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PRODUCTION OF LUBRICANT BASE OILS FROM BIOMASS

FIELD OF THE INVENTION

18061} This nvention relates 10 moethods for processing hiomass o make

distiilate products.

BACKGROUNDOF THE INVENTION

{8082 Oue feedstock source for making renewable distiliate products is fo use a4
feedstock that contains trigiycerides. Typical triglycerides include a three carbon
glveerol backbone that has ester Hnkages o three longer side chains. Separating the
side chains from the glycerol 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 actds present in triglycerides can have a chain length that is suitable
for use, possibly after further processing, in dicsel products such as diesel fuels or
dizsei fuel additives.

{6083} 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 botling range are currently fess common, One option for making a lubricant
base oil product from a feed containing fatty acids is to couple two or more fatty acid
chains to ¢rcate moelecules with longor chain lengths.

86644 European Patent Application No. EP 0457665 describes performing a
condensation reaction on carboxyhic acids or polyfunctional compounds such as
triglyeerides using a caralvat based on an iron-containing mineral, such as bauxite.
[B665] U.S. Patent No. 8,048,290 describes a process for producing branched
hydrocarbons. A feedstock derived from a biological starting material, such as a fatty
acid or a fatty acid dervative, s subjected to a condensation step to produce
hydrocarbons that also contain one or more heterpatoms, such a8 OXygen or nifrogen.
The condensation product is then subject to a combined hydrodefunctionalization and
isomerization step. In this combined step, womerization and hetercatom removal are
performed in the same siep.  Examples of suitable catalysts for performing the

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

[G0666] U5, Patent No. 8,053,614 describes a method for producing a base oil. In
various options, trighyceride containing feeds are converted to fatty acids or fatty acid
alkyt esters. The fatty acids or fatty acid esters are then used to form ketones via a
condensation reaction. The ketones are then deoxygenated in & hydrogenation step to
form parattins, which were then isomerized.  One or more distillation or separation
steps are included at various points in the process of couverting the triglycerids

containing feed to the isomerized paraffin.

SUMMARY OF THE INVENTION

{6607) Methods are provided for processing glycerides to form lubricant boiling
range molecules in a single reactor and/or a single reaction zone, The giycerides 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 4 first catalyst, and the subsequent deoxygenation and isomerization of the ketones in
the presence of a second dewaxing catalyst. The glveeride-containing feedsiock 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 soms

configurations, the processing can occur n a single reaction zone containing mixed
beds of the first and second catalyst.  Such configurarions can be used to control the
ratio of diese! boiling range molecules versus lubricant boiling range moleculas
generated by the methods.

LEERY in one aspect of the invention, a method for processing a glyceride-
containing feedstock is provided. The method includes exposing a feedstock
containing glycerides to a catalyst comprising at least about 5 wt% of a rare earth metal
salt, an alkall metal salt, an alkaline carth wetal sall, or 2 combination thereof 1n the
presence of hydrogen under effective deoxygenation conditions to forro an efffuent
containing ketones. The amount of ketones in the effiuent 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 9G%. In such ap aspect, the glycerides 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 175 times the average carbon number for the side chains
or greater than 1.9 times. At least a portion of the effluent containing ketones can then
be exposed, without intermediate separation, to a dewaxing catalyst bound with a
hydrotheroally stable binder oender effective dewaxing conditions to form a
deoxygenated effluent, wherein the glyeerides in the feedstock can have awn 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
farty acids and fatty acid derivatives. Optionally, when the combined weight
percentage of free fatty acids and/or fatty acid derivatives is at least about 1% of the
combined weight of glycerides, free fatly acids, and fatty acid derivatives, the average
carbon number of the ketones in the effluent can be greater than about 1.5 thmes a
weighted average carbon muraber for the side chains of the glycerides and the chains of
the free fatty acids and/or fatty acid derivatives.
LR In another aspect of the invention, a method for processing a glyceride-
containing feedstock is provided,  The method fochudes exposing a feedstock
containing at least 10 wi% glveerides to a catalyst mixture comprising a dewaxing
catalyst bound with a hydrothermally stable binder and a catalyst comprising at least
about 5 wit¥ of 2 rare carth metal calt, alkali metal salt, alkabine eanth metal saly, 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, o form a deoxvgenated effluent. The glycerides in the feedstock can
have an average carbon mumber for side chaing 1u the glyeoerides, and at least 1 wi% of
the deoxygenated effluent can comprise fubricant boiling range molecules derived from
the ghycerides 1n the feedstock, with the lubricant botling range molecules having a
number of carbon atoms greater than 1.5 times the average carbon namber for the
glveeride 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 derivatives s at least about 1% 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 chaing of the glycerides and the chains of
the {ree fatty acids and/or fatty acid derivatives,

{6618} In still another aspect of the invention, a method for processing a
glyceride-containing feedstock is provided. The method includes exposing a glveeride-
containing feedstock containing at least 25 wi% of 2 combined weight of glycerides,
free fatty acids, and fatty acid derivatives 1o a catalyst mixture in the presence of
hydrogen ander etfective deoxvgenation conditions to form a deoxygenated cffluent,

The effective deoxygenation conditions can advaniageously include a temperature of at

least about 300°C. Preferably, the fatty acid derivatives are faity acid esters or fatty
acid amides. The catalyst mixture can comprise a) a dewaxing catalyst comprising
Z8M-43, Z5M-23, or a combination thereof, the dewaxing catalyst being bound with a
hvdrothermally stable binder comprising zirconium oxide, titanium oxide, ceriom
wxide, or a combination thereof, and b} a catalyst comprising at least about 5 wite of a
rare carth metal salt, alkalt metal salt, alkaline carth metal salt, or 2 combination thereof
on a support comprising zirconpium oxide, titanium oxide, cerium oxide, or 3
combination thereof. The glycerides, free fatty acids, and fatty acid derivatives n the
foedstock have a weighted average carbon number for the fatty acid chains and the side
chains in the glvecrides. At least 1 wi¥% of the deoxygenated offluent compriscs
fubricant boiling range molecules derived from the free fatty acids, fatty acid
derivatives, and glycerides mn the foedstock. These fubricant boiling range molecules
can have an average number of carbon atoms greater than |3 times the weighted
average carbon number for the side chains of the glvcerides and the fatty acid chaing of

the free fatty acids and/or fatty acid derivatives.

BRIEF DESCRIPTION OF THE DRAWINGS

[6011] Figure 1| shows a conventional reaction soquence for converting a3
wighyeeride to a ketone.

18612} Figare 2 shows resulis from processing a trighyeeride-containing foed
according to an aspect of the invention,

18013} Figure 3 schematically shows a reaction system suitable for performing a

process according 10 an aspect of the invention.
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(6014} Figure 4 shows resolis from processing a triglyceride-containing fead

[

according to an aspect of the invention.

RETAILED DESCRIPTION OF THE PREFFRRED EMBODIMENTS

{6815} In various embodiments, systems and methods are provided for processing
a feed countaining glycerides (such as triglvoerides) in 2 single bed and/or single reactor
configuration to form distillate botling range molecules. The methods can allow for
conversion of glyeeride molecules o isomerized hubricant and dicsel boiling range
products without an intermediate separation. The methods can be enabled by use of a
dewaxiog catalyst baving enhanced activity and tolerance of the suberitical water
generated during deoxygenation of a triglvceride-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.

{6616} One potential use for a glyceride-containing feed is t0 combine two or
mote fatty acid side chains of the glveerides to form a larger molocule. For example,
the side chains of a riglycenide can typically be between 14 to 22 carbons long, making
the side chains more sutable for use as a diesel fuel product. By combining two side
chains to form a larger melecule, the side chains can be converted o molecules suitable
it a lubricant base ol boiling range. For example, a coupling reaction ¢an be used o
combine two carboxylic acids 1o form a ketone,  Additionally or alternately, faity acid

chains from free fatty acids and/or fatty acid derivatives cap participate in such

coupling reactions, with fatty acid side chains from glycerides and/or with fatty acid
chains trom other free faity acids and/or fatty acid derivatives.

{80171 Processing of biomass feeds, however, can pose difficulties for refinery
processes, eg., dug to the water generated during deoxygenation of a feed
Conventional methods can typically mvolve an fmitial process step for converting
glycerides to another form, such as by separating fatty acid side chaing 1 a iriglyceride
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

difficuities for downstream processes. As a resulf, a deoxygenation step can often be

erformesd as an initial process in a separate reactor, which could aliow any water and
I 3
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heat generated during deoxygenation to be removed in a controlled manner. While this
can avoid difficulties due to excess water production, isolating process steps in separate
reactors can usually requive additional equipment and processing costs,

(6018} The cost of converting 3 glyceride-containing feed into hubricant boiling
range molecules can be reduced by selecting reaction catalysts effective for performing
the conversion in a single reactor while alse being stable o the resslting reaction
cnvironment, A first catalyst can be a metallic catalvst effective for catalyzing
condensation reaction to form ketones. A second calalyst can be a dewaxing catalyst
wolerant of the water generated during the deoxygenstion and coupling reactions for
forroing the ketones. Depending on the desived 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 effluent from exposing the catalyst to one or more
catalyst beds of the first catalyst can be cuscaded or otherwise passed into a catalyst bed

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

products.
Feedstocks
18619} In the discussion below, a feed derived from a biological source (ie., a

biocomponent feed{stock)) refers to a feedstock derived tfrom a biological raw material

pyrolyais oils, and

component, such as vegetable fats/oils or animal fats/oils, fish oils, ¢
algac ipids/oils, as well as components of such materials, and in some ombodiments
can specifically include one or more types of lipid compounds.  Lipid compounds are
typically biological compounds that are insohuble in water, but scluble i nonpolar (or
far) solvents,  Non-limiling cxaroples of such solvents include aicohols, cthers,
chioroform, alkyl acetates, benzene, and combinations thereof,

168284 Major classes of lipids can include, but are not necessarily limited to, fatty
acids, glycerol-derived lipids (including fats, ofls and phospholipids), sphingosine-
derived lipids (including ceramides, cerebrosides, gangliosides, and sphingomyeling),
stercids and their derivatives, terpenes and their derivatives, fat-soluble vitamins,

certain aromatic compounds, and long-chain aicohols and waxes.
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18621} In living organisms, lipids generally serve as the basis for cell membranes
and as a form of fuel stovage. Lipids can also be found conjugated with proteins or
carhohvdrates, such as in the form of lipoproteins and Hpopolysaccharides,

180221 Examples of vegetable oils that can be used i sccordance with this
invention can include, but are not fimited to, rapeseed (canola) oil, soybean oil, coconut

peanut otl, linseed of, tall o1l, corn oil,

&

oif, sunflower oil, palm oil, palm kernet oil,
castor oil, jatropha oil, jujoba oil, olive oil, flaxsced oil, camelinag oil, safflower otl,
babassu oil, tallow oil, rice bran oil, and the like, and combinations thereot.

[8623] Vegetable oils as referred to herein can also include processed vegetable
oit material as a portion of the feedstock.,  Non-bimiting examples of processed
vegerable oil maierial nclude fasty acids and/or fatty acid alky! esters. Alky! esters can
typically include 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 jo accordance with the avention
inctude, but are not limited to, beef fat {tallow), hog fat (lard), turkey fat, fish fat/oll,
chicken fat, and the like, and combinations thersof. The animal fats can be obtained
from any suitable source including restaurants and meat production facilities.

6625} Animal fats as referred to herein also include processed aniroal fat
material.  Non-lmiting examples of processed animal fat material include fatty acids
and/or fatty acid alloyl esters.  Alkyl esters can typically include C1-Cs alkyl esters.
One or more of methyl, ethyl, and propy! esters can be preferred.

16626} Algae oils or Hipids can typically be contained in algae in the form of
membrane componenis, storage products, and/or metabolites. Certain algal straing,
particularly microalgae sach as dintoms and cyanobacteria, can contain proportionally
igh levels of lipids. Algal sources for the algae oils can contaln varying amounts, .4,
from 2 wi% to 40 wi%, of lipids based on total weight of the biomass itself.

18027} Algal sources for algae oils can include, but are not limited to, unicellular
and  owdticeliular algae.  Examples of such algae can inchude a chodophyte,
chiorophyte, heterokomophyte, tribophyte, glancophyte, chiorarachniophyte, cuglenotd,
haptophyte, ecryptomonad, dinoflagefium, phytoplankton, and the like, and
combinations thereof. In one embodiment, algae can be of the classes Chlorophyceas

amil/or Haptophyta, Specific species can inclhude, buat are not hmited to, Neochloris
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oleeabundans, Scenedesmus dimorphus, Euglena gracilis, Phaeodactvlum tricornutum,

Pleurockrysis carterae, Prymresivm parvum, Tetraselmis chui, and Chlamydomonay

reinfhurdtii. Additional or alternate algal sources can include one or more microalgae
of the Achnanthes, Amphiprora, dmphora, Ankistrodesmus, Asteromonas, Boekelovia,
Rarodinelln, Botryococeus, Bracieococcus, Chaetoceros, Carteria, Chiamydomaonas,

Chlarococcum, Chiorogonivm, Chlovella, Chroomonas, Chrysosphaera, Cricosphaera,

Crypthecodinium,  Cripiomonas. Cyelotelia.  Dunaliella.  Ellipsoidon,  Emiliania,

Lremosphaera,  Ernodesmius,  Euglena,  Fronceia, Fragilaria,  Gloesthamnion,

Haemarococcus, Helocafeteria, Homenomaonas, Isochrysis, Lepocinclis, Micractinium,

Mono delivim, Neannochioris, Nannochloropsis, Navicula, Neochioris,

Nephrockioris,  Nephroselmis, Nitzschia, Ochromonas,  Qedogoninm,  {ocystis
i ) g VST,

Ostrevcoccus,  Paviova,  Parachiorelly,  Poscherin, Phaeodactelum,  Phagus,

Pichockiorum, Pseudoneochioris, Pseudostaurastrum, Flatvmonas, Plewvrochrvsis,
Pleurococeus., Prototheca. Pseudochiorella, Pyramimonas, Pyrobotrys, Scenedesmus,
Schizochlamydeila, Skeletonema, Spyrogvra, Stichococcus, Tetrachiorella, Tetraseimis,
Thalassiosira, Tribonema, Vaucheria, Viridicllo, and Volvox species, and/or one or
more  cyancbacteria of the Agmeneilum, Anabaend, Anabaenopsis.  Anaovstls,
Aphanizomenon,  Arthrospiva,  Asterocapsa,  Rorzia, Calothrix, Chamaesiphos,
Chiorogioeopsis,  Chrovcoccidiopsis,  Chroococcws,  Crinalium,  Cyanobacterium,
Cyannhium, Cranocysiis, Cyanospirg, Cyvanothece, Cylindrospermapsis,
Cviindrospermum,  Dactvlococcopsis,  Dermocarpella,  Fischerella,  Fremyelln,

Geitleria, Geltlerinema,  Gloeobacier,  Gloeocapsa,  Gloeothece,  Halospiruling,

fyengarielie,  Leprohmgbya, Limnothrix, Lymghva, Microcolews,  Microcysis,
Myxosarcing,  Nodularia,  Nostoe,  Nostochopsis,  Oscillatoria,  Phormidium,
Plankiothrix, Sleurocapsa,  Procklorococeus,  FProchioren,  Prochlorothrix,

Prevdanabaena, Rividaria, Schizothrix, Scvtonema, Spivuling, Stanieria. Stareia,
Stigonema, Svmpinca, Synechococcus, Synechocvstis, Tolvpothrix, Trichodesmium,
Tychonema, and Xenococcus species,

{6028} Other biocomponent feeds usable in the present lnvention can include any
of those which comprise prumarily triglycerides, diglyeerides, monoglycerides, and free
fatty acids (FFAs).  The tnglycerides, diglycerides, monoglycerides, and FFAs

typically contain aliphatic hydrocarbon chains in their struciure having from 8 to 36
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carbons, for example from [0 to 26 carbons or from 14 to 22 carbons. Types of
triglycerides can be determined according to their fatty acid constituents. The fatty acid
constitaents can be readily determoined 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 vil, and determining the
type of (methyl) ester using GC analysis. In one cmbodiment, a majority (e, greater

than 50%) of the glyceride present in the lipid material can be conygrised of Ty t0 Tae

fatty acid coastituents, based on total glyceride present in the Hpid material. Further, a

glyeeride is a molecule having a structure identical to the hydrolysis reaction prodact of
glyeerol and one, two, or three farty acids. Thus, altbough a glveeride is described
hergin 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. I
glycerides are present, & majority of glveerides present in the biocomponent feed can
preferably be comprised of Cyy to Cig fatty acid constituents, based on total triglyceride
content. Other types of feed that are derived from biological raw material components
can include fatty acid csters, such as fatty acid alkyl esters fe g, FAME and/or FAEE)
and/or fatty acid amides.

[6629] One method for characterizing the glycerides in a feedstock is based on

the number of carbons in the side chaing. While some feedstocks may have consistent

numbers of carbons in cach side chain, such as i a tristearin feedstock, many types of
glycerides will have variations in chain length between molecules and oven within
molecules. In order to characterize these variations, the average number of carbons per
side chain in the glycerides can be determined. For example, consider a feedstock
containing glyvecrides in the form of wiglveerides. By definition a trighyeeride contains
three side chains. Each side chain contains a number of carbons, as mentioned abova.
By averaging the number of carbons in each side chain for the tnglycerides in a
feedatock, an average side chain length for all miglycerides can be determined. The
average number of carbons (also referred to as average carbon number) per side chain
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 foedstock can be
compared with the average pumber of carbons in ketones and/or isomerized

hydrocarbons 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 giycerides in a feedstock can be used in place of the average number of
carbous per side chain in ooly the miglycerides in a feedstock. Still more generally, 4
weighted average can be determined for chains in free fatty acids, fatty acid derivatives,
awd side chaing of glycerides.

18036 In vartous aspects, the production of ketopes and  corresponding

deoxygenated products can be based on processing of glycendes (such as

moncacylglyeerides, diacviglveerides, and/or triacylglycerides), free fatty acids, and/or
fatty acid derivatives within the biocomponent feed. Thus, the presence of at least
some glycerides, free faity acids, and/or fatty acid derivatives within the biecomponent
portion of a foed can be desirable.  In some aspects, the presence of at least some
glycerides in the biccomponent portion of the feed can be preferred, in order to take
advantage of the ability to start with o glyceride-containing feed and to produce
desirable diesel and/or lubricant boiling range molecules in a single process. The foed
can inchude at least abouwt 10 wi% of feed based on a biocomponent source(s), for
example at least about 28 wi%6. Preferably, the biocomponent portion of the feed can
he at least about 30 wt%, for exanple at least about 75 wt%, at least about 90 wit', or
at least about 95 wit%. Such highcr amounis of feed from a biocomponent source can
provide an advantage based on the greater amount of renewable material. Additionally
or alternately, the feed can be entively a feed from a biccomponent source, or the feed
can include about 9% wi% or less of a feed based on a biocoroponent source, for
example about 935 wids or less, about 90 wi% or less, about 75 wit% or less, or about 30
wi% or fess.

18831} Higher amounts of feed from a biocomponent source can provide an
advantage based on the greater amount of rencwable material, as well 35 potentially
including a greater amount of glveerides. Feeds with lower amounts of biocomponent
materials may have other processing advapmtages.  Soch advantages can iochude
improved flow characteristics within a reaction systermn, as blocomponeant feeds ofte
have a relatively high viscosity compared to conventional diesel or hibricant feeds tn a
refinery,  Additionally or alternately, deoxygenation of a biocomponent feed can
typically generate a substantial amount of heat due to formation of highly favorable

products from a free encrgy standpoint, such as H,O and CO,. For a typical catalyst
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bed with a bed langth of 25 - 30 feet (about 9 - 10 meters), it can be preferable to have
a temperatire increase across the bed of 100°F (55°C) or less. If deoxygenation of a
biocompoenent feed with a relatively high oxygen content is performed using 2
sufficiently reactive catalyst, an exotherm of greater than 100°F across the catalyst bed
can be generated.  Blending a biocomponent feed with a portion that does not contain
oxveen can reduce the exotherm generated acvoss a catalyst bed used for performing
deoxygenation.
{6632]

difution of the biocomponent feed, as the processing conditions effective for

The advantages of increased mineral foed content can be largely due to

deoxygenation of a biocomponent feed can have a low or minimal irapact on a typical
hydroprocessed mineral feed, Therefore, while the deaxygenation conditions can be
effective for deoxyvgenation of biocomponent feeds at a variety of blend ratios with
mineral feeds, it can be preferable to have at least about 75 wit% of the feed from «
biscomponent source, for example at least about 60 wi%s or at least about 95 wi%.

{663 3] One option for increasing the biocomponent content of g feed while
retaining some of the benefits of adding a feed with reduced oxygen content can be w
use recycied product from processing of biocomponent feed as a diduent. A recycled
product from processing a biocomponent feed is still derived from a biocomponent
source, and therefore sach a recycled product is counted as a feed portion from a
biocomponent soarce. Thus, a foed containing 60% biocomponent feed that has not
been processed and 40% of a recycled product from processing of the biccomponent
feed would he considered as a feed that includes 100% of feed from a biocompunent
source.,  As an example, at least a portion of the product from processing of a
biocomponent feed can be a dicsel 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 deosygenation,  Adding a recycled diesel boiling range
product s also ikely to improve the cold flow properties of a biocomponent feed.
More generally, any convenient product from processing of a iocomponent feed can
be recycled for blending with the biocomponent feed in order to improve the cold flow
properties and/or to reduce the oxygen content of the jnput flow o a deoxygenation

process. If a recyeled product flow is added to the input to 8 deoxygenation process,



WO 2014/015092 PCT/US2013/050984

12

the amount of recycled product can correspond (o at feast about 10 wt% of the feed to
the deoxygenation process, for example at least about 25 wit% or at least about 40 wi%,

Additonally or alternately, the amount of reeyeled product in  feed can be about 60
wi% or less, for example about 30 wit% or fess, 40 wt¥o or less, or about 25 wit% or

fess.

’J.‘

13034] While foed dilution can be ysed to control the exotherm generated across
catalyst bed used for deoxygenation, it is noted that some processing options ¢an
additionally or alternalely impact the exotherm. One alternative can be 1 use a less
reactive catalyst, 30 that a larger amount of catalyst can be needed at a given liguid
hourly space velocity (LHSVY in order to deoxygenate a feed to a desired fovel. An
additional or alternate option can be to reduce the amount of hydrogen provided for the
deoxygenation process.  Still another additional or alternate option could be to
introduce additional features into g 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.
{3635] With regard to glveeride content, the feedstock can include at least about
10 wit% glycerides, for example at least abouwt 25 wi%, preferably at least about 40
wi%, at least about 60 wt¥, or at least about 80 wi%se. Additicnally or alternately, the
fead can be composed entirely of glyeerides, or the glyeeride countent of the feed can be
about 99wt or less, for example about 85 wit% or less, about 90 wits or less, aboutr 758
wi%s or less, or about 50 wi% or less. The glycerides can be mo;mgiycerides,
diglyeerides, and/or triglycerides.  Preferably, the glycerides are triglycerides or a
mixture of glycerides that includes triglycerides. The methods described herein can be
suitable for conversion of glyeerides to lubricant and dicse! products in a single reactor,
50 higher contenta 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 beneficial, Optionally, a portion of the
glyceride content in the feedstock can be replaced by free fatty acid content and/or fatty

acid derivative content. o such an optional aspect, the above weight percentages can
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refer to the combined weight percentage of glycerides, free fatty acids, and/or fatty acid
derivatives in the feedstock,
{6836} HBiocorponent based diesel boiling range feedstreams can have a wide
range of nitrogen and/or sulfur contents.  For ¢xample, a biocomponent based
feedstream based on a vegetable oil source can contain up to about 300 wppm nitrogen.
Tn contrast, a Diomass based feedstream comtaining whole or ruptured algac can
sometimes include a higher nitrogen content.  Depending on the type of algae, the
nitrogen content of an algae based feedsiream can be at least about 2 wi%, for example
at feast about 3 wi%e, at feast about 3 wi%, or at least aboot 18 wi%, and algae with still
higher nitrogen contents are known, The sulfur content of a biocomponent feed can
also vary. In some embodiments, the sulfur content can be about 500 wppm or less, for
example about 100 wppm or less, about 30 wppm or fess, or about 10 wppm or lass.
166371 Aside from nitrogen and sulfur, oxvgen can be another heteroatom
component in blocomponent based foeds. A biocomponent dicsel boiling range
fecdstream based on a vegetable oil, prior 10 hvdrotreatment, can include up to about 10
wi% oxygen, for example up 0 about {2 wi% or up to about 14 wi%, Addinonally or
alternately, such a biocomponent diesel botling range feedstroarn can include at loast
about 1 wt% oxygen, for example at least about 2 wi%, at least about 3 wit%, at least
about 4 wi%, at least about 5 wi%, at least about 6 wi%, or at least abowt 8 wit%
Fusther additionally or altcrnately, a biocomponent feodstrcam, prior to hydrotreatment,
can mnclude an olefin content of at least about 3 wit%%, for example at least about 5 wi%%
or at feast about 10 wi%.
{6038} A mineral feedsiock refers 10 a conventional {e.g., non-biocomponent)
feedstock, typically derived from crude off and that bas optionally been subjected to
pne 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 distiliates,
kerosene, diesel boiling range feeds {such as hydrotreated diesel hoiling renge feeds),
light cycle oils, atmospheric gas oils, and the like, and combinations thereofl
15839 Mineral feedstocks for blending with a biocomponent feedstock can be

refatively free of nitrogen {such as a previously hydrotreated feedsiock) or can have a
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nitrogen content from about 1 wppm to about 2000 wppm nitrogen, for example from
about 50 wppm to about 1500 wppm or from about 75 to about 1000 wppra. To some
embodiments, when the mineral feedstock is present, it can have a sulfur content from

about 1 wppm to about 10,000 wppm sulfur, for example trony about 10 wppm to about

5,000 wppm or from about 100 wppm to about 2,500 wppm,

19846} When present, a minoral feedstock for blending with a biocomponent
foedstock can pretferably be a mineral foedstock with a relatively fow sulfur content,
such as a hydrotreated mineral feedstock. Using a mineral feedstock for blending that

contains 2 sufficiently low sulfur content can allow a resulting product to meet a

desired sulfur specification without requiring a subsequent hydrotreatment under
conditions that saturate olcfing. Such preferred foedstocks can be relatively free of

suifur, or can have a sulfur content from about 1 wppm to about 500 wppm, such as

from about 10 wppm to about 200 wppm of sulfar or from about 20 wppm o about 100
wopm of sobfur,  Additionally or alternately, the combined (biocomponert plus
mineral} feedstock can have a sulfwr content of at least about 5 wppm, for example at
teast abowt 10 wppm, at least about 28 wppm, or at least about 1006 wppm. Further
additionally or aliernately, the combined feedstock can have a sulfur content of about
SO0 wopm or Joss, about 106 wppm or less, or about 30 wppm or legs.  Still further
additionally or alterpately, the nitrogen content of the corabined feedstock can be about
1000 wppre or fess, for example about 300 wppra or less, gbout Y00 wppm or less,
about 50 wppm or less, about 30 wppm or less, about 20 wppm or less, or about 10
wipm or less.

8841 The content of salfur, nirogen, oxygen, and olefing in a feedstock created
; by blending two or more feedstocks can typically be determined osing a weighted
average based on the blended feeds. For example, a minerat foed and & biocomponent

feed can be blended in a ratic of 80 wi¥% mincral foed and 20 wi% bincomponent feed.

If the mineral feed has a suifur content of about 1000 wppm, and the bocomponent

feed has a sulfur content of about 10 wppm, the resulting blended foed could be

expected to have a sulfur content of about 802 wppm.

(8042} The boiling range for biocomponent feedstreams suitable for use

according to the invention can vary depending on the nature of the blecomponent

source.  Biocomponent feedstreams with final boiling poinis up to about 1000°F
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{538°C) may be suitable for use, as the triglycerides within a biocomponent feedstream
will bave a higher boiling point than the boiling point of the individual chains attached

to the glycerol backbone. Mineral feedstreams sutfable for use as a blending

component tend 0 boil within the range of about 215°F (about 102°C) to about 80°F
(about 427°C). Preferably, 2 mineral feedstream has an initial boiling point of at least
about 215°F {(about 102°C), for example at least about 230°F (about 1217°C), at least
about 275°F {abowt 135°C), at least about 300°F {about 149°0), at least about 325°F
{about 163°(), at least about 350°F {about 177°0), at least about 400°F (about 204°C),
or at least about 451°F (about 233°C). Preferably, 8 miveral foedstream has a fival
botling point of about B00°F (about 427°C) or less, or about 750°F {about 399°C) or
less. Additionally or alternately, a feedstock can be characterized by the boiling point
required to botl a specified percentage of the feed. For example, the temperature
required 10 boil at least 3 wi% of a feed is referved to as a “T5” botling point. A
suitable mineral (petroleum) feedstock can have a T35 boiling point of at least about
230°F (about 110°C), for example at least about 250°F (about 121°C) or at least about
275°F (about 135°C). Further additionally or alternately, the mineral {petrolonm)
feedstock can bave a T93 hoiling point of about 775°F (about 418°C) or less, for
examaple abowt 750°F {about 399°0) or less or about 725°F (about 3853°C) or kess. In
another embodiment, the diesel boiling range feedstream cau also inclade kerosene
range compounds to provide a feedstream with a boiling range from about 250°F {sbout
121°C) to about ROO°F (about 427°C).

{6643 With regard to product effluents, deoxyvgenated effluents, or converted
effluents, diesel boiling range streams are defined herein as streams with a T89S boiling
paoiat of about 400°C or tess, while fubricant boiling range streams are defined herein as

streams with a T3 boiling point above about 400°C.

Reactions for Oxveen Removal

(6044} Oxygen removal during hydroprocessing of a feedstock typically occurs
via at least one of three reaction pathways. One potential reaction pathway is
hydrodeoxygenation. 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 hyvdrodeoxygenation reaction. Water is typically a contaminant

7
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that can potentially contribute to deactivation of some conventional dewaxing catalysts,
such as conventional ahumina bound zeolite catalysts.  However, by itself water
typically does not lead 1o corrosion within a reaction systern,  Additionally, removing
oxygen as water tonds to maintain the chain length of a feed molecule. Maintaining the
chain length of molecules intended for use as a fuel or fuel blending product 18 asually
beneficial, as i means that a greater percentage of the carbon from the feed can be
incorporated into the final fuel product.

{6845} Another potential reaction 8 (hydro)decarboxylation, which includes
removing oxygen by forming CGy from biofeeds. This CO: tends to form carbonic
acid when combined with water. Carbonic acud corrosion may require metallurgical
upgrades to carbon steel in downstream equipment, particularly fin faps, heat
exchangers, and other focations where Hquid water will be present peior o an amine
scrubbing system oy other system for removing CO;.

[60646] Anothor potential reaction s (hydro)decarbonylation, which includes
removing oxygen by forraing CO from biofeeds. CO is a known inhibitor for
bydrodesulfirization. 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 rosult, 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 2
reaction system,

[G847] Depending on the conditions present in a reactor, the relative amounts of
CO and €0, in a reactor can be modified by the water gas shift reaction. The water
gas shift reaction is an equilibrium reaction that can convert CO and H) into €O and
.00 Dee o 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
annther. Hydrodeoxygensation 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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{6648} Most catalysis used for performing a catalytic deoxygenation of a
biscomponent foed will be less than 1009% selective for a given pathway. Instead, at
least sorne deoxygenation of a feed will typieally occur via each of the three pathways
mentioned above during a typical catalytic deoxygenation of a feed. The relative

amounts of deoxygenation by each method will vary depending on the nature of the

catalyst and the reaction conditions,

{6649] Because foeds derived from biological sources typically bave carbon
chains with cven pumbers of carbon moleculcs, hydrodeoxygenation can be
distinguished from decarbonylation and decarboxyiation based oo the carbon chain
fength of the resulting maolecules. Hydrodeoxygenation can typically fead w0 production
of molecules with an even number of carbon atoms, while decarbonylation and

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

Conversion of Glveerides to Ketone-Containing Product

{60561 A catalyst guitsble for partial deoxyeenation and reaction of glycerides
(such as triglycerides) to form ketones is a catalyst that includes a rare carth metal, such
a3 g metal salt of a rare carth metal, an alkali metal, an alkabine earth metal, or 2
combination thercof. Some suitable catalysts include clay materials contating a rare
earth metal, an alkali metal, and/or an alkaline carth metal. For example, hydrotalcite is
a clay that inclades magnesium hydroxide.  Other examples of suitable catalysts
include support materials tmpregnated with a rare earth metal sali, an alkali metal salt,
and/or an alkaline carth metal salt, such as an oxide, hydroxide, or carbonatc. For
example, a refractory support such as titanium oxide, zivconivm oxide, and/or cerbim
oxide can be impregunated with a lanthanum, sodium, and/or potassiem salt, such as
potassium carbonate.  Still other examples of suitable catalysis include butk and/or
supported versions of rare earth, allkali, or alkaline carth metal salts, such as magnesiom
oxide and/or cesium oxide. More generally, alkalt metal salts can include salts of Na,
K, Rb, and/or Cs, while alkaline carth metal salts can include salts of Mg, Ca, Sy,
and/or Ba. Rare earth metal salts can include, bur are not limited to, salts of La, €

and/or Y. Thus, a reference herein to a rare earth 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 rave carth metal salt, atkalt metal salt, or alkaline carth metal salt relative to
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the total catalyst weight, for example at least abowt 15 wi% or at least about 25 wi%.
For catalvsts based on clays, the catalyst can include about 78 wi% or less of rare carth
metal salt, alkali metal sait, or altkaline earth metal salt, for example about 30 Wit or
less, about 33 wi%% or less, or about 25 wi% or fess. For supported catalysts, the
catalyst can fnclude about 35 wit% or less of rare carth metad salt, alkali metal salt, or
atkaline earth metal salt, for example about 25 wi% or less or about 13 wit% or less. In
general, higher percentages of a rare carth metal salt, an alkali metal salt, or an alkaline
earth metal salt can be desirable, but practical factors may Hmit the amount of rare carth
metal sabt, alkali metal salt, and/or alkaline sarth metal sal. For example, supported
catalysts may be limited based on the amount of alt that can he impregnated or
otherwise added to a support in & manner siable in the reaction environment. Similarly,
the amount of rare carth metal salt, alkali metal salt or alkaline carth metal salt present
in a clay may he limited in order to form a stable clay.

18651} To convert glycerudes (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- confaining feed) can be exposed (o a catalyst containing a rare carth metal,

alkall metal, and/or alkaline carth metal uonder effective conditions for performing 2
reaction to convert glycerides {and optionally froe fatty acids/fatty acid derivatives) to
ketones. The effective conditions for the conversion reaction can include a temperature
from about 300°C 1o about 450°C. 11 s not behieved that bydrogen gas s required 10
facilitate the condensation reaction, However, in aspects where a single reactor i3 used

both for forming ketones as well as deoxygenation and for isomerization of a feed,

hvdrogen can tvpically be present in order to facilitate the deoxygenation and
& Y&

isomperization reactions. As a rosult, in such cobodiments, a hydrogen partial prossure
of about 1.8 MPag to sbout 34.6 MPag can typically be present. In such a
configuration, the reaction temperafurs can be from about 300°C to abowt 45070, for
example from 320°C to 360°C, n order to balance the benetits of the reactions

occurring in the single reaction gnvironment.

{8052} Exposure of glycerides, free fatty acids, and/or fatty acid derivatives to a
rave earth, alkali metal, and/or alkaline earth metal catalyst can tend to generate a
mixture of products. One of the majority products i such a mixture can generally be a

fatty kerone. It is believed that fatty ketones are formed via a reaction borween sido
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chains of the glycerides and/or the chains of the free fatty acids and/or fatty acid
derivatives.

{6653] FIG. b shows an example of a conventional reaction mechanmism 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
byvdrotreated, resulting in formation of three fatty acid molcenles and a molecole of
propane that corresponds o the thres carbon backbone. Alternatively, the triglyeeride
can be hydrolyzed to generate three free faity acid molecules and one glycerst
molecule. The hydrolysis can be acid or base catalyzed. After separating the fatty acid
molecules, such as by extraction in an organic solvens, the fatty acids can be condensed
1o form ketone molecules.

(6054} The rare earth, alkali, and/or alkaline earth catalysts according to the
invention can allow for the direct conversion of triglyeerides and other glycerides to
fatty ketones, without requiring an initial siep to form the free fatty acid. The addition
of hydrogen and/or water to generate free farty acids raay also not be required. Instead,
exposing 8 glyceride-containing feedstock t the rave carth, alkali, and/or alkaline earth
metal can allow for direct conversion of glycerides to a roixiure of ketones.

[8855] As an example, FIG. 2 shows results froma reacting triglycerides over a
hvdrotalcite catalyst according to the inveation, To generate the data showa in FIG. 2
a feed containing the triglyceride iristeann was exposed to a hydrotalcite catalyst at a
termoperature of about 323°C and a hyvdrogen partial pressure of about 400 psig (about
2.8 MPag) in a batch cnvironment, AlthouOh 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 1R-carbon saturated fatty
acid. However, some side chains of other lengths were also present due to impuritics in
the tristearin feed. With the exception of such impurities, the feed contained
approximately 100 wit% of risteasin.

[(036] FIG. 2 shows a gas chroraatography — mass spectromenry {GO/MS)
analysis of the reaction producis formed frome exposing the tristearin foed to the
hydrotalcite catalyst as described above. To perform the GU/MS amlys dodecane
was added o the sample as an internal standard.  As shown in FIG. 2, the primary

product generated was a Cys ketone, which corresponded fo the expected ketons that
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would be gencrated by a condensation reaction between two stearic acid molecules.
Although some Ci: ketone was observed, it is believed that this product was primarily
due 1o the presence of some side chaing comesponding o a 16-carbon fatty acid in the
sample. The small peak observed for a Cyy ketone tends to support this interpretation,
Further, 1t was assuned that some extent of cracking took place, which could have led
o the formation ot the observed shorter chain o and Ca ketones.

[8657] Based on FIG. 2, # is believed that exposing a trighveeride-containing foed
{or other glyceride-containing feed) to a rare earth, alkali, and/or alkaline carth catalyst
under effective conversion conditions can result in formation of ketones from the

wiglycerides.  Also as shown o FIG. 2, 10 the degree that the triglyceride sample

corresponds to 2 mixture of side chains with varving numbers of carbons and/or
functional groups, the resulting ketones can also have vartations in length/functionality.
[6658] In order to provide a general way of characterizing the ketones resulting
frore conversion of a glveeride foed, the average mumber of carbons {ie., average
carbon mamber) in ketones derived from glycerides can be compared with the average
number of carbons in the side chains of the glycenides. The average number of carbons
in ketones derived from glyeerides in a feed can be at Teast 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 abowt
1.9 mmes the average number of carbouns. Because the feedstock may contain feas than
100 wi% of glycerides, the amount of ketones having a specified average carbon

number can be normalized by the weight percentage of glycerides in the feed. The

weight of ketones in the covverted efffuent (priov 0 any deoxygenation) having a
specified average number of carbons can be at Teast 0.5 times the weight of glveerides
in the feedstock, for example at least 0.73 times the weight of glycerides in the

feedstock or at lcast .9 times the weight of glveerides in the feedstock. For example,

consider a feed containing 58 wi% of triglycerides with an average carbon number of
18 for the side chajos. Insuch an example, the cooverted effluent can contain at least
25 wi% of ketones (at feast 0.5 times the weight of triglycerides) with an average
carbon number of at least 27 (at least 1.5 times the average carbon number for
triglyeeride side chains). Additionally or aliernately, such a converted effluent could

contain at least 37.5 wit% kectones {at least 0.75 times the weight of triglyveerides)
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having an average carbon number of at least 27, and/or at least 45 wt% ketones (at least
(1.9 times the weight of trigivcerides) having an average carbon number of at least 27.
{G059] fn some aspects, a feed may contain substantial quantities of both
ghycerides and free fatty acids and/or fanty acid derivatives, such as fatty acid csters
and/or fatty acid amides. For example, the weight of free fatty acids and/or fatty acid
derivatives in a feodstock may be at least about 10% of the combined weight of
glveerides and free fatty acids andfor fatty acid devivatives, for example at least about
25% of the combined weigld. In such an aspect, the ketones resulting from the
conversion reaction cap be characterized relative o the combined propertics of the
alveerides, free fatty acids, and fatty acid derivatives in the feedstock. Thug, siratlar to
the definition above, the average carbon number of the ketones geperated 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 fimes) of @ weighted average based on the average namber of
carbons in the side chains of triglycerides and the average chain lepgth of the frec 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 dertvatives in the feedstock.
Alse in paraliel to the definition above, the amount of ketones produced can be
normatized by the combined weight percentage of glyeerides, free fatty acids, and fatty
acid dertvatives in the feedstock. Thus, the amount of ketones having a specified
verage carbon number can be af Jeast about 50% (for example, at least about 78% or at
least about 90%) of the combined weight of glycerides, free fatty acids, and fatty acid
dertvatives in the feedstock.
8066} Preferably, a catalyst selected for catalyzing the conversion of glycerides
to ketones can remain relatively stable in the reaciion enviromment, The conversion of
glveerides and/or free fatty acids to ketones using a rare earth, alkali, and/or atkaline
earth metal catalyst can result in some production of water, so catalysts that deteriorate
i water may pose some difficuities in scaling up a process for commercial use, It is
noted that the clay hydrotaleite can be effective for catalyzing the reactions deseribed
herein. However, hydrotalcite also appears to break down over time in the conditions
for converting triglycerides to ketones. Without being bound by any particalar theory,
this may due to a phase change of the hydrotaleite slumina in the hydrothermal

cavironment. Some phascs of aluming, such as y-alumina, are belicved 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 vesult jo a loss of activity over time. An

example of a hydrothermally stable catalyst suitable for coupling of glyeerides and/or

¥

free fatty acids to ketones inchudes, but is not limited to, lanthanum impregnated

Fircomnia.

Isomerization of Ketone-Containung Product

{G0s1] After forming ketones from glycerides and optionally free fatty acids, a
second catalyst can be used to deoxygenate the ketones formed from exposwre 1 the
rare carth, alkali, and/or alkaline carth metal catalyst. Preferably, the second catalyst
can also be suitable for isomerizing the resulting deoxygenated molecules.  An
additional consideration in selecting a second catalyst can be that the catalyst should be
relatively stable in the presence of water, due to the water generated during conversion
of the triglycerides to ketones.

180631 Suitable catalysis for performing deoxygenation and isomerization in an
environment containing waler can inchude dewaxing catalysts, such as zeolites, that are
bound using & binder material so that the catalyst can be stable io the preseoce of water
under effective deoxygenation conditions. Such a binder material is referred to herein
as a hydrothermally stable binder. Examples of suitable dewaxing catalysts can inchude
zeolites that perform dewaxing primarily by isomerizing a bydrocarbon feedstock.
Optionally, the dewaning catalysts can be zeohites with a ynidimensional pore structure.
Suitabie catalysts can include 10-member ring pore zeolites, such as EU-1, Z8M-35 {or
fesrierite), ZSM-11. ZSM-537, WU-R7, SAPO-11, ZSM-22, and the ltike, as
combinations thereof, Preferred materials can comprise BU-Z, EU-11, ZBM-30, Z5M-
48, andior ZSM-23, with materials comprising at feast ZSM-48 being particularty
preforred. Note that a zeolite having the ZSM-23 structure with a silica to alumina ratio
fromu about 20:1 to about 40:1 can sometimes be referred to as SSZ-32. Additonal or
alternate molecular sieves that are isosuctural with the sbove materials can include,
but are not limited to, Theta-1, NU-18, EU-13, KZ-1, NU-23, and combinations
thereof.

{6863] The catalysts can optionally but preferably additionally include a metal

hydrogenation component, The metal hydrogenation component can typically include
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a Group VI and/or a Group VHI metal  In one preferred embodiment, the metal
hydrogenation component can be a Group VHI uoble metal, such as P, Pd, or a mixture
thercof. Tn av alternative preforred embodiment, the metal bydrogenation component
can be a combination of & non-noble Group VI metal with a Group VIB metal.
Suitable combinativns can include Ni, Co, and/or Fe with Mo and/or W, preferably Ni
with Mo and/or W,

16064} The metal hydrogenation compounent may be added to the catalyst in any
convenient manner. Ope technique for adding the metal hydrogenation component is
by incipient weiness. For example, after combining a zeolite and a hydrothermally
stable binder, the combined zeolite and hinder can be extruded into catalyst particles.
These catalyst particles can then be exposed to a solution containing 3 suitable metal
precursor.  Additionaily or alternately, metal can be added to the catalyst by ion
exchange, where 4 metal precursor can be added to a mixture of zeohte (or zeolne and
binder) prior to extrusion.

18065] When a metal hydrogenation component is present, the amount of metal in
the catalyst can be at Teast 8.1 wit® based on catalyst, for example at least 0.15 wt%s, a
least 0.2 wi%, at feast 0.28 wite, at teast 0.3 wi¥, or at least 0.5 wi%, based on the total
weight of the catalvst, Additionally or aliernately, the amount of metal in the cataiyst
can be 20 wi¥% or less based on catalyst, for example 10 wi% or less, S wi% or less, 2
wi% or loss, or 1 wiSh or fess, For embodiments where the metal comprises Pt Pd,
another Group VI noble metal, or 1 combination thereof, the amount of metal can be
from 4.8 wi% to 5 wiY, for example from 0.1 10 2 wi%, from 025 wi% to 1.8 wio, or
from 0.4 wi% 1o 1.5 wi%, For embodiments where the roetal comprises a combination
of a vou-noble Group VI metal with a Group VIB metal, the combined amount of
metal can be from 0.5 wi% 10 20 wi¥s, for example from { wi% to 15 witdo or from 2.5
wi% t0 10 wit%

[ 8066} Preferably, the dewaxing catalysts used in processes according fo the
invention can exhibit a low ratio of silica 1o alumina. For exarople, for Z9M-48, the
ratio of silica to aluming in the zeolite can be less than 200:1, for example less than
1E):L, less than 10001, fess than 901, or Jess than 80:1. In various embodiments, the
ratio of silica to shumina can be from 30:1 to 200:1, for exampie from 60:1 o 110:1 or

from 70:1 10 100: 1
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[6667] The dewaxing catalysts useful in processes according to the invention can

also include a hydrothermally stable binder. Examples of suitable hydrothermally
stable binders can include metal oxides such as titanium oxides, zirconiwm oxides,
cerfum oxides, and combinations thereof By contrast, aluminum oxides are not
believed to be typically suitable for use as binders in reaction environments that contain
watcr,  Preforably, the catalyst for deoxygenation and isomerization can inchide a
binder material that can provide enbanced activity for deoxygenation, such as a titanis

binder.

{B068] Optionally, the dewaxing catalysts can be formulated using a relatively

fow surtace area binder, a relatively low surface arca binder representing a binder with
a surface area of 100 m%g or less, for example 80 m™/g or fess 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 desived ratio of micropore sarface area to total surface arca. In
dewaxing catalysts used according to the invention, the wicropore surface arca
corresponds to surface area from the unidimensional pores of zeolites in the dewsxing
catalyst. The total surface corresponds to the micropore surface area phus the external
surface arca. Any binder used In the catalyst will typically not contribute mwuch to the
micropore surface arca and typically will not significantly increase the total surface
area 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 swface area. Preferably, the vatio of micropore

surface area to total serface area for a dewaxing catalyst can be equal to or greater than

(\)

253%

[G068] A zeolite can be combined with binder in any convenient manner. For
gxample, 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 mixtare w produce a bound catalyst of a desired size. Extrusion
aids can oprionally be wsed to modify the extrusion flow properties of the zeolite and
binder mixture.

{6070} In some embodiments, a binder composed of two or more metal oxides
can be used. Tn such embodiments, the weight percentage of the low surface area

binder can preferably be greater than the weight percentage of the higher surtace ares
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binder. Alterpatively, if both metal oxides used for forming a mixed metal oxide binder

bave a sufficiently fow surface ares, the proporiicos of each metal oxide in the binder
can be less important, When two or more metal oxides are used to form a binder, the
two metal oxides can be incorporated into the catalyst by any convenient method. For
example, one binder can be mixed with the zeolite during formation of the zeoliie
powder, such as during spray drying. The spray dried zeolite/binder powder can then
be mixed with the second metal oxide binder prior to extrusion.

(6671} Process conditions for catalytic dewaxing can include at least one oft 2

temperature from 200°C to 450°C, for example from 270°C to 400°C; a hydrogen
partial pressure frore 1.7 MPag (250 psig) to 34.5 MPag (5000 psig), for exampie from
4.8 MPag (700 psig) to 20.7 MPag (3000 psig); a liquid hourly space velocity (LHSVY)
from 0.2 vAvhr to 1O viv/hr, for example from 0.5 vivihr 0 3.0 v/v/hr; and a hydrogen
circulation rate from 35.6 Nir'/m® (200 scf/B) to 1780 Nod/m® (10,000 sct/B), for
example from 178 Nm'/m’ (1000 scf/B) to 891 Nm'/m’ (5000 scEB).

{6673 There are several alternatives for how to facorporate the dewaxing catalyst
in the reaction systern. One opiion can be to configure the rare earth, alkali, and/or
alkaline carth metal catalyst and the dewaxing catalyst as stacked beds. In this type of
configuration, a reactor or reaction system can contain one or more initial beds of a rare
earth, alkali, and/or alkaline earth metal catalyst for converting triglycerides to ketones.
As described above, exposing a glyceride-containing foed to the one or more initial
beds of rare carth, alkali, and/or alkaline earth metal catalyst can resulf in production of
an efffuent containing ketoney based on the side chains in the glycerides. The effluent
containing ketones can then be exposed o one or mote beds of a dewaxing catalyst
under effective dewaxing conditions. This can result jo deexygenation of the ketone-
containing efffuent.  Additionally, the dewaxing catalyst can introduce branches into
{isomerize) the carbon chains of the ketones {or deoxygenated ketones)., For glycerides
with side chaing that originally contain only carbon, hydvogen, and oxygen, the
combination of fornung ketones, deoxygenation, and isomerization can resuit in
branched hydrocarbons containing one or more branches, such as methyl branches. Cf
course, if the side chains of the triglycerides contain other types of hetercatoms, such as

nitrogen and/or sulfur, other types of molecules roay 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 dervivatives with 12-20 carbon atom chains), the
stacked bed configuration of rare carth, alkali, and/or alkaline carth roctal catalyst and
dewaxing catalyst can result in production of deoxygenated molecules that can
advantageously boil in the tubricant botling range as a primary product, with some
production of deoxygenated molecules that can beil i the diesel boiling range. The
tubricant boiling range molecules can correspond fo ketones that were formed during

conversion of the glyeerides {and/or free fatty acids) in the feedstock. These ketones

can subsequently be deoxygenated and womenzed. However, while the process of

converting glyeerides to fatty actds can typically occur at approximaiely 100%

conversion, less than all of the side chains in the glycerides (andior free fatty acuds)
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 fubricant boiling range molecule. These uncombined side chains can
also be deoxygenated and isomerized by the dewsxing catalyst, resulting in diesel
boiling range moleenles. Thus, a stacked bed arrangement for the catalysts would be
expected 10 generate 8 wajority portion of lubricant boiling range molecules from a
triglveeride feed and a minority portion of dicsel boiling range molecules.

[6074] An alternative configuration can be to combine both the rare

carth/alkali/aikaline carth metal catalyst and the dowaxing catalyst in the same catalyst
bed. In this type of configuration, both the rare carth/alkali/alkaline carth metal catalyst
and the dewaxing catalyst can be exposed to the mitial feed. In this type of
configuration, an increased amount of the initial glycerides (and/or free fatty acids) in
the feed can be converted 1o diesel boiling range molecnles. This s belioved to be due
to the ability of the dewaxing catalyst to deoxygenate the side chaing of the glycerides
{and/or of an intermediate product of the glveerides, such as fatty acids) before reaction
1o form a ketone can oceor.

{8675] By  blending varving amounts of dewaxing catalyst and  care
carth/alkali/alkaline varth metal in g combined catalyst bed, the ratio of the amount of
diesel boiling range molecules versus lebricant botling range molecules can be
adiusted. Thus, still another option can be 1o use “stacked” beds of vartous mixtures of

the rare garth, alkali, and/or alkaling carth metal catalyst and the dowaxing catalyst,
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For example, a catalyst bed or beds containing 0% of a rare earth, alkali, and/or

alkaline garth metal catalysi and 209 of a dewaxing catalyst can produce a larger
B, o) el

amount of lubricant botfing range molecules than a catalyst bed or beds containing 25%
of the rare earth, alkali, and/or alkaline earth metal catalyst and 75% of the dewaxing
catalyst.  An additional or alternate option for controlling the relative amounts of
fubricant and diesel boiling range molecules can be to combive the stacked bed and
mixed bed concepts. For example, an initial bed or an initial portion of a catalyst bed
can correspond (o 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. Sall other options for setting up various types of

gradients in the amouni of rare earth, aikali, and/or alkaline carth metal catalyst and
dewaxing catalvst can additionally or altemately be used.

18676} In order to provide a general way of characterizing the hydrocarbons
resulting from conversion, deoxygenation, and isomerization of & glyceride feed, the
average carbon mumber in deoxvgenated molecules derived from glyeerides can be
compared with the average number of carbons in the side chains of the glycerides. The
average number of carbons in deoxygenated roolecules derived from glycerides in a

food can be at least about 1.5 times the average number of carbons in the side chains of

the corresponding glyeerides, for example at least about 1.75 time the average number
of carbons in the side chains or ai least about 1.9 tiroes the average number of carbons.
If the weight of fiee farty acids and fatty acid derivatives corresponds to more than
about 10 wit% of the combined weight of glvcerides, free fatty acids, and fatty acid
derivatives, for example 4t least about 25 wt%, the average number of carbons n
deoxygenated molecules cau instead be compared with weighted average numaber of

dycerides, free fatty acids, and fatty acud derivatives in the

carbons in the combined g
feedstock.

186771 Due to the ability of methods according to various aspects to perform a
couversion to ketones starting with & glycenide feed, it can be preferable for a feed
including both glycerides and free fatty acids and/or fatty acid derivatives {o contain at
feast 10 wit?% of glycerides, for example at least 25 wi% of glycerides. Optionally but

preferably, a feed including both glveerides and free fatty scids and/or fatty acid
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derivatives can have a weighi percentage of glvcerides greater than the combined
weight percentage of free fatty acids and fatty acid derivatives,
[GG78] Because the feedstock may contain less than 100 wi% of glveertdes (or

fess than 100 wi%s 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 ghycerides {(or combined weight percontage of glyeerides, {rec fatty acids,
and fatly acid derivatives) in the feed. Tn a struation where coupling to form ketones
and deoxygenation/isomerization is performed sequentially using stacked beds, the
weight of deoxygenated molecules in the product effluent having a specified average

nurnber of carbons can be at least 0.5 times the weight of glveerides (and/or glycerides

and free fatty acuds) 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 1o situations where the amount of free fatty
acids and/or fatty acid derivatives in the feed is at least about 10 wi% of the combined
weight of glycerides and free fatty acids, for example at least about 25 wit%. As an
example, consider a feed containing 50 wi%e of triglycerides with an average carbon

nursber of 18 for the side chains,  To such an example, the converted effluent can

contain at least 25 wi% of ketones (at least 0.5 times the weight of triglyeerides) with

an average carbon number of at least 27 (at least 1.5 times the average carbon mumber

for wiglyceride side chaing),  Additionally or abiernately, such a converted efffuerng

could contain at feast 375 wi% ketones (at least .75 times the weight of wiglycerides)
having an average carbon number of at feast 27, and/or at least 45 wi%o ketones {at least
0.9 times the weight of trighyeerides) having an average carbon number of at feast

{06791 As an alfornative, mixed beds of conversion catalyst and deoxygenation/
isomerization catalyst may be used. As noted sbove, in this configuration at least g
portion of the glyceride side chains and/or free fatty acid chains may contact the
deoxygenation/ isomerization cataiyst prior to ¢oupling 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 cataiyst beds are used, the
weight of deoxygenated molecules in the product efftuent having a specified average

sumber of carbons can be at least 0.1 times the weight of glycerides (or glycerides, free

3
¢
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fatty acids, and fatty acid derivatives) in the feedstock, for example at least 0.2 times

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

Conficurations for formation of distillate nroducts

RERIL FIG. 3 shows an example of a reactor suitable for processing a glyceride-

and/or free fatty acid- containing feed. To FIG. 3, reactor 319 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 i a cascads

confignration, and auy convepieni number of reaction zones may be used within a

reactor.

10081} In stacked bed configuration, reaction rone 322 can contain One Of mMore
catalyst beds of & rare carth, alkall, and/or alkaline carth metal catalyst. A glyceride-
containing feedstock 303 s introduced into reactor 310 so that the feedstock is exposed
1o the catalyst in the catalyst beds in reaction zone 322 prior 1o being exposed to the
catalyst n reaction zone 3420 Optionally, the fesdstock 303 can include both
glycerides and free fatty acids. In FIG. 3, hydrogen treat gas 301 is shown as entering
reacior 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 30S.

18082} After passing through reaction zone 322, the offluent 15 exposed to the
catalvst in the one or more catalyst beds in reaction zone 342, Depending on the
configuration, reaction zone 342 is an optiondl reaction zone. For example, iIn a
configaration where only mixed beds of catalyst are used, only a single reaction zone
322 may be necded. The efftucnt from reaction zone 342 (or optionally reaction zone
322} then exits the reacior as a product effluent {flow 345,

{6083} In one type of stacked bed configuration, the one or more catalyst beds in
reaction zong 322 correspond to a vare carth, atkali, and/or alkaline carth metal catalyst,
while the one or more catalyst beds in reaction zone 342 correspond o 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 earth, alkah, and/or alkaline earth metal

catalyst and dewaxing caralyst, Tn 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 in reaction zone 322.
{o various stacked bed configurations, the offfuent from reaction zone 322 can bhe
passed inte reaction zone 342 without intermediate separation. In such a configuration,
any gas phase products generated during processing in reaction zone 322, such as water
vapor generated by coupling reactions for the formation of ketones, will be passed into
reaction zone 342 along with the liquid eftiuent.

[8084] Still another option is to have a uniform mixture of dewaxing catalyst and

rare earth, alkali, and/or alkaline carth metal catalyst within the reaction zones in the

reactor. I this type of configuration, reaction zone 342 is optional, as the sawe or

simtlar conditions arc present throughout the reactor. Thus, alf catalyst beds within the

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

Example of Processing Trielveerides

[6885] FIG. 4 shows resulis from the processing of a triglyceride-containing feed
by expuosing the feed to o mixed bed ot an alkaline earth metal catalyst and & dewaxing
catalyst. To this example, tristearin was exposed 1o 8 mixed catalyst bed that contained
equal volumes of an alkaline carth metal catalyst and a dewaxing catalyst in g batch
reaction environment, The alkaline earth metal catalyst was hydrotalcite.  The
dewaxing catalyst was Z3M-48 catalyst bound with Ti0,. The catalyst was
impregnated with about 8.6 wi% of Pt as a hydrogenation metal. The mistearin feed
was exposed (o the mixed catalyst bed at a temperature of sbout 325°C and a hydrogen
partial pressure of about 400 psig (about 2.5 MPag).

{G086] FIG. 4 shows a GC/MB analysis of the reaction products generated during
the reaction. In FIG. 4, the Hsting of components in the reaction products corresponds
to the order of the appearance of the products from left to right. Thus, the left most
wdentified product in FIG. 4 s pentadecane.  As shown in FIG. 4, the majority of the
product generated from the tristearin was p-heptadecane, a Cy; hinear paraffin, This
corresponded to the expected product if a decarbonylation or decarboxylation reaction
was performed on stearic actd, 2 Cig sajurated carboxylic acid The second most
common product was octadecane, which corresponded to the expected product from

hydrodeoxygenation of stearic acid.  Some Cy-Cse paraffing 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-48 catalysts. A smoall amount of Cag ketone was also present
in the reaction products, indicating incomplete deoxygenation of ketones formed by
exposure of the tristearin (o the hydrotaleite catalyst,

{9887} Bascd on FIG. 4, processing of the triglycerides in tristearin over & mixed

od of hiydrotalcite and a ZSM-48 dewaxing catalyst resubied 1o production of about 75-
bed of hydrotaleite and a ZSM-48 d g catalyst hed 1 product fabout 75
80% diesel boiling 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 unreacted ketone could be removed by following 2 mixed

catalyst bed with a short additional bed of dewaxing catalyst,

[B68E] In contrast to FIG. 4, FIG. 2 shows the results from processing of the

~

wistearin feed over a bed of only hydrotaleite. In FIG. 2, about 30% of the molecules
corresponded 1o lubricant boiling range molocules in the form of ketones, and about
2(% of the molecules corresponded to digsel boiling range ketones/paraffins, In a
stacked bed configurabon, the effiuent from a hydrotaleite or other rvare
carth/alkali/alkaline carth metal catalyst can be exposed to a dewaxing catalyst, This
would be expected to result in an approxirately 80% lubricant boiling range molecules

and 20% diesel boiling range molecules.

[REHRY Inn still other configurations, other percentages of dissel and boiling range
molecules can be achieved based on a glyeeride feed (and/or glyceride/free fatty
acid/fatty acid derivative foed). For example, moditying the ratio of rarc carth, atkali,

and/or alkaling earth metal catalyst and dewaxing catalyst in & mixed bed can allow for

variation of the relative amounts of diesel and lubricant boiling range molecules.
Similarly, using shorter or jonger beds of the rare carth/ alkalialkaline earth metal
catalyst could alter the amount of ketones formed by the rare earth/ alkali/atkaline earth
metal catalyst prior to exposing the feed to the dewaxing catalyst. One practical

limitation on the ivpes of configurations can be the constraint of achicving 4

sufficiently complete reaction. For example, it can typically be preferred to reduce the
oxygen content of the feed to less than | wi%, for example to less than about 0.5 wit%

or less than about 0.25 wi%. Reducing the oxvgen concentration o these levels can

typically allow a feed to be processed in other types of reactors in a refinery. Thus, it




WO 2014/015092 PCT/US2013/050984

32

can be preferable to have sufficient amounts of dewaxing catalyst toward the end of the
reaction zones or catalyst beds, so that the resulting product efftuent can be sufficiently
deoxygenated. Furthermore, the rare carth, alkali, and/or alkaline earth metal catalyst is
believed 10 have greater activity for converting triglveerides (and/or other glyeerides) in
a feedstock to other forms. Thas, it can be preferable to have sufficient amounts vf a
rare earth, alkali, and/or alkaline carth metal catalyst in the early portions of the

reaction zones or caialyst beds to factiitate conversion of the ghycerides.

Additional Embodiments

{6094} Embodiment 1. A method for processing a  glyceride-containing

fecdstock, comprising:  exposing a feedstock containing glycerides {e.g.. at least 10
wi% glycerides, at least 25 wit% glveerides, or at least 50 wi% glycerides) to a catalyst
comprising at least about 5 wi% of a rare earth wetal salt, an alkali metal salt, an
alkaling carth metal salt, or a combination thereof in the presence of hydrogen under
effective deoxygenation conditions to form an effluent containing ketones, the weight
percentage of ketones in the efffuent being at least about 30% of the weight percentage
{e.g., about 75% of the weight percentage or about 90% of the weight percentage) of
the glyccrides in the foedstock; and exposing, without intcrmediate scparation, at loast a
portion of the effluent containing ketones 1w a dewaxing catalyst bound with a
hydrothermally stable binder under effective dewaxing conditions to form @
deoxygenated effluent, wherein the glycenides 1o the feedstock bave an average carbon
number for side chains in the glycerides, and wherein an average carbon number of the
ketones in the effluent is greater than 1.5 times {2.g., greater than 1.75 tumes oy greater
than 1.9 tiracs) the average carboen number for the side chains.

{6691 ] Embodimient 2. The method of Embodiment 1, further comprising
fractionating the deoxygenated cffluent to form at icast a dicscl boiling range fraction
and a lubricant boihing range fraction.

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

thereof,
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[6093] " Embodiment 4. The method of Embodiment 3, wherein the weight
percentage of ketones in the effluent containing ketones is at feast about 50% of the
combined weight percentage {e.z., 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 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 s greater than 1.5 times {(e.z., greater than 1.758
WK 8

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.

{0694} Embodiment 5. A method for processing a glyceride-containing

feedstock, comprising:  exposing 2 feedstock containing at least 10 wi% glycerides

{e.g., at teast 25 wi% glycerides or at icast 50 wi% glycerides) to a catalyst mixture
: 23 A

comprising a dewaxing catalyst bound with a hydrothermally stable binder and a

catalyst comprising at least about 5 wt%s of a rarc carth metal salt, atkall metal saly,

alkaline earth metal salt, or & combination thersof n the presence of hydrogen under

effective deoxygenation conditions, the effective deoxygeration conditions including 4
temperature of at least about 300°C, to form a deoxvgenated effluent, wherein the
glvcerides in the feedstock have an average carbon number for side chains in the

giyeerides, and at least 1 wi% (e.g., af loast 5 wi% or at least 25 wt%) of the

deoxygenated effluent comprises lubricant boiling range molecules derived from the

glycerides in the feedstock, the lubricant boiling range molecules having a member of

carbon atomos greater than 1.5 tmes (e.g., greater than 1.75 times or greater than 1LY

times) the average carbon number for the glyeeride side chains.

[6895] Embodiment 6. The method of Embodiment 5, whercin exposing the
feedstock to a catalyst mixture comprises exposing the feedstock to a plurality of mixed
catalyst beds, wherein a catalyst mixture in a first mixed catalyst bed has a lower
volume percentage of dewaxing catalyst than a second mixed catalyst bed that is
downstream relative 1o the flow of teedstock from the first mixed catalyst bed.

[6096] Embodiment 7. The method of Embodiment 3 or Emabodiment 6, wherein

the feedstock further 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.
{6697} Embodiment 8. The method of any of Ernbodiments 3, 4, or 7, wherein

ast

Ie)

the combined weight of glyeerides, free fatty acids, and fatty acid derivatives is at |
about 1¢ wi% of the feedstock {e.g., at least about 25 wi% of the feedstock or at least
30 wit% of the feedstock), and at least 1 w6 {e.g., at Icast § wit% or at least 25 wi%) of
the deoxygenated effigent comprises lubricant boiling range molecules derived from
the glyeerides, free fatty acids, and fatty acid derivatives in the {eedstock, the lubricant
boiling vange molecules having a number of carbon atoms greater than 1.5 times (eg,
greatet than 1.75 times or greater than 1.9 thaes) the weighted average carbou nuober
for the side chains of the glycerides and the fatty acid chains of the free fatty acids and
fatty acid derivatives.

(6698} Embodiment 9. The method of any of the previous Embodiments,
wherein the dewaxing catalyst comprises Z8M-4R, Z8M-23, or a combination thereof,
and whergin the hydrothermally stable binder compwises titanium oxide, zirconium
oxide, cenum oxide, or a combination thereof,

(6899 Embodiment 3. A method for processing a glyceride-confgining
feedstock, comprising:  exposing a glycende-containing fecdstock containing at least
25 wit% (e.g., at least 50 wi%%) of 2 combined weight of givcerides, free fatty acids, and
fatty acid derivatives to a catalyst mixtare in the presence of hydrogen under effective
deoxygenation conditions to form a deoxygenated efttuent, the effective deoxygenation
conditions including & tomeperature of at least about 300°C, the fatty acid derivatives
being fatty acid esters and/or faity acid amides, the catalyst mixture comprising {(a) 2

dewaxing catalyst comprising Z3M-4R8, Z8M-23, or a combination thereof, the

dewaxing catalyst being bound with a hydrothermally stable binder comprising

zirgoninm oxide, ttaniwm oxide, cerium oxide, of a combination thereof, and (b) a
catalyst comprising at Ieast about 5§ wi% of a rare carth metal salt, alkali metal sslt,
alkalive carth metal salt, or a combination thereof on a support comprising zirconium
oxide, titanium oxide, cerium oxide, or a combination thereof, wherein the glycerides,
free fatty acids, and fatty acid derivatives in the feedstock have a weighled average
carbon number for the fatty acid chains and the side cbains in the glycerides, and at

feast | wi% (e.g.. at least 5 wit%s 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
dertvatives, and side chaing of glycerides in the feedstock, the lubricant boiling range
moelecules having an average number of carbon atoms greater than 1.5 times (eg.,
greater than 1735 times or greater than 1.9 times) the weighted average carbon number
for the side chains of the glycerides and the fafty acid chains of the free fatty acids and
fatty acud derivatives.

[66186] Embodiment 11. The method of Embodiment ©, wherein the feedstock

contains at least 10 wit% of glyeerides.

68161 Embodiment 12, The method of any of the previous Embuodiments,
wherein the catalyst comprising a rare carth metal salt, an alkali metal salt, an alkaline
carth metal salt, or a combination thereof comprises a clay containing at least one of 8
rare earth metal salt, an alkali metal salt, and an alkaline earth metal salt,

{86162} Erobodiment 13, The method of any of the previous Embodiments,
wherein one or more of the following are satisfied: the rare carth metal salt, alkali
metal salt, and/or alkaline carth meral salt is Na, K, Rb, Cs, Mg, Ca, Sr, Bg, La, Ce, Y,
or a combination thereof, g, 18 Na, K, Cs, Mg, {a, La, or a combination thereof] the
catalyst further comprises # hydrothermally stable support comprising tianiom oxide,
zirconium oxide, cerium oxide, or a combiuvation thereof, eg., comprising titanium
oxide and/or zirconium oxide; and the hydrothermalily stable binder comprises titaniuem
oxide.

(66183 Embodiment {4, The method of any of the proviows Embodiments,

wherein the ghyeerides in the feedstock comprise triglycerides.
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WHAT IS CLAIMED IS:

1. A method for processing a glyceride-containing feedstock, comprising:
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 5 wt % of a rare earth metal salt, alkali metal
salt, alkaline earth metal salt, or a combination thereof in the presence of hydrogen
under effective deoxygenation conditions, the effective deoxygenation conditions
including a temperature of at least about 300°C, to form a deoxygenated effluent,
wherein the glycerides in the feedstock have an average carbon number for
side chains in the glycerides, and at least 1 wt % of the deoxygenated effluent
comprises lubricant boiling range molecules derived from the glycerides in the
feedstock, the lubricant boiling range molecules having a number of carbon atoms
greater than 1.5 times the average carbon number for the glyceride side chains,
wherein exposing the feedstock to a catalyst mixture comprises exposing the
feedstock to a plurality of mixed catalyst beds, and wherein a catalyst mixture in 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.

2. The method of claim 1, wherein the feedstock comprises at least 25 wt % of
glycerides and at least 5 wt % of the deoxygenated effluent comprises lubricant
boiling range molecules derived from the glycerides in the feedstock, the lubricant
boiling range molecules having a number of carbon atoms greater than 1.5 times the

average carbon number for the side chains.

3. The method of claim 1, wherein the feedstock comprises at least 50 wt % of
glycerides and at least 25 wt % of the deoxygenated effluent comprises lubricant
boiling range molecules derived from the glycerides in the feedstock, the lubricant
boiling range molecules having a number of carbon atoms greater than 1.5 times the

average carbon number for the side chains.
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4. The method of claim 1, wherein the catalyst mixture comprises a) a dewaxing
catalyst comprising ZSM-48, ZSM-23, or a combination thereof, the dewaxing
catalyst being bound with a hydrothermally stable binder comprising zirconium oxide,
titanium oxide, cerium oxide, or a combination thereof, and b) a catalyst comprising
at least about 5 wt % of a rare earth metal salt, alkali metal salt, alkaline earth metal
salt, or a combination thereof on a hydrothermally stable support comprising

zirconium oxide, titanium oxide, cerium oxide, or a combination thereof.

5. The method of claim 4, wherein the rare earth metal salt, alkali metal salt,
and/or alkaline earth metal salt is Na, K, Cs, Mg, Ca, La, or a combination thereof, the
hydrothermally stable support comprises titanium oxide, zirconium oxide, cerium
oxide, or a combination thereof, and the hydrothermally stable binder comprises

titanium oxide.

6. The method of claim 1, wherein the glycerides in the feedstock comprise
triglycerides.
7. The method of claim 1, wherein the feedstock further comprises at least one of

free fatty acids and fatty acid derivatives, the fatty acid derivatives being fatty acid

esters, fatty acid amides, or a combination thereof.

8. The method of claim 7, wherein the combined weight of glycerides, free fatty
acids, and fatty acid derivatives is at least about 25 wt % of the feedstock, and at least
5 wt % of the deoxygenated effluent comprises lubricant boiling 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 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.

9. A method for processing a glyceride-containing feedstock, comprising:
exposing a glyceride-containing feedstock containing at least 25 wt % of a
combined weight of glycerides, free fatty acids, and fatty acid derivatives to a catalyst

mixture in the presence of hydrogen under effective deoxygenation conditions to form
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a deoxygenated effluent, 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, ZSM-23, or a
combination thereof, the dewaxing catalyst being bound with a
hydrothermally stable binder comprising zirconium oxide, titanium
oxide, cerium oxide, or a combination thereof, and
b) a catalyst comprising at least about 5 wt % 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 a combination thereof,
wherein 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 chains in the glycerides, and at least 1 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 boiling
range molecules having 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 fatty acid derivatives, wherein exposing the
glyceride-containing feedstock to a catalyst mixture comprises exposing the feedstock
to a plurality of mixed catalyst beds, and wherein a catalyst mixture in 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.

10. The method of claim 9, wherein the feedstock contains at least 10 wt % of

glycerides.



