the
catalyst in the one or more catalyst beds in reaction zone 342. Depending on the
configuration, reaction zone 342 is an optional reaction zone. For example, in a
configuration where only mixed beds of catalyst are used, only a single reaction zone
322 may be needed. The effluent from reaction zone 342 {or optionally reaction zone
322) then exits the reactor as a product effluent flow 345,

[66383] In one type of stacked bed configuration, the one or more catalyst beds in
reaction zone 322 correspond to a vare carth, alkali, and/or alkaline carth metal catalyst,
while the one or more catalyst beds in reaction zone 342 correspond to a dewaxing
catalyst. In another type of stacked bed configuration, one or both of reaction zones
322 and 342 can contain mixed beds of rare carth, alkal, and/or alkaline carth metal

catalyst and dewaxing catalyst. o this type of configuration, the volume percentage of
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the dewaxing catalyst is greater in the catalyst beds in reaction zone 342 as compared to
the volume percentage of dewaxing catalyst in the catalyst beds 1o reaction zone 322,
Io various stacked bed configurations, the offluent from reaction zone 322 can bhe
passed into reaction zone 342 without intermediate separation. In such a configuration,
any gas phase produocts generated during processing in reaction zone 322, such as water
vapor generated by coupling reactions for the forraation of ketones, will be passed iuto
reaction zone 342 along with the liquid efftuent.

16684} Still another option is to have a uniform mixture of dewaxing catalyst and
rare earth, alkali, and/or alkaline earth metal catalyst within the reaction zowves in the
reactor. In this type of configuration, reaction zone 342 is optional, as the same or
similar conditions arc present throughout the reactor. Thus, all catalyst beds within the

reactor can alternatively be thought of as being in reaction zone 322.

Example of Processing Trielveerides

10685} F1G. 4 shows results from the processing of a trighyceride-containing feed
by exposing the feed to 2 mixed bed of an alkaline carth metal catalyst and a dewaxing
catalyst. Tn this example, tristearin was exposed to a mixed catalyst bed that contained
equal volumes of an alkaline carth metal catalyst and 3 dewaxing catalyst in a batch
reaction environment, The alkaline earth metal catalyst was hydrotalcite. The
dewaxing catalyst was Z5M-48 catalyst boond with Ti0O,.  The catalyst was
mmpregoated with about 0.6 wi% of Pt as a hydrogenation roetal. The tristearin feed
was exposed to the mixed catalyst bed at a temperatare of about 325°C and a hydrogen
partial pressure of about 400 psig (about 2.8 MPag).

16686] F1G. 4 shows a GC/MS analysis of the reaction products generated during
the reaction. In FIG. 4, the listing of components in the reaction products corresponds
to the order of the appearance of the products from left to right. Thus, the left most
identified product in FIG. 4 is pentadecane. As shown in FIG. 4, the majority of the
product generated frora the tristearin was n-heptadecane, a Cyy linear paraffin, This
corresponded to the expected product if a decarbonylation or decarboxylation reaction
was performed on stearic acud, a Ty saturated carboxylic acid.  The second most
common product was octadecane, which corresponded to the expected product from

hyvdrodeoxygenation of stearic acid. Some (Cy-Csg paraffins were also formed,
¥ ¥
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indicating some formation of a ketone corresponding to multiple side chains. This is
the reaction product that would have been expected from a stacked bed arrangement of
the hydrotalciie and ZSM-4R catalysts, A small amount of Cag ketone was also present
in the reaction products, indicating incomplete deoxygenation of ketones formed by
exposure of the tristearin to the hydrotalcite catalyst.

B8RV} Based on FIG. 4, processing of the triglycerides in tristearin over a mixed
bed of hydrotaleite and a ZSM-48 dewaxing catalyst resulted 1o production of about 75-
80% diesel botling range molecules and about 20-25% of lubricant boiling range
molecules, with a portion of the lubricant botling range molecules corresponding to
unreacted ketone. The unreacied ketone could be removed by following a mixed
catalyst bed with a short additional bed of dewaxing catalyst.

{6688} In contrast to FIG. 4, FIG. 2 shows the results from processing of the
tristearin feed over a bed of only hydrotaleite. In FIG. 2, about 30% of the molecules
corresponded to lubricant boiling range molecules in the form of ketones, and about
20% of the molecules corresponded to diesel boiling range ketones/paraffins. In a
stacked bed configuration, the effluent from a hydrotalcite or other rare
carth/alkali/alkaline carth metal catalyst can be exposed to a dewaxing catalyst, This
would be expected to result in an approximately 80% lubricant boiling range molecuies
and 20% diesel boiling range molecules.

[EERST In still other configurations, other percentages of dicsel and boiling range
molecules can be achieved based on a glyceride feed {(and/or glyceride/free fatty
acid/fatty acid derivative foed). For example, modifying the ratio of rare earth, alkali,
and/or alkaline carth metal catalyst and dewaxing catalyst in a mixed bed can allow for
variation of the relative amounts of diesel and hibricant boiling range molecules.
Similarly, using shorter or longer beds of the rare earth/ alkali/alkaline carth metal
catalyst could alter the amount of ketones formed by the rare carth/ allali/alkaline earth
metal catalyst prior to exposing the feed to the dewaxing catalyst. One practical
hiraitation on the types of configurations can be the constraint of achieving a
sufficiently complete reaction. For example, it can typically be preferred to reduce the
oxygen content of the feed to less than 1 wi%, for example to less than about §.5 wt%
or less than about .25 wit%. Reducing the oxygen concentration to these levels can

typically allow a feed to be processed in other types of reactors in a refinery. Thus, it
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can be preferable to have safficient amounts of dewaxing catalyst toward the end of the
reaction zones or catalyst beds, so that the resulting product efflaent can be sufficiently
deoxygenated. Furthermore, the rare carth, alkali, and/or alkaline earth metal catalyst 1s
believed to have greater activity for converting triglycerides (and/or other glycerides) in
a feedstock to other forms. Thus, it can be preferable to have safficient amouants of a
rarc carth, alkali, and/or alkaline carth metal catalyst in the carly portions of the

reaction zones or catalyst beds to facilitate conversion of the glveerides.

Additional Embodiments

16690] Embodiment 1. A method for processing a  glyceride-containing
fecdstock, comprising: exposing a feedstock containing glycerides (e.g., at least 10
wt% glycerides, at least 25 wit% glycerides, or at least 50 wt% glycerides) to a catalyst
comprising at least about 5 wit% of a rare carth metal salt, an alkali metal salt, an
alkaline carth metal salt, or a combination thercof in the presence of hydrogen under
effective deoxygenation conditions to form an effluent containing ketones, the weight
percentage of ketones in the effluent being at least about 50% of the weight percentage
{e.g., about 75% of the weight percentage or about 90% of the weight percentage) of
the glycerides in the feedstock; and exposing, without intermediate scparation, at least a
portion of the effluent containing ketones to a dewaxing catalyst bound with a
hydrothermally stable binder under coffective dewaxing conditions to forra a
deoxygenated effluent, wherein the glycerides in the feedstock bave an average carbon
number for side chains in the glycerides, and wherein an average carbon number of the
ketones in the efftuent is greater than 1.5 times {2.g., greater than 1.75 times or greater
than 1.9 times) the average carbon number for the side chaius.

16691} Embodiment 2. The method of Embodiment 1, further comprising
fractionating the deoxygenated effluent to form at least a dicsel boiling range fraction
and a hibricant boiling range fraction.

166921 Embodiment 3. The method of any of the above embodiments, wherein
the feedstock further comprises at east one of free fatty acids and fatty acid derivatives,
the fatty acid derivatives being fatty acid esters, fatty acid amides, or a combination

thereof,
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[66G93] Embodiment 4. The method of Embodiment 3, wherein the weight
percentage of ketones in the effluent containing ketones is at least about 50% of the
combined weight percentage (e.2., about 75% of the weight percemntage or about 90% of
the weight percentage) of the glycerides, free fatty acids, and fatty acid derivatives in
the feedstock, the free fatty acids and fatty acid derivatives in the feedstock having an
average carbon mumber for the fatty acid chains, and wherein the average carbon
number of the ketones in the effluent is greater than 1.5 times {e.g., greater than 1.75
times or greater than 1.9 times) the weighted average carbon number for the side chains
of the glycerides and the fatty acid chains of the free fatty acids and fatty acid
dertvatives.

16694} Embodiment 5. A method for processing a ghyceride-containing
feedstock, comprising:  exposing a feedstock containing at least 10 wt% glycerides
{e.g., at least 25 wi%6 glycerides or at least SO wi% glycerides) to a catalyst mixture
comprising a dewaxing catalyst bound with a hydrothermally stable binder and a
catalyst comprising at least about 5 w96 of a rare carth metal salt, alkali metal sali,
alkaline carth metal salt, or a combination thereof in the presence of hydrogen under
effective deoxygenation conditions, the effective deoxygenation conditions including a
ternperature of at least about 300°C, to form a deoxygenated cfffuent, wherein the
glycerides in the feedstock have an average carbon number for side chains in the
glyeerides, and at least 1 wi% (eg, at least 5 wi% or at least 25 wi%) of the
deoxygenated effluent comprises lubricant boiling range roolecules derived from the
glycerides in the feedstock, the lubricant boiling range molecules having a number of
carbon atorns greater than 1.5 times {e.g., greater than 1.75 times or greater than 1.9
tirnes ) the average carbon number for the glyeeride side chains,

[60G95] Embodiment 6. The method of Embodiment 5, wherein exposing the
feedstock to a catalyst mixture comprises exposing the feedstock to a phurality of mixed
catalyst beds, wherein a catalyst mixture n a f{irst mixed catalyst bed has a lower
volurne percentage of dewsxing catalyst than a second mixed catalyst bed that is
downstream relative to the flow of teedstock from the first mixed catalyst bed.

[6096] Embodiment 7. The method of Embodiment § or Embodiment 6, wherein

the feedstock hurther comprises at least one of free fatty acids or fatty acid derivatives,
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the fatty acid derivatives being fatty acid esters, fatty acid amides, or a combination
thereof.

(66971 Embodiment 8. The method of any of Embodiments 3, 4, or 7, wherein
the combined weight of glycerides, free fatty acids, and fatty acid derivatives is at least
about 1¢ wi% of the feedstock {(e.g., at least about 25 wit% of the feedstock or at least
S0 wit% of the feedstock), and at least 1 wi% (e.g., at least § wi% or at least 25 wi%) of
the deoxygenated effiuent comprises hubricant boiling range raolecules derived from
the glyveerides, free fatty acids, and fatty acid derivatives in the feedstock, the lubricant
boiling range molecules having a number of carbon atoms greater than 1.5 times (e.g.,
greater than 1.75 times or greater than 1.9 times) the weighted average carbon number
for the side chains of the glycerides and the fatty acid chains of the free fatty acids and
fatty acid dertvatives.

[6698] Embodiment 9. The method of any of the previous Embodiments,
wherein the dewaxing catalyst coraprises ZSM-4R, Z8M-23, or a combination thereof,
and wherein the hydrothermally stable binder comprises titanium oxide, zirconium
oxide, cerium oxide, or a combination thereof,

(6699 Embodiment 0. A method for processing a glyceride-containing
fecdstock, comprising:  exposing a glyceride-containing feedstock containing at least
25 wi%e {e.g., at least 50 wt%) of a combined weight of glycerides, free fatty acids, and
fatty acid derivatives to a catalyst mixtore in the presence of hydrogen under effective
deoxygenation conditions to form a deoxygenated etfiuent, the effective deoxygenation
conditions including a temperature of at least about 300°C, the fatty acid derivatives
being fatty acid esters and/or fatty acid amides, the catalyst mixture comprising (a) a
dewaxing catalyst comprising ZSM-48, Z5M-23, or a combination thereof, the
dewaxing catalyst being bound with a hydrothermally stable binder comprising
zirconium oxide, titanium oxide, cerivm oxide, or a combination thereof, and (b} a
catalyst comprising at least about 5 wi% of a rare carth metal salt, alkali metal salt,
alkaline carth metal salt, or a combination thercof on a support Comprising zirconium
oxide, titantum oxide, cerium oxide, or a combination thereof, wherein the glycerides,
free fatty acids, and fatty acid derivatives in the feedstock have a weighted average
carbon number tor the fatty acid chains and the side chains in the glycerides, and at

feast 1 wi% {e.g., at least 5 wt¥% or at least 25 wt%) of the deoxygenated effluent
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comprises hubricant boiling range molecules derived from the free fatty acids, fatty acid
derivatives, and side chains of glycerides in the feedstock, the hubricant boiling range
maolecules having an average number of carbon atoms greater than 1.5 times (eg,
greater than 1.75 times or greater than 1.9 times) the weighted average carbon number
for the side chains of the glycerides and the fatty acid chains of the free fatty acids and
fatty acid derivatives.

106106} Embodiment 11. The method of Embodiment 9, wherein the feedstock
containg at least 10 wit% of glycerides.

106161} Embodiment 12, The method of any of the previous Embodiments,
wherein the catalyst comprising a vare carth metal salt, an alkali metal salt, an alkaline
carth metal salt, or a combination thereof comprises a clay containing at least one of 2
rare carth metal salt, an alkali metal salt, and an alkaline carth metal salt,

186162} Embodiment 13, The method of any of the previcous Embodiments,
wherein one or more of the following are satisfied: the rare carth metal salt, alkali
metal salt, and/or alkaline carth metal galt is Na, K, Rb, Cs, Mg, Ca, 5r, Ba, La, Ce, Y,
or a combination thereof, e.g., is Na, K, Cs, Mg, Ca, La, or a combination thereof; the
catalyst further comprises a hydrothermally stable support comprising titantum oxide,
zirconium oxide, cerium oxide, or a combination thereof, eg., comprising titarjum
oxide and/or zirconium oxide; and the hydrothermally stable binder comprises titanium
oxide.

166103 Embodiment 14, The method of any of the previcus Embodiments,

wherein the glycerides in the feedstock comprise triglycerides.
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CLAIMS
WHAT IS CLAIMED IS:
L A method for processing a glyceride-containing teedstock, comprising:

exposing a feedstock containing glyecenides (e.g., at feast 10 wi% glycerides, at
fcast 25 wi% glycerides, or at least 50 wi%% glycerides) to a catalyst comprising at least
about 5 wi% of a rare carth metal salt, an alkali metal salt, an alkaline carth metal salt,
or a combination thereof in the presence of hydrogen under effective deoxygenation
conditions to form an effhuent containing ketones, the weight percentage of ketones in
the effluent being at least about 50% of the weight percentage {e.g., about 75% of the
weight percentage or about 90% of the weight percentage) of the glycerides in the
feadstock: and

exposing, without intermediate separation, at least a portion of the effluent
containing ketones to a dewaxing catalyst bound with a hydrothermally stable binder
under effective dewaxing conditions to form a deoxygenated effluent,

wherein the glycerides in the feedstock have an average carbon number for side

chains in the glycerides, and wherein an average carbon number of the ketones in the
7

ctffucnt is greater than 1.5 times (e.g., greater than 1.75 times or greater than 1.9 times)

the average carbon mumnber for the side chains,

2. The methad of claim 1, further comprising fractionating the deoxygenated
effluent to form at least a diesel boiling range fraction and a lubricant boiling range
fraction.

3. The method of any of the above claims, wherein the feedstock further comprises
at least one of free fatty acids and fatty acid dervivatives, the fatty acid derivatives being

fatty acid osters, fatty acid amides, or a combination thercof.

4. The method of claim 3, wherein the weight percentage of ketones in the efffuent
containing ketones is at least about 30% of the combined weight percentage {e.g., about
75% of the weight percentage or about 90% of the weight percentage) of the glycerides,

free fatty acids, and fatty acid derivatives in the feedstock, the free fatty acids and fatty
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acid derivatives in the feedstock having an average carbon number for the fatty acid
chains, and wherein the average carbon mumber of the ketones in the effluent is greater
than 1.5 times (e.z., greater than 1.75 tiroes or greater than 1.9 times) the weighted
average carbon number for the side chains of the glycerides and the fatty acid chains of

the free fatty acids and fatty acid derivatives.

S. A method for processing a glyceride-containing feedstock, comprising:

exposing a feedstock containing at least 10 wt% glycerides {e.g., at least 25
wi% glyeerides or at feast SO wit% glycerides) to a catalyst mixture comprising a
dewaxing catalyst bound with a hydrothermally stable binder and a catalyst comprising
at icast about 5 wi% of a rarc carth metal salt, alkali metal salt, alkaline earth metal salt,
or a combination thereof in the presence of hvdrogen under effective deoxygenation
conditions, the effective deoxygenation conditions including  temperature of at least
about 300°C, to form a deoxygenated cffiuent,

wherein the glycerides in the feedstock have an average carbon number for side
chains in the glycerides, and at least 1 wi% (e.g., at least § wi% or at least 28 wit¥s) of
the deoxygenated effluent comprises lubricant boiling range molecules derived from
the glycerides in the feedstock, the tubricant boiling range molecules having a number
of carboun atoms greater than 1.5 times {(e.g., greater than 1.75 times or greater than 1.9

times) the average carbon murnber for the glyceride side chaius.

6. The method of claim §, wherein exposing the feedstock to a catalyst mixture
comprises exposing the feedstock to a phurality of mixed catalyst beds, wherein a
catalyst roixture 1o a first mixed catalyst bed has a lower volume percentage of
dewaxing catalyst than a second mixed catalyst bed that is downstream relative to the
flow of feedstock from the first mixed catalyst bed.

7. The method of claim § or claim 6, wherein the feedstock further comprises at
feast one of free fatty acids or fatty acid derivatives, the fatty acid derivatives being

fatty acid esters, fatty acid amides, or a combination thercot.
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3. The method of any of claims 3, 4, or 7, wherein the combined weight of
glycerides, free fatty acids, and fatty acid derivatives is at least about 10 wt% of the
feedstock (e.g., at least about 25 wit% of the feedstock or at least 50 wi% of the
feedstock), and at least 1 wt% {e.g., at least 5 wt% or at least 25 wt%) of the
deoxvgenated effiuent comprises lobricant botling range molecules derived from the
glycerides, free fatty acids, and fatty acid derivatives in the feedstock, the lubricant
boiling range molecules having a number of carbon atoms greater than 1.5 times {e.g.,
greater than 1.75 times or greater than 1.9 times) the weighted average carbon number
for the side chatins of the glycerides and the fatty acid chaius of the free fatty acids and

fatty acid derivatives.

9. The method of any of the previous claims, wherein the dewaxing catalyst
comprises Z8M-48, Z8M-23, or a combination thereof, and wherein the
hvdrothermally stable binder comprises titanium oxide, zirconium oxide, cerium oxide,

or a combination thereof

0. A method for processing a glyceride-containing feedstock, comprising:
exposing a glyceride-containing fecdstock containing at feast 25 wit% (e.g., at
least 50 wi%) of a combined weight of glycendes, free fatty acids, and fatty acid
dertvatives to a catalyst mixture in the presence of hydrogen under effective
deoxygenation conditions to form a deoxygenated effluent, the effective deoxygenation
conditions including a terperature of at least about 300°C, the fatty acid derivatives
being fatty acid esters and/or fatty acid amides,
the catalyst mixture comprising
{a} a dewaxing catalyst comprising ZSM-4¥, Z8M-23, or a combination
thereot, the dewaxing catalyst being bound with a hydrothermally stable binder
comprising zirconium oxide, fitantum oxide, corium oxide, or a combination
thereof, and
(b} a catalyst comprising at least about 5 wi% of a rare earth metal salt,
alkali metal salt, alkaline earth metal salt, or a combination thereof on a support
comprising zircominm oxide, titanium oxide, certum oxide, or a combination

thereof,
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wherein the glycerides, free fatty acids, and fatty acid derivatives in the
eedstock have a weighted average carbon number for the fatty acid chains and the side
chains in the glycerides, and at least 1 wi% (e.g., at least § wi% or at least 25 wt%) of
the deoxygenated effluent comprises lubricant boiling range molecules derived from
the free fatty acids, fatty acid derivatives, and side chains of glycerides in the feedstock,
the lubricant botling range molecules having an average number of carbon atoms
greater than 1.5 times {e.g., greater than 1.75 times or greater than 1.9 times) the
weighted average carbon number for the side chains of the glycerides and the fatty acid

chains of the free fatty acids and fatty acid derivatives.

it. The method of ¢laim 9, wherein the feedstock contains at least 10 wi% of
glycerides.
12 The method of any of the previous claims, wherein the catalyst comprising a

rare carth metal salt, an alkali metal salt, an alkaline earth metal salt, or a combination
thereof comprises a clay containing at least oue of a rarve carth yoetal salt, an alkali

metal salt, and an alkaline carth metal salt,

13, The method of any of the previous claims, wherein one or more of the following
are satisfied:

the rare carth metal salt, alkali metal salt, and/or alkaline carth metal salt is Na,
K, Rb, Cs, Mg, Ca, Sr, Ba, La, Ce, Y, or a combination thereof, e.g., is Na, K, Us, Mg,
Ca, La, or a combination thergof;

the catalyst further comprises a hvdrothermually stable support comaprising
titanium oxide, zirconium oxide, cerium oxide, or a combination thereof, e.g.,
comprising fitanium oxide and/or zirconium oxide; and

the hydrothermally stable binder comprises titanium oxide.

14 The method of any of the previous claims, wherein the glycerides in the

feedstock comprise triglyeerides.
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