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Process for the Hydrogenation of Hydrocarbon Resins using Catalysts with Protective Coatings

TECHNICAL FIELD

The present invention relates to a process for the hydrogenation of an unsaturated hydrocarbon
feedstock.

INTRODUCTION

The market for hydrogenated petroleum resins, used as adhesives in for example packaging
and nonwovens, is booming. Hydrogenation of these resins improves the thermal stability and
produces a desired water white product. WO 2015/008247 A2 for example relates to a Ni/Si/Al
mixed oxide and to its use for the hydrogenation of hydrocarbon resins.

Currently the resin hydrogenation Ni powder catalysts are produced by precipitation, reduction
and stabilization. There are, however, drawbacks associated with the production process of this
type of catalysts. The risk of dust formation, especially of carcinogenic, mutagenic and reprotox-
ic substances (in this case Ni), is of high concern, especially with regulations getting stricter
over time. Additionally, due to the pyrophoric nature of this material, extra caution must be taken
upon exposure to air, which in this case is accounted for by a lengthy and therefore costly stabi-
lization step is needed. Coating the reduced Ni with a compatible medium can overcome these
drawbacks. This medium should, however, be invisible to the resin feed. As such, the material
should be highly similar or even identical to the respective resin.

Thus, polystyrene, with a molecular weight of ~2800 g/mol, is for example chemically highly
similar to a C9 hydrocarbon resin feed. In this regard, WO 2017/208164 A1 relates to metal cat-
alysts protected with coating of molten polymer and their use in the hydrogenation of hydrocar-
bon resin feedstocks. Similarly, such coating of reduced Ni is performed with fats and oils for
providing the protected catalyst as droplets for use in the hydrogenation of oleochemical feed-
stocks such as vegetable oil. Thus, WO 2004/035204 A1 relates to Ni/Si/Al mixed oxides coated
with hardened soybean fat as a protective coating which then dissolves in the feedstock of un-
saturated fatty compounds. US 9,045,410 B2, on the other hand, relates to Ni supported on
silica as catalyst for the hydrogenation of unsaturated fatty materials, wherein the catalyst may
be coated in a fatty substance (e.g. hardened soy bean or palm ail fat), such that the catalyst is
suspended in droplets forming a protective layer.

US 2008/161588 A1 relates to a method for hydrogenating fat or oil using nickel silicate cata-
lyst. The catalyst is supplied as solid “droplets” that are coated with a protective hydrogenated
vegetable oil that has been hydrogenated to a point where the material is solid at room tem-
perature and soy bean oil is used as the feedstock.
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US 2005/027136 A1 relates to a method of hydrogenating an unsaturated feedstock using a
nickel on an alumina support catalyst dispersed in the fat component that is solid at room tem-
perature.

US 2014/336287 A1 relates to hydrogenation of unsaturated fats, oils and/or hydrocarbon res-
ins using a coated nickel catalyst in the form of granules. The nickel catalyst may be coated
with C10-C13 aliphatic hydrocarbon liquids, hydrodesulfurized heavy naphtha, white spirits, and
tetralin, aromatics, ester, and ethers.

There remains, however, a need for the provision of new methods of protecting hydrogenation
catalysts for use in the hydrogenation of resin feedstocks, and in particular of resin feedstocks
which are either liquid at room temperature or have a low melting or softening point such that
they may not be used per se as the protective material. In particular, there remains a need for
the provision of methods for protecting hydrogenation catalysts for use in the hydrogenation of
liquid resin feedstocks or resin feedstocks with a low melting or softening point which are more
time- and/or cost-efficient and/or which are more environmentally friendly than those known in
the art.

DETAILED DESCRIPTION

It was the object of the present invention to provide an alternative method of protecting a hydro-
genation catalyst for use in the hydrogenation of a hydrocarbon resin feedstock which is more
time- and cost-efficient. In particular, it was the object of the present invention to provide a
method for protecting a hydrogenation catalyst for use in the hydrogenation of a hydrocarbon
resin feedstock which involves the use of readily available and in particular the use of natural
products or derivatives thereof. Thus, it has surprisingly been found that a hydrogenation cata-
lyst for the hydrogenation of hydrocarbon feedstocks may be effectively protected by coating
thereof with one or more organic compounds containing one or more carboxylic acid and/or one
or more ester moieties, wherein said compounds are deoxygenated in situ under the conditions
for the hydrogenation of hydrocarbon feedstocks, as a result of which they are transformed to
water, CO, and/or CO; and hydrocarbons. In fact, this is quite unexpected in view of the tech-
nical prejudice of the art, wherein protective coatings of hardened vegetable oil or fat would lead
to a contamination of the hydrogenated hydrocarbon end product, if it were to be used in the
method for the hydrogenation of hydrocarbon feedstocks (see e.g. WO 2017/208164 A1: page
2, first full paragraph). As a result, it has quite unexpectedly been found that a protective coating
containing compounds comprising one or more carboxylic acid and/or one or more ester moie-
ties and in particular protective coatings comprising natural fats may be employed for the hy-
drogenation of hydrocarbon feedstocks without contaminating the hydrocarbon feedstock, but
rather affording at most hydrocarbons which may easily be separated from the hydrogenated
hydrocarbon product by distillation or the like.
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Therefore, the present invention relates to a process for the hydrogenation of an unsaturated

hydrocarbon feedstock comprising:

(1) preparing a granular material, wherein the particles of the granular material comprise a
hydrogenation catalyst, or a precursor thereof, and one or more organic compounds,
wherein the one or more organic compounds comprise one or more carboxylic acid and/or
one or more ester and/or one or more ether moieties, preferably one or more carboxylic
acid and/or one or more ester moieties, and more preferably one or more ester moieties;

(2) providing an unsaturated hydrocarbon feedstock;

(3) preparing a mixture comprising the granular material obtained in (1), the unsaturated hy-
drocarbon feedstock provided in (2), hydrogen gas, and optionally a solvent system;

(4) heating the mixture prepared in (3) to a temperature in the range of from 210 to 360 °C for
hydrogenating the hydrocarbon feedstock, preferably in the range of from 220 to 340 °C,
more preferably of from 230 to 320 °C, more preferably of from 240 to 300 °C, more pref-
erably of from 250 to 290 °C, more preferably of from 260 to 280 °C, and more preferably
of from 265 to 275 °C.

The process may comprise further process steps. Also, any one of the defined process steps
may comprise further process steps, in particular relative to the preparation of a granular mate-
rial. It is preferred that for preparing the granular material in (1) the process comprises:

(1.a) providing a hydrogenation catalyst or a precursor thereof;

(1.b) providing one or more organic compounds comprising one or more carboxylic acid and/or
one or more ester and/or one or more ether moieties, preferably one or more carboxylic
acid and/or one or more ester moieties, and more preferably one or more ester moieties;

(1.c) optionally heating the one or more organic compounds provided in (1.b) to a temperature
above the melting point of the one or more organic compounds;

(1.d) dispersing the hydrogenation catalyst provided in (1.a) in the one or more organic com-
pounds provided in (1.b) and optionally heated in (1.c);

(1.e) shaping the dispersion obtained in (1.d), preferably into particles.

(1.f.) cooling the shaped dispersion obtained in (1.e) to a temperature below the melting point
of the one or more organic compounds;

It is preferred that in (1) the one or more organic compounds comprise one or more alkyl moie-
ties, more preferably one or more C10-C24 alkyl moieties, more preferably one or more C12-
C22 alkyl moieties, more preferably one or more C14-C20 alkyl moieties, and more preferably
one or more C16-C18 alkyl moieties.

It is preferred that in (1) the one or more organic compounds comprise one or more alkylene
moieties, more preferably one or more C1-C6 alkylene moieties, more preferably one or more
C2-C4 alkylene moieties, and more preferably one or more C3 alkylene moieties.

Itis preferred that in (1) the one or more organic compounds comprise one or more compounds
selected from the group consisting of triglycerides, fatty acids, and mixtures of two or more
thereof, preferably from the group consisting of vegetable oils and mixtures of two or more
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thereof, more preferably from the group consisting of palm oil, soybean oil, rapeseed oil, sun-
flower seed oil, peanut oil, cottonseed oil, palm kernel oil, coconut oil, olive oil, and mixtures of
two or more thereof, more preferably from the group consisting of palm oil, soybean oil, cotton-
seed oil, and mixtures of two or more thereof, more preferably from the group consisting of palm
oil, soybean oil, and mixtures of two or more thereof, wherein more preferably the one or more
organic compounds comprise palm and/or soybean oil, preferably palm oil, wherein more pref-
erably the one or more organic compounds consist of palm and/or soybean oil, preferably palm
oil.

In the case where in (1) the one or more organic compounds comprise triglycerides and/or fatty
acids, it is preferred that the triglycerides and/or fatty acids are hydrogenated triglycerides
and/or fatty acids.

It is preferred that in (1) the one or more organic compounds comprise one or more ether moie-
ties, more preferably two or more ether moieties, and one or more alkylene moieties, preferably
two or more alkylene moieties, more preferably two or more C1-C3 alkylene moieties, more
preferably two or more C1-C2 alkylene moieties, and more preferably two or more C1 alkylene
moieties, wherein more preferably the one or more organic compounds comprise one or more
polyoxoalkylenes, more preferably one or more polyoxo(C1-C3)alkylenes, more preferably one
or more polyoxo(C1-C2)alkylenes, more preferably one or more polyoxo(C1)alkylenes, wherein
more preferably the one or more organic compounds comprise polyoxomethylene.

It is preferred that in (1) the melting point of the one or more organic compounds is in the range
of from 30 to 100 °C, more preferably from 35 to 90 °C, more preferably from 40 to 80 °C, more
preferably from 45 to 75 °C, more preferably from 50 to 70 °C, more preferably from 55 to 65
°C.

It is preferred that the unsaturated hydrocarbon feedstock comprises one or more alkanes,
more preferably one or more C5 to C17 alkanes, more preferably one or more C5 to C15 al-
kanes, more preferably one or more C5 to C13 alkanes, more preferably one or more C5 to C11
alkanes, more preferably one or more C5 to C9 alkanes, more preferably one or more C5
and/or C9 alkanes, and more preferably one or more C9 alkanes.

It is preferred that the unsaturated hydrocarbon feedstock comprises one or more compounds
selected from the group consisting of C5 resins, C9 resins, C5/C9 copolymer resins, dicyclopen-
tadiene resins, and mixtures of two or more thereof, more preferably from the group consisting
of C5 resins, C9 resins, C5/C9 copolymer resins, and mixtures of two or more thereof, more
preferably from the group consisting of C5 resins, C9 resins, and mixtures of two or more there-
of, wherein more preferably the unsaturated hydrocarbon feedstock comprises C9 resins,
wherein more preferably, the hydrocarbon feedstock consists of C5 and/or C9 resins, preferably
of C9 resins.
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It is preferred that the unsaturated hydrocarbon feedstock contains 800 wppm or less of sulfur,
calculated as the element, more preferably from 500 wppm or less, more preferably 300 wppm
or less, more preferably 250 wppm or less, more preferably 200 wppm or less, more preferably
180 wppm or less, more preferably 150 wppm or less, more preferably 130 wppm or less, more
preferably 100 wppm or less, more preferably 80 wppm or less, more preferably 60 wppm or
less, more preferably 40 wppm or less, more preferably 20 wppm or less, more preferably 10
wppm or less, and more preferably 5 wppm or less.

It is preferred that the solvent system comprises one or more hydrocarbons, more preferably
one or more alkanes, more preferably one or more C5-C18 alkanes, more preferably one or
more C5-C16 alkanes, more preferably one or more C5-C14 alkanes, more preferably one or
more C6-C13 alkanes, more preferably one or more C7-C12 alkanes, more preferably one or
more C8-C11 alkanes, and more preferably one or more C9-C10 alkanes.

It is preferred that the weight ratio of the hydrogenation catalyst to the one or more organic
compounds in the particles of the granular material in (1) is in the range of from 5:95 to 75:25,
more preferably from 10:90 to 60:40, more preferably from 15:85 to 50:50, more preferably from
20:80 to 45:55, more preferably from 23:77 to 40:60, more preferably from 25:75 to 34:66, and
more preferably from 27:73 to 32:68.

It is preferred that the hydrogenation catalyst in (1) comprises Ni, wherein preferably the amount
of Ni in the hydrogenation catalyst is in the range of from 5 to 95 weight-% calculated as the
element and based on 100 weight-% of the hydrogenation catalyst, preferably of from 10 to 90
weight-%, more preferably from 20 to 80 weight-%, more preferably from 30 to 70 weight-%,
more preferably from 35 to 65 weight-%, more preferably from 40 to 60 weight-%, and more
preferably from 45 to 55 weight-%.

In the case where the hydrogenation catalyst in (1) comprises Ni, it is preferred that Ni is pre-
sent in the elemental form, preferably in an amount in the range of from 10 to 99 weight-%
based on 100 weight-% of Ni contained in the hydrogenation catalyst calculated as the element,
preferably in an amount in the range of from 30 to 98 weight-%, more preferably from 50 to 95
weight-%, more preferably from 60 to 90 weight-%, more preferably from 70 to 85 weight-%,
more preferably from 75 to 82 weight-%, and more preferably from 78 to 80 weight-%.

Further, it is preferred that the hydrogenation catalyst in (1) comprises one or more transition
metals selected from the group consisting of Rh, Ir, Ru, Pt, Pd, and combinations of two or more
thereof, wherein more preferably the hydrogenation catalyst in (1) comprises Pt and/or Pd, more
preferably Pt.

In the case where the hydrogenation catalyst comprises the one or more transition metals se-
lected from the group consisting of Rh, Ir, Ru, Pt, Pd, and combinations of two or more thereof,
it is preferred that the amount of the one or more transition metals in the hydrogenation catalyst
is in the range of from 0.01 to 10 weight-% calculated as the element and based on 100 weight-
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% of the hydrogenation catalyst, more preferably of from 0.05 to 7 weight-%, more preferably
from 0.1 to 5 weight-%, more preferably from 0.5 to 3 weight-%, more preferably from 0.7 to 2
weight-%, more preferably from 0.8 to 1.5 weight-%, and more preferably from 0.9 to 1 weight-
%.

Further in the case where the hydrogenation catalyst in (1) comprises the one or more transition
metals selected from the group consisting of Rh, Ir, Ru, Pt, Pd, and combinations of two or more
thereof, it is preferred that the one or more transition metals are present in the elemental form in
an amount of 50 weight-% or more based on 100 weight-% of the one or more transition metals
calculated as the element, more preferably in an amount of 80 weight-% or more, more prefera-
bly of 90 weight-% or more, more preferably of 95 weight-% or more, more preferably of 98
weight-% or more, more preferably of 99 weight-% or more, and more preferably of 99.9 weight-
% or more.

It is preferred that the hydrogenation catalyst in (1) comprises one or more oxides selected from
the group consisting of refractory metal oxides and mixtures thereof, more preferably from the
group consisting of silica, alumina, magnesia, and mixtures of two or more thereof, wherein
more preferably the hydrogenation catalyst comprises silica and/or alumina, preferably silica or
silica and alumina, and more preferably silica.

In the case where the hydrogenation catalyst in (1) comprises one or more oxides selected from
the group consisting of refractory metal oxides and mixtures thereof, it is preferred that the
amount of the one or more oxides in the hydrogenation catalyst is in the range of from 5 to 95
weight-% calculated as the oxide and based on 100 weight-% of the hydrogenation catalyst,
more preferably of from 8 to 90 weight-%, more preferably from 10 to 80 weight-%, more pref-
erably from 13 to 70 weight-%, more preferably from 15 to 65 weight-%, more preferably from
18 to 60 weight-%, and more preferably from 20 to 55 weight-%.

According to the present invention it is preferred that the hydrogenation catalyst further com-
prises a component capable of trapping sulfides for preventing the poisoning of the catalytically
active components in the hydrogenation catalyst, especially in particular and preferred embodi-
ments thereof comprising one or more transition metals selected from the group consisting of
Rh, Ir, Ru, Pt, Pd, and combinations of two or more thereof, and in particular in particular and
preferred embodiments comprising Pt and/or Pd, in particular Pt. Thus, in this respect, it is pre-
ferred that the hydrogenation catalyst in (1) further comprises one or metal oxides selected from
the group consisting of oxides of silver, lanthanum, antimony, nickel, bismuth, cadmium, lead,
tin, vanadium, calcium, strontium, barium, cobalt, copper, tungsten, zinc, molybdenum, manga-
nese, and iron, including mixed oxides of two or more thereof, wherein preferably the hydro-
genation catalyst in (1) further comprises a metal oxide of zinc and/or iron, preferably zinc ox-
ide.

It is preferred that the pore volume of the hydrogenation catalyst in (1) is in the range of from
0.1 to 1.5 ml/g, wherein the pore volume refers to the hydrogenation catalyst devoid of any
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compounds in its pores, more preferably from 0.2 to 1.2 ml/g, more preferably from 0.3 to 1
ml/g, more preferably from 0.4 to 0.8 ml/g, more preferably from 0.5 to 0.7 ml/g, and more pref-
erably from 0.55 to 0.6 ml/g, wherein the pore volume is preferably determined according to 1ISO
15901-3:2007.

It is preferred that the average pore diameter of the hydrogenation catalyst in (1) is in the range
of from 10 to 500 A, wherein the average pore diameter in particular refers to the hydrogenation
catalyst devoid of any compounds in its pores, more preferably from 30 to 400 A, more prefera-
bly from 50 to 300 A, more preferably from 60 to 250 A, more preferably from 70 to 200 A, more
preferably from 80 to 150 A, more preferably from 90 to 120 A, and more preferably from 95 to
105 A, wherein the average pore diameter is preferably determined according to 1ISO 15901-
1:2016.

It is preferred that the BET surface area of the hydrogenation catalyst in (1) is in the range of
from 100 to 600 m?/g, wherein the BET surface area in particular refers to the hydrogenation
catalyst devoid of any compounds in its pores, more preferably from 120 to 500 m?/g, more
preferably from 140 to 450 m3/g, more preferably from 160 to 400 m3/g, more preferably from
180 to 350 m?/g, more preferably from 200 to 300 m?/g, more preferably from 220 to 280 m?/g,
and more preferably from 240 to 260 m?/g, wherein the BET surface area is preferably deter-
mined according to ISO 9277:2010.

It is preferred that the average particle size D50 by volume of the hydrogenation catalyst is in
the range of from 1 to 50 um, more preferably from 3 to 25 um, more preferably from 4 to 15
pm, more preferably from 5 to 10 um, more preferably from 6 to 8 um, and more preferably from
6.5 to 7 um, wherein the average particle size D50 by volume is preferably determined accord-
ing to 1ISO 13320:2009.

It is preferred that the weight ratio of the granular material to the unsaturated hydrocarbon feed-
stock in the mixture in (3) is in the range of from 1:99 to 40:60, more preferably from 3:97 to
35:65, more preferably from 5:95 to 30:70, more preferably from 7:93 to 25:75, more preferably
from 9:91 to 23:77, more preferably from 11:89 to 21:79, more preferably from 13:87 to 19:81,
and more preferably from 15:85 to 17:83.

It is preferred that the weight ratio of the unsaturated hydrocarbon feedstock to the solvent sys-
tem in the mixture in (3) is in the range of from 5:95 to 95:5, more preferably from 10:90 to
90:10, more preferably from 20:80 to 80:20, more preferably from 25:75 to 75:25, more prefera-
bly from 30:70 to 70:30, more preferably from 35:65 to 65:35, more preferably from 40:60 to
60:40, and more preferably from 45:55 to 55:45.

It is preferred that (4) is conducted at a pressure in the range of from 10 to 250 bar, more pref-
erably from 20 to 200 bar, more preferably from 30 to 180 bar, more preferably from 40 to 150
bar, more preferably from 50 to 120 bar, more preferably from 60 to 100 bar, more preferably
from 70 to 90 bar, and more preferably from 75 to 85 bar.
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In the case where (4) is conducted at a pressure in the range of from 10 to 120 bar, it is pre-
ferred that the gas phase of the mixture prepared in (3) and heated in (4) comprises

50 volume-% or more of hydrogen gas, more preferably 80 volume-% or more, more preferably
90 volume-% or more, more preferably 95 volume-% or more, more preferably 98 volume-% or
more, more preferably 99 volume-% or more, and more preferably 99.9 volume-% or more.

It is preferred that (4) is conducted for a duration in the range of from 0.1 h to 20 h, more prefer-
ably of from 0.25 h to 10 h, more preferably of from 0.5 h to 5 h, more preferably of from 1 hto 3
h, and more preferably of from 1.5hto 2.5 h.

As disclosed above, the process may comprise further process steps. Also, any one of the de-
fined process steps may comprise further process steps, in particular relative to the preparation
of a hydrogenation catalyst.

According to a first alternative, it is preferred that for providing the hydrogenation catalyst pre-

cursor in (1) the process comprises:

(i) providing an agueous solution comprising one or more salts of one or more transition
metals;

(i)  providing an agueous solution comprising one or more bases;

(i)  providing an aqueous dispersion comprising one or more refractory metal oxides in water;

(iv) adding the aqueous solution provided in (i) and the aqueous solution provided in (ii) to the
aqueous dispersion provided in (iii) for precipitating a hydrogenation catalyst precursor;

(v) isolating the hydrogenation catalyst precursor obtained in (iv); and

(vi) optionally washing and/or drying and/or calcining the hydrogenation catalyst precursor

isolated in (v).

It is preferred that the hydrogenation catalyst in (1) is prepared by a process according to the
first alternative comprising (i), (ii), (iii), (iv), (v), and (vi), as disclosed above, wherein the process
further comprises:

(vii) reducing the hydrogenation catalyst precursor obtained in (v) or (vi) in a hydrogen atmos-
phere for obtaining a hydrogenation catalyst.

It is preferred that the hydrogenation catalyst in (1) is prepared by a process according to the
first alternative comprising (i), (ii), (iii), (iv), (v), (vi), and (vii), as disclosed above, wherein the
process further comprises:

(viii) passivating the hydrogenation catalyst obtained in (vii) in an atmosphere comprising air,
preferably in an atmosphere consisting of air.

In the case where the process further comprises (i) according to the first alternative as disclosed
above, it is preferred that in (i) the one or more transition metals are selected from the group
consisting of Ni, Rh, Ir, Ru, Pt, Pd, and combinations of two or more thereof, more preferably
from the group consisting of Ni, Pt, Pd and combinations of two or more thereof, wherein more
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preferably the one or more transition metals comprise Ni and/or Pt, preferably Ni, wherein more
preferably the one or more transition metals are Ni and/or Pt, preferably Ni.

In the case where the process further comprises (ii) according to the first alternative as dis-
closed above, it is preferred that in (ii) the one or more bases comprise one or more compounds
selected from the group consisting of inorganic and organic bases, more preferably from the
group of inorganic bases, wherein preferably the one or more bases are selected from the
group consisting of hydroxides, carbonates, aluminates, and mixtures of two or more thereof,
more preferably from the group consisting of alkali metal hydroxides, alkali metal carbonates,
alkali metal aluminates, and mixtures of two or more thereof, more preferably from the group
consisting of alkali metal carbonates, alkali metal aluminates, and mixtures of two or more
thereof, wherein more preferably the one or more bases comprise one or more alkali metal car-
bonates, wherein the alkali metal is preferably selected from the group consisting of Li, Na, K,
Rb, Cs, and mixtures of two or more thereof, more preferably from the group consisting of Li,
Na, K, and mixtures of two or more thereof, wherein more preferably the alkali metal is Na
and/or K, preferably Na.

In the case where the process further comprises (iii) according to the first alternative as dis-
closed above, it is preferred that in (i) the one or more refractory metal oxides are selected
from the group consisting of silica, alumina, magnesia, and mixtures of two or more thereof,
wherein more preferably the one or more refractory metal oxides comprise silica and/or alumi-
na, preferably silica or silica and alumina, and more preferably silica, wherein more preferably
the one or more refractory metal oxides consist of silica and/or alumina, preferably of silica or of
silica and alumina, and more preferably of silica.

Further in the case where the process further comprises (iii) according to the first alternative as
disclosed above, it is preferred that in (iii) the one or more refractory metal oxides have a pore
volume in the range of from 0.3 to 5 ml/g, more preferably of from 0.5 to 4 ml/g, more preferably
of from 0.8 to 3.5 ml/g, more preferably of from 1 to 3 ml/g, more preferably of from 1.3 to0 2.5
ml/g, more preferably of from 1.5 to 2 ml/g, more preferably of from 1.6 to 1.8 ml/g, and more
preferably of from 1.7 to 1.75 ml/g, wherein the pore volume is preferably determined according
to ISO 15901-3:2007.

In the case where the process further comprises (i), (i), (iii), and (iv) according to the first alter-
native as disclosed above, it is preferred that in (iv) the addition of the aqueous solution provid-
ed in (i) and the aqueous solution provided in (i) to the aqueous dispersion provided in (iii) is
conducted subsequently or simultaneously, preferably simultaneously.

Further in the case where the process further comprises (i), (ii), (i), and (iv) according to the
first alternative as disclosed above, it is preferred that (iv) is conducted at a temperature in the
range of from 25 to 95 °C, more preferably of from 30 to 90 °C, more preferably of from 35 to 85
°C, more preferably of from 40 to 80 °C, more preferably of from 45 to 75 °C, more preferably of
from 50 to 70 °C, and more preferably of from 55 to 65 °C.
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Further in the case where the process further comprises (i), (ii), (i), and (iv) according to the
first alternative as disclosed above, it is preferred that in (iv) the pH is maintained in the range of
from 5 to 10 during the precipitation of the mixed oxide, more preferably of from 5.5 to 9.5, more
preferably of from 6 to 9, more preferably of from 6.5 to 8.5, and more preferably of from 7 to 8.

In the case where the process further comprises (vii), it is preferred that reduction in (vii) accord-
ing to the first alternative as disclosed above, is conducted at a temperature in the range of from
200 to 500 °C, more preferably from 250 to 470 °C, more preferably from 300 to 440 °C, more
preferably from 350 to 420 °C, and more preferably from 380 to 400 °C.

In the case where the process further comprises reduction in (vii) according to the first alterna-
tive as disclosed above, it is preferred that reduction in (vii) is conducted for a duration in the
range of from 0.25 to 5 h, more preferably from 0.5 to 4 h, more preferably from 1 to 3.5 h, more
preferably from 1.25 to 3 h, more preferably from 1.5 to 2.5 h, and more preferably from 1.75 to
2.25h.

In the case where the process further comprises passivation in (viii) according to the first alter-
native as disclosed above, it is preferred that passivation in (viii) is conducted at a temperature
in the range of from 75 to 150 °C, more preferably from 80 to 130 °C, more preferably from 85
to 120 °C, more preferably from 90 to 110 °C, and more preferably from 95 to 105 °C.

In the case where the process further comprises passivation in (viii) according to the first alter-
native as disclosed above, it is preferred that passivation in (viii) is conducted for a duration in

the range of from 0.25 to 4 h, more preferably from 0.5 to 3 h, more preferably from 0.75 to 2.5
h, more preferably from 1 to 2 h, and more preferably from 1.25 to 1.75 h.

According to a second alternative, it is preferred that for providing the hydrogenation catalyst in

(1), the process comprises:

(i)  providing an aqueous solution comprising one or more salts of one or more transition
metals;

(i)  providing an aqueous solution comprising one or more precursor salts of silica;

(i)  providing an aqueous solution comprising one or more precursor salts of alumina;

(iv) adding the aqueous solution provided in (i) and the aqueous solution provided in (ii) to the
aqueous solution provided in (iii) for precipitating hydrogenation catalyst precursor;

(v) isolating the hydrogenation catalyst precursor obtained in (iv);

(vi) optionally washing and/or drying and/or calcining the hydrogenation catalyst precursor

isolated in (v).

It is preferred that the hydrogenation catalystin (1) is prepared by a process according to the
second alternative comprising (i), (i), (iii), (iv), (v), and (vi), as disclosed above, wherein the pro-
cess further comprises:
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(vii) reducing the hydrogenation catalyst precursor obtained in (v) or (vi) in a hydrogen atmos-
phere for obtaining a hydrogenation catalyst.

It is preferred that the hydrogenation catalyst in (1) is prepared by a process according to the
second alternative comprising (i), (ii), (iii), (iv), (v), (vi), and (vii), as disclosed above, wherein the
process further comprises:

(viii) passivating the hydrogenation catalyst obtained in (vii) in an atmosphere comprising air,
preferably in an atmosphere consisting of air.

In the case where the process further comprises (i) according to the second alternative as dis-
closed above, it is preferred that in (i) the one or more transition metals are selected from the
group consisting of Ni, Rh, Ir, Ru, Pt, Pd, and combinations of two or more thereof, more prefer-
ably from the group consisting of Ni, Pt, Pd and combinations of two or more thereof, wherein
more preferably the one or more transition metals comprise Ni and/or Pt, preferably Ni, wherein
more preferably the one or more transition metals are Ni and/or Pt, preferably Ni.

In the case where the process further comprises (i), (i), (iii), and (iv) according to the second
alternative as disclosed above, it is preferred that in (iv) the addition of the aqueous solution
provided in (i) and the aqueous solution provided in (ii) to the aqueous solution provided in (iii) is
conducted subsequently or simultaneously, preferably simultaneously.

In the case where the process further comprises (iv) according to the second alternative as dis-
closed above, it is preferred that (iv) is conducted at a temperature in the range of from 35 to
100 °C, more preferably from 50 to 99 °C, more preferably from 70 to 98 °C, more preferably
from 80 to 97 °C, more preferably from 85 to 96 °C, and more preferably from 90 to 95 °C.

Further in the case where the process further comprises (iv) according to the second alternative
as disclosed above, it is preferred that in (iv) the pH is maintained in the range of from 6 to 10
during the precipitation of the mixed oxide, more preferably of from 6.5 to 9.5, more preferably
of from 7 to 9, and more preferably of from 7.5 to 8.5.

In the case where the process further comprises (vi) according to the second alternative as dis-
closed above, it is preferred that calcining in (vi) is conducted at a temperature in the range of
from 200 to 700 °C, more preferably from 250 to 600 °C, more preferably from 300 to 500 °C,
more preferably from 325 to 450 °C, and more preferably from 350 to 400 °C.

In the case where the process further comprises (vii) according to the second alternative as
disclosed above, it is preferred that reduction in (vii) is conducted at a temperature in the range
of from 200 to 500 °C, more preferably from 300 to 470 °C, more preferably from 350 to 450 °C,
more preferably from 400 to 440 °C, and more preferably from 420 to 430 °C.

In the case where the process further comprises (vii) according to the second alternative as
disclosed above, it is preferred that reduction in (vii) is conducted for a duration in the range of
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from 0.25 to 5 h, more preferably from 0.5 to 4 h, more preferably from 1 to 3.5 h, more prefera-
bly from 1.25 to 3 h, more preferably from 1.5 to 2.5 h, and more preferably from 1.75 to 2.25 h.

In the case where the process further comprises (viii) according to the second alternative as
disclosed above, it is preferred that passivation in (viii) is conducted at a temperature in the
range of from 75 to 150 °C, more preferably from 80 to 130 °C, more preferably from 85 to
120 °C, more preferably from 90 to 110 °C, and more preferably from 95 to 105 °C.

In the case where the process further comprises (viii) according to the second alternative as
disclosed above, it is preferred that passivation in (viii) is conducted for a duration in the range
of from 0.25 to 4 h, more preferably from 0.5 to 3 h, more preferably from 0.75 to 2.5 h, more
preferably from 1 to 2 h, and more preferably from 1.25 to 1.75 h.

It is preferred that the granular material is in the form of pastilles, flakes or droplets.

It is preferred that the granular materials displays an average particle size in the range of from 1
to 25 mm, more preferably from 2 to 15 mm, more preferably from 3 to 10 mm, more preferably
from 4 to 8 mm, and more preferably from 5 to 6 mm.

The unit bar(abs) refers to an absolute pressure of 105 Pa and the unit Angstrom refers to a
length of 10-10 m,

The present invention is further illustrated by the following set of embodiments and combina-
tions of embodiments resulting from the dependencies and back-references as indicated. In
particular, it is noted that in each instance where a range of embodiments is mentioned, for ex-
ample in the context of a term such as "The process of any one of embodiments 1 to 4", every
embodiment in this range is meant to be explicitly disclosed for the skilled person, i.e. the word-
ing of this term is to be understood by the skilled person as being synonymous to "The process
of any one of embodiments 1, 2, 3, and 4". Further, it is explicitly noted that the following set of
embodiments is not the set of claims determining the extent of protection, but represents a suit-
ably structured part of the description directed to general and preferred aspects of the present
invention.

1. Process for the hydrogenation of an unsaturated hydrocarbon feedstock comprising:
(1) preparing a granular material, wherein the particles of the granular material com-
prise a hydrogenation catalyst, or a precursor thereof, and one or more organic com-
pounds, wherein the one or more organic compounds comprise one or more carboxylic
acid and/or one or more ester and/or one or more ether moieties, preferably one or more
carboxylic acid and/or one or more ester moieties, and more preferably one or more ester
moieties;
(2) providing an unsaturated hydrocarbon feedstock;
(3) preparing a mixture comprising the granular material obtained in (1), the unsaturated
hydrocarbon feedstock provided in (2), hydrogen gas, and optionally a solvent system;
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(4) heating the mixture prepared in (3) to a temperature in the range of from 210 to
360°C for hydrogenating the hydrocarbon feedstock, preferably in the range of from 220 to
340°C, more preferably of from 230 to 320°C, more preferably of from 240 to 300°C, more
preferably of from 250 to 290°C, more preferably of from 260 to 280°C, and more prefera-
bly of from 265 to 275°C.

The process of embodiment 1, wherein for preparing the granular material in (1), the pro-
cess comprises:

(1.a) providing a hydrogenation catalyst or a precursor thereof;

(1.b) providing one or more organic compounds comprising one or more carboxylic acid
and/or one or more ester and/or one or more ether moieties, preferably one or more car-
boxylic acid and/or one or more ester moieties, and more preferably one or more ester
moieties;

(1.c) optionally heating the one or more organic compounds provided in (1.b) to a tem-
perature above the melting point of the one or more organic compounds;

(1.d) dispersing the hydrogenation catalyst provided in (1.a) in the one or more organic
compounds provided in (1.b) and optionally heated in (1.c);

(1.e) shaping the dispersion obtained in (1.d), preferably into particles;

(1.f.) cooling the shaped dispersion obtained in (1.e) to a temperature below the melting
point of the one or more organic compounds.

The process of embodiment 1 or 2, wherein in (1) the one or more organic compounds
comprise one or more alkyl moieties, preferably one or more C10-C24 alkyl moieties,
more preferably one or more C12-C22 alkyl moieties, more preferably one or more C14-
C20 alkyl moieties, and more preferably one or more C16-C18 alkyl moieties.

The process of any one of embodiments 1 to 3, wherein in (1) the one or more organic
compounds comprise one or more alkylene moieties, preferably one or more C1-C6 al-
kylene moieties, more preferably one or more C2-C4 alkylene moieties, and more prefer-
ably one or more C3 alkylene moieties.

The process of any one of embodiments 1 to 4, wherein in (1) the one or more organic
compounds comprise one or more compounds selected from the group consisting of tri-
glycerides, fatty acids, and mixtures of two or more thereof, preferably from the group
consisting of vegetable oils and mixtures of two or more thereof, more preferably from the
group consisting of palm oil, soybean oil, rapeseed ail, sunflower seed oil, peanut oil, cot-
tonseed oil, palm kernel oil, coconut ail, olive oil, and mixtures of two or more thereof,
more preferably from the group consisting of palm oil, soybean oil, cottonseed oil, and
mixtures of two or more thereof, more preferably from the group consisting of palm oil,
soybean oil, and mixtures of two or more thereof, wherein more preferably the one or
more organic compounds comprise palm and/or soybean oil, preferably palm oil, wherein
more preferably the one or more organic compounds consist of palm and/or soybean oil,
preferably palm oil.
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The process of embodiment 5, wherein the triglycerides and/or fatty acids are hydrogen-
ated triglycerides and/or fatty acids.

The process of any one of embodiments 1 to 6, wherein in (1) the one or more organic
compounds comprise one or more ether moieties, preferably two or more ether moieties,
and one or more alkylene moieties, preferably two or more alkylene moieties, more pref-
erably two or more C1-C3 alkylene moieties, more preferably two or more C1-C2 alkylene
moieties, and more preferably two or more C1 alkylene moieties, wherein more preferably
the one or more organic compounds comprise one or more polyoxoalkylenes, more pref-
erably one or more polyoxo(C1-C3)alkylenes, more preferably one or more polyoxo(C1-
C2)alkylenes, more preferably one or more polyoxo(C1)alkylenes, wherein more prefera-
bly the one or more organic compounds comprise polyoxomethylene.

The process of any one of embodiments 1 to 7, wherein in (1) the melting point of the one
or more organic compounds is in the range of from 30 to 100 °C, preferably from 35 to

90 °C, more preferably from 40 to 80 °C, more preferably from 45 to 75 °C, more prefera-
bly from 50 to 70 °C, and more preferably from 55 to 65 °C.

The process of any one of embodiments 1 to 8, wherein the unsaturated hydrocarbon
feedstock comprises one or more alkanes, preferably one or more C5 to C17 alkanes,
more preferably one or more C5 to C15 alkanes, more preferably one or more C5 to C13
alkanes, more preferably one or more C5 to C11 alkanes, more preferably one or more
C5 to C9 alkanes, more preferably one or more C5 and/or C9 alkanes, and more prefera-
bly one or more C9 alkanes.

The process of any one of embodiments 1 to 9, wherein the unsaturated hydrocarbon
feedstock comprises one or more compounds selected from the group consisting of C5
resins, C9 resins, C5/C9 copolymer resins, dicyclopentadiene resins, and mixtures of two
or more thereof, preferably from the group consisting of C5 resins, C9 resins, C5/C9 co-
polymer resins, and mixtures of two or more thereof, more preferably from the group con-
sisting of C5 resins, C9 resins, and mixtures of two or more thereof, wherein more prefer-
ably the unsaturated hydrocarbon feedstock comprises C9 resins, wherein more prefera-
bly, the hydrocarbon feedstock consists of C5 and/or C9 resins, preferably of C9 resins.

The process of any one of embodiments 1 to 10, wherein the unsaturated hydrocarbon
feedstock contains 800 wppm or less of sulfur calculated as the element, preferably 500
wppm or less, more preferably 300 wppm or less, more preferably 250 wppm or less,
more preferably 200 wppm or less, more preferably 180 wppm or less, more preferably
150 wppm or less, more preferably 130 wppm or less, 100 wppm or less, more preferably
80 wppm or less, more preferably 60 wppm or less, more preferably 40 wppm or less,
more preferably 20 wppm or less, more preferably 10 wppm or less, and more preferably
5 wppm or less.
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The process of any one of embodiments 1 to 11, wherein the solvent system comprises
one or more hydrocarbons, preferably one or more alkanes, more preferably one or more
C5-C18 alkanes, more preferably one or more C5-C16 alkanes, more preferably one or
more C5-C14 alkanes, more preferably one or more C6-C13 alkanes, more preferably one
or more C7-C12 alkanes, more preferably one or more C8-C11 alkanes, and more prefer-
ably one or more C9-C10 alkanes.

The process of any one of embodiments 1 to 12, wherein the weight ratio of the hydro-
genation catalyst to the one or more organic compounds in the particles of the granular
material in (1) is in the range of from 5:95 to 75:25, preferably from 10:90 to 60:40, more
preferably from 15:85 to 50:50, more preferably from 20:80 to 45:55, more preferably from
23:77 to 40:60, more preferably from 25:75 to 34:66, and more preferably from 27:73 to
32:68.

The process of any one of embodiments 1 to 13, wherein the hydrogenation catalyst in (1)
comprises Ni, wherein preferably the amount of Ni in the hydrogenation catalyst is in the
range of from 5 to 95 weight-% calculated as the element and based on 100 weight-% of
the hydrogenation catalyst, preferably of from 10 to 90 weight-%, more preferably from 20
to 80 weight-%, more preferably from 30 to 70 weight-%, more preferably from 35 to 65
weight-%, more preferably from 40 to 60 weight-%, and more preferably from 45 to 55
weight-%.

The process of embodiment 14, wherein Ni is present in the elemental form in an amount
in the range of from 10 to 99 weight-% based on 100 weight-% of Ni contained in the hy-
drogenation catalyst calculated as the element, preferably in an amount in the range of
from 30 to 98 weight-%, more preferably from 50 to 95 weight-%, more preferably from 60
to 90 weight-%, more preferably from 70 to 85 weight-%, more preferably from 75 to 82
weight-%, and more preferably from 78 to 80 weight-%.

The process of any one of embodiments 1 to 15, wherein the hydrogenation catalyst in (1)
comprises one or more transition metals selected from the group consisting of Rh, Ir, Ru,
Pt, Pd, and combinations of two or more thereof, wherein preferably the hydrogenation
catalyst in (1) comprises Pt and/or Pd, preferably Pt.

The process of embodiment 16, wherein the amount of the one or more transition metals
in the hydrogenation catalyst is in the range of from 0.01 to 10 weight-% calculated as the
element and based on 100 weight-% of the hydrogenation catalyst, preferably of from 0.05
to 7 weight-%, more preferably from 0.1 to 5 weight-%, more preferably from 0.5 to 3
weight-%, more preferably from 0.7 to 2 weight-%, more preferably from 0.8 to 1.5 weight-
%, and more preferably from 0.9 to 1 weight-%.

The process of embodiment 16 or 17, wherein the one or more transition metals are pre-
sent in the elemental form in an amount of 50 weight-% or more based on 100 weight-%
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of the one or more transition metals calculated as the element, preferably in an amount of
80 weight-% or more, more preferably of 90 weight-% or more, more preferably of 95
weight-% or more, more preferably of 98 weight-% or more, more preferably of 99 weight-
% or more, and more preferably of 99.9 weight-% or more.

The process of any one of embodiments 1 to 18, wherein the hydrogenation catalyst in (1)
comprises one or more oxides selected from the group consisting of refractory metal ox-
ides and mixtures thereof, preferably from the group consisting of silica, alumina, magne-
sia, and mixtures of two or more thereof, wherein more preferably the hydrogenation cata-
lyst comprises silica and/or alumina, preferably silica or silica and alumina, and more
preferably silica.

The process of embodiment 19, wherein the amount of the one or more oxides in the
hydrogenation catalyst is in the range of from 5 to 95 weight-% calculated as the oxide
and based on 100 weight-% of the hydrogenation catalyst, preferably of from 8 to 90
weight-%, more preferably from 10 to 80 weight-%, more preferably from 13 to 70 weight-
%, more preferably from 15 to 65 weight-%, more preferably from 18 to 60 weight-%, and
more preferably from 20 to 55 weight-%.

The process of any one of embodiments 1 to 20, wherein the hydrogenation catalyst in (1)
further comprises one or metal oxides selected from the group consisting of oxides of sil-
ver, lanthanum, antimony, nickel, bismuth, cadmium, lead, tin, vanadium, calcium, stronti-
um, barium, cobalt, copper, tungsten, zinc, molybdenum, manganese, and iron, including
mixed oxides of two or more thereof, wherein preferably the hydrogenation catalyst in (1)
further comprises a metal oxide of zinc and/or iron, preferably zinc oxide.

The process of any one of embodiments 1 to 21, wherein the pore volume of the hydro-
genation catalystin (1) is in the range of from 0.1 to 1.5 ml/g, wherein the pore volume re-
fers to the hydrogenation catalyst devoid of any compounds in its pores, preferably from
0.2 to 1.2 ml/g, more preferably from 0.3 to 1 ml/g, more preferably from 0.4 to 0.8 ml/g,
more preferably from 0.5 to 0.7 ml/g, and more preferably from 0.55 to 0.6 ml/g, wherein
the pore volume is preferably determined according to ISO 15901-3:2007.

The process of any one of embodiments 1 to 22, wherein the average pore diameter of
the hydrogenation catalyst in (1) is in the range of from 10 to 500 A, wherein the average
pore diameter refers to the hydrogenation catalyst devoid of any compounds in its pores,
preferably from 30 to 400 A, more preferably from 50 to 300 A, more preferably from 60 to
250 A, more preferably from 70 to 200 A, more preferably from 80 to 150 A, more prefera-
bly from 90 to 120 A, and more preferably from 95 to 105 A, wherein the average pore di-
ameter is preferably determined according to ISO 15901-1:2016.

The process of any one of embodiments 1 to 23, wherein the BET surface area of the
hydrogenation catalyst in (1) is in the range of from 100 to 600 m?/g, wherein the BET sur-
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face area refers to the hydrogenation catalyst devoid of any compounds in its pores, more
preferably from 120 to 500 m?/g, more preferably from 140 to 450 m?/g, more preferably
from 160 to 400 m?/g, more preferably from 180 to 350 m?/g, more preferably from 200 to
300 m#g, more preferably from 220 to 280 m?/g, and more preferably from 240 to 260
m?/g, wherein the BET surface area is preferably determined according to ISO 9277:2010.

The process of any one of embodiments 1 to 24, wherein the average particle size D50 by
volume of the hydrogenation catalyst is in the range of from 1 to 50 um, preferably from 3
to 25 um, more preferably from 4 to 15 pm, more preferably from 5 to 10 um, more prefer-
ably from 6 to 8 um, and more preferably from 6.5 to 7 um, wherein the average particle
size D50 by volume is preferably determined according to ISO 13320:2009.

The process of any one of embodiments 1 to 25, wherein the weight ratio of the granular
material to the unsaturated hydrocarbon feedstock in the mixture in (3) is in the range of
from 1:99 to 40:60, preferably from 3:97 to 35:65, more preferably from 5:95 to 30:70,
more preferably from 7:93 to 25:75, more preferably from 9:91 to 23:77, more preferably
from 11:89 to 21:79, more preferably from 13:87 to 19:81, and more preferably from 15:85
to 17:83.

The process of any one of embodiments 1 to 26, wherein the weight ratio of the unsatu-
rated hydrocarbon feedstock to the solvent system in the mixture in (3) is in the range of
from 5:95 to 95:5, preferably from 10:90 to 90:10, more preferably from 20:80 to 80:20,
more preferably from 25:75 to 75:25, more preferably from 30:70 to 70:30, more prefera-
bly from 35:65 to 65:35, more preferably from 40:60 to 60:40, and more preferably from
45:55 to 55:45.

The process of any one of embodiments 1 to 27, wherein (4) is conducted at a pressure in
the range of from 10 to 250 bar, preferably from 20 to 200 bar, more preferably from 30 to
180 bar, more preferably from 40 to 150 bar, more preferably from 50 to 120 bar, more
preferably from 60 to 100 bar, more preferably from 70 to 90 bar, and more preferably
from 75 to 85 bar.

The process of embodiment 28, wherein the gas phase of the mixture prepared in (3) and
heated in (4) comprises 50 volume-% or more of hydrogen gas, preferably 80 volume-%
or more, more preferably 90 volume-% or more, more preferably 95 volume-% or more,
more preferably 98 volume-% or more, more preferably 99 volume-% or more, and more
preferably 99.9 volume-% or more.

The process of any one of embodiments 1 to 29, wherein (4) is conducted for a duration in
the range of from 0.1 h to 20 h, preferably of from 0.25 h to 10 h, more preferably of from
0.5 h to 5 h, more preferably of from 1 h to 3 h, and more preferably of from 1.5 hto 2.5 h.
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The process of any one of embodiments 1 to 30, wherein for providing the hydrogenation
catalyst precursor in (1), the process comprises:

(i)  providing an aqueous solution comprising one or more salts of one or more transi-
tion metals;

(i)  providing an aqueous solution comprising one or more bases;

(i)  providing an aqueous dispersion comprising one or more refractory metal oxides in
water;

(iv) adding the aqueous solution provided in (i) and the aqueous solution provided in (i)
to the aqueous dispersion provided in (iii) for precipitating a hydrogenation catalyst pre-
cursor;

(v) isolating the hydrogenation catalyst precursor obtained in (iv); and

(vi) optionally washing and/or drying and/or calcining the hydrogenation catalyst precur-
sor isolated in (v).

The process of any one of embodiments 1 to 31, wherein for providing the hydrogenation
catalyst in (1), the process according to embodiment 30 further comprises:

(vii) reducing the hydrogenation catalyst precursor obtained in (v) or (vi) in a hydrogen
atmosphere for obtaining a hydrogenation catalyst.

The process of any one of embodiments 1 to 32, wherein for providing the hydrogenation
catalyst in (1), the process according to embodiment 31 further comprises:

(viii) passivating the hydrogenation catalyst obtained in (vii) in an atmosphere comprising
air, preferably in an atmosphere consisting of air.

The process of any one of embodiments 31 to 33, wherein in (i) the one or more transition
metals are selected from the group consisting of Ni, Rh, Ir, Ru, Pt, Pd, and combinations
of two or more thereof, preferably from the group consisting of Ni, Pt, Pd and combina-
tions of two or more thereof, wherein more preferably the one or more transition metals
comprise Ni and/or Pt, preferably Ni, wherein more preferably the one or more transition
metals are Ni and/or Pt, preferably Ni.

The process of any one of embodiments 31 to 34, wherein in (ii) the one or more bases
comprise one or more compounds selected from the group consisting of inorganic and or-
ganic bases, preferably from the group of inorganic bases, wherein preferably the one or
more bases are selected from the group consisting of hydroxides, carbonates, aluminates,
and mixtures of two or more thereof, more preferably from the group consisting of alkali
metal hydroxides, alkali metal carbonates, alkali metal aluminates, and mixtures of two or
more thereof, more preferably from the group consisting of alkali metal carbonates, alkali
metal aluminates, and mixtures of two or more thereof, wherein more preferably the one
or more bases comprise one or more alkali metal carbonates, wherein the alkali metal is
preferably selected from the group consisting of Li, Na, K, Rb, Cs, and mixtures of two or
more thereof, more preferably from the group consisting of Li, Na, K, and mixtures of two
or more thereof, wherein more preferably the alkali metal is Na and/or K, preferably Na.
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The process of any one of embodiments 31 to 35, wherein in (iii) the one or more refracto-
ry metal oxides are selected from the group consisting of silica, alumina, magnesia, and
mixtures of two or more thereof, wherein preferably the one or more refractory metal ox-
ides comprise silica and/or alumina, preferably silica or silica and alumina, and more pref-
erably silica, wherein more preferably the one or more refractory metal oxides consist of
silica and/or alumina, preferably of silica or of silica and alumina, and more preferably of
silica.

The process of any one of embodiments 31 to 36, wherein in (iii) the one or more refracto-
ry metal oxides have a pore volume in the range of from 0.3 to 5 ml/g, more preferably of
from 0.5 to 4 ml/g, more preferably of from 0.8 to 3.5 ml/g, more preferably of from 1 to 3
ml/g, more preferably of from 1.3 to 2.5 ml/g, more preferably of from 1.5 to 2 ml/g, more
preferably of from 1.6 to 1.8 ml/g, and more preferably of from 1.7 to 1.75 ml/g, wherein
the pore volume is preferably determined according to ISO 15901-3:2007.

The process of any one of embodiments 31 to 37, wherein in (iv) the addition of the aque-
ous solution provided in (i) and the aqueous solution provided in (ii) to the aqueous dis-
persion provided in (iii) is conducted subsequently or simultaneously, preferably simulta-
neously.

The process of any one of embodiments 31 to 38, wherein (iv) is conducted at a tempera-
ture in the range of from 25 to 95 °C, preferably of from 30 to 90 °C, more preferably of
from 35 to 85 °C, more preferably of from 40 to 80 °C, more preferably of from 45 to

75 °C, more preferably of from 50 to 70 °C, and more preferably of from 55 to 65 °C.

The process of any one of embodiments 31 to 39, wherein in (iv) the pH is maintained in
the range of from 5 to 10 during the precipitation of the mixed oxide, preferably of from 5.5
to 9.5, more preferably of from 6 to 9, more preferably of from 6.5 to 8.5, and more prefer-
ably of from 7 to 8.

The process of any one of embodiments 32 to 40, wherein reduction in (vii) is conducted
at a temperature in the range of from 200 to 500 °C, more preferably from 300 to 470 °C,
more preferably from 350 to 450 °C, more preferably from 400 to 440 °C, and more pref-
erably from 420 to 430 °C.

The process of any one of embodiments 32 to 41, wherein reduction in (vii) is conducted
for a duration in the range of from 0.25 to 5 h, preferably from 0.5 to 4 h, more preferably
from 1 to 3.5 h, more preferably from 1.25 to 3 h, more preferably from 1.5 to 2.5 h, and
more preferably from 1.75 to 2.25 h.

The process of any one of embodiments 33 to 42, wherein passivation in (viii) is conduct-
ed at a temperature in the range of from 75 to 150 °C, preferably from 80 to 130 °C, more
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preferably from 85 to 120 °C, more preferably from 90 to 110 °C, and more preferably
from 95 to 105 °C.

The process of any one of embodiments 33 to 43, wherein passivation in (viii) is conduct-
ed for a duration in the range of from 0.25 to 4 h, preferably from 0.5 to 3 h, more prefera-
bly from 0.75 to 2.5 h, more preferably from 1 to 2 h, and more preferably from 1.25 to
1.75h.

The process of any one of embodiments 1 to 30, wherein for providing the hydrogenation
catalyst precursor in (1), the process comprises:

(i)  providing an aqueous solution comprising one or more salts of one or more transi-
tion metals;

(i)  providing an aqueous solution comprising one or more precursor salts of silica;

(i) providing an aqueous solution comprising one or more precursor salts of alumina;
(iv) adding the aqueous solution provided in (i) and the aqueous solution provided in (ii)
to the aqueous solution provided in (iii) for precipitating a hydrogenation catalyst precur-
sor;

(v) isolating the hydrogenation catalyst precursor obtained in (iv);

(vi) optionally washing and/or drying and/or calcining the hydrogenation catalyst precur-
sor isolated in (v).

The process of any one of embodiments 1 to 30, wherein for providing the hydrogenation
catalyst in (1), the process according to embodiment 45 further comprises:

(vii) reducing the hydrogenation catalyst precursor obtained in (v) or (vi) in a hydrogen
atmosphere for obtaining a hydrogenation catalyst.

The process of any one of embodiments 1 to 30, wherein for providing the hydrogenation
catalyst in (1), the process according to embodiment 46 further comprises:

(viii) passivating the hydrogenation catalyst obtained in (vii) in an atmosphere comprising
air, preferably in an atmosphere consisting of air.

The process of any one of embodiments 45 to 47, wherein in (i) the one or more transition
metals are selected from the group consisting of Ni, Rh, Ir, Ru, Pt, Pd, and combinations
of two or more thereof, preferably from the group consisting of Ni, Pt, Pd and combina-
tions of two or more thereof, wherein more preferably the one or more transition metals
comprise Ni and/or Pt, preferably Ni, wherein more preferably the one or more transition
metals are Ni and/or Pt, preferably Ni.

The process of any one of embodiments 45 to 48, wherein in (iv) the addition of the aque-
ous solution provided in (i) and the aqueous solution provided in (ii) to the aqueous solu-
tion provided in (iii) is conducted subsequently or simultaneously, preferably simultane-
ously.
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The process of any one of embodiments 45 to 49, wherein (iv) is conducted at a tempera-
ture in the range of from 35 to 100 °C, preferably from 50 to 99 °C, more preferably from
70 to 98 °C, more preferably from 80 to 97 °C, more preferably from 85 to 96 °C, and
more preferably from 90 to 95 °C.

The process of any one of embodiments 45 to 50, wherein in (iv) the pH is maintained in
the range of from 6 to 10 during the precipitation of the mixed oxide, preferably of from 6.5
to 9.5, more preferably of from 7 to 9, and more preferably of from 7.5 to 8.5.

The process of any one of embodiments 45 to 51, wherein calcining in (vi) is conducted at
a temperature in the range of from 200 to 700 °C, preferably from 250 to 600 °C, more
preferably from 300 to 500 °C, more preferably from 325 to 450 °C, and more preferably
from 350 to 400 °C.

The process of any one of embodiments 45 to 52, wherein reduction in (vii) is conducted
at a temperature in the range of from 200 to 500 °C, preferably from 300 to 470 °C, more
preferably from 350 to 450 °C, more preferably from 400 to 440 °C, and more preferably
from 420 to 430 °C.

The process of any one of embodiments 46 to 53, wherein reduction in (vii) is conducted
for a duration in the range of from 0.25 to 5 h, preferably from 0.5 to 4 h, more preferably
from 1 to 3.5 h, more preferably from 1.25 to 3 h, more preferably from 1.5 to0 2.5 h, and
more preferably from 1.75 to 2.25 h.

The process of any one of embodiments 47 to 54, wherein passivation in (viii) is conduct-
ed at a temperature in the range of from 75 to 150 °C, preferably from 80 to 130 °C, more
preferably from 85 to 120 °C, more preferably from 90 to 110 °C, and more preferably
from 95 to 105 °C.

The process of any one of embodiments 47 to 55, wherein passivation in (viii) is conduct-
ed for a duration in the range of from 0.25 to 4 h, preferably from 0.5 to 3 h, more prefera-
bly from 0.75 to 2.5 h, more preferably from 1 to 2 h, and more preferably from 1.25 to
1.75h.

The process of any one of embodiments 1 to 56, wherein the granular material is in the
form of pastilles, flakes or droplets.

The process of any one of embodiments 1 to 57, wherein the granular materials displays
an average particle size in the range of from 1 to 25 mm, preferably from 2 to 15 mm,
more preferably from 3 to 10 mm, more preferably from 4 to 8 mm, and more preferably
from 5 to 6 mm.
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DESCRIPTION OF THE FIGURES

Figure 1  displays the IR-spectrum of the mixture of Reference Example 4 prior to and after
the hydrogenation treatment.

Figure 2  displays the HPLC analysis of the composition of the mixture of Reference Example
4 prior to and after hydrogenation treatment.

EXPERIMENTAL SECTION

Reference Example 1: Preparation of a nickel containing hydrogenation catalyst

A nickel catalyst was prepared according to Example 2 of WO 2015 /008247 A2 with slight mod-
ifications. Solutions containing nickel and alumina salts, silicate, and sodium carbonate were
mixed in a well stirred precipitation vessel at a temperature of 90°C. The pH of the slurry formed
was about 7.5 and after 1 hour the precipitation was completed. After washing the precipitate,
the precursor of the catalyst was filtered and dried in an oven at 110 °C. The dried solid material
was then activated with hydrogen at 425 °C for two hours and subsequently passivated in the
presence of air at 100 °C.

Reference Example 2: Preparation of catalyst droplets comprising a nickel containing hydro-
genation catalyst

Catalyst droplets were prepared according to Example 1 of WO 2004/035204 A1, except that
hydrogenated palm oil was employed instead of hardened soybean fat. The final catalyst drop-
lets contained about 20 weight-% of Ni calculated as the element, wherein the droplets dis-
played an average particle size of 6 mm.

Reference Example 3: Preparation of catalyst droplets comprising nickel supported on silica as
hydrogenation catalyst

Nickel supported on silica as hydrogenation catalyst was prepared according to Example 3 of
US 9,045,410 B2. As for Reference Example 2, the resulting catalyst was then coated with hy-
drogenated palm oil in accordance with the procedure described in Example 1 of WO
2004/035204 A1 for affording catalyst droplets containing about 11 weight-% of Ni calculated as
the element, wherein the droplets displayed an average particle size of 5 to 6 mm.

Reference Example 4: Deoxygenation of catalyst droplets



10

15

20

25

30

35

40

WO 2021/160879 -23- PCT/EP2021/053625

The nickel catalyst of Reference Example 1 was admixed with hardened palm oil and a C9-C11
hydrocarbon solvent, and the resulting mixture was subject to hydrogenation conditions (260-
280 °C and 80 bar Hz). As may be taken from Figure 1 which displays the IR-spectrum of the
mixture prior to and after the hydrogenation treatment, the C=0 vibration at 1749 cm-! from the
ester moieties of the hardened palm oil in the mixture prior to hydrogenation is entirely missing
from the IR-spectrum taken after hydrogenation. Furthermore, as may be taken from analysis of
the composition of the mixture prior to and after hydrogenation treatment by HPLC shown in
Figure 2, the C16 and C18 alkyl chains of the hardened palm oil were fully transformed to C15
and C17 alkanes. To this effect, dodecane, tetradecane and hexadecane were injected into the
HPLC as reference compounds. Thus, the results in Figures 1 and 2 show that the hydrogena-
tion treatment led to the deoxygenation of the hardened palm oil, to the effect that the oil was
converted to hydrocarbons either by decarbonylation and/or decarboxylation of the fatty acid
moieties. As a result, it has surprisingly been found that a hydrogenation catalyst for the hydro-
genation of hydrocarbon feedstocks may be effectively protected by coating thereof with one or
more organic compounds containing one or more carboxylic acid and/or one or more ester moi-
eties, wherein said compounds are deoxygenated in situ under the conditions for the hydro-
genation of hydrocarbon feedstocks, as a result of which they are transformed to water, CO,
and/or CO2 and hydrocarbons. As a result, it has quite unexpectedly been found that the protec-
tive coating does not contaminate the hydrocarbon feedstock but rather affords hydrocarbons
which may easily be separated from the hydrogenated hydrocarbon product by distillation or the
like.

Example 1: Hydrogenation of a hydrocarbon feedstock

Resin hydrogenation tests were performed in a batch type reactor HP-9 using high Sulphur C9-
resin feed 4 (125 ppm). The conditions for a standard test were:

agitation: 1100 rpm;

pressure: 80 bar;

temperature: 270 °C;

feed: 75 g resin / 75 g Exxsol D40 (ExxonMobil);

runtime: 2 hours;

catalyst loading: Reference Example 1: 0.75 g; Reference Example 2: 2.5 g; Reference Exam-
ple 3: 4.5 g; wherein the amount of droplets was chosen such that the nickel loading was the
same in each of the samples.

The hydrogenation activity was calculated using linear regression between 0-30% and/or 30-
70% activity. UV activity is calculated from the decrease of UV peak height (measured at

274 nm) relative to the non-hydrogenated resin. The hydrocracking activity of a sample is ex-
pressed as the shift of the molecular weight distribution curve toward a lower molecular weight
after 2 hours of hydrogenation. Two methods were used to express the cracking:
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Calculated from the shift of the peak maximum, according to dMp = (Mpieed — MPproduct) / MPreed X
100 %;

Calculated from the decrease of molecular weight fraction above 5000 g/mol relative to the feed
according to dHv = (weight < 5000eq — weight < 5000product)/ weight < 50005eq X 100 %.

Activity UV arom Color dMp dHeavies
(%) (% conv.) (%) (%)
Ref. Ex. 1 100 93 7 5 32
(comparative)
Ref. Ex. 2 89 89 12 A1 12
(inventive)
Ref. Ex. 3
ot X 153 94 15 A1 1
(inventive)

Thus, as may be taken from the results obtained for hydrogenation employing the catalyst from
reference example 2, its performance is comparable to the catalyst from a reference example 1,
this showing that protection of the catalyst by coating with the hydrogenated palm oil did not
lead to a substantial decrease in catalyst activity. Reference example 3, on the other hand,
which comprises nickel supported on silica as the hydrogenation catalyst displayed a superior
hydrogenation activity compared to the uncoated catalyst of reference example 1.
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