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METHOD FOR CATALYTIC DEOXYGENATION OF NATURAL OILS AND

GREASES

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of the filing date of United States
Provisional Patent Application No. 62/009605 filed June 9, 2014, which s hereby

incorporated by refercnce.

FIELD OF THE INVENTION

[0002] Thiz wvention relates to hydrotreating catalyvst formulations and their

use m a fixed bed ¢

;..‘

muous process to provide remarkably superior oxygen removal

periormance,

BACKGROUND

00037 Renewable diesel can be made frons natural otls and greases

PROE R anirral fate) iv oo fvar eeaaans SNiowy £ I doaney o FS I S T
oils and antreal {ats) i a bwo-step process: Step (1) deoxygenation via hydrotreating

to form neparaffing with the revooval of ox and/or CO/C0; and Step (2

ssomerization/cracking of the n-paraffing formed W Step 1 to produce branched digsel

5

[0004] Currently, the deoxygenation Step {1} mentioned above 1s carrted out

single or multi-layer catabviic bed approach and using standard

B
o

hydrotreating type catalysts sunilar to those used for petroleum desglfurization and
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are prepared as oxides during the manufacturing process and subseguently con

ate oither with i s

[0005] Examples of other active sites that may be emploved to provide the
deoxygenation and hydrogenation functions are sulfided base metals such as sulfided
NiMo or sulfided CoMo or sulfided Niw. A basc metal is a metal which oxidizes
when heated in air. In addition to nickel, molybdenum and tungsten, other base metals
which may be catalyst componeunts herein inchude won, lead, zinc, copper, tin,
germanium, chromium, ttanium, cobalt, rhenium, indium, gallium, wvranium,
dysprosium, thallium and mixtares thereof. While the reference uses a NiMo catalyst,

this reference does not specifically teach or exemphity Cu or Cr as a promoter.

(0008} US Patent Application No. 20110258916 twaches a hydrotreating
process that is performed in presence of hydrogen and of a hydrogenation catalyst
containing a support and one or more metals selected from among metals of group
VI and group VIB {(Group 6- chromium group.) Paragraph [0043] therein teaches
that the catalysts that can be used arc all hydrogenation and hydrotreating catalysts
known in the art, and containing one or more metals selected from metals of group
VI (Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pty and group VIB (Cr, Mo, W) swtably
supported. While the reference teaches that NiMo is known, this reference does not

directly teach or exemplity Cu and Cr. Exaroples therein use sulfided NiMo/ALO:.

[0007] US Patent Application No. 20070175795 clairus a catalyst for

deoxygenation based on a sorbent formulation with zinc oxide and a promoter oxide

|x]
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in reduced state including chrornum and copper. However, the formulation therein is
distinct from the present invention. While the process of US 795 describes a process
wherein a promoter metal is selected from the group consisting of nickel, cobalt, iron,
manganese, tungsien, siver, gold, copper, platinum, zine, tin, ruthenium,
molybdenum, antimony, vanadium, ridium, chromiom, and palladium, the reference
suggests, but does not teach with any specificity, a promoter metal being copper or

chromium.

(0008} U.S. Patent No. 8,043,600 mentions Group VIB (Group 6} and VHI in
iis specification for use as catalysts for hydrotreating natural otls, Again, the reference

does not teach with any specificity a promoter metal being copper or chromium,

BRIEF SUMMARY

[0008] The present mvention is related fo catalyst formmlations and their use
m a fixed bed continuous process 1o provide superior oxygen removal performance
versus conventional hydrotreating catalysts fn Step 1 of the above process.

0010} These catalysts contain Mo and at least one selecied from Niand Co as
thetr main {(typical} active components, and are promwoted with ondes of Cr, Cu, and
nixtures thereof. These wetal oxide prowmoters are wot normally present in
conventional conumercial  hydrotroating catalysts, These formulations provide

unexpectedly superior oxygen removal activity at the same operating conditions as

other }‘_’?Ei’ii}i' art metal proTootors.

(U]
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BRIEF DESCRIPTION OF THE DRAWINGS

(0011} Fig. 1 shows oxygeun removal as a function of temperature between
inventive catalysts and comparative catalysts with no promoters.

[0012] Fig. 2 1s a graph showing the effect on residual oxygen content of Cr
addition to a commercial NiMo catalyst,

[0013] Fig. 3 shows oxygen removal as a function of temperature between
inventive catalysts and comparative catalysts,

[0014] Fig. 4 shows hydrocarbon product sclectivitics for the mventive and

comparative catalysts at 100% oxvegen conversion.
J <D

DETAILED BESCRIPTION

00157 The present mvention is described with reference to embodiments of
the invention. Throughout the description of the invention, reference is made to
graphs llustrated o Figs. 1-4,

(001461 Renewable diesel fuel can be made from natural oils and greases ina

bwo~step process: » {1y deoxvgenation via catalytic hydrotreating to form ne

paraffing with the rvemoval of oxygen as HaO and/or CO/CGy and Step (23

wsomerization/cracking of the neparaffins formed in Step | to produce branched diesel

0017} As used herein, natural ois and greases are those selecied from or
derived from animal fats, plant or algae matter, and are ofien referred 1o as renewable

oils. Natural oils are not based on petroleum or other fossil fuel sources. The
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rencwable oils that can be used m the present invention mclude any of those which
comprise oxygen-~containing compounds such as glycerides, fatty acid alkyl esters and
free fatty acids (FFA). These oxygen-containing components may be converted to
hydrocarbons when contacted with the catalyst under suitable reaction conditions as
described i US Patent No. 4,992,605, Exarples of these feedstocks include, but are
not Honited to, canola oil, corn oil, soy oils, rapeseed oi, soybean oil, colza oil, tall o,
sunflower oil, hempseed oil, olive oil, linseed oil, coconut oil, castor oil, peanut oil,
palm oil, mustard oil, cottonseed o1, tallow, yellow and brown greases, lard, train oil,
fats 10 molk, fish oil, algal oil, sewage sludge, cuphea oil, camelina oil, jatropha oil,
curcas oil, babassu oil, palm kernel oil, crambe oil, and the like. Biorenewable i3

another term used to describe these feedstocks.

[0018] As can be appreciated, the renewable oils do not necessarily have to be
naturally occurning, but way be denivatives such as the above-noted faity acid alkyl
esters. Such fatty acid alkyl esters can be produced when triglyveeride feedstock is
contacted with alcohol in the presence of transesterification catalyst and conditions to
produce a fatty acid alkyl ester. The alcohol added to the reactor can be onc or a
wmixture of two or more alcohols couventionally used to convert triglyceride-
containing feedstocks to esters. Suitable alcohols include those having one to six
carbons, and typically are monoalcohols. Methano! is frequently suitable, but the
alcohol can mclude higher monoaleohols such as ethanol, 1-propanol, sopropanol, -

butanol, iscbutanol, 1-pentanol or 1-hexanol,

[0019] The molar ratio of alcohol to triglyeenide in a transesterification

reaction is generally in the range of 3:1 to 30:1, and typically in the molar ratio of

(o)}
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from 5:1 to 25:1. A molar ratio of alcohol to triglycerides less than 3:1 is more likely
to lead to less than stoichiometric conversion of iriglyceride to fatty acid alkyl esters.
Higher molar ratios of alcohol to triglycerides greater than 30:1 are disadvantageous
because the presence of increasing amounts of methanol leads to a much higher cost
for separation/recycling of the methanol wn the dowustream processing steps. The
selected molar ratio of alcohol to triglycerides in the above range thus represents an
economically sensible ratio, outside of which the conversion can no longer be
expected when using other conditions described herein, or when using other

counditions conventionally used in reactions of the type described herein.

[0020] The catalyst used in the transesterification reaction can be a
homogeneous or heterogencous catalyst, Suitable homogeneous catalysts include
alkali methoxide, alkali hydroxides and mxtures thereof, including but not limited to,
sodiurn  moethoxide, potassium  wethoxide, sodium  hydroxide, and  potassium
hydroxide. Suitable heterogencous catalysts include those described in US Patents
WO 2006/050025; US 2009/0069586; US 5,908,946, WO 2007/025360; or US

7,420,073, the contents of which are incorporated herein by reference.

[0021] The cster dertvative produced depends on the number of carbous in the
alcobol, Frequently, wethanol is used n the trausesterification reaction and reactions
using methanol produce fatty acid methyl esters, also known as FAME. Ethyl, propyl,
butyl, pentyl, and hexyl esters are produced, respectively, when cthanol, propanol,

butanol, pentanol, and hexanol are used in the transesterification reaction.

0022} The transesterification reaction 1s carried out in the presence of the

catalyst under conventional conditions. The reaction can be carried out 1n batch

)
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reactors, in a continuous {e.g. stirred) tank reactor, as well as in {ixed-bed reactors.
The reactor conditions should be those sufficient to convert the triglycerides to esters
using transesterification. The conditions {also referred to as transesterification
conditions) include a temperature in the range of 40 °C to 250 °C, more typically in
the range of 60 to 200 °C. Typical pressures would be wn the rvange of 1 1o 100
atmospheres (atny), more typically 1 to 50 atm, with the final pressure dependent on

the specific alcohol and the reaction temperature used in the reaction.

[0023] The glycerides, FFAs, and fatty acid alkyl esters of the typical
vegetable o1l or animal fat contam aliphatic hydrocarbon chains in thewr structure
which have about 8 to about 24 carbon atoms with a majority of the oils containing
high concentrations of fatty acids with 16 and 1& carbon atoms. The oxygen level in
the feedstock for natural oils can range from 0.5 to 20 wt% and more typically from S
to 15 wi%. The feedstocks may contain trace amounts of tmpurities such as P, Na, Ca,
Mg and K originating from the phospholipids, a naturally occurring group of
compounds in the oils. These impurities adversely affect the performance of the
deoxygenation process and have to be removed to ppm levels prior to this step.
Typical pretreatrment processes eraployed for this purpose wmechude but are not linmited
to low temperature batch processes using solid adsorbents such as silica gel (as
described in US Patent No. 5,231,201}, ion exchange resins {as described in US
Patent Application No. 20060264684} and clays, and the use of guard reactors using
hydrotreating type catalysis operating at higher temperatares that are well known n
the hydrotreating art. The feedstock can also contain small amounts of nitrogen
compounds derived from animal proteins or chlorophyll. The nitrogen content

typically ranges from 0.5 ppm to 5000 ppm. Additional optional pretreatment steps

~d
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1 compusing the use of a guard reactor operating under hydrotreating conditions may
2 also be employed to saturate the unsaturated fatty acid components of the feedstock to

prevent side reactions such as polymerization in the deoxygenation step, as discussed

(U]

4 in US Patent Application No. 20110245551,

(4]

(00247 Mixtures or co-feeds of renewable feedstocks and fossil fuel denved

6 hydrocarbons may also be used as the feedstock,

7 [0025] The deoxyvgenation of the vatural oils and greases to form neparaffing

& is carvied owt wsing a single or multi-laver catalytic bed approach. Ihwing the

10

11 Typically, the hydrocarbon product distribution from the deoxygenation of natural
12 oils shows a mixture of even and odd carbon number n-paraffins with the even
13 carbons produced via the removal of oxygen as water and the odd carbons produced
14 wvia the revooval of oxygen as CO or CO;). Higher selectivity to even numbered
15 paraffins indicates higher retention of carbon in the diesel product and 1s tied to a
16 greater consumption of hydrogen. Higher selectivity to odd numbered paraffins is tied
17 to lower hydrogen consumption and with a lower retention of carbon in the diescl

18 product.

19 [0028] Typically, the deoxygenation procoss uses & eating type
20 catalysts. Other catalysis based on precious metals such as Pd may also be wsed to

2 ovide v oselectivity towards i noval of oxygen as and » and W
21 pro higher selectivity towards the romoval of oxygen as €0 and CO; and to

22 winindre Hy consumpiion as described m US Patent Noo 7491 8358, The present

23 mvention s tied to deoxygenation processes using sulfided catalysis.

o0
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[0027] Normally the catalytic bed 15 a fixed bed of pelicts or extrudates, which
is operated either in trickle (downflow) mode or flooded bed (upflow) mode under
applied hydrogen pressure and elevated temperature. Typically, the natural otls and
greases are also spiked with small quantities of an organic sulfur compound such as
dibutyl disulfide commercially available as SULFRZOL (Lubrizol Corporation) to
ensure that the active site ou the catalyst stays m the sulfided state during reaction. In
addition to H:(, CO €O, and propane, the gas portion of the products also contains
H,S formed during desulfurization reactions, In the case of reactions with animal fat
or other nifrogen-containing feedstocks, the gas products may also contain NH;

formed via denitrogenation reactions,

(o028} In a commercial process, the deoxygenation step is followed by a
product separation step to remove the gaseous products from the liguid diesel product
prior to the hydrotsomerization or hydrocracking step. The deoxygenation step is
typically carried out mm the presence of excess of hydrogen beyond the
stoichiometrically required amount, possibly up to two to three times the excess. The
process can also encompass recycle of product and gases to improve the heat balance

in the reactor,

Oy ™
[0028] for th

N .3 o e
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and exiradates), for example, those appropriate for use 1 a fixed bed reactor designed
for continuous operation. The granulated forms can have dimensions in the range of
0.1 to 10 mm, and more typically, in the range of 0.5 to 5 mm. The form can be of any
shape, for example, cvlindrical, trilobe or guadrulobe. The granulation process can be

a combination of mixing aud extrusion. The formulation for the extruder feed way

optionally comprise other oxides in addition to alumina, such as S

IR
v L

n modify the pore characteristics and/or mechanical
strength of the final support {measured as crush strength), Extrusion aids such as
methyl cellulose (for example, commercially available as METHOCEL (Dow
Chemical Company)) may also be used to improve the processing of the feed through
the extruder, Optionally acids such as nitric acid may be added for peptization of the
alumina or other oxides to form a binder, thereby enhancing mechanical strength to
the granulated material. The morganic oxide or oxides can be added i1 any form to the
nuxing equipment, as a slurry, a peptizable solid, or a liquid. Aluminum oxide,
aluminum hydroxide, silicon dioxide, titanium dioxide and zirconmum oxide are
typically added or processed as solids. Aluromum nitrate, aluminam hydroxide, tetra
ethyl ortho silicate (THOS), titanium isopropoxide and zirconyl nitrate are typical
tiguid forms of materials added to the mixing equipment. Colloidal forms, such as
colloidal silica can also be used. The tnorganic oxides can be added to the equipment
as separate ingredionts or as a mixed oxide, wherein the muxed oxide is prepared

using techunigues including but not himited to co-precipitation.

[0030] In addition, the water level 1s adjusted to optimize the extrudability of
the catalyst. The formulation forming the extruder feed is first mixed in a mixer for

exarnple, Sigma or Hirich mixer and is then extruded through a commercially

10



WO 2015/191416 PCT/US2015/034621

1 available single screw or twin screw extruder. The extruded material is theu dried and

2 caleined to form the finished catalyst. Granulated particle embodiments are typically

(U]

calcined during the forming process at temperatures from 500 °F to 2000 °F, more
4 preferably from 700 °F to 1800 °F and most preferably from 900 °F to 1600 °F. The
S5 catalyst can also be granulated into a spherical form with similar ngredients
&  wmentioned above, but done so in a Hirich or a Naute Mixer, followed by similar

7 drying/calcination processes.

03]

[0031] Catalyst metal compounds provided on the support are based on Mo, at
9 least one sclected from Nt and Co, and mnclude at least one promoter metal being at
10 least one selected from Cu and Cr. ¥ is this specific promoter metal that, in
It combination with MolNi, MoCo or MoNiCo, provides the superior deoxygenation

12 activity of the present catalysts.

13 [0032] The promoter metal selected from the group consisting of Cu and Cr 18
14 contained m the catalyst in an amount sufficient to significantly enhance
15 deoxygenation of the natural oils and greases. The amount of the promoter in the
16 catalyst calculated as oxide is preferably in the 0.5 to 10 wit% range, more preferably

17 mthe 1 witbs to 6 wi%6 range and most preferably in the 1.5 {0 5.0 wi% range,
g P Y £

18 f0033] The promoter metals along with the base Ni, Mo, Co metals can be
19 incorporated onto the extrudate support using standard impregnation techuiques
20 known in the art, for example incipient wetness impregnation of solutions containing
21 precursors of the active metals. These precursors include, but are not limited to,
22  nitrates, carbonates, oxalates etc. The wmpregnation siep is typically followed by

23 drying and calcination steps to convert the promoter metal precursor to the oxide

1t
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1 form. Drying s typically carried out in the temperature range of 200 °F to 400 °F,

2 Final calcinations are typically carried out in the temperature range of 5300 °F to 2000

3 °F, more preferably from 700 °F to 1800 °F and most preferably from 900 °F 1o 1600
4 °F.
5 [0034] Optionally, a portion or all of these promoter metals could also be

6 added during the mixing step of the catalyst preparation process aund can be added in

7 any form including but not limited to metal solutions.

& [0035] sty are prepared as oxides during the manufacturing proc
9 and subs ty converted to the active sulfided state ether with i &¢

4

10 activation procedures, Part or most of these metal oxade formulations counld be

o
-

11 cowverted to the sulfided state during the activation step. The activaiion step is
12 typically carmied out by cxposing the catalyst to one or more sulfur containing

13 compounds and hydrogen with a controlied ramp of veactor temperature {rom about

i4 70 °F to about 650 °F,

15 [0036] Exceptional deoxygenation rosults are achioved when deoxygenation 8
16 effected by exposing natural oils or greases to the catalyst at a catalyst temiperature
17 preferably between about 400 °F to about 800 °F, more preferably between 450 and
18 700 °F and most preferably between 500 and 650 °F. The operating pressures are
19 preferred to be about 100 to 2500 psig, more preferably about 250 to 2000 peig and
20 most preferably about 400 to 1500 psig. The processing rates of feedstocks used for a
21 catalytic process can be cxpressed for example as Ligquid Hourly Space Velocity
22 (LHSV) defined as the volumetric flow rate of the reactant divided by volume of

23 active catalyst in the reactor. The LHSV for our process can range from 0.1 to 10 b

12
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more preferably 0.2 to 5.0 W' and most preferably 0.5 to 2.0 W' Hereinafier, the
present invention will be described in more detail with reference to Examples.
However, the scope of the present invention is not limited o the specific details set

forth in the following Examples.

(003771 Materials used for screening in the examples: NiMoP/ALO,-510;

catalysts promoted with 2.0-4.7 wt% Cr0s, 1.9 wi% Culd, 3.4% FerO3 and 3.8%

Zn0.
EXAMPLE 1
[0038] Synthesis of chromium-promoted NiMoP catalyst (Catalyst A)
[0039] A mixed metal solution of NiMo was prepared as follows. Pre-weighed

amounts of water, phosphorie acid (75 wt%), molybdenum irioxide and basic nickel
carbonate (40 wit% Ni} were added to a kettle and heated to 200 °F with stirring. The
mixture was cooked at 200 °F for 3 hours or until the solution was clear. Water
addition was performed as needed to compensate for any loss due to evaporation. The
mixture was subsequently cooled to room temperature, To 65 ml of this precursor
solution, 18.6 g of chromuum nitrate nonahydrate and 35 wl of water was added. This
solution mixture was impregnated onto 99 g of an alumina-silica extrudate support
{(1/16” asymmetric quadrulobes) to incipient wetness. The impregnated catalyst was
then dried at 248 °F overnight followed by calcination at 1112 °F for | hour in a
wuftie furnace. The resulting catalyst is denoted as Catalyst A and countains 23.2%
MoQs, 5.0% NiO, 3.4% P05, 2.2 wt% Si(h and 2.0 wt% Cro( with a BET surface

arca of 209 m™/g.

o
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EXAMPLE 2

[0040] Synthesis of chiromium-promoted NiMoP catalyst (Catalyst B)
[0041] A mixed metal solution of NiMo was prepared as follows. Pre-weighed

amounts of water, phosphoric acid (75 wt%), molybdenum trioxide and basic nickel

carbonate (40 wt% Ni) were added to a kettle and heated to 200 °F with stirring. The
mixture was cooked at 200 °F for 3 hours, or until the solution was clear. Water
addition was performed as needed to compensate for any loss due to evaporation. The
mixture was subsequently cooled to room temperature. To 65 ml of this precursor
solution, 37.2 ¢ of chromium nitrate nonahydrate and 25 ml of water was added. This
solution mixtare was impregnated outo 99 g of an alurnina-~silica extrudate support
(1/16” asymmetric quadruiobes) to incipient wetness. The impregnated catalyst was
then dried at 248 °F overnight followed by caleination at 1112 °F for { hour m a
muffie furnace. The resulting catalyst is denoted as Catalyst B and contains 20.4%
Mo, 5.2% NiO, 3.4% P05, 2.6 wit%% Si0O; and 4.1 wi%s COs with a BET surface

area of 207 m'/g.
EXAMPLE 3
[0042] Synthesis of copper-promoted NiMoP catalyst (Catalyst ()

[0043] A mixed metal solution of NiMo was prepared as follows. Pre-weighed
amounts of water, phosphoric acid (75 wt%), molybdenum trioxide and basic nickel
carbonate {40 wt% Nij were added to a kettle and heated to 200 °F with stirring. The
mixigre was cooked at 200 °F for 3 hours, or until the soludion was clear, Water
addition was performed as needed to compensate for any loss due to evaporation. The

nuxture was subsequently cooled to room temperature. To 65 mi of this precursor

14
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solution, 37.2 g of copper nitrate trihydrate and 25 wl of water was added. This
solution mixture was impregnated onto 99 g of an alumina-silica extrudate support
(1/16” asymmetric quadrulobes) to incipient wetness. The impregnated catalyst was
then dried at 248 °F overnight followed by caleination at 1112 °F for 1 hour m a
muffie furnace. The resulting catalyst is denoted as Catalyst C and contains 23.8%
Mo(ls, 4.8% Ni0, 3.7% Py0Os, 2.4 wi% Si(h and 1.9 witts CuO with a BET surface
arca of 182 m/g.
COMPARATIVE EXAMPLE |

[0044] The reference catalyst used in this case was a commercial NiMoP
hydroprocessing catalyst received fromn Advanced Refining Technologies made via
impregnation of NiMoP precursor sohution onto the same support. The reference
catalyst contains 27.3% Mo(;, 5.4% NiQ, 4.3% P,0s, and 2.1 wt% Si0; with a BET

surface area of 170 m’/g and is designated as Catalyst D.

EXAMPLE 4

[0045] Synthesis of chromium-promoted NiMoP catalyst (Catalyst B)
[0046] Catalyst E was prepared as follows., A chromium solution was

prepared by dissolving 30 g of chromium nitrate nonahydrate n 60 ml water. This
solution was impregnated onto 97 g of Catalyst D, The impregnated catalyst was dried
at 248 °F overnight followed by calcination at 1112 °F for 1 hour in a muffle furnace.
The resulting catalyst contained 25% MoOs, 5.4% NiQ, 4.1% P,Os, 2.2 wi% 8510, and

4.7 wi% Cra0s with a BET surface area of 177 m'/g.
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COMPARATIVE EXAMPLE 2
[0047] Synthesis of fron-promoted NiMoP catalyst (Catalyst F)

[0048] A mixed metal solution of NiMo was prepared as follows. Pre-weighed
amounts of water, phosphoric acid (75 wt%), molybdenum trioxide and basic nickel
carbonate (40 wt% Ni) were added to a kettle and heated to 200 °F with stirring. The
mixiure was cooked at 200 °F for 3 hours or until the solution was clear. Water
addition was performed as needed to compensate for any loss due to evaporation. The
mixture was subsequently cooled to room temperature. To 65 ml of this precursor
solution, a solution prepared by the scparate dissolution of 24 g of won nitrate
nonahydrate 1 20 wl of water was added. This solution mixture was impregnated
onto 99 g of an alumina-silica extrudate support (1/16” asymmetric quadrulobes) to
incipient wetness, The impregnated catalyst was then dried at 248 °F overnight
followed by calcination at 1112 °F for 1 hour in a muttle furnace. The resulting
catalyst 15 denoted as Catalyst F and contams 27.9% MoO;, 4.5% NiO, 4.1% Py0s,
2.0 wit% 8i0- and 3.4 wit¥ Fe; (s with a BET surface area of 201 mg
COMPARATIVE EXAMPLE 3

[0049] Synthesis of zinc-promoted NiMoP catalyst (Catalyst G}

[0050] A mixed metal solution of NiMo was prepared as follows. Pre-weighed
amounts of water, phosphoric acid (75 wt%), molybdenum trioxide and basic nickel
carbonate (40 wt% Ni) were added to a kettle and heated to 200 °F with sturing. The
mixigre was cooked at 200 °F for 3 hours, or until the soludion was clear, Water
addition was performed as needed to compensate for any loss due to evaporation. The

nuxture was subsequently cooled to room temperature. To 58 mi of this precursor

16
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solution, a solution prepared by the separate dissolution of 22 g of zinc nitrate
hexahydrate in 42 ml of water was added. This solution mixture was impregnated
onto 99 g of an alumina-silica extrudate support (1/16” asymmetric quadrulobes) to
meipient wetness, The impregnated catalyst was then dried at 248 °F overmight
followed by calcination at 1112 °F for 2 bours in a muffle furnace. The resulting
catalyst is denoted as Catalyst G and contains 28.7% MoQs, 53.7% NiO, 4.3% P,0s,
24 witt 810, and 3.8 wit% Zn0O with a BET surface area of 100 m/g The
signtficantly lower surface ares of Catalyst G also suggests a sintering etfect of ZnQ

addition to the catalyst formulation.

[00B1] Evaluation of Catalysts A-G for deoxygenation of natural oils in a

fixed bed reactor,

[00B2] The performance of Catalysts A-G for oxygen removal from
triglycerides was evaluated 1n a fixed bed reactor in up flow mode. The active catalyst
bed was diluted with alpha alumiva beads (with very low surface arca) for better heat
distribution. The catalysts were converted into the active sulfides using kerosene and
H, with a nmltistep temperature ramp from room temperature to 630 °F. Subsequently
the flow was swilched to refined sovbean oil spiked with 100 ppmw S (using
SULFRZOL - dibutyl disulfide) along with H,. The conditions used were a Hy o Gl
ratio of 5600 SCFB (standard &/barrel}, Pressure of 750 psia, and a teniperature
range of 500 to 575 °F. Catalysts A-D, F and G were evaluated at a Weight Hourly
Space Velocity of 1.0 h-1 while catalysts I and E were evaluated at a Liquid Hourly

Space Velocity of 1.0 b-1 (corresponding approximately to a Weight Howrly Space

[y
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Velocity of 1.3 h-1). The hiquid and gaseous products from the reaction were analyzed

using gas chromatography.

[0053] As can be seen in Fig. I, Catalysts A-C achieve unexpectedly higher
levels of oxygen removal as a function of temperature than the standard Catalyst D,
Specifically, at a teraperature of 500 °F, Catalyst D showed a baseline of 3.1 wi%
residual oxygen. On the other band, Catalyst B achieved a rouch lower total oxygen of
2.1 wt%, a 33% reduction of residual oxygen compared to the baseline. Catalyst A
showed residual oxygen content of 0.97 wt %, a reduction of 69% compared to the
baseline Catalyst D. Further, Catalyst C showed residual oxygen content ot 0.45 wi%,

a reduction of 86% compared to the baseline.

[0054] Fig. 2 illustrates the sigmficant improvement in oxygen upon addition

of Cr to the commercial NiMo catalyst {(Catalyst D).

(00557 As noted above, variouys promoter metals have previously been used as
promoter metals, but it 1s the specific inclusion of Cu or Cr that promotes the
unexpectedly superior deoxygenation results of the inventive catalysts,

2

[0056] Fig. 3 shows oxygen removal as a funclion of temperature between
inventive catalysts including Cu and Cr and comparative catalysts including different
promoter metals. It can be observed that while Cu and Cr deliver superior oxygen
reduction performance compared to the baseline NiMo catalyst, the addition of Fe and
Zn has an adverse effect on performance.

[00B7] Importantly, the wnprovement fn deoxygenation activity of the present
catalyst i achieved without significant changes in the gas or hgqud product

selectivities,

18
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[0088] Fig. 4 shows the hydrocarbon product selectivity for the inventive and
comparative catalysts at 100% oxygen counversion. It can be observed that the higher
deoxygenation activity for Catalysts A, B, C and E is also accompanied by higher

selectivity to even numbered products.

[0058] The methad of deoxygenation of the present wvention using catalysis
containing Mo and Ni and/or Co as main active componcuts and promoted with
oxides of Cr, Cu, and muxtures thereo! not normally present i conventional
hydrotreating catalysts provide unexpectedly superior oxygen removal activity at the

same operating conditious as other prior art roetal promoters,

[0060] The foregoing examples and embodiments were presented  for
thustrative purposes ounly and not intended to limit the scope of the invention.
Furthermore, although the present invention has been disclosed and described by way
of some cmbodiments, it 1s apparent to those skilled in the art that several
modifications to the described embodiments, as well as other erubodiments of the
present invention are possible without departing from the scope thereot as defined in

the appended claims.
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1 We claim
2 1. A method for deoxygenating renewable oils comprised of natural oils or
3 greases or derivatives thereof comprising triglycerides or free fatty acids, comprising

4 the steps of:

5 providing a catalyst comprising:
6 a support predominantly comprised of alumina,
7 metal compounds provided on the support, the metal compounds based on Mo

8 and at least one selected from the group consisting of Ni and Co, and

9 at least one promoter selected from the group counsisting of Cu and Cr;
10 aud
il contacting the renewable oils with the catalyst under conditions sufficient to

12 promote deoxygenation of the renewable otls.

o
L2
P2

2. The method of claim 1, wherein the promoter metal 13 Cu.

[y
SN
2

. The method of claim 1, wherein the promoter metal is Cr.

15 4. The method of claim 1, wherein the promoter metal is present in the catalyst
16 formulation in an amount calculated as an oxide between about 1.4 wi% and about 3.0

17 wit.

18 5. The method of claim |, wherein the promoter metal s introduced prior to the

19 extrusion stage of the catalyst manufachuring process.

20 6. The method of claim 1, wherein the support coraprises at least one additional

21 oxide from the eroup comprising silica, titania and zirconia.
fad 3

20
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7. The method of claim 1, wherein the support comprises silica.

8. The method of clain 1, wherein the catalyst comprises phosphorus,

9. The method of claim 1, wherein the renewable ols in the feedstock comprise
triglycerides.

18. The method of claim 1, wherein the renewable oils in the feedstock comprise

free fatty acids,

11. The method of claim |, wherein the feedstock has been subjected to one or
more prefreatment steps to reduce the level of contaminants comprising any of the

group consisting of Na, Ca, Fe, Mg, K and P.

st
=

. The method of claim 1, wherein the step of contacting the renewable oils

with the catalyst is performed at a temperature between about 500 °F and 650 °F.

s
|99

. The method of claim 1, wherein the step of contacting the renewable oils

with the catalyst is performed at a pressure betwoeen about 450 psig and 1500 psig.

14, The method of claim 1, wherein the step of contacting the renewable oils

with the catalyst is performed at a LHSV of 0.5 t0 2.0 ™.

21
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