PRODBUCTION OF OLEFINIC DIESEL AND CORRESPONDING OLIGOMERS

FIELD
16001} This invention relates to methods for procoasing to make diesel fuels,

lubricant basc stocks, and/or diesel or hubricant additives from rencwable foed sources.

BACKGROUND

[6662] Regulations related to renewable fucls provide an exarople of how product
requirements can change over time. The ﬁnited States, Canada, and the European Union
bave recently tncreased and/or are likely to increase the required amount of product from
renewable sources that is contained in frausportation fucls. Bascd on such regulatory
requirerents, fuels from vegetable, animal, or algae sources such as “biodicsel” will
ecome increasiugly important as a refinery product. As a result, methods are needed
that will allow existing refinery equipment to produce suitable transportation fuels that

incorporate increasing amounts of renewable components,

{3003} Unfortunately, the differences in chemical cornposition between renewable
carbon sources aud mineral sources pose some difficulties for refinery processing. For

cxample, typical biologically-derived sources for fuels have oxygen contents of 1 wi% or
more, possibly as wmuch as 1§ wi% or more. Conventional hydroprocessing methods can
remove oxygen from a feedstock, but the by-products from deoxygenation can lead to
catalyst poisoning and/or contamninant build-up in a reaction system.

6604} One potential feedstock source for making renewable diese! products is to
use a feedstock that contains triglyeerides. Triglycenides are present in many typical
sources used as feedstock for making renewable products. Typical triglycerides usefuf
for making rencwable products include a three carbon glycerot backbone that has ester
hokages to three louger side chains. Separating the side chains from the ghycerol
backbone typically results in formation of a fatty acid corresponding to cach of the side
chains, After separation from the glycerof backbone, the fatty acids can have a chain
length that is suitable for use, possibly after further processing, in diesel products such as
diesel fuels or diesel fuel additives.

(G005 U. 8. Patent Application Publication 2810/016345¥ describes a method for

converting ctflucnts of renewable origin into fuel, The racthod includes the use of g



supported catalyst containing Mo, and a dopant, such as phosphorus, carbon, or silicon,
The method is described as favoring removal of oxyoen by hvdrodeoxygenation as
opposed decarbonylation or decarboxylation.

[8006] U. 5. Patent Application Publication 201 /(166396 describes a
hydrodeoxygenation catalyst and a method for using such a catalyst. The catalystisa
supported catalyst containing Mo, with a support that inchudes a bimodal pore
distribution. Additionally, at least 2 volume percent of the pores in the support are
greater than 50 nm i diameter. The Mo catalyst with the specified pore distribution s
used to perform hydrodeoxygenation on feeds containing up to 35 vol.% of rencwable
organic ralterial,

18087] 11.8. Patent 7,795,484 describes a process for the manufacture of base oil.
The process inchudes converting fatty acids into alpba olefins via fiest an ester and then
an aicohol interruediate. The alpha olefins are then used to form oligomers in the form
of branched hydrocarbons that are suitable for use a5 a basc oil. The resuiting olipomers
are then saturated to eliminate rematuing olefins.

G008} .S, Patent 7,888,542 describes a process for producing a saturated
hydrocarbon component. Potential feeds for the process inchide feeds containing at least
50% by weight of compounds that arc unsaturated or polyunsaturated. Triglycerides are
soted as a potential type of compound that can be unsaturated. The initial process step is
described as an olipomerization stop, where carbon-carbon double bonds from two
unsaturated compounds are reacted to form a single molecule. When a tniglyceride is
used as the source of unsaturated molecules, the trigiveeride is first converted to another
forrn before oligomerization. This can correspond to performing transesterification of
the triglyceride in methanol to form FAME compounds, or it can correspond to exposing
the triglyceride feed to a clay containing an alkali or alkaline carth metal, such as
montmoritloniie, that converts triglycerides and forms oligoraers in a single catalyst bed.
The oligomerized feed is then exposed to an {optionaly pre-hvdrogenation step where the
oligomerized feed is treated with hydrogen in the presence of a supported Group VHI or
Group VI/Group Vil catalyst. The pre-hydrogenation conditions are described as being
effective for saturating double bonds and reducing formation of coke o subscquent steps,
The hydrogenated, oligomerized feed is then deoxygenated in the presence another

supported Group VI or Group VVGroup VU catalyst. Pd supported on alumina s



soted as a preferred catalyst for a deoxygevation process that does not use hydrogen,
whilc a sulfurized NiMo catalyst is noted as preferred for a deoxygenation process in the
presence of hydrogen. In an embodiment where the foed contains carboxylic acids or
carboxylic acid esters, it is noted that the deoxygenation step can be performed prior to
the oligomerization. After deoxygenation, the resulting product can optionally be

isomerized.

SUMMARY OF PREFERRED EMBODIMENTS OF THE INVENTION

6009} In one aspect, a method for processing a biocomponcent feedstock s
provided. The method includes exposing 8 fecdstock comprising at least about 25 wit%
triglycerides to a first catalyst in the presence of hydrogen undor effective deoxygenation
conditions for forming an at least partially deoxygenated effluent, the at least partially
deoxygenated effluent having an oxygen content that is at least 40% less thao an oxygen
content of the foedstock, the catalyst comprising a supported Group VI metal catalyst or
a supported Group VI non-noble metal catalyst; separating the at least partially
deoxygenated offluent to form a gas phase offluent and a liquid phase effluent, the liquid
phase efflucot coraprising at least about 15 wi% olefing; and fractionating at least a
portion of the liquid phasce effluent to form a diesel product fraction, the diesel product
fraction baving an olefin to paraffin ratio of at ieast about 8.04.

{3016} Optionally, the method can further include exposing the liquid phase
efflucnt to an acidic catalyst under cffcctive conditions for oligomerization of at least a
portion of the olefins to form a product efffuent, wherein fractionating at least a portion
of the liquid phase effluent to form a diesel product fraction comprises fractionating the
product effluent to form at least a diesel product fraction and a lubricant base oif product
fraction.

(0011 In another aspect, a method for processing a biocompouent feedstock is
provided. The method includes exposing a feedstock comprising at least about 25 wi%
triglyeerides o a first catalyst in the presence of hydrogen noder effective deoxygenation
conditions for forming an at least partislly deoxygenated efftuznt, the at least partially
deoxygenated offluent having an oxygen content that is at least 40% less thau an oxygen
content of the feedstock, the catalyst comprising a supported Group VI metal catalyst or

a supported Group VI non-noble metal catalyst; separating the at least partially



deoxygeunated efffuent to form a gas phase effluent and a liquid phase effluent, the liguid
phasc cffluent comprising at least about 15 wt% olefins: exposing the liquid phase
effluent to an acidic catalyst under effective conditions for oligomerization of at feast a
portion of the olefins to form a product effluent; and fractionating at teast a portion of the
liquid phase cffluent to form a dicsel product fraction and a lubricant base oil product
fraction, the diesel product fraction having an olefin to paraffin ratio of at least about
(.04,

0012} frostill another aspect, a distitlate product s provided, such as g diesel fuel
product made in accordance with the above aspect. The distitlate product can have a
cetane rating of at Jeast 40 and comprise at least about 50 wt%% of molecules containing
frorn 12 carbons to 18 carbons, an olefin to paraffin ratio of at least about .06, an
oxygen content of about 1.0 wit% or less, a subfur content of SO wppm or less, and a T9S

boiling point of 370°C or less.

BRIEF DESCRIPTION OF THE DRAWINGS

(6013} Figure 1 schematically shows a reaction system suitable for performing a
process according to av embodiment of the invention.

19014] Figure 2 schematically shows a reaction system suitable for performing a
process according to an erabodiment of the invention,

{3015} Figure 3 schematically shows a reaction system suitable for performing a
process according to an embodiment of the invention.

{6616} Figare 4 depicts several potential stuuctures for oligomers formed according
to an cmbodiment of the invention.

69171 Figures 5 to 12 show analysis plots of the products formed from
deoxygenation of a feedstock according to an crabodiment of the invention associated
testing is further described in the Examples herein,

[3018] Figure 13 shows & plot of relative propylene production from additional

examples of deoxygenation of a feedstock according to an embodiment of the invention.

DETAILED DESCRIPTION QF THE PREFERRED EMBODIMENTS

(6019} In various aspects, systems and methods are provided for processing a feed

dertved from binlogical sources to produce propylene as part of an integrated process for



producing an olefintc diesel fuel product or additive. Optionally, a lubricant base oil
product can alse be gencrated. An example of a feed derived from a biological source is
a triglyceride-containing feed. It has been discovered that by processing under cffective
conditions using a suitable catalyst, a feedstock containing triglycerides can be at least
partially deoxygenated while preserving a substantial portion of the olcfing present in the
original feed. It has also been unexpectedly discovered that propylene is generated as an
additional product during such processes for deoxygenation. This propylene 1s generated
in place of propanc, which is an expected product from separation of the side chains of 2
triglyceride from the backbone when using a deoxygenation catalyst.

(6020} The above discoveries allow for addinional processing options o a refinery.
Some processing options relate to the discovery of propylene being generated as a
product during processing of 8 triglyeeride-containing feed. After at least partial
deoxygenation of a triglyceride-containing feed, gas phase products can be removed
trorn the reaction system to allow for separation and recovery of propyvlene.

{021} Other processing options refate to the discovery that olefins within a
triglyeertde-containing feed can be preserved during processing. One potential use for
the resulting olefinic diesel product is for blending with other diesel fuels to provide
diesel fuel with improved cold flow propertics. Another option is to further process the
olefinic dicsel using processes that take advantage of the olefins that have been
preserved. For example, the olefins preserved during at least partial deoxygenation of
the triglyceride-containing feed can cnable subsequent production of a lubricant base oil
product or additive by oligomerizing a portion of the olefinic diese! product. In still
other processing options, integrated processes can be used that take advantage of both
the propyiene product and the olefinic diesel product generated from the triglyceride-
containing feed.

(6022} One option for deoxygenating a feed derived fror a biological source under
effective conditions while preserving olefins and/or generating propylene is to use a
supported catalyst that includes a single Group V1 or Group VI wetal sulfide.
Examples of suitable metals include Mo, W, or Co. Optionaliy, the Group V1 or Group
VIl metal catalyst can further include a physical promoter metal, such as Zn or Mg.
Supported Group Vior Group Vi metal catalysts are selective for performing

deoxygenation while reducing or minimizing the amount of olefin saturation. This can



allow for deoxygenation of a triglyceride-containing feed to reroove oxygen while
maintaining olcfing that occur naturally within the biocomponcent foed. This also reduces
or mitigates saturation of any propylene generated during the deoxygenation. The
methods described for deoxygenating a triglyceride-containing feed while preserving
olefins also provide other processing advantages. For example, by reducing or
mitigating the saturation of olefins, the hydrogen consumption for a deoxygenation

process is reduced.

Feedstocks
[B523] ln the discussion below, a feed dertved from a biological source (e, a

-

biocompouent feed or feedstock) refers to a foedstock derived from a bislogical raw

material component, such as vegetable fats/oils or animal fats/oils, fish oils, pyrolysis
oils, and algae lipids/oils, as well as components of such materials, and in some
cmbodiments can specifically include one or more types of lipid compounds. Lipid
compounds are typically biological compounds that are insoluble in water, but soluble in
nonpolar (or fat) solvenis. MNon-limiting examples of such solvents include alcohols,
ethers, chloroform, alkyl acetates, benzene, and combinations thereof,
{8024} Major classcs of lipids include, but are not necessarily limited to, fatty acids,
glycerol-derived lipids (including fats, oils and phospholipids), sphingosine-derived
tipids (inchuding ceramides, cercbrosides, ganghiosides, and sphingomyeling), steroids
and their derivatives, terpencs and their derivatives, fat-soluble vitamins, certain
aromatic compounds, and long-chain alcohols and waxes,
[B025] in living organisrmus, lipids gencrally serve as the basis for cell membranes and
as a form of fuel storage. Lipids can also be found conjugated with proteins or
carbohydrates, such as in the form of lipoproteins and lipopolysaccharides.
5:0{3265 Examples of vegetable oils that can be used 1 accordance with this invention
clude, but are not fimited to rapeseed {(canola) oil, soybean oil, coconut vil, sunflower
otl, palm oil, pal kernel oil, peanut oil, Linseed oil, tall oil, comn oil, castor oil, jatropha
otl, jojoba oil, olive oil, flaxseced oil, camelina otl, safflower oil, babassu otl, tallow oil
and tice bran oil.
(6027} Vegetable oila as referred to herein can also include processed vegetable oif

material. Nop-limiting examples of processed vegetable ol material include fatty acids
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and fatty acid alkyl esters. Aloyl esters typieally include C)-Cs alkyl esters. One or
more of methyl, cthyl, and propy! esters are preferred.

[(O28] Examples of aniroal fats that can be used in accordance with the invention
include, but are not {imited to, beef fat {tallow), hog fat (lard), turkey fat, fish fat/oil, and
chicken fat. The animal fats can be obtained from any suitable source including
restaurants and meat production factlities.

[(3029] Animal fats as referred to herein also include processed animal fat material.
Mou-limiting exarples of processed animal fat material include fatty acids and fatty acid
alkyl esters. Alkyl esters typically include C-Cs alkyl esters. One or more of methyl,
ethyl, and propyl esters are preferred.

{8030} Algae oils or lipids can typically be contained in algac in the form of
metabrane components, storage products, and/or metabolites. Certain algal strains,
particularly microalgae such as diatoms and cyanobacteria, can contain proportionally
high levels of lipids. Algal sources for the algac oils can contain varying amounts, e.gz.,
from 2 wi¥ 1o 40 wiSs of lipids, based on total weight of the biomass itself

(6031} Algal sources for algac oils can include, but are not limited to, unicellular
and multicellular algae. Examples of such algae can inclade a rhodophyte, chlorophyte,
heterokontophyte, tribophyte, glaucophyte, chlorarachniophyte, cuglenoid, haptophyte,
cryptomonad, dinoflagellum, phytoplankton, and the like, and corbinations thereof. In
one embodiment, algae can be of the classes Chiprophyceae and/or Haptophyta. Specific
species can include, but are not Hmited to, Neochioris olecabundans, Scenedesmus
dimoyphits, Euglena gracilis, Phaeodactvium tricormutum, Pleurochrysis carterae,
Prymnesivin parvum, Tetraselmis chui, and Chiamydomonas reinhardtii. Additional or
alternate algal sources can include one or more microalgae of the Achnanthes,
Amphiprora, Amphora, Anfistrodesmus, dsteromonas, Boekelovia, Borodinella,
Botryococeus, Bracteococcus, Chaetoceros, Carteria, Chlumydomanas, Chiorococcum,
Chiorogonium, Chiorella, Chroomonas, Chrysosphaera, Cricosphaera,
Crypthecodinium, Cryvpromonas, Cvelotella, Dunaliella, Ellipsoidon, Emilionia,
Ervemosphaera, Ernodesmius, Euglena, Franceia, Fragiloria, Gloeothammnion,
Haematococcus, Halocafeteria, Hymenomonas, Isochrysis, Lepocinciis, Micractiniune,
Mornoraphidium, Nennochloris, Nannochloropsts, Navicula, Neockloris, Nephrochloris,

Nephiroselmis, Nitzschia, Ochromonas, Oedogonium, Gocvstis, Ostreococcus, Paviova,
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Parachlorella, Paxcheria, Phaeodacivium, Phagus, Platymonas, Pleurachrysis,
Fleurococcus, Prototheca, Pseudochlorelia, Pyramimonas, Pyrobotrys, Scenedesmus,
Skeletonema, Spyrogvra, Stichococeus, Tetraselmis, Thalassiosira, Viridiella, snd
Vofvax species, and/or one or more cyanobacteria of the dgmencllim, Anabaena,
Anabaenopsis, Anacystis, Aphanizomenon, Arthrospira, Asterocapsa, Borzig, Calothrix,
Chamuaesiphon, Chlorogloeopsis, Chroococcidiopsis, Chroococcus, Crinaliu,
Cyanobacterivmn, Cyanobivm, Cvanocystis, Cyanospira, Cvanothece,
Cylindrospermopsis, Cyvlindraspermum, Dactviococcopsis, Dermocarpella, Fischerella,
Fremyella, Geitleria, Geitlerinema, Gloeobacter, Gloeocapsa, Gloeothece,
Halospiruling, lvengariella, Leptolynghva, Limnothrix, Lyagbya, Microcoleus,
Microcystis, Mvxosarcing, Nodularia, Nostoc, Nostochopsis, Oscillatoria, Phormidiis,
Plankiothrix, Pleurocapsa, Prochiorococcus, Prochioron, Prochlorothrix,
FPaeudanabaena, Rivularia, Schizothrix, Scvionema, Spirvling, Stanieria, Starviz,
Stigonema, Symploca, Sviechococcus, Sviechocystis, Tolfvporhrix, Trichodesmium,
Tvchonema, and Xenocaccus species.

(G032} Other biocomponent feeds usable in the present invention can include any
of those which comprise primarily triglycerides and free fatty acids (FFAs). The
trighycerides and FFAs typically contain aliphatic hydrocarbon chains in their structure
baving from 8 to 36 carbous, preferably frow 10 to 26 carbons, tor example from 14 to
22 carbons. Types of trighycenides can be determined according to their fatty acid
constitucnts. The fatty acid constituents can be readily determined using Gas
Chromatography (GC) analysis. This analysis involves extracting the fat or oil,
saponifying (hydrolyzing) the tat or otl, preparing an alkyl {e. g, methyl) ester of the
saponified fat or oil, and determining the type of (methyly ester using GC analysis, In
one embodiment, a majority {i.e., greater than 50%) of the triglyceride present in the
Hptd material can be comprised of Cig to Cgs tatty acid constituents, based on total
triglyceride present in the lipid material, Further, a triglyceride is a molecule having a
structure corresponding to a reaction product of giyeero! and three fatty acids. Although
a triglyceride is described herein as having side chains corresponding to fatty acids, i
should be understood that the fatty acid component docs ot necessarily contain a
carboxylic acid hydrogen. [ftriglycerides are present, a majority of triglycerides present

i the biccomponent foed can preferably be comprised of Ty to Cyg Fatty acid
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constituents, based on total triglyceride content. Other types of feed that are derved
from biological raw material components can include fatty acid esters, such as fatty acid
alkyl esters {e.g., FAME and/or FAEE).

(80331 In various embodiments, the production of propylene is based on processing
of triglycerides within the biocornponent foed. Thus, the presence of at feast some
trigiycerides within the biocomponent portion of a feed is desirable. The feed can include
at least about 10 wit% of foed based on a bincomponent source or sources, or at least
about 25 wit%, or at least about 30 wi¥%, or at least about 75 wi%, or at least about 90
wis, or at least about 95 wi¥. Additionally or alternately, the feed can be entirely a
feed from a biocoraponeut source, or the feed can include about 99 wid% or less of a feed
bascd on a biocomponent source, or about 90 wi% or less, or about 75 wi% or less, or
about 30 w6 or less.

180341 Higher amounts of feed from a biocomponent source provide an advantage
based on the greater amount of renewable material, as well as potentially including a
greater amount of trighveerides. Feeds with lower amounts of biocomponent materials
may have other processing advantages. Such advantages can include improved flow
characteristics within a reaction system, as biocomponent feeds often have a relatively
high viscosity compared to conventional diesel or lubricant feeds in a refinery.
Additionally, deoxygenation of a biscomponent feed generates a substantial amount of
heat due to formation of highly favorable products from a free energy standpoint, such as
Ho O and CO». For g typical catalyst bed with a bed length of 25 — 30 feet {gbout 9 - 10
meters), it is preferable to have a temperature increase across the bed of 180°F (55°Ch or
less. If deoxygenation of a biocomponent feed with a high oxygen content is performed
using a sufficiently reactive catalyst, an exotherm of greater than 100°F across the
catalyst bed can be generated. Blending a biocompenent feed with 2 portion that does
not contain oxygen can reduce the exotherm generated across a catalyst bed used for
performing deoxygenation.

{3935] The advantages of increased miveral foed coutent are largely due to dilution
of the biocomponent feed, as the processing conditions effective for deoxygenation of a
biocormponent feed will have a low or minimal tmpact on a typical hydroprocessed
mineral feed. Therefore, while the deoxygenation conditions are effective for

coxygenation of biocomponent fecds at a variety of blend ratios with mineral feeds, it is



preferable to have at {east about 75 wi% of the feed from a biocomponent source, such as
at fcast about 90 wit% or at least about 95 wit%.
{3036} One option for increasing the biocomponent conttent of a feed while
retaining some of the benefits of adding a feed with reduced oxygen content is to use
reeycled product from processing of biocomponcent focd as a diluent. A recyeled product
from processing a biocomponent feed is still derived frony a biocomponent source, and
therefore such a recycled product is counted as a feed portion from a biocomponent
source. Thus, a fecd containing 60% biocomponent foed that has not been processed and
40% of a recycled product from processing of the biocomponent feed would be
considered as a feed that includes 100% of feed from a biocomponent source. As an
example, at least a portion of the product from processing of a biocomponent foed can be
a diesel boiling range product. Such a recycled diesel boiling range product will be
eoxygenated, and therefore incorporation of the recycled diesel boiling range product in
the feed will reduce the exotherm generated during deoxygenation. Adding a recycled
diesel boiling range product is also likely to improve the cold flow properties of a
biocomponent feed. More generally, any convenient product trom processing of a
biocornponent feed can be recyeled for blending with the biocomponent feed in order to
improve the cold flow properties and/or reduce the oxygen content of the input flow to a
deoxygenation process. I a recyeled product flow is added to the input to a
deoxygenation process, the amount of recycled product can correspond to at feast about
10 wi% of the feed to the deoxygenation process, such as at least about 25 wit%, or at
least about 40 wt%. Additionally or alternately, the amount of recycled product in a feed
can be shout 70 wit% or less, such as about 50 wi% or less, 40 wi% or less, or about 25
wito or less.
6037} While feed dilution can be used to control the exothernm generated across a
catalyst bed used for deoxygenation, it is noted that somwe processing options can also
impact the exotherm. One alternative is to use a less reactive catalyst, so that a larger
amount of catalyvst is needed at a given lquid hourly space velocity (LHSV) inorder to
deoxygenate a feed to a desired level. Another option is to reduce the amount of
hydrogen provided for the deoxygenation process. Suill avother option could be to
introduce additional features into a reactor to assist in cooling and/or ransporting heat

away from a deoxygenation catalyst bed. In combination with selecting an appropriate
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amount of product recycle and/or blending of another non-oxygenated feed, a desired
combination of a flow characteristics and heat gencration during deoxygenation can be
achieved.

0038} With regard to triglyceride content, the feedstock can include at least abowt
1 wit% of tniglycerides, such as at least about 16 wit%, or at least about 25 wts, or at least
about 50 wit%, or at [east about 75 wt%, or at least about 90 wit%%. Additionally or
alternately, the feed can be composed entirely of trighycerides, or the triglyceride content
of the fecd can be about 935 wids or less, such as about 90 wit% or less, or about 75 wi's
or less, or about 5O wtSo or less, or about 25 wt% or less. If propylence production is also
desirable, feeds with higher triglyceride contents are preferred, such as feeds including at
feast about 25 wi% of trighycerides, or at icast about 50 wi%, or at least about 75 wit¥, or
at least about 90 wtd

[8039] The biocomponent portion of a feedstock can also be characterized relative
to the olefin content of the feed. The olefin content of a biocomponent feed can vary
widely depending on the source of the feed. For example, a feed based on sovbean oil
may contain up to 100% of molecules that contain at least one degree of unsaturation.
Palm oils typically include 25 — 50 wit% of olefinic molecules, while coconut oil may
include 15% or less of olefinic molecules. Depending on the embodiment, a
brocomponent portion of a feed can include at least about 20 wt% olefins, such as at least
about 40 wit%, nlefing, or at least about 30 wit¥ olefins, or at least about 75 wit% olefins.
As defined herein, an olefin refers to any compoun& that includes an olefin bond. Thus,
there are two ways that the wi% ot olefins in a feed can be modified. [fall olefinsina
molecule are saturated, the molecule 1§ no longer an olefin, Alternatively, if a molecule

is broken down into smaller components, such as by deoxygenation or cracking, the wt%
of olefins may be reduced if one or more of the smaller components doces not contain an
olefin. As au example, a triglyeeride with an olefin bond in only one of the three side
chains would be considered an olefin as defined herein, Therefore, the entire weight of
the triglveeride would count toward the olefin weight percentage in the feed. Aftera
deoxygenation thut preserved olefin bonds, only the fatty acid resulting from the side
chain including the olefin bond would count toward the olefin weight percentage. The

other two fatty acids formed from the side chains would be separate molecules and
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therefore would not be considered olefins, Thus, even though no olefins were saturated,
the weight percentage of olefing in the foed would still be lower.

[3044] in an embodiment, the biocomponent portion of the feedstock (such as the
trighycerides) can be a non-hydrotreated portion. A non-hydrotreated feed can typically
have an olefin content and an oxygen content similar to the content of the corresponding
raw biocompounent material. Examples of suitable biocomponent feeds can inchide food

grade vegetable oils, and biocomponent feeds that are refined, bleached, and/or

deodorized.
[0041] Biocomponent based diesel boiling range feedstreams can have a wide range

of nitrogen and/or sulfur contents. For exarople, a biocomponeunt based feedstream based
on a vegetable oil source can contain up to about 300 wppm nitrogen. In contrast, a
biomass based feedstream countaining whole or ruptured algae can sometiraes include a
higher nitrogen content. Depending on the type of algae, the nitrogen content of an algae
based feedstrearn can be at least about 2 wt%, for example at least about 3 wi%, at least
about 5 wt%, or at least about 10 wt%, and algae with still higher nitrogen contents are
known. The sulfur content of a biocomponent feed can also vary. I some
erabodirments, the sulfur content can be about 500 wppru or less, for example about 100
wppm or less, about 50 wppm or less, or about 18 wppm or less.

[3842] Astde from nitrogen and sulfur, oxygen can be avother heteroatom
component in biocomponent based feeds. A biocomponent diesel boiling range
fecdstream based on a vegetable oil, prior to hydrotreatient, can include up to about 10
wi% oxygen, for example up to about 12 wt% or up to about 14 wi¥%. Additionally or
alternately, such & bocomponent diesel boiling range feedstream can include at leoast
about T wit% oxygen, for example at least about 2 wit%, at least about 3 wt%, at least
about 4 wt%s, at least about 5 wit%, at least about & wi%, or at least about 8 wit%, Further
additionally ov alternately, a biocomponent feedstream, prior to hydrotreatraent, can
include an olefin content of at least about 3 wt%, for cxample at least about 5 wt% or at
feast about 10 wi%e.

{B3043] A nuneral feedstock refers to a conventional (e.g., non-bincomponent)
feedstock, typically denived from crude oil and that has optionally been subjected o one
or more separation and/or other refining processes. In one preferred embodiment, the

mineral feedstock can be a petroleum feedstock boiling in the diesel range or above,
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Examples of suitable feedstocks can include, but are not limited to, vitgin distiliates,
hydrotreated virgin distillates, kerosene, dicsel boiling range feeds (such as hydrotreated
diesel botling range feeds}, light cyele oils, atmospheric gasoils, and the like, and
combinations thereof,

[3844] Mineral foedstocks for bicnding with a biocomponent foedstock can be
relatively free of nitrogen {such as a previcusly hydrotreated feedstock) or can have a
ntfrogen content from about 1 wppm to about 2000 wppm nitrogen, for example from
about 3¢ wppm to about 1500 wppm or from about 75 to about 1000 wppm. 1o sore
cmbodiments, the mineral foedstock can have a sulfur content from about 1 wppm to
about 10,000 wppm sutfur, for example from about 10 wppm to about 3,090 wppn or
from about 100 wppm to about 2,508 wppm.

6045} Preferably, a mineral feedstock for blending with a biocomponent feedstock
can be a mineral feedstock with a relatively low sulfur content, such as a hydrotreated
mineral feedstock. The single metal catalysts described below have relatively low
activity for performing desulfurization and for hydrogenating or saturating olefing, This
allows olefing to be (at least partially) preserved in the propylene product and diesel
boiling range molecules geverated after exposure to the single metal catalysts. In order
to preserve these olefing, it may be desirable to avoid subsequent hydrotreatment of a
brocompounent feedstock using a conventional bydrotreating catalyst with conventional
hydotreating conditions. Using a mineral feedstock for blending that contains a
sufficiently low sulfor content can allow a resulting product to meet a desired sulfur
specification without requiring a subsequent hydrotreatment under conditions that
saturate olefins. As an alternative, if additional saturation of olefins in diescl boiling
range raolecules is desired, the olefins in propylene can be preserved by separating out
propylene prior to any subsequent hydrotreatment.  Such preferred feodstocks can be
relatively free of sulfur, or can have a sulfur content from about T wppm to about 506
wppn, such as from about 10 wppr to about 200 wppm of sulfur or from about 20
wppm to about 100 wppm of sulfur. Additionally or alternately, the combined
{(biccomponent plus mineral) feedstock can have s sulfur content of at least about §
wppro, for cxample at least about 10 wppm, at least about 25 wppm, or at least about 100
wppm. Further additionally or alternately, the combined feedstock can have a sulfur

content of about 300 wppm or less, sbout 160 wppm or less, or about 50 wppm or less.
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Still further addittonally or alternately, the nitrogen content of the combined feedstock
can be about 1800 wppm or less, for cxample about 300 wppm or less, about 100 wppm
or lcss, about 50 wppm or less, about 38 wppm or less, about 20 wppm or less, or about
10 wppm or less.

KHEEDY The content of sulfur, nitrogen, oxygen, and olefins in a fecdstock created by
blending two or more feedstocks can typically be determined using a weighted average
based on the blended feeds. For example, & mineral feed and a biocomponent feed can
be blended i a ratio of 80 wi% mineral feed and 20 wi% biocomponent feed. I the
mineral feed has a sulfur content of about 1600 wppm, and the biocomponent feed has a
sulfur content of about 18 wppm, the resulting blended feed could be expected to have a
sulfur content of about 892 wppm.

(847} The boiling range for biocomponent feedstreams suitable for use according
to the invention can vary depending on the nature of the blocomponent source.
Brocomponent foedstreams with final boiling points up to about 1000°F (538°C) may be
suitable for use, as the triglycerides within a biocomponent feedstream will have a higher
boiling point than the boiling point of the individual chains attached to the glyeerol
backbone. Mineral fecdsireams suitable for use as a blending componeunt tend to boil
within the range of about 215°F {about 102°C) to about 800°F {about 427°C).
Preferably, a mineral foedstream bas an intial boiling point of af least about 215°F
{about 102°C), for example at loast about 250°F {about 121°C), at least about 275°F
{about 135°C), at lcast about 300°F (about 149°C), at least about 325°F (about 163°C}, at
feast about 350°F {abowt [77°C), at least about 400°F (about 204°C), or at least about

45 1°F {about 233°C). Preferably, a mincral feedstream has a final boiling point of about
BOOF (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 perceutage of the feed. For example, the tempersture required to boil at teast 3
wi% of a feed is referred to as a “T57 botling point. A suitable mineral {petrolcum)
feedstock can have a TS boiling point of at least about 2307F {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 (petroleum) foedstock can have 2 T9S boiling
peint of about 775°F {about 418°C) or less, for example about 750°F {about 399°C)or

less or about 725°F (about 3853°C) or fess. In another embodiment, the diesel botling



1

o

i
1

range fecdstrean can also include kerosene range cmnp()und& to provide a feedstream

with a boiling range from about 250°F {about 121°C} to about 800°F {about 427°C}.

Reactions for Oxveen Removal

[3048] Oxygen removal during hydroprocessing of a foedstock typically occurs vig
one of three reaction pathways, Oune potential reaction pathway is hydrodeoxygenation.
In a hydrodeoxygenation reaction, oxygen is removed from feed molecule as water, The
carbon chain for the foed molecule remaius intact affer a typical hydrodeoxygenation
reaction. Water is a contaminant that can potentially contribute to deactivation of some
conventional hydrotreating catalysts, such as MNiMo or CoMo type catalysts. However,
by itself water docs not lead to corrosion within a reaction system. Additionally,
revooving oxygen as water woaintains the chain fength of a feed molecule, Maintaining
the chain length of molecules tntended for use as a fuel or fuel blending product is
usually beneficial, as it means that & greater percentage of the carbon from the feed is
incorporated into the final fuel product.

8049} Hydrodecarboxylation removes oxygen by formung CO, from binfeeds.
This CO;, forms carbonic acid when corbined with water. Carbouic acid corrosion may
require metallurgical upgrades to carbon steel in downstream equipent, particularly fin
fans, heat exchangers, and other locations that liguid water will be present prior to a an
amine scrubbing system or other system for removing CO,.

[0S Hydrodecarbounylation removes oxygen by forming CO from biofeeds. CO
is a known inhibitor for hydrodesulfurization. For example, [000ppm CC can deactivate
a conventional CoMo catalyst by 10%. CO is also not rernoved in appreciable guantitics
by conventional amine serubbing systema. As such, CO can build up through gas
recycle and can be cascaded to dowastream hydrotreatment, dewaxing, and/or
hydrofinishing stages. As a result, removing oxygen from a biocomponent feed as CO
may require the use of pressure swing adsorbers (including rapid cycle pressure swing

adsorbers) or other gas cleaning equipruent {n order to remove CO from a reaction

system.
(60351} Depending on the conditions prescut in a reactor, the relative amounts of

CO and CO; in a reactor can be modified by the water gas shift reaction. The water gas

shift reaction is an equilibrium reaction that can convert {0 and H; into CO and H; 0.



Bue to the water gas shift reaction, the amount of decarbonylation and decarboxylation
may not be clear, duc to conversion from onc form of carbon oxide to another,
Hydrodeoxygenation can be distinguished at least in part from decarbonylation and
decarboxylation by characterizing the odd versus even numbered carbons in a
deoxygenated product.

{38521 Most catalysts used for performing a catalytic deoxygenation of a
biccomponent foed will be loss than 100% selective for a given pathway. Instead, at
least some deoxygenation of a feed will occur via cach of the three pathways mentioned
above during a typical catalytic deoxygenation of a feed. The relative amounts of
deoxygevation by cach method will vary depending on the nature of the catalyst and the
reaction conditions.

053] Because feeds derived froro biological sources typically have carbon chaios
with even numbers of carbon molecules, hyvdrodeoxygenation can be distinguished from
decarbonylation and decarboxylation based on the carbon chain length of the resulting
molecules. Hydrodeoxygenation typically leads to production of molecules with an even
nuntber of carbon atoms while decarbonylation and decarboxylation lead to molecules

with an odd number of carbon atoras.

Hydroprocessing Conditions - Deoxveenation

3054} A catalyst suitable for oxygen removal during processing of a
biocomponent portion of a feedstock can be a supported metal sulfide catalyst. The
metal can be one or more Group VI metals {corresponding to Group 6 of the modern
FUPAC periodic tabley such as Mo or W, or one or more Group VHI non-noble metals
{corresponding to Groups § -~ 10 of the moder PAC periodic table) such as Co. The
support for the catalyst can be any convenient type of support, such as alumina, silica,
zitcouia, teania, amorphous carbon, or combinations thereof. In this document,
supported Group VI metal catalyst is defined as a catalyst that includes one or more
Group VI metals on a support. A supported Group VI metal catalyst s further defined to
exclude the presence of Group VI metals as part of the catalyst. During catalyst
syuthesis, the one or more Group VI metals will typically be deposited or otherwise
impreguated on the support as oxides. The oxides are typically converted to sulfides

prior to use 1 a deoxygenation process. Thus, the definition hercin of a Group VI metal



catalyst includes catalysts where the Group VI metal is in either the oxide or the sulfide
statc on a support, unless otherwise specified. For convenience, a Group VI metal
catalyst may also be referred to as a Group VI metal sulfide catalyst, as it is understood
by those of skill in the art that the sulfide phase is the active metal phase. |n this
document, a supported Group VIH non-noble metal catalyst is defined as a catalyst that
includes one or more Group VI non-noble metals on a support, A supported Group
VU1 non-noble metal catalyst is further defined to exclude the presence of Group Vi
metals as part of the catalyst. The definition hereln of a Group VI non-nobie metal
catalyst inciudes catalysts where the Group VI metal is in either the oxide or the sulfide
state on a support, unless otherwise specified. For convenience, a Group VI non-sobie
metal catalyst may also be reforred to as a Group VI non-noble metal sulfide catalyst,
as it 1s understood by those of skill in the art that the sulfide phase is the active metal
phase. In this document, a supported catalyst that includes both Group VI metals and
Group VIII non-noble metals will be explicitly referred to as including both Group VI
and Group VI metals.

[6055] Either a Group VI metal catalyst or a Group VI non-noble metal catalyst
may further include another metal as a physical promoter. Examples of roetals that act as
physical promoters include alkaline carth metals {corresponding to Group 2 of the
modern IUPAC periodic table) such as Mg, and Group 1B transition metals
{corresponding to Oroup 12 of the modern {UPAC periodic table) such as Zn. It is noted
that both alkaline carth metals and Group 1IB transition metals have the feature of no
unpatred electrons in the highest occupied s-orbitals or highest occupied (if any) d-
orbitals. Physical promoters are tn contrast to metals that act as electronic promoters,
such as Co or Ni. As noted above, the Group V1 metal catalysts described herein
exciude the presence of electronic promoter metals, unless specifically identified as
including such a metal,

[G056] The amount of Group VI metal supported on a catalyst support can vary
depending on the catalyst. Suitable amounts of metals range from about 1 wi% to about
30 wt% relative to the total weight of the catalyst. In some preferred embodiments, the
amount of Group VI metal supported on the catalyst can be about 20 wit¥s or {css, such as
from about 1 wi% to about 15 wi%, preferably from about 6 wi% to about 12 wi%. The

supported Group Vimetal sulfide catalyst can also optionally include dopants and/or



other metals different from Group Vior Group VI transition metals, If the supported
metal sulfide catalyst includes g non-noble Group VHI metal instcad of a Group V1
metal, similar metal loadings on the supported catalyst can be used. If the supported
metal catalyst includes a physical promoter metal, the amount of physical promoter metal
can be less than the amount of Group VI metal {(or Group VII mctal} on the catalyst,
such as about § wt% or less, or about 3 wi% or less.

[B057) Another option is to use a supported Group V1 metal catalyst or supported
Group VI non-noble ractal catalyst that counsists essentially of one or more Group Vi
metals (or alternatively one or more non-noble Group VIl metals) on a refractory
support. Such a catalyst can include a Group VI metal {ora Group Vil metaly on a
support such as alumina, silica, titania, zirconia, amorphous carbon or a combination
thereof. A catalyst that consists essentially of a Group VEmetal (or a non-noble Group
VHI metal) on a support does not include more than incidental amounts of dopants, such
as phosphorous, fluorine, or boron. A catalyst that consists essentially of a metal on a
support also does not include more than incidental amounts of other types of transition
metals as catalytic metals, such as Group V metals. However, as noted above, the
support may coutain transition metal oxides, such as oxides of titanium or zirconium.
[0058] Still another option is to use a physically promoted Group VI metal catalyst
or a physically promeoted Group VHI non-noble metal catalyst that consists essentially of
one or more Group Vi metals (or alternatively one or more Group VIl non-nebie
metals) and one or rore physical promoter metals on a refractory support. Such a
catalyst can include a Group VI metal {or a non-neble Group VI metal) and a physical
prorooter metal on a support such as alumina, silica, titania, zirconia, amorphous carbon,
or a combination thereof. A catalyst that consists essentially of a Group VI metal (or
non-noble Group VI metal) and a physical promoter metal on a support does not
include more than incidental aroounts of dopants, such as phosphorous, fluorine, or
boron. A catalyst that consists essentially of a Group VI metal {or a non-noble Group
VIl metal) and a physical promoter metal on a sapport also does not include more than
incidental amounts of other types of transition metals or transition metal sulfides, such as
Group V metal sulfides, However, as noted above, the support may contaly transition

metal oxides, such as oxides of titanium or zirconium.



[3859] Examples of preferred single metal catalysts include catalysis containing
Mo; Co; and W. That is that the single metal catalyst can be a Mo containing catalyst, or
alternatively, a Co containing catalyst, or alternatively, a W containing catalyst.
Examples of preferred physically promoted catalysts include catalysts containing ZnMuo;
ZnW, MgMo; and MgW. That is that the physically promoted catalyst can be 4 ZnMo
containing catalyst, or alternatively, a ZnW containing catalyst, or alternatively, a MgMo
containing catalyst, or alternatively, a MgW containing catalyst.

86606} The supported Group Vimetal catalyst or supported Group VI non-noble
metal catalyst can be provided in a reactor in one or more catalyst beds. For example, a
conventent bed leogth in some reactors is 8 bed length of about 25 feet to 30 feet. Rucha
bed length reduces difficultics in a catalyst bed associated with poor flow patterns. Due
to the low reactivity of some Group VI metal catalysts or Group VI non-noble metal
catalysts, such as sulfided Mo or W catalysts, multiple beds may be preferable for
achicving a desired level of deoxygenation.

[B061] Typical effe

triglycerides to remove oxygen can include conditions effective for hydrodeoxygenation,

ctive conditions for processing a feedstock containing

decarbonylation, and/or decarboxylation. In some embodiments, such as ernbodiments
including a sulfided Mo catalyst, the effective conditions can be selected to increase the
selectivity for removing oxygen via hydrodeoxygenation rather than via decarbonylation
or decarboxylation. A variety of conditions may be suitable as effective conditions. The
pressure during processing of a feedstock for oxygen removal can correspond to a
hydrogen partial pressure of about 400 psig (2.8 MPag) or lees. At pressures of 400 psig
or less, a Group V1 mctal catalyst or a Group VI non-noble metal catalyst {optionally

with additional physical promoter metals) will perform little or no sulfur removal on a

feed. Lower hydrogen partial pressures are also beneficial for reducing or minimizing
the amount of olefin saturation, including the amount of saturation from propylene 1o

propane that occurs during deoxygenation. However, the Group VI metal catalysts or
Group VHI nou-noble metal catalysts, optionally with additional physical promoter
metals, are effective for exygen removal at such hydrogen partial pressures. Depending
on the nature of the feed, still lower pressures may be suitable for deoxygenation, such as
a total pressure of about 300 psig (2.1 MPag) with a bydrogen partial pressure of about

200 psig (1.4 MPag) or less. Alternatively, higher partial prossures of hydrogen can also



be used, such as a hydrogen partial pressure of between about 200 psig (1.4 MPag) to
about 2000 psig {14 MPag}, such as from about 400 psig (2.8 MPag) to about 1000 psig
(6.9 MPag). Higher hydrogen partial pressures can be effective for maintaining a given
deoxygenation activity while increasing the throughput of a reactor. However, higher
hydrogen partial pressures may reduce the selectivity of the catalyst for performing
deoxygenation versus olefin saturation,

[H062} The effective conditions for oxygen removal can glso include a temperature,
a hydrogen treat gas rate, and a liguid bourly space velocity {LHSV). Suitable cffective
temperatures can be from about 230°C to about 375°C, such as at lcast about 250°C or
fess than about 350°C. The LHSV can be from about 0.1 he'! to about 10 he'!) such as
from about 0.2 he™' to about 5.0 br''. The hydrogen treat gas rate can be any convenient

value that provides sufficient hvdrogen for deoxvgenation of a fesdstock. Typical values
o = v E:‘
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can range from about 500 scf/B (84 Nm’/m’} to about 10,000 scf/B (1685 Nm'/m’). One
option for selecting a treat gas rate can be to select a rate based on the expected
stoichiometric amount of hydrogen for complete deoxygenation of the feedstock. For
example, many types of biocomponent feeds have a stoichiometric hydrogen need for
deoxygenation of between 200 scf/B (34 N /m’) to about 1500 scef/B (253 Nm'/w),
depending on the mechanism for oxygen removal. The hydrogen treat gas rate can be
setected based on a multiple of the stoichiometric hydrogen need, such as at least about |
times the hydrogen need, or at least about 1.5 times the hydrogen need, or at ieast about
2 times the hydrogen need.

[0063] Agn additional consideration during deoxygenation is maintaining the
sulfided state of the catalyst. If little or no sulfur is present in the reaction environment,
the sulfided metal on the catalyst will have a tendency to be reduced and/or converted to
oxide form, leading to reduced deoxygenation activity for the catalyst. To maintain
catalyst activity, some sulfur can be introduced into the reaction environment. The sulfur
can be introduced as suifur in a mincral feed that is blended with the triglyceride-
containing blocomponent feed. Additionally or alternately, sulfur can be introduced as
part of the gas phase environment, such as by using an Hy source that contains some
H.S. The amount of sulfur present in the reaction environraent can be at feast about 100
wppr, such as at least about 200 wppm or at feast about 300 wppm. I this sulfur is

introduced as a gas phase component (such as H,R), the sulfur can be casily removed
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froro any liquid products using a gas-liquid separation.  the sulfur {s introduced as part
of the feed, 1t may be feasible to blend the resulting products to achicve an acceptable
sutfur level in any final product. Alternatively, subsequent hydroprocessing can be used
to reduce the sulfur level of the products, if slefin preservation is not desired.

[3064] The cffective conditions for deoxygenation can be suitable for reducing the
oxyaen content of the feed to less than about 1.0 wt%%, such as less than about 0.5 wit% or
tess than about 0.2 wt%. Although the stoichiometric hydrogen need is calculated based
on complcte deoxygenation, reducing the oxygen content to substantially zevo is
typically not required to allow further processing of the deoxvygenated feed in
conventional equipment. Alternatively, in some aspects the effective conditions can be
selected to perform at least a partial deoxygenation of the feedstock. A partial
deoxygenation corresponds to conditions suitable for reducing the oxygen content of the
feed by at least about 40%, such as by at least about 530% or at least about 75%. Without
being bound by any particular theory, it is believed that separation of the side chains of a
trighyceride from the three carbon backbone occurs relatively early during deoxygenation
of a feed. As a4 result, when propylene production ts desired, partial deoxygenation of a
trighyceride-containing feed can be benehicial for generating propylene while reducing or
mitigating olefin saturation. Similarly, partial deoxygenation may be sufficicnt to make
a resulting deoxygenated effluent suitable for oligomerization while reducing or

mitigating olefin saturation.

Properties of Deoxveenated Product

[B065] Triglycernides derived from biological sources typically include one or more
olefins in some or all of the fatty acid chains attached to the glycers! backbone, For
naturally occurring triglycerides, a varicty of fatty acid chains will be present, with
variations between the fatty acid chains present even within a single trighyceride. The
fatty acid chains in a triglyceride from a biclogical source commonly have berween | to
2 olefins per fatty acid chain, such as an average of about 1.5, During deoxygenation of
a biocomponent foed with a conventional hydrotreating catalyst, such olefing arc readily
saturated, resulting in loss of 75% or more of the olefing originally present in the fatty
acid chains. By contrast, deoxygenation of a biocomponent feed in the presence of a

single transition metal sulfide catalyst {or a physically promoted transition metal sulfide



catalyst) can allow for deoxygenation of the feed while preserving an increased amount
of olefins present in the fatty acid chains. Typically, olefins occurring naturally in a fatty
actd chatn that is part of a triglyceride will be internal olefing, as opposed to alpha
olefins,

{3066} The amount of olcfins preseat in a dicsel boiling range product produced by
deoxygenation of a triglyceride-containing feed can vary depending on a variety of
factors. These factors inchude the number of olefins present in the feed, the type of
catalyst, and the deoxygenation conditions, Stnce the olefins present after deoxygenation
represent olefins that were prescrved during deoxygenation, the olefing will typically be
internal olefivs. This is in contrast to alpha olefing, which sometimes can be ereated
under sufficiently severe conditions in the presence of catalysts that include a Group VIH
metal. By contrast, deoxygenation of a biocomponent feed in the presence of a single
transition metal sulfide catalyst {or a physically promoted transition metal sulfide
catalyst) can allow for deoxygenation of the feed while preserving an increased amount
of olefins present in the fatty acid chains, Relative to the number of diesel boiling range
molecules, the number of diesel boiling range molecules containing an olefin can be at
least about 10% of the molecules, such as at least about 20%, and preferably at least
about 30% or at icast about 40%.

[6867] Axnother method for characterizing the olefin content of a feed or product is
in terms of the mumber of olefin bonds {carbon-carbon double bonds) relative to the
number of “paraffin bonds” {carbon-carbon single bonds). For exaraple, an alkane
containing 17 carbon atoms will have 16 carbon-carbon single bonds. A corresponding
17 carbon atom molecule with one olefin bond will have 15 carbon-carbon single bonds
and 1 carboun-carbon dowuble bond. Such an alkene would have a ratio of elefin bonds to
paraffin bonds of 1/ 15 = 0.067. This type of ratio is defined hercin as an olefin to
paraftin ratic.

[6008] The fatty acid side chains of a typical triglyceride molecule have an average
of about 1.5 olefins per side chain. Fora 12 carbon side chain, this corresponds to an
olefin to paraftin ratio of 1.5/9.5 or 0.138. For an 18 carbon side chain, this
corresponds to an olefin to paraffin ratio of 1.5/ 15.5 or 0.997. One indicator of the
amount of olefin saturation is the olefin to paratfin ratio for the resulting diesel or

distilfate product after deoxygenation. Depending on the embodiment, the olefin to



paraffin vatio for a deoxygenated product can be at least about 0.04, such as at least about
(.05 and preferably at least about 8.06 or at icast about 0.075.

{6969] A diesel fuel or diesel fuel additive that includes olefinic molecules will
have different properties than a similar dieset fuel or diesel fuel additive containing only
paraffinic molecules., The presence of one or more olefins typically lowers the cotane
rating of a molecule relative to a paraffinic molecule having the same number of carbon
atoms. The presence of one or more oleting also typically improves the cold flow
propertics of a wolecule, such as by reducing the cloud point or pour point relative to a
paraffinic molecule having the same number of carbons.

{8078} This exchange of a lower cetane rating for improved ¢old flow properties
can be beneficial for a diesel fuel or fucl additive based on a biocomponent feed. Due o
the length of the carbon chaing preseut in typical fatty acid chains in triglyeerides, the
cetane rating of a diesel based on 2 biocomponent feed is typically greater than 60 fora
primarily paraffinic diesel fuel sample. Although preserving olefing reduces the cetane,
the cetane number for olefinic diesel boiling range molecules from a biocomponent feed
15 still greater than about 60. A typical dicsel fuel specification requires a cetane rating
of between 40 and 50. Thus, a diesel fuel or diesel fuel additive derived from a
biocomponent feed is beneficial for the cetane rating when blended with a typical
mineral diesel fuel. However, cven though diesel fuels from blocompounent sources are
suitable based on cetane rating, the amount of such fuels that can be blended with a
mineral feed is conventionally lirmited due to poor cold flow propertics. By preserving
an increased number of the naturally occurring olefing in a dicse! fuel derived from a
biocomponent source, an wcressed amount of the biocomponent diesel fuel can be
blended with a mineral diesel fuel while still preserving desired cold flow propertics.
{60711 As an example, n-octadecane (CsHag ) has a melting point of 30°C, a
cetane nurnber of 102.6, and a kinematic viscosity at 100°F (38°C) of 4.13 centistokes.
Although the cetane number of n-octadecanc is high, this molccule is a solid at room
teraperature, This funits the amount of n-octadecane that can be present in a diesel fuel,
A corresponding molecule with one olefin, octadecene {CigHig) also has a relatively
high cetane namber of 90, However, the melting point for octadecene 1s 18°C and the
kinematic viscosity at 100°F (38°C} is 3.53 centistokes. Due to the more favorable

properties of octadecene, a larger amount of octadecene can be added to a diesel fuel or
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diesel fuel additive while maintaining cold flow properties for the overall combined
dicsel fuel that will satisfy a cold flow specification.

(84721 One option for use of an olefinic diesel fuel or diesel fuel additive i to
biend the olefinic diesel with a conventional diesel, such as a conventional diesel that has
not been dewaxed to wmprove the cold flow propertics of the dicsel. For example, an
olefinic diesel containing at least about 49 wi% olefins can be blended with a
conventional diesel so that at least about 25 wit% of the blended diese! product
corresponds to the olefinic diesel. This bleonding can be used to reduce the cloud point
and/or the pour point of the blended diesel product relative to the conventional diesel by
at {east about 3°C.

[B073) {n addition to providing improved cold flow properties, proserving olefing
can reduce the amount of hydrogen consumption requived to deoxygenate a feed from a
biocomponent source. Under conventional hydrotreating conditions, substantially all
olefins present tn 4 diesel boiling range feed will be saturated during a deoxygenation
process. For a trighveeride feed with an average of 1.5 olefins per fatty acid chain, the
hydrogen required for saturation of olefins can correspond to roughly 200 scf/B (33.7
N’ to 300 scf/B (50.5 Ny of hydrogen in addition to the hydrogen required
for deoxygenation. In another example, some proposed diesel feeds from biologically
derived sources include subsiantial amounts of eicosapentaenoic acids, which are fatty
acids with 20 total carbons and 3§ olefin bonds. A feed of cicosapentaenoic acid would
require over 2000 sef/B (337 Nat'/m’) of hydrogen just for saturation of olcfins. Any
olefins that are preserved during deoxygenation of such feeds will result ina
corresponding decrease in the amount of hydrogen consumed during deoxygenation. For
example, reaction conditions that preserve S0% of the olefins present in a triglyceride
containing feed will result in a corresponding roughly 50% decrease in the amount of
hydrogen consumed for olefin saturation. The hydrogen consumed by the actual
deoxygenation reactions is not directly impacted by the preservation of olefing in a feed.
fo addition to reducing hydrogen consumption, olefin preservation also reduces the

exotherm generated duge to slefin saturation.
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Ogomer Formation

{074} {n addition to providing a dicsel fucl product with improved cold flow
propertics, maintaining or prescrving olefing during deoxygenation of a biocomponent
feed can alse allow for sligomerization of the resulting product to form a product having
a higher boiling range, such as moleculcs botling in a lubricant base oll boiling range.
Such an oligomer can be suitable, for example, for use in a hubricant base oil or as a wax.
To avoid any ambiguity, eligomerization is defined herein to include formation of a
dimer.

[6075] Oligomerization of olefinic molecules can be performed using any
conventent method. For example, oligomerization can be performed by exposing olefins
to an acidic catalyst under effective oligomerization conditions. Examploes of sujtable
acidic catalysts inchude MUM-49, MCM-36, zeolite USY, acidic ¢lays such as
montmoritlonite, sulfated Zr(,, and tungsten oxide (WG, where x is between 0 to 3).
Optionally, the acidic catalyst can be bound or supported using a suitable support
material. Examples include refractory oxides such as alumina, titania, or zirconia,
Effective oligomerization conditions include 8 temperature from about 180°C to about
250°C. The olefins can be exposed to the catalyst at a pressure from about 3080 psig (2.1
MPag} to about 1000 psig (6.9 MPag), such as pressure provided by pressurizing with N,
ot another nert gas. Hydrogen is not required as a reagent for the oligomerization
reaction. The olefing can be exposed to the acidic catalyst at a space velocity from about
0.1 hr'! to about 10.0 b LHSV.

10076 FIOS. 4a - 4¢ shows examples of molecules formed by oligomerization of
hexadecene. The arrows in FIGS. 4a — 4¢ show the location where a cross-linking bond
has formed between two reactant molecules to form an oligomer. FIGS. 4a and 4b show
dimers formed from various types of hexadecenc that have an appropriate boiling range
for use tn a lubricant base oil. FIG. 4a shows a dimer forreed from hexadecene
molecules having internal olefins. FIG. 4b shows a dimer formed when at feast one of
the hexadecene molecules corresponds to an alpha olefin, FIG. 4¢ shows a trimer
formed using hexadecene molecules. This type of trimer is potentially suitable for use as

a4 wax.,
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Further Hydroprocesaing of Product Fractions
(G077} After any optional scparation of propylenc and/or any optional

oligornerization, it may be desirable to further hydroprocess the lguid efflucnt. An
exarple of further processing can be to catalytically dewax the Hquid effluent to
improve the cold flow properties of the effiuent. Because some types of dewaxing
catalysts are sensitive to the presence of oxygen, it may also be desirable to hydrotreat
the iquid effluent prior to dewaxing. This will typically reduce the olefin content of the
Heauid efflucnt, but the subscquent dewaxing can offSet or even result in a net
improvement of the cold flow propertics of & diesel product formed from the liguid
cfftuent.

[BO78] A suitable catalyst for hydrotreatment can comprise, consist easentially of,
or be a catalyst composed of one or more Group VI and/or Group VIB metals ona
support such as a metal oxide support. Suitable metal oxide supports can include
relatively low acidic oxides such as silica, alumina, silica-aluminas, titania, zirconia, or &
combination thereof. The supported Group VT and/or Group VIB metal{s) can include,
but are not Himited to, Co, Ni, Fe, Mo, W, P, Pd, Rh, Ir, and combinations thereof.
Individual hydrogenation metal embodiments can include, but ave not limited to, Pt only,
Pd only, or Ni only, while mixed hydrogenation metal embodiments can include, but arc
vot Hmitted o, Ptand Pd, Prand B, Ni and W, Ni and Mo, Nt and Mo and W, Co and
Mo, o and Ni and Mo, Co and Ni and W, or another combination. When only one
hydrogenation metal is present, the amount of that hydrogenation retal can be at least
about ¢.1 wt% based on the total weight of the catalyst, for example at least about 0.5
wi%s or at least about 0.6 wit%. Additionally or alternately when only one hydrogenation
metal is present, the amount of that hydrogenation roetal can be about 5.0 wit% or less
based on the total weight of the catalyst, for exaraple about 3.5 wi% or less, about 2.5
wi% or fess, about 1.5 wit¥s or less, about 1.0 wit¥s or less, about 8.9 witde or less, about
0.75 wt% or less, or about 0.6 wt% or less. Further additionally or alternately when
more than one hydrogenation metal is present, the collective amount of hydrogenation
metals can be at least about 0.1 wit% based on the total weight of the catalyst, for
exaraple at least about 8.25 wi%, at least about 8.5 wt%, at lcast about 0.6 wi%, at least
about (.75 wit%, or at least about T wit%. Still further additionally or alternately when

more than one hydrogenation metal is present, the collective amount of hydrogenation
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metals can be about 35 wit% or less based on the total weight of the catalyst, for exarple
about 30 wt% or less, about 23 wi% or less, about 20 wit¥ or less, about 15 wi% or less,
about 10 wt% or less, or about § wi% or less. In embodiraents wherein the supported
metal comprises a noble metal, the amount of noble metal(s) is typically less than about
2 wt %, for example less than about 1 wif4, about 0.9 wi % or less, about 0.75 wt % or
tess, or about 0.6 wt % or less. The amounts of metal(s) may be measured by methods
spectfied by ASTM for individual metals, including but not limited to atomic absorption
spectroscopy {AAS), inductively coupled plasma-atomic emisston spectrometry
(ICP-AAS), or the like.

[3578] Hydrotreating conditions can typically include teraperatares of about 550°F
{288°C) to about 750°F (399°0), hydrogen partial pressures of from about 250 psig to
about 3000 psig (1.8 MPag to 34.6 MPag), liquid hourly space velocitics of from 0.05 &/
to 10 b, and hydrogen treat gas rates of from 35.6 sm™/m’ to 1781 sm’/m’ (200 SCF/B
to 10,000 SCEF/B). In other cmbodiments, the conditions can include teraperatures in the
range of about 600°F (343°C) to about 700°F (371°C), hydrogen partial pressures of
from about 500 psig to about 3000 psig (3.5 MPag-20.9 MPag), liquid hourly space
velocities of from about 0.2 ' to about 257 and hydrogen treat gas rates of from about
213 sm'/m” to about 1068 sm/m’ (1200 SCF/B 1o 6000 SCF/B). The different ranges of
temperatutes can be nsed based on the type of feed and the desired hydrotreatment resuit,
L Suitable dewaxing catalysts can inchude molecular sieves such as crystaliine
aluminosilicates {zeolites). In an embodiment, the molecular sicve can comprise, consist
essentiaily of, or be Z8M-5, 28M-22, Z8M-23, Z5M-335, ZSM-48, zcolite Beta, or a
combination thereof, for example ZSM-23 and/or Z5M-48, or ZSM-4R and/or zeolite
Beta. Optionally but preferably, molecular sieves that are selective for dewaxing by
isomerization as opposed to cracking can be used, such as ZSM-48, zeolite Beta,
LZ8M-23, or a combination thereof. Additionally or alternately, the molecular sieve can
comprise, consist cssentiaily of, or be a 10-member ring 1-D molecular sieve.

Optionatly bat preferably, the dewaxing catalyst can include a binder for the molecular
siove, such as aluminag, titania, silica, silica-alumina, zirconia, or a combination thereot,
for example alumina and/or titania or silica and/or zircoma and/or titania.

6081} One characteristic that can impact the activity of the molecular sicve is the

ratio of silica to alumina (SY/AD ratio) in the molecular sieve. In an embodiment, the
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molecular sieve can have a silica to alumina ratio of about 200:1 or less, for example
about 150:1 or less, &oout 128:1 or less, about 100:1 or less, about 90:1 or less, or about
75:1 or less. Additionally or altemately, the molecular sieve can have a silica to alumina
ratio of at {east about 30:1, for example at least about 40:1, at least about 30:1, or at least
about 6571,

{BOB2] Aside from the molecular sieve(s) and optional binder, the dewaxing
catalyst can also optionally but preferably include at least one metal hydrogenation
component, such as a Group VIl metal, Suitable Group VI metals can include, but are
not limited to, Pt, Pd, Ni, or 2 combination thereof. When a metal hydrogenation
component is prosent, the dewaxing catalyst caninelude at feast about 8.1 wi% of the
Group VI metal, for example at lcast about 0.3 w4, at least about 0.5 wt%, at least
about 1.0 wi%, at least about 2.5 wit%, or at least about 5.0 wi%. Additionally or
alternately, the dewaxing catalyst can include about 10 wit% or less of the Group VI
metal, tor example about 5.0 wi% or less, about 2.5 wt% or less, about 1.5 wit% or less,
or about 1.0 wit¥% or less.

{6083 In some embodiments, the dewaxing catalyst can include an additional
Group VIB metal hydrogenation component, such as W and/or Mo. In such
embodiments, when a Group VIB metal is present, the dewaxing catalyst can include at
teast about 8.5 wt% of the Group VIB metal, for example at feast about 1.0 wi%, at least
about 2.5 wit%, or at least about 5.0 wit%. Additionally or alternately in such
embodiments, the dewaxing catalyst can include about 20 wit?% or less of the Group VIR
metal, for example about 13 wi% or less, about 18 wt% or less, about 5.0 wt% or less,
about 2.5 wt% or less, or about 1.0 wt% or less. In one preferred embodiment, the
dewaxing catalyst can include Pt and/or Pd as the hydrogenation metal component. b
another preferred embodiment, the dewaxing catalyst can include as the hydrogenation
metal components Nt and W, Ni and Mo, or Ni and a combination of W and Mo.

13084} In various embodiments, the dewaxing catalyst used according to the
urvention can advauntageously be tolerant of the presence of sulfur and/or ﬁiimgen during
Z5M-23 and/or zeolite Beta., It is also noted that Z8M-23 with a silica to alumina ratic
between about 20:1 and about 40:1 is sometimes referred to as 882-32. Additional or

alternate suitable catalyst bases can include I-dimensional 10-member ring zeolites.
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Further additional or aliernate suitable catalysts can include EU-2, BU-11, and/or

ZBM-30.

(085 A bound dewaxing catalyst can also be characterized by comparing the

& J 4 &
micropore {or zeolite) surface area of the catalyst with the total surface area of the
catalyst. These sarface arcas can be calculated based on analysis of nitrogen porosimetry

data using the BET method for surface arca measurement. Previous work has shown that
the amount of zeolite content versus binder content in catalyst can be determined from
BET measurcments (see, e.g., Johnson, MF.L,, Jour Catal,, {1978} 52, 425}, The
micropore surface area of a catalyst refers to the amount of catalyst surface area provided
due to the molecular sieve and/or the pores in the catalyst in the BET measurements.

The total surface arca represents the micropore surface plus the external surface arca of
the bound catalyst. In one embodiment, the percentage of micropore surface area
refative to the total surface area of a bound eatalyst can be at least about 35%, for
example at least about 38%, at least about 40%, or at least about 45%. Additionally or
alternately, the percentage of micropore surface area relative to total surface area can be
about 65% or less, for example about 60% or less, about 55% or less, or about 50% or
less,

G086} Catalytic dewaxing can be performed by exposing a feedstock to a
dewaxing catalyst under effective (catal ytic) dewaxing conditions. Effective dewanring
conditions can include can be carried out at temperatures of about 330°F (288°C) to
about 840°F (449°C), hydrogen partial pressures of from about 258 psig to about 5000
}Sig (1.8 MPag to 34.6 MPag), and hydrogen treat gas rates of fror 35.6 sm’/m’ to 1781
s’ (200 SCF/B to 10,000 SCF/B). In other embodiments, the conditions can include
temperatures in the range of about 600°F (343°C) to about 815°F (435°C), hydrogen
partial pressures of from about 500 psig to about 3000 psig (3.5 MPag-20.9 MPag), and
hydrogen treat gas rates of from about 213 sm’/m’” to about 1068 sm'/m’ (1200 SCF/B to
6000 SCE/B). The liguid hourly space velocity (LHSV) of the feed relative to the
dewaxing catalyst can be characterized can be from about 0.1 br' to about 10 bl

Separation of Propviene from (Gas Phase Components

[887] After performing a deoxygenation under offective conditions jo the
presence of a Group VI metal catalyst or Group VIH non-nobie metal catalyst, propylene

will typically be present as one of a variety of gas phase components. These gas phase
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components can also melude, but are not limited to, other deoxygenation reaction
products such as H, O, C0O,, and/or CO; gases present in the reaction environment, such
as Hz, HaS, Ny, and/or other inert gases; potential light ends cracking products from the
deoxygenation reaction; and propane, which is the expected typical product generated
trorn the glycerol backbone of a trigivecride during a deoxygenation reaction,

{3083} in order to recover propylene, the gas phase products can first be separated
from the liquid products from the deoxygenation reaction, which will typically be diesel
boiling range and/or naphtha boiling range molecules. The propylcoc can then be
separated from the remaining gas phase components. Duc to the similarity in boiling
point between propane and propylene, siraple distillation {echuiques may not be
effective. One option for distilation is to use a distillation method with a sufficicotly
large number of tray equivalents, so that the separation of propane from propylene can be
performed in spite of the similarity in boiling point. Any convenient method for
providing a distillation column with a sufficient number of equivalent trays can be used.
For example, cryogenic distillation columns may be beneficial for propanc-propylene
scparations. Depending on the embodiment, at least about 4.5 wt% of propylene can be
recovered relative to the weight of the wnput feed, such as at [east about 1.0 wi%, or at
least about 2.0 wt%. Alternatively, the amount of propylene recovery can be expressed
relative to the weight of triglycerides in the input feed. Propylene formed according to
the invention will primarily form based on separation of the glycerol backbone in
triglycerides from the side chains, This is in contrast to propylene formed by more
severe processing methods, such as propylene formed by cracking of a feed. Depending
on the embodiment, at least about | wt% of propylene can be recovered relative to the
weight of triglycerides in the inpui feed, such as at least about 1.5 wt% or at feast about
2.0 wi¥p,

[B089] Another option for separating propylene from a gas phase wixture is to use
a gas separation train similar to the separation trains used in some fluid catalytic cracking
{FCC) reaction systems, Propyleve is also an output product from FOC reactions, One
option is to introduce the gas phase output from deoxygenation to the gas processing
train of an existing FCU reaction system to perform propylene recovery, The gas phase
output frora deoxygenation can optionally be processed prior to feeding the gas phase

output into the FCC gas processing train, For example, the gas phase output can be



passed through an amive scrubber to remove contaminant species such as HoS or CO,.
Anocther option is to usc a prossure swing adsorbor system to remove (05 and/or CO.
5090} The gas phase output from the deoxygenation reaction can be separated
from the liquid phase output at any convenient time, One option is to perform a gas-
liguid separation after the focd has passed through all stages of the deoxygenation
reaction. Another option is to perforin an intermediate separation. For example, a Group
VI metal catalyst or Group V1 non-noble metal catalyst for performing deoxygenation
may be provided in a plurality of catalyst beds. At least a portion of the gas phasc output
can be withdrawn from the deoxygenation reaction system between such catalyst beds.
Withdrawing at least a portion of the gas phase output at an intermediate stage will
reduce the amount of catalyst that at least some of the propylene is exposed to. This
reduces the aroount of propylene lost to subsequent olefin saturation by the Group V1
metal catalyst (or Group VIHI non-noble metal catalyst) in later portions of the

coxygenation catalyst bed{(s).

Examples of Processing Conficurations

(0091} FIG. 1 schematically shows an example of a processing configuration
suitable for deoxygenating a biocomponent feed. The configuration in FIG. 1 also
provides for separation of a propylene output from the deoxygenation products. In FIG.
1, a source of biccomponent toed 102 provides a feedstock for processing. Any
convenient source 102 can be used, such as tankage for storing a biocorponent feed
until it is ready for use. Preferably, the biocomponent feed is a feed that contains
triglyeerides. Optionally, the output 103 from biocomponent feed source 102 is passed
through a feed surge drum 104 to improve the consistency of the flow rate from the feed
source. The output 103 from optional feed surge drum 104 is then passed into a reactor
110, The output 105 is can be heated (not shown) priov o cotering reactor 11 A
hydrogen flow 109 1s also introduced into reactor 110, which although the hydrogen flow
ts shown in FIG. 1 as co-current with the feed, the hydrogen flow 109 may aliernatively
or additionally introduced into reactor 110 counter-current to the feed. The hydroge
flow 109 can be from a fresh hydrogen source, or the hydrogen flow can be at least
partially based on an exit hydrogen flow from another reaction, such as the hydrogen

output from a hydroprocessing reaction. In FIG. 1, reacter 110 is shown as having two



stages 113 and 117 for deoxygenation. Fach stage corresponds to a bed of catalyst, such
as a Group Vimetal catalyst or a Group VI non-noble metal catalyst. Opticnally, the
Group VI metal catalyst or Group VI non-noble metal catalyst can also include a
physical promoter metal, such as Mg or Zn. Alternatively, reactor 110 can include any
conventent number of beds of catalyst, or reactor 110 can cven correspound to multiple
reactors,

{092} in FIG. 1, two output streans are generated from reactor 110, A primary
output stream 115 exits from the reactor after passing through both stage 113 and 117,
The output stream |15 includes both a gas phase and a liquid phase effluent that is

passed into gas-liquid separator{s) 122 for separation. Optionally, a second gas phase

output stream 119 can alse be withdrawn from reactor 110 at 3 location between stages
orbeds 113 and 117, Withdrawing a gas phase oatput stream 119 prior to the second
stage is beneficial for preserving propylene. By withdrawing the gas phase output
stream between the beds, any propylenc formed during the deoxyvgenation reaction in bed
or stage 113 is not exposed to the additional catalyst in stage 117, thus reducing the
likelihood that propylene formed in stage 113 will be converted to propanc.

[0693] Separator {or separators) 122 separate the outputs from reactor 110 into a
gas phase output 123 and a liquid phase output 145, Liquid phase output 145 is suitable
fov further processing as a diesel botling range product (and/or possibly a naphtha and/or
tubricant boiling range product). Gas phase output 123 will typicaily include a variety of
species, such as one or more of Hy S, Ha0, CO», NH:, CO, and hydrocarbons with short
carbon chain lengths, such as C~Cy hydrocarbons. The gas phase output 123 can be
puritied to isolate a desirable product, such as propyiene, from other impurities generated
during deoxygenation, such as H,S or CO;. In an initial purification step, a cold
separation device 124 is shown for removing water from the gas phase output. This
generates a water output stream 129 and a stream 125 countaining the remaining gas
phase specigs. An amine scrubber 130 or other separation device for removing H, 8 and
02 can then be used to purify stream 125, For the amine scrubber shown in FIG. 1, &
counter-current flow of an amine such monoethanol amine can be introduced 133 into
serabber 130 for rernoval of HLS andfor ©0O,. The monoethano! amine coriched in the
gas phase impurities is withdrawn 139 from the scrubber for recycling of the amine. The

remaining stream 135 that includes at least propylene can be passed into a systom for



performing separations on compounds with similar boiling points, such as a eryogenic
separator or an cxisting FCC scparation system. Although not shown, a pressure swing
adsorption unit could be employed in addition to or in place of amine scrubber 130 to
further assist with removal of {0 and/or CO;5.

[3804] FIG. 2 schematically shows an cxample of 4 rcaction systern suitable for
processing a dissel boiling range input stream that includes olefinic diesel. In FIG. 2,
input stream 245 corresponds to a diesel boiling range stream where at least a portion of
the dicsel botling range molccules are olefios, such as a strcam gencrated by
deoxygenation of a biocompenent feed in the presence of a single metal sulfide catalyst.
The various types of processing shown in FIG. 2 represent optional processes that can be
performed on a dicsel boiling range stream. While these optional processes are not
necessary, the optional processes can improve the diese] boiling range stream by
removing any remaining oxygen, improving cold flow properties, and/or oligomerizing
the stream to produce higher boiling molecules.

[6095] if desired, an input strean 245 is exposed to an acidic catalyst in reactor
250 to form oligomers from olefins in the foed. This optional process of cxposing the
olefin-containing feed to an acidic catalyst converts a portion of the diesel boiling range
molecules into tubricant botling range molecules and/or waxy molecules, depending on
the degree of oligomerization,

{3096} The output 255 from optional reactor 250 is then passed into a reactor 260
for hydrotreatment, catalytic dewaxing, or a combination thereof. FIG. 2 shows an
example where the optionally oligomerized feed is hydrotreated and theu catalvtically
dewaxed in reactor 260. Reactor 260 1s shown as including a stage 263 for
hydrotreatment of a feed and a downstream stage 267 for catalytic dewaxing. The
hydrotreatment stage 263 is used to perform hydrotreatment under mild conditions to
coraplete the removal of any oxygen reruaining io stream 255, Preferably, the
hydrotreatment conditions arc effective for removal of any remaining oxygen while
reducing or minimizing the amount of olefin saturation. It is noted that the optional
oligomerization reaction will consume a portion of the olefins present in the feed, but
olcfing are tikely to still be present to some degree. The witld hydrotreatment allows
catalytic dewaxing to be performed 207 using a catalyst that is otherwise sensitive o

oxygen content. The catalytic dewaxing improves the cold flow properties of the diesel,



- 34

tubricans, and/or waxy boiling range molecules present tu strearn 255, In the example
shown in FIG. 2, the hydrogen input 259 for the hydrotreatment and dewaxing reactions
is passed into reactor 260 in g co-current manner. In an alternative configuration,
hydrogen input 259 can be passed into reactor 260 in a counter-current manner. The
cffluent 268 frorm reactor 260 is then passed into a fractionator for separation of the
effluent into desired fractions. Examples of fractions generated from an olefinic diesel
boiling range feed can include a gas phase or Light ends fraction 279, one or more
naphtha and/or kerosene fractions 277, one or more dicsel fractions 273, and one or more
lubricant base stock or heavier fractions 285, The light ends fraction 279 represent
molecules created due to cracking of input stream 245 during exposure {0 either the
optional acidic catalyst in reactor 250 or exposure to the optional hydrotreatment and/or
dewaxing catalysts in reactor 260. The vaphtha or kerosene products 277 can result from
racking in the presence of a deoxygenation catalyst, the acidic catalyst for
oligomerization, the hydrotreating catalysts, or the dewaxing catalysts, The diesel
boiling range fractions 275 are the expected output from deoxygenation of a
biocomponent feed. For example, deoxygenation of a triglyceride-containing feed will
typically result 1o formation of approximately dicsel boiling range molecules from the
fatty acid chains in the triglycerides. Some of these fatty acid chains may result in
ofefins or paraffivs that boil in the lubricant range, corresponding to fractions 285
Additionally, some lubricant botling range molecules and/or waxy molecules are formed
by oligoraerization,
190971 FIG. 3 shows an example of a reaction system that combines a
deoxygenation process, such as the process shown in FIG. |, with an oligomerization,
hydrotreatment, and dewaxing process as shown in FIG. 2. In FIG. 3, a biocomponent
feed 305 is deoxypenated by exposing the foed to a Group VI metal catalyst or Group
VI metal catalyst in the presence of hvdrogen in one or more stages in a reactor 310
The example in FIG. 3 shows stages 313 and 317, In FIG. 3, a gas phase product is not
withdrawn between stages 313 and 317, The effluent 315 from reactor 310 is separated
using one or more separators 321, This results in a gas phase output 323 that can be
further processed, such as by an amine scrubber 330, to generate a stream 335 suitable

for recovery of propylene. In this example, amine scrubber 330 includes ap input of an



amine 333 and ao output 339 of an amine enriched in contaminant gases such as H;S or

CQO,.

{3098} Separation of the efflucnt 315 also results in a liquid phase output 345,
Cutput stream 345 is passed into a reactor 350 containing an acidic catalyst for

oligomerization of at least a portion of the olefins present in the output stream 345, The
oligomerized output 355 is then hydrotreated 363 under mild conditions in a reactor 360
to remove any excess oxygen prior to dewaxing 367 of the oligomerized output. In the
exaruple shown in FIG. 3, the hydrogen input 359 for the dewaxing and hydrotreatment
reactions is passed into reactor 360 in 2 counter-current manner. This further reduced the
tikelthood that any oxygen containing species will come into contact with the dewaxing
catalyst. Aftcr passing through reactor 360, the counter-current hydrogen stream 359
exits the reactor and can be used as a hydrogen source 309 for the deoxygenation
reactions in reactor 31, In an alternative configuration, hydrogen input 359 can be
passed 1t the reactor in a co-current manner. In such an aliernative configuration, the
exit flow of hydrogen from the reactor can also be used as the hydrogen source for
deoxygenation reactions in reactor 310, Although FIG. 3 shows the output flow of
hydrogen from the hydroprocessing reactor as the only hydrogen source, other input
streams of hydrogen can be used in place of or in addition to stream 309, including
bydrogen from a fresh hydrogen source. After dewaxing, the resulting effiuent 365 is

y

fractionated 370 to form various fractions, such as a light cnds fraction 379, one or more
naphtha or kerosene fractions 377, one or more diesel fractions 373, and one or more

lubricant base stock {or heavier) fractions 385.

Example of Deoxveenatine Biocomponent Feed with a Metal Sulfide Catalyst

[6099] A series of catalysts and conditions were tested in parallel in a multiple
catalyst testing appavatus. The test rig included a plurality of reaction vessels contained
in an apparatus with an isothermal reaction zone. Each reaction vessel was loaded with
either 1.0 ce or 1.5 cc of catalyst, as will be described below, The catalysts were sulfided
by exposing the catalysts to a feed spiked with dimethy! disulfide (BMDS) and held ata
temperature of at least 450°F for an extended pertod of time. Spiking with DMDS
resulted in an increase in sulfur concentration from 1.37 wt% to 2.6 wi% of the sulfiding

toed. The sulfiding feed had a T10 boiling point of 427°F and a final boiling point of
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T77°F. The flow rate of the spiked feed in each reactor during sulfidation was 1.5 ¢ per
hour.
[30100] The data presented below includes experiments for ractal sulfide catalysts
corresponding to a molybdenum sulfide catalyst and a tungsten sulfide catalyst. A
commercially avatlable supported CoMo catalyst was also tested for comparison. The
molybdenum catalyst initially included about 20 wis of molybdemum oxide on an
alumina support. The molybdenum was converted to sulfide form using the procedure
described above, The tungsten catalyst initially included about 20 wit¥%s of tungsten oxide
on a silica support prior to sulfidation. The commercially available CoMop catalyst
included 20 wi% molybdenum oxide and about 5 wit% cobalt oxide on a sitica support
prior to sulfidation. The experiments included 4 seis of catalyst conditions, A first
reaction vessel contained 1.0 ¢’ of the molybdenum catalyst. A sccond reaction vessel
contained 1.0 cm’ of the tungsten catalyst. A third reaction vessel contained 1.5 em’ of
the tungsten catalyst. A fourth reaction vessel contained 1.5 con” of the comunercially
available CoMo catalyst.
(60161} After sulfidation, the sulfided catalysts were used to treat a feed composed
of soybean oil and dodecance as a diluent. The soybean oil had an oxygen content of 11.0

wi%. Table | shows the reaction conditions that were studicd.



Table i
Reaction Conditions

Temperature Pressure Feed Bio Content Liguid Feed
Condition {°F) {psig (Wi bio) Rate (cc hu™)
1 300 400 (2.76 30 £S5
MPag)
2 375 400 30 £.5
3 650 400 36 1.5
4 550 400 S0 £S5
5 S50 1800 (12.4 30 .5
MPag)
6 475 1800 3¢ 1.5
7 600 1860 50 £
8 600 1800 3¢ 2.6
9 550 1800 38 2.6
i0 575 400 30 £.5
(06102} Using the parallel experimental apparatus, cach of the four catalyst

configurations was tested at cach of the ten conditions in Table |, In addition to the
above, at conditions 1 — 4 the feed included a spiking agent to produce a subfur lovel of
500 wppm. The amount of spiking agent was increased to produce a sulfur level of 1
wi for conditions 5 — 10, In the following figures, cach of the conditious s indicated in
the horizontal axis dircction by the numbera 1~ 10 near the top of the graph. Each
change in condition is also shown by a dotted dividing line.
[B8103] As an wnitial characteristic, the amount of deoxygenation that occurred for
each catalyst at each condition was determined. Oue method for determining the
coxygenation would be to do a total mass balance of all oxygen-containing species in
the feed and the products. However, this was not practical to perform on a daily basis, so
nstead the araount of conversion of maolecules from above 322°C to below 322°C was
measured. For the soybean oil feed used in the experiments, molecules boiling above
322°C correspond to molecules having greater than 18 carbon atoms, while any
deoxygenated products will have 18 carbon atoms or fess.
{30104 FIG. [ shows the amount of conversion relative to 322°C for the

molybdenum, tungsten, and CoMo catalysts. At both 400 psig (2.76 MiPag) and 1800
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psig (12.4 MPag}, the molybdenum catalyst produced deoxygenation lovels of at feast
98% while the CoMo catalyst resulted in at least 9% deoxygenation. The tungsten
catalysts produced lower amounts of deexygenation under test condition 2 of either
about 30% deoxygenation (1.0 cm’) or about 50% dexoygenation {1.5 em’). This
indicates the lower space velocitios {more catalyst per fiquid feed volume) may be
needed for the tungsten catalyst as compared to the molybdenum catalyst to achieve
similar levels of deoxygenation of a feed.

[60143] 1 addition to characterizing the oxygen conversion, the arnount of CQO,
COs, and Hy O generated by cach catalyst was also characterized. For CO and CO», the
amount of carbon oxide generated can be characterized relative to the maximum possible
vield based on the biocomponent source. For the soybean oil feed used as the
biocoraponent source, if all of the oxygen is removed by decarbouylation, the yield of
CC would be 9.6 witSs relative to the weight of the soybean oil. If all of the oxygen is
removed by decarboxylation, the yield of CO» would be 15,1 wt¥.

{01661 FH3. 5 shows the CO vield for each of the catalysts tested at each of the ten
conditions. As shown m FIG. 5, the catalyst containing Mo had the towest production of
CO, as almost no CO was detected in the output effluent from the reactor. The tungsten
catalyst and CoMo catalyst produced somewhat higher amounts of CO.

180167] FIG. 6 shows the CO; for each of the catalysts under the ten conditions. As
shown In FIG. 6, none of the conditions resulted in substantial amounts of CO». Partof
the reason for this could be due to conversion of CO; into CO via a water gas shift
reaction.

{80108] FIG. 7 shows the selectivity of the catalysts at cach condition for reraoving
oxygen via hydrodeoxygenation versus decarbonylation and decarboxylation. In FIG. 7,
the amount of €y versus €7 + T molecules in the effluent was used as a measure of
whether oxygen was rernoved with or without carbon removal, As shown o FIG. 7, the
MaoS; catalyst removed only about 10% of the oxygen atoms in the form of CQ or CO,.
This suggests that the arvount of CO generated using a MoS, catalyst might be low
encugh to avoid the need for specialized corrosion-resistant equipment when
coprocessing biocomponent foeds, The tungsten sulfide catalyst and the CoMo catalyst

showed a roughly even split between Cir and €15 compounds.



{35199} FIG. 8 shows the amount of propylene generated during deoxygenation

-

using the varicus catalysts. The results shown uncxpectedly high propylene production
for the tungsten based catalysts under specific operating conditions {Examples of
imiproved propylene generation during deoxygenation with a molybdenum catalyst will

¢ discussed further in connection with FIG. 13.) As an initial note, the cffluent from the
deoxygenation experiments inchuded both propane and propylene. Gas chromatography
was used to detect individual gas phase components in the experiments. Unfortunately,
duc to the similar boiling points of propanc and propylenc, only one peak could be
resolved for these two compounds in the gas chromatogram. As a result, for catalysts
that generated more propane than propylene, the propylene amount could not be
determined. It is Ukely that some amount of propylene was produced by the
molybdenum catalyst, but that the amount was less than 30% of the total gas phase Cs
molecules generated. It is not expected that the CoMo catalyst generated propylene in
any meaningtul araount, due to the greater olefin saturation activiry of the catalyst,
[30116] As shown in FIG. &, the experiment with the higher catalyst loading (i.e.,
lower feed rate relative to catalyst volume) showed a greater level of propylene
production during conditions 1 — 4. During condition 5, the experiroent with the higher
catalyst loading started to exhibit signs of becoming clogged. The clogging increased
during the remaining conditions, resulting in little or no propylene production.
0111} To further understand FIG. 8, the maximum theoretical yield of propylene
from soybean oil based on forming propylence from the glycerol backbone is 4.8 wi%.
This theoretical maximum corresponds (o a feed composed of 100% soybean ol that is
100% deoxygenated. At conditions 2 and 10 in the experiraents, a yield of sbout 3.0 —
3.5 wit% of propylene was measured. This corresponds to the highest yield observed at
400 paig €2.76 MPag). At 1800 psig (12.4 MPag), the highest observed yield was less
than 1 wit% propylene. This is believed to indicate an jucreased tendency for olefin
saturation at higher reaction pressures. However, even for the tungsten catalyst, the data
is incomplete due to competition with propane formation. Other conditions may yield
propylene at amounts greater than | wt%, but are not shown here duc to representing less
thau 30% of the total C5 molecules that were generated.
[66112] FIG. 8 also shows that the amount of propylene generated by deoxygenation

usitig the tungsten catalyst varied based on the processing conditions. In particular,



- 40~

propylene was generated in an amount of greater than 2.9 wi% under certain conditions,
As shown in FIG. 8, the processing conditions corresponding to conditions 2 and 10
resulted in generation of greater than 2.0 wt% propylene in general, and even greater
than 3.5 wt% propylene in some specific configurations. The processing conditions
included a temperature of S753°F (302°C), a pressure of 400 psig (2.76 MPag), and a
soybean otl content of 30 wt%. As indicated by the results for condition 2, it is not
believed that the space velocity of the feed is important for achicving the increased
propylene yield. The propylene yields obtained at conditions 2 and 10 indicate that
beneficial propylenc yields can be obtained by processing a feedstock at a temperature
frova about S60°F (293°C) to about 600°F (316°C) and a pressure of about 300 paig (2.1
MPag) to about 500 psig (3.4 MPag). Theac conditions result tn improved propylenc
yiclds for feeds containing from about 20 wt% to about 40 wi% of a triglyceride-
containing feed portion.

[80113] FIGS. 9 and 10 are related to the olefin content of the diesel boiling range
molecules generated during deoxygenation. To determine the amount of olefin
preservation, the amount of €7 and Cp olefins in the deoxygenated effluent were
investigated refative to the total amount of the respective £ and Ciz molecules in the
cffluent. The Oy olefins represent molecules formed by decarbonylation or
decarboxylation, while the C 3 olefins represent molecules formed by
hydrodeoxygenation.

(60114} FI1G. 9 shows that deoxygenation using the molybdenum catalyst resulted in
about 30~ 70% of the €17 molecules containing at least ong olefin. The amount of
olefin preserved by the molybdenum catalyst does not appear to be strongly correlated
with the reaction pressure. The Cyy olefin yield s similar but lower for the CoMeo
catalyst. For the tungsten catalyst, higher percentages of olefins were retained, with 80%

or greater percentages of olefins ebserved at a number of conditions. For the
coxygenated product where 80% or more of the product molecules correspond to
ofefins, the resulting product has an olefin o paraffin ratio of greater than 8.09. Thus,
deoxygenation using a tungsten catalyst provides a method for deoxygenation of a
trighyeeride {or other biocomponent) feed while preserving olefing ininially present in the

feed. 1tis noted, however, that the reaction conditions seiected were not sufficient for
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full deoxygenation. Therefore, the additional severity required for complete
deoxygenation using the tungsten catalyst may result in lower p;:rccntagcs of olcfins.
[60115] FIG. 10 shows similar data for olefin preservation in C s molecules, This
corresponds to olefins preserved in molecules formed by bydrodeoxygenation. In FIG,
1§, the amount of olcfins prescrved by the various catalysts is comparable to the amount
preserved for the €7 molecules. This suggests that the mechanism for deoxygenation
does not have a strong influence on whether an olefin is uitimately saturated or preserved
under the reaction couditions,

{60116} FIG. 12 shows hydrogen consumption for the various catalysts at full
deoxygenation. The molybdenum catalyst shows a hydrogen consuraption of 1500 s¢f/3
or greater for all process conditions. This reflects the selectivity of the molybdenum
catalyst for bydrodeoxygenation and for greater percentages of olefin saturation. By
contrast, the hydrogen consumption for the tungsten catalyst vartes with reaction
condition. This reflects the vartation in amount of oletin saturation for the tungsten
catalyst depending on conditions, as well as changes in the relative amounts of
hydrodeoxygenation and decarbonylation/decarboxylation depending on conditions.
[60117] hn addition to the above expeniments, an additional set of process runs was
performed using metal sulfide catalysts physically promoted with MgO or ZnQO. In these
additional experiments, three types of catalyst were investigated. One catalyst included
3.0 wit% of Zn0 and 10.6 wit¥% of MoO1 on an alumina support. A sccond catalyst
included 3.0 wit% of MgQ and 21.4 wt% of MoO; on sn alumina support. Samples of
these catalysts were dried or caleined at 180°C and 300°C prior to sulfidation and use n
the process runs. A third catalyst included ZnG and MoQs ina [.5to T ratio on an

alumina support. The catalysts were used for deoxygenation of a trigiyeeride-containing
feed that included about 50 wi%% cach of canola oif and dodecane. The reaction
conditions included a hydrogen partial pressure of 400 psig (2.76 MPag), an LHSV of |
hr'', and a hydrogen treat gas rate of about 2000 scf/bbl (337 Nm"/'mj). The reaction
temperature was 295°C. For cach catalyst, the deoxygenation conditions were sufficient
to remove at least 809% of the oxygen in the canola oil. The deoxygenation activity of
the physically prowoted catalysis was similar to or slightly greater than the activity fora

corresponding molybdenum catalyst without a physical promoter. In these experiments,



the production of propylene veraus propane was characterized in 8 roanner different from
FIG. 8, so that lower relative amounts of propylene production could be detected.

30118} FIG. 13 shows the sclectivity for propylene production for each of the
catalysts at the indicated temperature. The vertical axis {entitled “Fropene Ratio™)
indicates the amount of propylenc {C=) gencerated relative to the combined propylene
and propane (total C1) generated during the deoxygenation reaction. As shown in FI(.
13, the physically promoted MoQ; catalysts demonstrated from about 23% selectivity for
propylene production, for the Mg promoted catalyst caleined at 300°C, to slightly greater
than 50% selectivity for propylene production, for the Zn promoted catalyst calcined at
300°C. The selectivity i the propylene production from the catalyst including a
majority of Zn0 was noticeably lower. As shown in FIG. 13, inclusion of an amount of
Zn0 that is fess than the amount of MoQ5 on a catalyst as a physical promoter resulted in
a catalyst with the desired deoxygenation specific reactivity of a Group VI metal catalyst
while providing an increased selectivity of propylene. It is noted that the catalyst
inclnding a larger amount of ZnO than Mo(}: resulted in a sharply reduced selectivity for
propylene. This indicates that using Zn0 as a physical promoter for MoO; provided the
increased propyiene bevefit, as opposed to Zo being a desirable catalytic metal for

deoxygenation.

Additional embodiments

[G0119] Embodiment 1. A method for processing a biocomponent feedstock,
comprising: exposing a feedstock corprising at least about 25 wit¥% triglycerides to a
first catalyst in the presence of hydrogen under effective deoxygenation conditions for
forraing an at least partially deoxygenated effiuent, the at least partially deoxygenated
effluent having an oxygen content that is at least 40% less than an oxygen content of the
feedstock, the catalyst comprising a sapported Group VI wetal catalyst or a supported
Group VII non-noble metal catalyst; separating the at least partially deoxygenated
effluent to form a gas phase effluent and a liquid phase effluent, the Haguid phase efftuent
comprising at least about 15 wt% olefing; and fractionating at least a portion of the liquid
phase cfftucnt to form a diesel product fraction, the dicsel product fraction having an

olefin to paraffin ratio of at least about (.04,



{30126] Embeodiment 2. The method of Embodiment 1, further coroprising:
expesing the liquid phasc offlucnt, prior to fractionation, to an acidic catalyst under
effective conditions for oligomerization of at least a portion of the olefins to form a
product effluent, wherein fractionating the at least a portion of the liquid phase effluent
compriscs fractionating the product cfttucnt to form at least a diesel product fraction and
a fubricant base oil product fraction.
{60121} Embodiment 3. A method for processing a biocomponent feedstock,
comprising: exposing a feedstock comprising at fcast about 25 wi% triglycerides to a
first catalyst in the presence of hydrogen under effective deoxypenation conditions for
forming an al least partially deoxygenated effineny, the at least partially deoxygenated
cffluent having an oxygen content that is at fcast 4096 less than an oxygen content of the
feedstock, the catalyst corprising a supported Group VI metal catalyst or a supported
Group VI non-noble metal catalyst; separating the at least partially deoxygenated
cffluent to form a gas phase effluent and s liquid phase cffluent, the Higuid phase effluent
comprising at least about 15 wt% olefins; exposing the liquid phase effhucnt to an acidic
catalyst under cffective conditions for oligomerization of at least a portion of the olefins
to form a product effluent; and fractionating at least a portion of the liquid phase effluent
to form a diesel product fraction and a tubricant base oil product fraction, the dicsel
product fraction having an olefin to paratfin ratio of at {east about .04
{1221 Embodiment 4. The method of any of the above embodiments, wherein the
liquid phase efflucnt has an olefin to paratfin ratio of at least about §.06.
601231 Embodiment 5. The method of any of the above embodiments, wherein the
etfective deoxygenation conditions include a teraperature from about 250°C to about
330°C, an LHSV from about 0.2 b to about 10 he”, and a hydrogen partial pressure of
bout 200 psig (1.4 MPag) to about 2000 psig (14 MPag).
[§0124] Embodiment 6. The rocthod of any of Embodiments 2 - 5, wherein the
ettective oligomerization conditions include a pressure from about 300 psig (2.1 MPag)
to about 1000 paig (6.9 MPag), such as pressure provided by pressurizing with Nz or
another nert gas, and a space velocity from about 0.1 hr'! to about 10.0 i’ LHSVY.
[60125] Erbodiment 7. The method of any of the above crobodiments, wherein the

first catalyst comprises tungsten, molybdenum, or cobalt.
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[B012s] Embodiment 8. The method of Embodiment 7, wherein the {irst catalyst
COmprises tungsten.

(69127} Erabodiment 9. The method of Embodiment 7, wherein the first catalyst
comprises molybdenum.

{B0128] Embodiment 10, The method of Embodiment 7, wherein the first catalyst
comprises cobalt.

{0129 Embodiment 11. The method of any of Embodiments 7 to 10, wherein the
fivst catalyst further comprises a physical promoter metal,

160136] Embodiment 12. The method of Embodiment 11, wherein the physical
prorooter metal is zine, magnesium, or a combination thereof

{38131 Embeodiment 13, The method of Embediment 11, wherein the catalyst
cormprises zine and molybdenum,

[00132] Embodiment 14, The method of Embodinment 11, wherein the catalyst
comprises zinge and fungsten.

[0 331 Embediment 15, The method of Embodiment 11, wherein the catalyst
comprises magnesiure and molybdenum.

[63134] Ewmbodiment 16, The mcthod of Ermbodiment 1], wherein the catalyst
comprises magnesium and tungsten.

[83135] Embodiment 17, The method of any of Embodiments 1 to &, 11, 12, 14, or
16, wherein the first catalyst comprises tungsten, the feedstock comprises from about 25
wits to 40 wi% triglycerides, and the effective deoxygenation conditions include a
temperature from about S6Q°F (293°C) to about 600°F (316°C), an LHSY from about 9.2
hr't to sbout 10 hr'', and a hydrogen partial pressure of about 300 psig (2.1 MPag) o
about 500 psig (3.4 MPag).

133136} Embodiment 18, The method of any of Embodiments 1 to 7, 9, or 11-13,
wherein the fivst catalyst comprises zine and molybdenur, the feedstock comprises from
about 25 wi% to about 40 wi% triglycerides, and the ctfective deoxygenation conditions
include a temperature from about 5360°F (293°C) to sbout 600°F (316°C), an LHSY from
about 0.2 b to about 10 hr”', and a hydrogen partial pressure of about 300 psig (2.1
MPag) to about 500 psig (3.4 MPag).

1801371 Embodiment 19, The method of any of Embediments 2 - 18, whersin the

acidic catalyst comprises MCM-49, MUM-36, zeolite USY, montmoritionite, an acidic



clay, sulfated Zr(3,, tungsten oxide, or a combination thereof, the acidic catalyst
optionally being a supported catalyst.

601381 Erabodiment 20. The method of any of Embodiments 2 - 18, wherein the
acidic catalyst comprises MCM-49, MUM-50, or tungsten oxide supporied on zirconia.
[39139] Embodiment 21, The method of any of Embodiments 2 - 20, further
comprising: hydrotreating at least a portion of the product efftuent under effective
hydrotreating conditions; and exposing at least g portion of the hydrotreated product
efflucot to a dewaxing catalyst under effective dewaxing condttions.

[60146] Embodiment 22. The method of any of the above embodiments, wherein
the feedstock comprises at least 40 wi% of triglycerides.

{68141 Embediment 23, The method of any of the above embodiments, wherein the
deoxygenated efffuent comprises at feast about 40 wi% of olefins.

1861421 Embodiment 24. The method of any of the above emboediments, wherein the
teedstock comprises from about 10 wi%s to about 70 wi% of a recycle feed, the recvele
feed corresponding to a recyeled portion of at least one of the liquid phase effluent or the
diesel product fraction.

[80143] Erabodiment 25, A wethod for processing a biocomponent feedstock,
comprising: exposing a feedstock containing triglycerides to a physically promoted
Group Vimetal catalyst comprising fungsten in the presence of hydrogen under effective
deoxygenation conditions for forming an at least partially deoxygenated effluent, the at
least partially deoxygenated cfflucnt having an oxygen content that 1s at least 40% less
than an oxygen content of the feedstock; exposing the liquid phase effluent to an acidic
catalyst comprising MCM-49, MCM-56, or tungsten oxide supporied on zirconia under
effective conditions for oligomerization of at least a portion of the clefins to form a
product cffluent; and fractionating at least a portion of the liquid phase efftuent to form a
diesel product fraction and a lubricant base oil product fraction, the diesel product
fraction having an olefin to paraffin ratio of at least about 0.04.

{68 144] Embodiment 26, A method for processing a biocoroponent feedstock,
comprising: exposing a feedstock containing triglycerides to a physically promoted
Group VI metal catalyst coraprising zine and molybdenum in the presence of hydrogen
under effective deoxygenation conditions for forming an at least partially deoxygenated

cftluent, the at least partially deoxygenated efflucnt having an oxygen content that is at
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feast 40% less than an oxygen content of the feedsiock; exposing the Hguid phase
cffluent to an acidic catalyst comprising MCM-49, MCM-36, or tungsten oxide
supported on zirconia under effective conditions for oligomerization of at least a portion
of the olefins to form a product effluent; and fractionating at least a portion of the liquid
phase offluent to form a dicsel product fraction and a lubricant base oif product fraction,
the diesel product fraction having an olefin to paraffin ratic of at least about 0.04.
{30145} Embodiment 27. The method of any of Embodiments 25 or 26, wherein the
effective deoxygenation conditions include a temperature from about 230°C to about
350°C, an LHSY from about 0.2 hr™' to about 10 hr”', and a hydrogen partial pressure of
about 200 psig (1.4 MPag) to about 2000 psig (14 MPag).

{30146} Embeodiment 28, The method of any of Embodiments 25 or 26, wherein the
feedstock comprises frora about 15 wi to about 40 wis triglveerides, preferably 25
wi% to 35 wts triglycerides, and the effective deoxygenation conditions include a
temperature from about 560°F (293°C) to about 600°F (316°C), an LHSV from about 0.2
he'* to about 10 hr'', and a hydrogen partial pressure of about 300 psig (2.1 MPag) to
about 500 psig (3.4 MPag).

[00147] Erabodiment 29, The wicthod of any of Embodiments 25 to 28, wherein the
effective oligomerization conditions include a pressure from about 300 psig (2.1 MPag)
to about 1000 paig (6.9 MPag), such as presswre provided by pressurizing with N» or
another inert gas, and a space veloctty from about 0.1 hr' to about 10.0 ™ LHSV,
[66148] Embodiment 30. A dicsel fuel product produced according to the method
of any of the above embodiments.

801491 Embodunent 31, The diesel fuel product of Embodiment 30, the diesel fuel
product having a cetane rating of at least 40 comprising at least about 50 wt% of
molecules containing from 12 carbons to 18 carbons, an olefin to paraffin ratio of at least
about 0.06, an oxygen content of about 1.0 wi% or less, a sulfur content of SO wppm or
less, and a 795 boiling point of 370°C or less.

{60156 Embodiment 32, The diesel fuel product of Embodiments 30 or 31,
wherein the elefin to paraffin ratio is at least about 0.075.

[60151] Embodiment 33. The dicsel fuel product of any of Embodiments 30 - 32,

‘

wherein the oxygen content is about 0.5 wi% or less.



- 47-

[BD152] Embaediment 34, The diesel tuel prodoct of any of Embodiments 30 - 33,

wherein the dicsel fuel product comprises at least about 40 wit%: olefins.
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CLAIMS:

L. A method for processing a biocomponent foedstock, comprising:

exposing a feedstock comprising at least about 25 wt% trighycerides to a
first catalyst in the presence of hydrogen under effective deoxygenation conditions for
forming an at [cast partially deoxygenated efffuent, the at least partially deoxypenated
effluent having an oxygen content that is at feast 40% less than an oxygen content of the
feedstock, the catalyst comprising a supported Group VI metal catalyst or a supported

Group VI non-noble metal catalyst;

separating the at {cast partially deoxygenated effluent to form a gas phase
effluent and a liquid phase effluent, the liquid phase effluent comprising at least about 13

wi% olefing; and

fractionating at least a portion of the Hquid phase effluent to form a diesel
product fraction, the diesel product fraction having av olefin to paraffin ratio of at least

about 4.04.
2. The method of claim 1, further comprising:

exposing the liquid phase eftluent, prior to fractionation, to an acidic
catalyst under effective conditions for oligoracrization of at least a portion of the olefins

to form a preduct effluent,

wherein fractionating the at {east a portion of the Hquid phase effleent
comprises fractionating the product effluent fo form at least a dicsel product fraction and

a lubricant base oif product fraction.

3. The method of any prior claim, wherein the feedstock coruprises at

least 40 wt% of triglycerides.

4. The method of any prior claim, wherein the liguid phasc cffluent has

an olefin o paraffin ratio of at least about 0.06.
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5. The wethod of any prior claim, wherein the effective deoxygenation
conditions include a temperature from about 250°C to about 356°C, an LHSV from

about 0.2 hr'! to about 10 hr'', and a hydrogen partial pressure of about 200 psig (1.4

MPag} to about 2000 paig (14 MPag).

6. The method of any one claims 2-3, wherein the acidic catalyst
comprises MCM-49, MCUM-56, zeolite USY, montmoriilonite, an acidic clay, sulfated
Zx0;, tungsten oxide, or a combination thereof, the acidic catalyst optionally being a

supported catalyst.
7. The method of any prior claim, further comprising:

hydrotreating at least a portion of the product effluent under effective

hydrotreating conditions; and

exposing at least a portion of the hydrotreated product effluent to a

~

ewaxing catalyst uynder effective dewaxing conditions.

8. The method of any prior claim, wherein the metal catalyst comprises

tungsten, molyvbdenum, or cobalt.

9. The method of any prior claim, wherein the metal catalyst consists

essentially of a Group Vi metal catalyst or a Group VHI non-noble metal catalyst,

10, The method of one of claims 1-8, wherein the metal catalyst consists
essentially of a Group V1 mnetal catalyst with a physical promoter metal or a Group VI

non-noble metal catalyst with a physical promoter metal.

L. The method of any one of claims 17, wherein the metal catalyst
comprises zine and molybdenum, zinc and tungsten, magnesium and molybdenum, or

magnesium and tungsien.

12, The method of any prior claim, wherein the deoxygenated effluent

comprises at least about 40 wi¥ of olefins.
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13, The method of any prior claim, wherein the feedstock comprises from
about 1 wt% to about 50 wt% of a recyele foed, the recycle foed corresponding to a

recycled portion of at least one of the liquid phase efftucnt or the dicsel product fraction.

14, The method of any prior claim, wherein the at least partially

deoxygenated efflnent has an oxygen content of about 1.0 wi% or less.

15, A distiflate produet having a cotans rating of at least 40 comprising at
least about 50 wt% of molecules containing from 12 carbons to {8 carbons, an olefin to
paraftin ratio of at least about 0.06, an oxygen content of about 1.0 wi% or less, a sulfur

content of 50 wppm or less, and a T95 boiling point of 370°C or less.

16, The distillate product of claim 15, wherein the olefin to paraffin ratio

is at least about 0.075.

7. The distillate product of any one of claitas 15-16, wherein the oxygen

content is about 0.5 wit% or less.

I8, The distilfate product of any one of claim 15-17, wherein the distillate

product comprises at least about 40 wi% olefins,

19, The distillate product of claim 1S, wherein the distitlate product is a

diesel product fraction made according to the process of claim 1.



