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PROCESS FOR REMOVING CHLORIDE FROM
LIPID FEEDSTOCKS USING REJUVENATED CATALYST

PRIORITY CLAIM
{6001} The present application claims priority to U.S. Provisional Patent Application
Serial No. 63/462,300, entited “Process For Removing Chloride From Lipid Feedstocks
Using Rejuvenated Catalyst,” filed April 27, 2023, the content of which is incorporated by

reference herein in s entirety.

BACKGROUND
j0002] There is an increasing interest in alternative feedstocks for replacing at least
partly crude oil, in the production of hydrocarbons suitable as fuels or fuel components, for
exampie, as transportation fuels, or compatible with fuels.  Biofuels are typically
manufactured from feedstock originating from renewable sources including oils and fats
obtained from plants, animals, algal materials, fish, and various waste sireams, side sireams
and sewage sludge. These feedstocks, particularly the varicus waste streams and side
streams, contain varying amounts of cosntaminants, such as gums, organic chlorine
compounds, phospholipids and other phosphorus compounds, metals and metal compounds,

and residual soaps, which are, for example, deleterious to converting cataly sts.

SUMMARY
{0003 in accordance with an illustrative embodiment, a process comprises:
{0004] sequentiaily treating a plurality of lipid feedstocks comprising a set of lipid

feedsiocks each having a chloride content of at least about 2 ppm with a metal oxide catalyst
on an oxide support under first treating conditions to produce respective treated streams of the
set of lipid feedstocks each having a chioride content less than | ppm until a given one of the
respective treated streams of the set of lipid feedstocks has a chloride content greater than 1
ppm and the metal oxide catalyst on the oxide support 18 converted to a spent metal oxide

catalyst on the oxide support,



WO 2024/226141 PCT/US2024/014748

{6005] converting the spent metal oxide catalyst on the oxide support to a rejuvenated
metal oxide catalyst on the oxide support, and

{0006} treating one or more additional lipid feedstocks each having a chloride content
of at least about 2 ppm with the rejuvenated metal oxide catalyst on the oxide support under
second treating conditions to produce one or more respective treated streams each having a

chloride content less than 1 ppm.

DETAILED DESCRIPTION
{6097} Yarious llustrative embodiments described herein are directed to processes for
removing chlonde and other impurities from lipid feedstocks utilizing rejuvenated catalysts to
provide purified lipid feedstocks that can be used for refinery processing.
[6068] Detinitions
[6009] The termn “lipid” is known in the art and refers to fatty acids and their
derivatives. Accordingly, examples of lipids include fatty acids (both saturated and
unsaturated), glycerides or glycerolipids, also referred to as acylglycerols {such as
monoglycerides  (monoacylgycerols),  diglycerides  (diacylglycerols),  triglvcerides
{triacylglycerols, TAGs, or neutral fats), phosphogiveerides (glyveerophospholipids);
nonglycerides (sphingolipids, sterol liptds, including cholesterol and stercid hormones, prenol
hipids including terpenoids, fatty alcohols, waxes, and polvketides), and complex lipid
derivatives {sugar-linked lipids or glycolipids, and protein-linked lipids}.
[6018] The term “fatty acid” refers to a monocarboxylic acid having an aliphatic chain
containing about 3 to about 39 catboun atoms, and more particularly about 7 to abour 23
carbon atoms. The aliphatic chain may be linear or branched and may be saturated or
unsaturated {e.g., contain one or more carbon-carbon double bonds).
16011} The term “bio-oil” means a liquid product produced from biomass by a
thermochemical process.  Bio-oil may include bio-derived hydrocarbon fractions and
oxygenated hydrocarbons such as carboxylic acids, alcohols, aldehydes, ketones, etc.
0012} The term “renewable feedstock”™ as used herein refers to a material originating

from a renewable resource (e.g., plants) and non-geologically derived. The termn “renewable”
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is also synonymous with the term “sustainable”, “sustainably derived”, or “from sustainable
sources”. The term “geologically derived” means originating from, for example, crude oil,
natural gas, or coal. “Geologically derived” materials cannot be easily repienished or regrown
(e.g., in contrast to plant- or algae-produced oils).

{6013} The term “fresh catalyst” or “fresh metal oxide catalyst on an oxide support” as
used herein denotes a catalyst which has not previously been used o a catalytic process.
{6014} The term “spent catalyst” or “spent metal oxide catalyst on an oxide support”
as used berein denotes a catalyst that has less chloride removing activity at the same or simailar
reaction conditions {e.g., temperature, pressure, inlet flows, etc.) thau the catalyst had when it
was originally exposed to the process. This can be due to a number of reasons, where several
non-timiting exarmples of causes of the catalyst having less chioride removing activity inchude
cation or anion substitution, acidification of the catalyst surface, metal component depletion
and/or chemical or compositional changes.

j0015] The term “rejuvenated catalyst” or “rejuvenated metal oxide catalyst on an
oxide support” as used herein denotes a catalyst that had become spent, as defined above, and
was then subjected to a process that increased its chloride removing activity to a level greater
than it had as a spent catalyst. The rejuvenated catalyst typically has a chloride removing
activity that 13 equal to or substantially similar to the chloride removing activity of the fresh
catalyst.

16016} The term “hydroprocessing” generally encompasses all processes in which a
hydrocarbon feedstock is reacted with hydrogen in the presence of a catalyst and under
hydroprocessing conditions, typically, at elevated tewperature and elevated pressure.
Hydroprocessing  includes, for example, processes such as  hydrogenation,
hydrodeoxygenation,  hydrodesulfurization, hydrodenitrogenation, hydrodemetallization,
hydrodearomatization, hydroisomerization, hydrodewaxing, hydrocracking and  mild
hydrocracking.

{6017} The term “transportation fuels” as used herein refer here to fractions or cuts or
blends of hydrocarbons having distillation curves standardized for fuels, such as for diesel

fuel (rmddie distitlate from 160°C to 380°C, according to EN 590, gasoline (40°C to 210°C,
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according to EN 228), aviation fuel (160°C 1o 300°C, according to ASTM D-1655 jet fuel),
keroseng, naphtha, etc. Liquid fuels are hydrocarbons having distiliation curves standardized
for tuels, such as transportation fuels.

j0018] The term “ppm” as used herein means parts-per-million and is a weight
relative parameter. A part-per-million is a microgram per gram, such that a component that is
present at 10 ppm s present at 10 micrograms of the specific component per 1 gram of the
aggregate mixture.

{6019} The term “upgrading” refers o a process wherein a feedstock is altered to have
more desirable properties.

18020} The term “biofuels” refers here to liquid fuels obtained from renewable
feedstock (e.g., feedstock of biological origin}.

j6021] An organic chloride contaminant level can be determined by Xeray
Fluorescence Spectroscopy, e.g., ASTM D7536-09, Standard Test Method for Chlorine in
Aromatics by Monochromatic Wavelength Dispersive X-ray Fluorescence Spectrometry.
{6022} As mentioned above, there is an increasing interest in alternative feedstocks for
replacing at least partly crude oil, in the production of hydrocarbons suitable as fuels or fuel
components, for example, as transportation fuels, or compatible with fuels. Biofuels are
typically manufactured from feedstock originating from renewable sources. These feedstocks
contain varying amounts of contaminants which are deleterious to converting catalysts,

j6823] Despite the ongoing research and development in the processing of lipid
feedstocks and manufacture of fuels, there is still a need to provide an improved process for
purifying lipid feedstock to provide a purified feedstock having hittle 1o no detectable chioride
content which is suitable for converting to valuable chemicals, such as hydrocarbons suitable
as fuels or fuel blending components. For example, {resh catalyst effectively removes
chloride from the lipid feedstocks to yield oil products with no detectable chloride content.
However, the chioride removing activity of the catalyst to continue to remove chioride from
the lipid feedstocks slowly deteriorates over time and over the course of reaction/regeneration
cycles due to, for example, the accumulation of metal impurities on the catalyst over time that

are not removed duning the coke burm. Accordingly, 1t would be desirable to rejuvenate (e,
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re-activate) the chioride removing activity of the metal oxide catalyst to further process other
Hipid feedstocks in order to continue to provide purtfied lipid feedstocks having little to no
detectable chloride content, 1.¢, a chloride content less than 1 ppm or less than 0.5 ppm or
fess than G. 1 ppm.

6024} The illustrative embodiments described herein overcome these and other
drawbacks in providing an improved process for purifying revewable feedstocks to provide
purified renewable feedstocks having little to no detectable chionde content which are then
suitable for converting to valuable chemicals by re-activating the chloride removing activity
of the spent metal oxide catalyst during the processing of lipid feedstocks. In non-limiting
ilfustrative embodiments, a process comprises:

je825] sequentially treating a plurality of liptd feedstocks comprising a set of lipid
feedstocks each having a chloride content of at least about 2 ppm with a metal oxide catalyst
on an oxide support under first treating conditions to produce respective treated streams of the
set of lipid feedstocks each having a chloride content less than 1 ppm until a given one of the
respective treated streams of the set of lipid feedstocks has a chloride content greater than |
ppm and the metal oxide catalyst on the oxide support is converted to a spent metal oxide
catalyst on the oxide support,

{0026} converiing the spent metal oxide catalyst on the oxide support to a rejuvenated
metal oxide catalyst on the oxide support, and

16027} treating one or more additional ipid feedstocks each having a chloride content
of at least about 2 ppm with the rejuvenated metal oxide catalyst on the oxide support under
second treating counditions to produce one or more respective treated streams each having a

chloride content less than 1 ppm.

{6028} First Treating Step
6029) Lipid Feedstock
(6030} In step (a) of the iHustrative embodiment, the lipid feedstocks originate from

renewable or biological source or sources, and it is meant 1o include herein feedstocks other

than those obtained from mineral oil, shale oil or coal.
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18031} In an illustrative embodiment, suitable lipid feedstocks for use herein can
include, for example, from O to about 90 wt. % of free fatty acids, about 5 to 100 wt. % fatty
acid glycerol esters {e.g., mono~, di-, triglycerides) and 0 to about 20 wt. % of one or more
compounds selected from the group consisting of faity acid esters of the non-glycero! type,
fatty amides, and fatty alcohols. In an illustrative embodiment, as may be combined with
with the preceding embodiment, the lipid feedstock comprises more than about S0 wt % of
free fatty acids and fatty acid glycerol esters such as about 70 wt. % or more, for example,
about 80 wi % or reore and up to 100 wt. %.

16032} In an tlustrative embodiment, a lipid feedsiock may include lipids (e.g., fats or
oils} that originate, for example, from any type of plant, animal, microorganisms such as algae

.

{e.g., algae oil, aigae biomass, algae cultivation), fish and microbiological process. In an
embodiment, the lipid feedstocks used include triglycerides.

{6033} Many different lipid feedstocks derived from plants can be used. In von-
limiting tllustrative embodiments, plant-based lipid feedstocks can include, for example,
rapeseed oil, soybean oil (including degununed soybean oil}, canola oil, cottonseed oil, grape
seed oil, mustard seed cil, com oil, linseed oil, satflower oil, sunflower cil, poppy-seed oil,
pecan otl, walnut oil, oat oil, peanut oil, rice bran otl, camellia oil, castor oil, and olive ail,
palm oil, coconut oil, rice oil, algae oil, seaweed oil, Chinese Tallow tree oil. Other plant-
based lipid feedstocks can be obtained from, for example, argan, avocado, babassu palm,
balanites, bomeo tallow nut, brazil nut, calendula, camelina, caryocar, cashew nut, chinese
vegetable tallow, cocea, coffee, cohune palm, coriander, cucurbitaceae, euphorbia, hemp,
itllipe, jatropha, jojoba, Kenaf, kusum, macadamia nuts, mango seed, noog abyssinia, nutmeg,
opium poppyy, perilia, pili nut, pumpkin seed, rice bran, sacha inche, seje, sesame, shea nut,
ieased, allanblaclia, almond, chaulmoogra, cuphea, jatropa curgas, karanja seed, neem,
papaya, tonka bean, tung, and ucuuba, cajuput, clausena anisata, davana, galbanum natural
oleoresin, german chamomile, hexastylis, high-geraniol monarda, juniapa-hincjo sabalero,

fupine, melissa officinalis, milfoil, ninde, patchouli, tarragon, and wormwood.
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3034} Many different lipid feedstocks dertved from animals can also be used. In
non-timiting  iHlustrative embodiments, ammal-based lipid feedstocks can include, for
example, choice white grease, lard (pork fat), tallow {(beef fat), fish oil, and poultry fat.

{6035] Many different lipid feedstocks derived from microorgamsms {Bukarvotes,
Eubacteria and Archaea) can also be used. In non-limiting illustrative embodiments, microbe-
based lipid feed stocks can inchude, for example, the L-glycerol lipids of Archaea and algae
and diatom oils. In some embodiments, lipid feed stocks derived from microorganisms can
include bacteria, protozoa, algae, and fungi.

{6036} In some embodiments, lipid feedstocks derived from both plant and animal
sources can be used such as, for example, yellow grease, white grease, and brown grease. In
non-limiting illustrative embodiments, yellow, white or brown grease can include fiving oils
from deep fryers and can thus include fats of both plant and animal origin. Lipid feedstocks
can specifically include used cookivg oil.  Brown grease {also known as trap grease) can
include fats extracted from sewage systems and can thus include fats of both plant and animal
origin. In some embodiments, lipid feedstocks used in embodiments can include non-
biological lipid feedstocks. Lipid feedstocks of the invention can alsc include black oil.
{6037} In non-limiting  illustrative embodiments, the lipid feedstocks include
feedstocks originating from low value renewable waste materials, side streams, by-products,
refining waste and residues, sewage sludge, and any combinations thereof.

[6038) In non-limiting illustrative embodiments, the lipid feedstocks may be selected
from the group consisting of acidulated soap-stocks, faity acid distitlates from physical
refining of plant oiis or animal fats, distillers com oil (BCO) from ethanol production, waste
cooking otls, lard, brown grease, vellow grease, trap grease, waste fats, low-grade oils,
supercritical water liguefaction oils (SCWL oils), plant oils, animal fats and any combination
thereof.

[6039] In an illustrative embodiment, as may be combined with one or more of the
preceding paragraphs, the lipid feedstocks comprise one or more of alkali metals, alkaline
earth metals, and/or other metals, such as iron and manganese, that even in low amounts are

often regarded as not suitable for catalytic treatment in refinery operations because each of the

-3
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metais is an effective catalyst potson. The alkali metals, alkaline earth metals and other
metals may typically comprise Na, K, Mg, Ca, Mn, Fe, or a combination thereof. The lipid
feedstock may comprise at least about | ppm {e.g., about 1 to about 250 ppm, about 1 to about
100 ppm, about 1 to about 530 ppm, about 1 to about 25 ppm, about 2 to about 250 ppm, about
2 to about 100 ppm, or about 2 1o about 25 ppm) of alkali metals, alkaline earth metals, metals
of Groups VB and VIIB, or combinations thereof, calculated as elemental metals, in total.
Total metals content can be determined using AOCS Recommended Practice Ca 17-01.

0040} In noun-limiting tlustrative embodiments, the lipid feedstocks can include low
value lipid feedsiocks, such as various types of animal fats and waste oils, which generally
have a relatively high concentration of free fatty acids. One method of assessing the
concentration of free fatty acids is to determine the total acid number (TAN) of the feedstock.
The total acid number is the mass of potassium hydroxide (KOH) in nuiligrams that is
required o neutralize one gram of the chemical substance being assessed.

j0041] In an illustrative embodiment, as may be combined with one or more of the
preceding paragraphs, the lipid feedstocks may have a total acid number of at least about S mg
KOH/g (e.g., about 5 to about 150 mg KOH/g, about 10 to about 150 mg KOH/g, from about
10 to about 100 mg KOH/g, from about 16 to about 50 mg KOH/g, from about 10 to about 25
mg KOH/g, or from about 10 to about 20 mg KOH/g). The total acid number can be
determined using ASTM D064,

{6042} Lipid feedstocks typically contain varying amounts of impurities such as, for
example, phosphorus, silicon, chioride, alkali metals, earth alkaline metals, other metals, etc.
In an iHustrative embodiment, as may be combined with one or more of the preceding
paragraphs, the lipid feedstocks can contain varving amounts chloride such as at least about 2
ppm, or at least about 4 ppm or at least about 10 ppm {e.g,, about 2 to about 100 ppm, about 2
to about 75 ppm, about 2 to about 50 ppm, about 10 to about 100 ppm, or about 10 o about
50 ppm) of chloride, where any of the lower limits can be combined with any of the upper
fimits.

0043} In non-limiting embodiments, there can be additional lipid feedstocks present

in the processing, in addition to the hipid feedstocks having a chloride content of at least about
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2 ppm, that have a chioride content of less than 2 ppm. In other embodiments, there can be
also be additional lipid feedstocks present in the processing, in addition to the lipid feedstocks
having a chloride content of at least about 2 ppm, that have no chioride content.

j6044] in an illustrative embodiment, the Hpid feedstocks may be pretreated. Suitable
pretreatments include, but are not limited to, degumming, neutralization, bleaching,

deodorizing, or any combination thereof

{6045} Catalyst
6046} The catalyst for use in step (a) is a fresh metal oxide catalyst on an oxide

support. Suitable metals of the metal oxide include, for example, Na, K, Mg, Ca, Sr, Cr, Mo,
Mn, Fe, Co, Ni, Cu, Zn, Al, rare carth metals, or a mixture thereof In an illustrative
embodiment, the metal oxide can be present in an amount ranging from about 0.1 to about 10
wt. %o, In an illustrative embodiment, a suitable oxide support can be any suitable inorganic
oxide support. Representative examples of such suitable oxide supports include, but are not
limited to, alumina, silica, silica-alumina, titania, zirconia, or a mixture thereof In one
embodiment, the oxide support is ose of alumina and silica-alumina where the silica content
of the silica-alumina support can range from about 2 t© about 30 wt. %. The alumina can be
any of the aluminas conventionally used for hydroprocessing catalysts. Such aluminas are
generally porous amorphous alumina having an average pore size from about 50 to about 200
angstroms. In non-limiting illustrative ermnbodiment, the metal oxide catalyst comprises CaQ,
and the oxide support is alumina. However, this embodunent is merely exemplary, and any
combination of the foregoing metal oxides and oxide supports are contemplated herein.

j0047] The n

ide catalvst may be in any of the commonly used catalyst shapes
such as, for example, spheres, granules, pellets, chips, rings, extrudates, or powders that are
well-known in the art.

16048) Treatment of the Lipid Feedstocks

(6049} The lipid feedstocks are sequentially treated with the metal oxide catalyst on
an oxide support under treating conditions to produce respective treated streams comprising a
Hiquid fraction comprising a bio-oil, which has a lower content of free fatty acids and

fmopurities a3 compared to the respective starting lipid feedstocks, and the metal oxide
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catalyst  The obtained bio-oil, after further treatment as will be described hereinbelow, is
particularly suitable as a renewable feedstock for hydroprocessing in biofuel manufaciure.
{0050} Without being bound by theory, the treating is believed to proceed by a
thermochemical process which includes ong of more of cracking, decarboxylation,
decarboxylation-coupling, dehydration and/or deoxygenation reactions.

j605E] fn an illusirative embodiment, as may be combined with one or more of the
preceding paragraphs, suitable treating conditions for the lipid feedstocks may comprise one
or more of the following: a temperature o a range of from about 400°C 1o about 700°C {e.g..
about 425°C 1o about 650°C, or about 450°C to about 600°C); a pressure in a range of from 0
to about 10 MPa (e.g., about 0.1 to about 5 MPa, or about 0.1 to about 1 MPa); and a liquid
hourly space velocity (LHSV) in a range of from about 0.1 to about 10 b ' (e.g, about 0.2 to
about S bl or about 0.3 to about 3 h''). Any of the lower limits described above can be
combined with any of the upper limits.

j0052] The treatment of the lipid feedstocks with the metal oxide catalyst may be
carried out in the presence of a carrier gas. Suitable carrier gases include, for example,
hydrogen, nitrogen, carbon dioxide, H:O (water vapor) or C1 Cy4 hydrocarbons (e.g., methane,
ethane, propane or mixtures thereof). These gases may be admixed into the reaction mixture
of the lipid feedstock and metal oxide catalyst and/or may be formed in the course of the
reaction. The carrier gas may be used to expel gaseous or volatile reaction products from the
product mixture such as carbon dioxide {CO2) and Ho (O {water vapor).

[6053] The treatment of the lipid feedstocks with the metal oxide catalyst may be
conducted in any suitable reactor or reactor configuration.  Suitable reactor or reactor
configurations include, for example, a fixed bed reactor, a moving bed, a slurry reactor, a
fluidized bed reactor, an ebullating bed reactor, a transport bed reactor, a two-phase bed
reactor, a riser reactor, and a batch reactor. The feed stream of the lipid feedstock can be
flowed over the catalyst bed either up-flow or down-flow in any one of a liquid, vapor, or
nixed phase.

18054} The process may be batch-type or semi-batch-type or continuous, suitably a

continuous process 1s used.
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HUIRRY As one slalled in the art would understand, the process involves first treating a
first lipid feedsiock having a chloride content of at least about 2 ppm with a fresh metal oxide
catalyst on an oxide support under first treating conditions to produce a first treated stream
comprising a liquid fraction comprising a bio-oil, which has a lower content of chioride as
compared to the starting first lipid feedstock, e.g., the first treated stream has a chloride
content less than 1 ppm, or less than about 0.5 ppro, or less than about .01 ppm, or less than
about 0.001 ppm of chloride, or a chloride content of O ppm.

[6056] The process then continues by treating a second lipid feedstock having a
chloride content of at least about 2 ppm with the same metal oxide catalvst on the oxide
support used for the treatment of the first lipid feedstock under second treating conditions to
produce a second treated streamy comprising a ltquid fraction comprising a bio-oil, which has a
fower content of chloride as compared to the starting second lipid feedstock, e g., the second
treated stream has a chloride content less than 1 ppro, or less than about 0.5 ppm, or less than
about 0.01 ppm, or less than about 0.001 ppm of chloride, or a chlonide content of ¢ ppm.
[BOST] The process further continues by sequentially treating additional lipid
feedstocks having a chloride content of at least about 2 ppm each with the same metal oxide
catalyst on the oxide support under respective treating conditions 1o produce respective
treated streams having a chloride content less than 1 ppm, or less than about 0.5 ppm, or less
than about 0.01 ppm, or less than about 0.001 ppm of chloride, or a chloride content of 0 ppm.
As one skilled in the art will readily appreciate, the process can also sequentially treat
additional lipid feedstocks having a chloride content of less than 2 ppm as discussed above
each with the same metal oxide catalyst on the oxide support under tespective treating
conditions o produce respective treated sireams.

{3058} The process siill further continues untif a given one of the respective treated
streams has a chioride content greater than 1 ppm and the metal oxide catalyst on the oxide
support is converted to a spent metal oxide catalyst on the oxide support. In other words, as
discussed above, the ability of a metal oxide catalyst to remove impurities such as chloride
from the lipid feedstock can slowly deteriorate the chloride removing activity of the metal

oxide catalyst over time and over the course of reaction/regeneration cycles. Accordingly,
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when the chloride removing activity of the metal oxide catalyst has reached a point where it
does not remove chioride to an amount of less than 1 ppm from the given lipid feedstock
being treated, the metal oxide catalyst is partially deactivated. In the past, such deactivated
catalysts are no longer sufficiently active for the desired chioride removal efficiency, and
would need to be replaced with fresh catalyst, i.e., it would have to be unloaded and disposed
of and a fresh metal oxide catalyst charge loaded. However, it has been discovered that is it
possible to boost the chloride removing activity of the catalyst to regain or rejuvenate its
chioride removing activity so that 1t does not have to be disposed of and replaced with fresh
catalyst. Furthermore, the rejuvenation of the de-chlorination activity may be achieved on-
site in the reactor without unloading the catalyst.

j0059] The resulting treated streams each comprising a liquid fraction comprising a
bio-0il may comprise less than 1 ppm of alkali metals, alkaline earth metals, metals of the
Groups VIIB and VIIB of the Periodic Table of Elemeonts (other metals), or combinations
thereof, calculated as elemental metals, in total, preferably less than about 0.5 ppm.

{6060} The resulting treated streams each comprising a liquid fraction comprising a
bio-¢il may have a TAN of less than 5 mg KOH/g {e.g., less than 4 mg KOH/g, less than 3 mg
KOH/g, tess than 2 mg KOH/g, or less than | mg/KOH/g).

0061} The bio-oil(s) obtained from the foregoing treatment steps, after fusrther
treatment as will be described hereinbelow, are particularly suitable as a renewable feedstock
for hydroprocessing in biofuel manufacture.

{6062} Rejuvenated Catalyst Step

[6063] Following treatment of the respective lipid feedstocks with the metal oxide
catalyst and oxide support to produce the resulting treated streams comprising a liquid
fraction comprising a bio-oil with speni metal oxide catalyst on the oxide support, the spent
metal oxide catalyst on the oxide support is converted to a rejuvenated metal oxide catalyst oo
the oxide support which has a chloride removing activity that is equal to or substantially
similar to the fresh catalyst chloride removing activity.

{8064} In one non-limiting llustrative embodiment, the spent metal oxide catalyst can

be converted to a rejuvenated metal oxide catalyst by spraying a solution of a water-soluble
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metal salt directly on the spent metal oxide catalyst. For example, a metal such as calcium
can be added in the form of a solution of a water-soluble calcium salt such as calcium acetate
that is sprayed directly onto the spent metal oxide catalyst. The solution of a water-soluble
metal salt can be sprayed onto the spent metal oxide catalyst utilizing any known suitable
spraying equipment. Suitable metal salts such as calcium salts include those that convert to
any one of a calcium carbonate, a calcium oxide or a calcium hydroxide under the reaction
conditions. Representative examples of suitable calcium salts include, but are not limited to,
calcium nitrate, calcium hydroxide, calcium acetate or other calcium carboxylates. As one
skifted in the art will readily appreciate, other metals such as magnestum and barium are also
contemplated and can be used tostead of calcium and may be deposited in a similar manner.
j6865] In an tllustrative embodiment, the spent metal oxide catalyst can be converted
to the rejuvenated metal oxide catalyst without removing the spent metal oxide catalyst from
the reactor sysiern. For example, in a noon-limiting illustrative embodiment, a concentraied
metal (e.g., calcium) salt solution can be sprayed on the spent metal oxide catalyst until the
desired amount of metal has been added, and then the sprayed metal oxide catalyst is aliowed
to dry by heating up the reactor initially to a drying temperature (e.g., about 120°C to about
200°C) suitable for removing water and subsequently to a calcination temperature and to a
suitable reaction temperature such as from about 400°C 1o about 600°C. The metal salt such
as calcium acetate will decompose under reaction conditions to form a corresponding calcium
carbonate or calcium oxide. A desired amount of metal added to the spent metal oxide
catalyst can be an amount sufficient to convert the spent metal oxide catalyst on the oxide
support to the rejuvenated roetal oxide catalyst on the oxide support. For example, a desired
amount of metal added to the spent metal oxide catalyst can be from about 0.1 to about 10 wt.
%%.

16066) In an tllustrative embodiment, the spent metal oxide catalyst can be converted
to the rejuvenated metal oxide catalyst by imjecting a metal salt such as 2 calcium salt, a
magnesium salt or a barium salt to the metal oxide catalyst with the lipid feedstock during the
treatment of the lipid feedstock with the metal oxide catalyst on the oxide support. In an

embodiment, the metal salt may in this case can be mixed with the lipid feedstock as an

J—
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emulsion of the aqueocus solution of the metal salts such as calcium acetate, in the oil feed. In
an alternative embodiment, an oil-soluble form of the salt may be dissolved in the oil
Representative examples of an oil-soluble salt include acetylacetonate salts, which are known
to be soluble in organic solvents. For example, calcium acetylacetonate is known to have a
high solubility in a low molecular alcohol, such as methanol and ethanol.

{6067} Accordingly, in an embodiment, a solution of the otl-soluble metal salt in the
fow molecular weight alcohol can be injected into the lipid feedstock stream, e.g., an amount
of about 0.05 to about 5 wt. % metal. In one embodiment, glycerin may be used as solvent for
the oil soluble metal salt. in anocther alternative embodiment, a blend in a feed stock contatns
small amounts of calcium or magnesium, which are known rupurities in some low-value liptd
feedstocks. Injection of the metal salts with the lipid feedstock can be carried cut in such
reactor layouts as, for example, moving bed or fluid bed reactors in which more of the catalyst
inventory over time is exposed to fresh feed as opposed to a fixed bed option, in which only a

part of the catalyst inventory is close to the injection point of the feed.

{3068} Second Treating Siep
{0069} Following converting the spent metal oxide catalyst on the oxide support to a

rejuvenated metal oxide catalyst on the oxide support which has a chloride removing activity
that is equal to or substantially similar to the chloride removing activity of the fresh metal
oxide catalyst, the process continues by sequentially treating at least one or more additional
Hipid feedstocks having a chloride content of at least about 2 ppm with the rejuvenated meial
oxide catalyst on the oxide support under treating conditions discussed above to produce
respective treated streams each comprising a liquid fraction comprising a bio-oil, which has a
lower content of chloride as compared to the starting lipid feedstock, e.g., the respective
ireated streams have a chloride content less than 1 ppm, or less than about 0.5 ppm, or less
than about 0.01 ppm, or less than about 0.001 ppm of chloride, or a chloride content of O ppm.
[6078] As discussed above, there can be additional lipid feedstocks present in this
processing step, in addition to the lipid feedstocks having a chloride content of at least about 2

ppm, that have a chloride content of less than 2 ppm. In other embodiments, there can be also
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be additional lipid feedstocks present in the processing, in addition to the lipid feedstocks
having a chioride content of at least about 2 ppm, that have no chloride content.

{0071} The process then continues by sequentially treating additional lipid feedstocks
each with the same rejuvenated metal oxide catalyst on the oxide support under respective
treating conditions to produce respective treated streams having a chioride content less than |
ppm, or less than about 0.5 ppm, or Tess than about 0. 01 ppro, or less than about 0.001 ppm of
chloride, or a chloride content of O ppm. The process continues until a given one of the
respective treated streams again has a chloride content greater than 1 ppm and the metal oxide
catalyst on the oxide support is converted to a spent metal oxide catalyst on the oxide support
as discussed above.

j6872] The obtained bio-cil(s), after further treatment as will be described

hereinbelow, is particularly suitable as a renewable feedstock for hydroprocessing in biofuel

manufaciure,
j6073] Hvdroprocessing
{8074} Beneficially, the bio-oils produced by the process of the illustrative

embodiments disclosed herein may be used directly as a refinery feedstock. The obtained bio-
oil may be blended with one or more mineral oil feedstocks originating from crude oil, shale
oil or coal and Hkewise used as a refinery feedsiock.

{6075] If desired, the bio-oils may be subjected to a catalytic hydroprocessing step.
The obtained at least one effluent (hydroprocessing product) may be fractionated in a
fractionating step to provide hydrocarbon fractions, suitable as renewable fuels or fuel
components, useful as transportation fuels, fuel components and other chemicals.  The
catalytic hydroprocessing step may be carried out in one step or in more than one step.

[3076] The catalytic hydroprocessing step may be carried out processing one Of more
fractions {such as distillation cuts} of the bio-oil separately or the bio-cil may be processed as
a wholie.

{6077} The catalytic hydroprocessing may comprise at least a hydrodeoxygenation
step. Catalytic hydroprocessing may comprise a hydrodeoxygenation step followed by one or

more steps selected from hydroisomerization and hydrocracking steps.
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18078} Hydroprocessing may be performed using one or more hydroprocessing
catalysts comprising one or more metals selected from Group VIA and Group VII metals.
Particularly useful examples are Mo, W, Co, Ni, Pt and Pd. The catalyst{s) can also contain
one or more support materials, for example zeolite, alumina, alumina-silica, zirconia,
alumina-silica-zeolite and activated carbon. Suitably a mixture of CoQ and MoG; (CoMo)
and/or a mixture of NiQO and MoQOs (NiMo), and/or a mixture of Ni, Mo and Co and/or NiwW
and one or more support materials selected from zeolite, alumina, silica, zeolite-alumina,
alomina-silica, alumina-silica~-zeolite and activaied carbon. Also, noble metals, such as Pt
and/or Pd dispersed on alumina may be used.

18979} Hydroprocessing conditions can include a teraperature of from agbout 100°C to
about 450°C {e.g., about 200°C to about 370°C, or about 230°C to about 350°C); a pressure
of from about 0.5 to about 30 MPa {e.g., about 3 to about 25 MPa, or about 3 to about 12
MPay, a liquid hourly space velocity of from about 001 to about 10 h'! (e.g., about 0.1 to
about 5 h™'). The hydrogen gas treat rate can be in a range of from about 600 to about 4000
Nm/m? (e.g., about 1300 to about 2200 Nm'/m®).

{6080} The hydroprocessing occurs in a reaction stage.  The reaction stage can
cOmprise One Or More reactors or reaction zones each of which comprises one or more catalyst
beds of the same or different catalyst. Although other types of catalyst beds/reactors can be
vsed, fixed beds are preferred.  Such other types of catalyst beds include Huidized beds,
ebullating beds, slurry beds, and moving beds. Interstage cooling or heating between reactors,
reaction zones, or between catalyst beds in the same reactor, can be employed.

j6081] At least one effluent from the hydroprocessing is drawn oftf from the last
reactor. In one embodiment, the eftluent is directed to a separator, such as any suitable
separator or flashing unit.  [o the separator, typically water, gaseous siream comprising
hydrogen, light hydrocarbons {e.g., (i to Cs hydrocarbons), HoS, CO and COzare separated
from the lguid component comprising > Cs hydrocarbons and some C: to Cs hydrocarbons.
Water and gases may also be separated by other means which are well known to those skilled

in the art.
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18082} The liguid hydrocarbon stream obtained from the hydroprocessing step
inciudes fuel grade hydrocarbons having a boiling point of at most 380°C, according to IS0
EN 3405, The person skilled in the art 15 able to vary the distilling conditions and to change
the femperature cut point as desired to obtain any suitable hydrocarbon product, boiling

suitably in the transportation fuel ranges.

[6083] The following illustrative example is intended to be non-limiting,.
{6084} In the following example the chloride content is reported in ppm chloride by

weight of the feed, or the weight of the composition and is determined by X-ray flucrescence
o & R

on an X0OS Chiora R bench-top analyzer,

EXAMPLE

[6085] Into a %47 reactor was loaded 50 ml of a calcium doped alumina catalyst, and
then the following runs 1-3 were carried out as described below in which a lipid ol feedstock
was processed over the calcium doped alumina catalyst in up flow in the presence of steam at
a 1.1 steam/oil feed wt. ratio, at 900°F, ambient pressure and at 2 flow rate of about 30 1040 g
oil/hr. In a first run, 6 kg of a pretreated used cooking oil (UCO} feed containing 11 ppm
chloride was processed. In a second run with the same batch of catalyst load, 10 kg of a
chloride free sov bean oil feed was processed. No chloride was detected in the oil product
from either run 1 or run 2. In a third run with the same batch of catalyst load, 1 kg of an
untreated UCQO feed containing 4.6 ppm chloride content was processed.  Samples of oil
product of run 3 were found to contain varying concentrations of chioride up 1.8 ppm.

j6086] At this point, the calcium doped alumina catalyst was cooled, and a solution of
5 g calcium acetate dissolved in 30 ml water was poured on top of the catalyst bed still in the
reactor. The calciurn doped alumina catalyst was then slowly heated 1n nitrogen to 00°F and
brought back into operation. Next, in a fourth run, 10 kg of an untreated UCO feed
containing 4.6 ppm chloride content was processed at the above conditions. There was no
chioride detected in the processed product after the calcium addition to the calcium doped

alumina catalyst.
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[6087] According to an aspect of the present disclosure, a process comprises:

j60838] {a) sequentially treating a plurality of lipid feedstocks comprising a set of lipid
feedstocks each having a chloride content of at least about 2 ppm with a metal oxide catalyst
on an oxide support under first treating conditions to produce respective treated streams of the
set of lipid feedstocks having a chloride content fess than 1 ppm until a given one of the
respective treated streams of the set of lipid feedstocks has a chioride content greater than |
ppm and the metal oxide catalyst on the oxide support is converted to a spent metal oxide
catalyst on the oxide support,

16089} {b)} converting the spent metal oxide catalyst on the oxide support to a
rejuvenated metal oxide catalyst on the oxide support, and

j6890] {c) treating oune ot more additional Hpid feedstocks each having a chiornide
content of at least about 2 ppm with the rejuvenated metal oxide catalyst on the oxide support
under second treating conditions to produce one or more respective treated streams each
having a chloride content less than 1 ppm.

{0091} fn one or more additional illustrative embodiments, as may be combined with
the preceding paragraphs, the plurality of lipid feedstocks and the one or more additional lipid
feedstocks independently comprise at least one fatty acid selected from the group consisting
of an acidulated soap-stock, a fatty acid distillate from physical refining of plant oils or
animal fats, a distiller corn oil from ethanol production, a waste cooking oil, lard, brown
grease, yellow grease, irap grease, a wasie fat, a low-grade oil, a supercritical water
fiquefaction oil, a plant oil, an animal fat, and any combination thereof.

j6092] In one or more additional dlusirative embodiments, as may be combined with
the preceding paragraphs, sequentially treating a plurality of lipid feedstocks with the metal
oxide catalyst on the oxide support under first treating conditions comprises (i) treating one or
more first lipid feedstocks with the metal oxide catalyst under the first treating conditions to
produce & first treated stream having a chlonide content less than 1 ppmy; (1) treating one or
more second lipid feedstocks with the metal oxide catalyst under the first treating conditicns
to produce a second treated stream having a chioride content less than | ppm; (i1} treating one

or more third hpid feedstocks with the wetal oxide catalyst under the first treating conditions
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to produce a third treated stream having a chlonide content less than 1 ppm; and (iv) tresting
one of more fourth lipid feedstocks with the metal oxide catalyst under the first treating
conditions to produce a fourth treated stream having a chloride content greater than 1 ppm.
{0093} In ong or more additional iHlustrative embodiments, as may be combined with
the preceding paragraphs, the first treating conditions and the second treating conditions
independenily tnclude one or more of the following: a temperature in a range of from about
400°C to about 700°C, a pressure in a range of from about 0.1 to about 10 MPa, and a liquid
hourly space velocity in a range of from about 0.1 to about 10 b

{6094} In one or more additional itlustrative embodiments, as may be combined with
the preceding paragraphs, the metal oxade catalyst comprises g metal selected from the group
consisting of Na, K, Mg, Ca, Ba, St, Cr, Mo, Mn, Fe, Co, Ni, Cu, Zn, Al rare earth metals,
and any combination thereof, and the oxide support is selected from the group consisting of
alumina, silica, silica-alumina, titania, zirconia, and any combination thereof.

j0095] In one or more additional illustrative embodiments, as may be combined with
the preceding paragraphs, the metal oxide catalyst comprises a metal selected from the group
consisting of Ca, Mg, Ba and any combination thereof.

(06096} In one or more additional iHlustrative embodiments, as may be combined with
the preceding paragraphs, the metal oxide catalyst comprises Ca0O and the oxide support
comprises alumina.

16097} In one or more additional illustrative embodiments, as may be combined with
the preceding paragraphs, converting the spent metal oxide catalyst on the oxide support to a
rejuvenated metal oxide catalyst on the oxide support comprises contacting the spent metal
oxide catalyst with a solution comprising a water-soluble metal salt.

{3098} fn one or more additional illustrative embodiments, as may be combined with
the preceding paragraphs, the ruetal of the water-soluble metal salt is one of calcium,
magnesium or barium.

{6099} In oue or more additional illusirative embodiments, as may be combined with
the preceding paragraphs, contacting the spent metal oxide catalyst with & solution of a water-

soluble metal salt comprises spraying a solution comprising one of calcium nitrate, calcium
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hydroxide, calcium acetate or a calcium carboxylate onto the spent metal oxide catalyst,
where the spent metal oxide catalyst comprises Call.

{060100] In one or more additional iHustrative embodiments, as may be combined with
the preceding paragraphs, step {a) is carried out in a reactor system, and the step of converiing
the spent metal oxide catalyst on the oxide support to the rejuvenated metal oxide catalyst on
the oxide support is cartied out without removing the spent metal oxide catalyst from the
reactor system.

60161} In oue or more additional lusirative erobodiments, as may be combined with
the preceding paragraphs, converting the spent metal oxide catalyst on the oxide support to
the rejuvenated metal oxide catalyst on the oxide support comprises spraying a solution
comprising a water-soluble metal salt on the spent metal oxide catalyst on the oxide support
and heating the reactor.

{60102} In one or more additional lusirative erobodiments, as may be combined with
the preceding paragraphs, the solution comprising the water-soluble metal salt is a solution of
calcium acetate and the spent metal oxide catalyst comprises Ca0.

{60103} In one or more additional illustrative embodiments, as may be combined with
the preceding paragraphs, treating of step {a) and step {¢) 15 carried out under flow of a carrier
2as.

j00104] In one or more additional illustrative embodiments, as may be combined with
the preceding paragraphs, the carrier gas is nitrogen, carbon dioxide, a Cy to T4 hydrocarbon,
water, or a mixture thereof.

j60105] In one or more additional dlusirative embodiments, as may be combined with
the preceding paragraphs, the plurality of lipid feedstocks and the one or more additional lipid

feedstocks independently exhibit at least one of the following properties:

j601086) (1) a total acid number of at least about 5 mg K(H/g, as determined by ANTM
D664, and

j80107] {ii} about 2 ppm to about 100 ppm of chioride.

[30108] In one or more additional illustrative embodiments, as may be combined with

the preceding paragraphs, the process further comprises fractionating one or more of the
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respective treated streams of step (a) and the one or more respective treated streams of step (¢}
o obtain a gaseous fraction and a liquid fraction comprising a bio-oil.

{00109] In one or more additional iHustrative embodiments, as may be combined with
the preceding paragraphs, the process further comprises subjecting the bio-oil to a catalytic
hydroprocessing step to provide a hydroprocessed product.

j60118] fn one or more additional iltustrative embodiments, as may be combined with
the preceding paragraphs, the catalytic hydroprocessing comprises a hydrodeoxygenation
step.

{60111} In one or more additional itlustrative embodiments, as may be combined with
the preceding paragraphs, at least one of the respective treated strearmas of step {a) and the one
or more respective treated streams of step (¢} has a chloride content equal to0 0.

[60112] Vartous features disclosed herein are, for brevity, described in the context of a
single embodiment, but may also be provided separately or in any suitable sub-combination.
Al combinations of the embodiments are specifically embraced by the illustrative
embodiments disclosed herein just as if each and every combination was individually and
explicitly disclosed. In addition, all sub-combinations listed in the embodiments describing
such variables are also specifically embraced by the present compositions and are disclosed
herein just as if each and every such sub-combination was individually and explicitly
disclosed herein.

{60113} While the above description contains many specifics, these specifics should not
be construed as limitations of the invention, but merely as exemplifications of preferred
embodiments thereof. Those skilled in the art will envision maoy other embodiments within

the scope and spirit of the invention as defined by the claims appended hereto.
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WHATIS CLAMED IS:

1. A process, comprising:

{a) sequentially treating a plurality of lipid feedstocks comprising a set of lipid
feedstocks each having a chionide content of at least about 2 ppm with a metal oxide catalyst
on an oxide support under first treating conditions to produce respective treated streams of the
set of lipid feedstocks having a chloride content less than 1 ppm uniil & given one of the
respective treated streams of the set of lipid feedstocks has a chloride content greater than 1
ppra and the metal oxide catalyst oun the oxide support is converted to a spent metal oxide
catalyst on the oxide support;

{b) converting the spent metal oxide catalyst on the oxide support to a rejuvenated
metal oxide catalyst on the oxide support; and

{c) treating one or more additional lipid feedstocks each having a chloride content
of at least about 2 ppm with the rejuvenated metal oxide catalyst on the oxide support under
second treating conditions to produce one or more respective treated streams each having a

chioride content less than | ppm.

2. The process according to claim 1, wheretn the plurality of lipid feedstocks and the
one or more additional lipid feedstocks independently comprise at least one fatty acid selected
from the group consisting of an acidulated soap-stock, a fatty acid distillate from physical
refining of plant oils or animal fats, a distiller corn oil from ethanol production, a waste
cooking cil, lard, brown grease, yellow grease, trap grease, a waste fat, a low-grade oil, a

supercritical water liguefaction oil, a plant oil, an animal fat, and any combination thereof

3. The process according to claim 1 or 2, wherein sequentially ireating a plurality of
Hipid feedstocks with the metal oxide catalyst on the oxide support under first treating
conditions comprises (i) treating one or more first lipid feedstocks with the metal oxide
catalyst under the first treating conditions to produce a first treated stream having a chioride
content less than | ppra; (it) treating one or more second lipid feedstocks with the metal oxide

catalyst under the first treating conditions to produce a second treated stream having a

a7
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chloride content less than 1 ppmy (ii) treating one or more third lipid feedstocks with the
metal oxide catalyst under the first treating conditions to produce a third treated stream having
a chioride content less than 1 ppmy and (1v) treating one or more fourth lipid feedstocks with
the metal oxide catalyst under the first treating conditions to produce a fourth treated stream
having a chloride content greater than 1 ppm.

4. The process according to any one of claims 1-3, wherein the first ireating
conditions and the second treating conditions independently include one or more of the
following: a temperature in a range of from about 400°C to about 700°C, a pressure in a range
of from about 0.1 to about 10 MPa, and a liquid hourly space velocity in a range of from

about 0.1 to about 10h .

5. The process according to any one of claims 1-4, wherein the metal oxide catalyst
comprises a metal selected from the group consisting of Na, K, Mg, Ca, Ba, Sr, Cr, Mo, Mn,
Fe, Co, Ni, Cu, Zn, Al, rare earth metals, and any combination thereof, and the oxide support
is selected from the group consisting of alumina, silica, silica-alumina, titania, zirconia, and

any combination thereof.

6. The process according to one of claims 1-4, wherein the metal oxide catalyst
comprises a metal selected from the group consisting of Ca, Mg, Ba and any combination
thereof.

7. The process according to one of claims 1-4, wherein the metal oxide catalyst

comprises CaQ and the oxide support comprises alumina.

8. The process according to one of claims 1-7, wherein the converting the spent metal
oxide catalyst on the oxide support to a rejuvenated metal oxide catalyst on the oxide support
comprises contacting the spent metal oxide catalyst with a solution comprising a water-

soluble metal sali.

3
Lo
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9. The process according to clairn 8, wherein the metal of the water-soluble metal salt

is one of calcium, magnesium or barium,

10. The process according to claim 8, wheretn contacting the spent metal oxide
catalyst with a solution of a water-soluble metal salt comprises spraying a solution comprising
one of calcium nitrate, calcium hydroxide, calchum acetate or a calcium carboxylate onto the

spent metal oxide catalyst, where the spent metal oxide catalyst comprises CaQ.

11. The process according to cne of claims 1-10, wherein step (a} is carried cut in a
reactor system, and the converting the spent metal oxide catalyst on the oxide support to the
rejuvenated metal oxide catalyst on the oxide support is carried out without removing the

spent metal oxide catalyst from the reactor system.

12. The process according to claim 11, wherein the converting the spent metal oxide
catalyst on the oxide support to the rejuvenated metal oxide catalyst oo the oxide support
comprises spraying a solution comprising a water-soluble metal salt on the spent metal oxide

catalyst on the oxide support and heating the reactor.

13. The process according to claim 12, wherein the solution comprising the water-
soluble metal salt is a solution of calcium acetate and the spent metal oxide catalyst comprises

Ca(.

14, The process according to one of claims 1-13, wherein the treating of step (a) and

step {c} is carried out under flow of a carrier gas,

15, The process according to claim 14, wherein the carrier gas is nitrogen, carbon

dioxide, a Cy to C4 hvdrocarbon, water, or a mixture thereof.
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16. The process according to one of claims 1-15, wherein the plurality of lipid
feedstocks and the one or more additional lipid feedstocks independently exhibit at least one
of the following properties:

{1} a total acid number of at least about 5 mg KOH/g, as determined by ASTM D664,
and

(i1) about 2 ppm to about 100 ppm of chloride.

17. The process according to oue of claims 1-16, further comprising fractionating one
or more of the respective treated streams of step {a) and the one or more respective treated

streams of step (¢} to obtain a gaseous fraction and a liquid fraction comprising a bio-oil.

18. The process according to claim 17, further comprising subjecting the bio-oil to a
1o 2 i £

catalytic hydroprocessing step to provide a hydroprocessed product.

19 The process according to claim 18, wherein the catalytic hydroprocessing

comprises a hydrodeoxygenation step.

20. The process aceording to one of claims 1-19, wherein at [east one of the respective
treated streams of step {(a} and the one or more respective treated streams of step {¢) has a

chloride content equal to 0.



