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RESUMEN
Las reservas de crudo pesado son cada vez mayores, lo que implica un aumento en el
contenido de contaminantes que requieren de técnicas y métodos mejorados en los
procesos para conseguir los estándares de producción. Por tal motivo, varios
investigadores han planteado soluciones con la preparación de diferentes sólidos
catalíticos, técnicas y métodos que se pueden implementar en algunos procesos. Por
ejemplo, la síntesis de catalizadores más eficientes y económicos para el proceso de
hidrodesulfuración (HDS) de moléculas refractarias presentes en el crudo pesado. Las
diatomeas es un material natural compuesto por sílice y aluminio, por sus propiedades
puede ser un material de gran potencial y de bajo costo para la aplicación como soporte
de catalizadores para el proceso de HDS. En el presente trabajo, se realizó una revisión
bibliográfica relacionada con el proceso de HDS y el posible uso de las diatomitas. Para
ello, se plantearon diferentes búsquedas como: Avances en el proceso de HDS; Avances
en el uso de soporte de catalizadores para reacciones de HDS; Avances del proceso de
HDS en moléculas refractarias como 4,6-DMDBT; HDS en Ecuador ; Aplicaciones de
las diatomitas; Yacimientos y especies de diatomitas en Ecuador; Diferentes tratamientos
de la diatomita para su aplicación catalítica. Los resultados obtenidos en la revisión
bibliográfica muestran que las diatomitas

podrían ser usadas como soporte de

catalizadores de bajo costo y alta disponibilidad para reacciones de HDS de moléculas
refractarias. Se determinó que para la diatomita un tratamiento de purificación con ácido
sulfúrico en caliente es el más conveniente en relación a costos y producto obtenido.
Además, se determinó que la mayor eficiencia para HDS de moléculas refractarias se
puede obtener con catalizadores NiMo debido a la actividad y mayor capacidad de
hidrogenación en compuestos aromáticos. Por otra parte, se debe de considerar el uso de
las diatomitas en otras aplicaciones ya que se ha demostrado que se puede obtener grandes
beneficios como adsorbentes, filtro, abrasivo, bioindicador de calidad de agua, etc

Palabras clave:
Hidrodesulfuración (HDS), soporte de catalizadores, diatomitas, moléculas refractarias,
4,6-dimetildibenzotiofeno (4,6-DMDBT).
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ABSTRACT
Heavy crude oil reserves are increasing, which implies an increase in the content of
pollutants that require improved techniques and methods in the processes to achieve
production standards. For this reason, several researchers have proposed solutions with
the preparation of different catalytic solids, techniques and methods that can be
implemented in some processes. For example, the synthesis of more efficient and
economical catalysts for the hydrodesulfurization (HDS) process of refractory molecules
present in heavy crude oil. Diatoms are a natural material composed of silica and
aluminum, due to its properties it can be a material with great potential and low cost for
application as catalyst support for the HDS process. In the present work, a bibliographic
review related to the HDS process and the possible use of diatomites was carried out. For
this, different searches were proposed such as: Advances in the HDS process; Advances
in the use of catalyst support for HDS reactions; Advances of the HDS process in
refractory molecules such as 4,6-DMDBT; HDS in Ecuador; Applications of diatomites;
Diatomite deposits and species in Ecuador; Different treatments of diatomite for its
catalytic application. The results obtained in the bibliographic review show that
diatomites could be used as a support for low-cost, high-availability catalysts for HDS
reactions of refractory molecules. It was determined that for diatomite a purification
treatment with hot sulfuric acid is the most convenient in relation to costs and product
obtained. In addition, it was determined that the highest efficiency for HDS of refractory
molecules can be obtained with NiMo catalysts due to the activity and greater
hydrogenation capacity in aromatic compounds. On the other hand, the use of diatomites
should be considered in other applications since it has been shown that great benefits can
be obtained as adsorbents, filter, abrasive, bioindicator of water quality, etc.

Keywords:
Hydrodesulfurization (HDS), catalyst support, diatomite, refractory molecules, 4,6dimethyldibenzothiophene (4,6-DMDBT).
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CHAPTER 1
INTRODUCTION
The environmental impact has increased negatively in the last decades (1). One of
the main factors is the different uses of crude oil derivatives, it is for this reason that
different industrial production standards have been implemented (2). Different processes
have been developed to improve the production of crude oil derivatives, eliminating or
reducing pollutants such as sulfur, nitrogen, metals, etc. which is required to comply with
environmental regulations (3). The most significant studies are based on the chemical
decomposition of compounds, for example the chemical decomposition of sulfur
compounds by hydrodesulfurization (HDS) (4).
The hydrodesulfurization (HDS) is a catalytic chemical process that is based on reducing
the amount of sulfur present in crude oil (5). A steam of hydrogen is used to react with
organic sulfur compounds to obtain organic compounds free of sulfur and hydrogen
sulfide (H2S). When the oil crude is heavier, the concentration of some pollutants such as
sulfur increases (6). Currently, the largest crude oil reserves are heavy crude, and because
of that different investigations have been carried out regarding the uses of different
catalysts based on nickel, molybdenum, trimetallic catalysts, etc., using different supports
such as zeolites, clays, diatomites, etc (7). On the other hand, it is important to take into
account different factors that affect the HDS process, such as catalyst activity and
selectivity, reaction conditions, process design, crude composition, etc (8).
Catalysts is a substance that increases the rate of a chemical reaction without itself
undergoing any permanent chemical change (9). One of the most common catalysts for
HDS process is based on molybdenum as an active phase promoted with nickel and
supported on alumina or mesoporous maerial (10). However, several investigations of
different catalyst support have been carried out, for example, the use of diatomite (11).
Diatomite is a hydrated, amorphous silica sedimentary rock formed by the siliceous
skeletons of microscopic aquatic unicellular plants (12). Diatomite has different
characteristics and properties that can be ideal for use as catalyst support such as hardness,
pH, specific weight, porosity, conductivity, surface area, cost, etc (13).
Therefore, a literature review regarding the use of diatomites as catalyst support should
attract great interest in the scientific and industrial community for new design and control
1

of the HDS process, in which a better yield and lower production cost can be obtained.
The review of the topic is based on different scientific articles, theses, books, etc.
However, in terms of the literature review, there is not enough information regarding
diatomites as catalyst support for HDS reactions, so that additional information was
sought in the field of catalysts used in the crude oil refinery process, which use diatomites
as a catalyst support. The review was based on the different catalysts used in HDS, HDS
process, HDS of refractory molecules such as 4,6-dimethyldibenzothiophene, materials
used for the preparation of supports, diatomite deposits in Ecuador, different applications
of diatomites, and uses of diatomites as catalysts support.
The methodology of this study consisted of establishing the information of the different
necessary conditions that material should have for its use as catalyst support for the HDS
process. It was concluded that diatomites could be a material that presents better results.
Different variables were established to add necessary information such as the applications
of diatomites as catalyst support, diatomite treatment methods, development procedure
for a diatomite supported catalyst, etc. Finally, the methodology and the results of the
different literary sources were compared with the yields of the materials used in the HDS
process for heavy crude, focused mainly on natural materials.

1. Problem Approach

The HDS process has a good performance in crude oil refineries with which it meets
international standards such as Euro VI for a limit of 10 ppm in the concentration of sulfur
in diesel.Ecuador complies with standards such as INEN 1489 (2012) to control sulfur
content. Moreover, however the Ecuadorian state is planning an investment for a refinery
reform to align with stricter international standards in different processes, such as HDS
(14). Therefore, developing new lower low-cost natural material material-based catalysts
for heavy crude HDS is an promising study approach to improve production and comply
with ambient regulations. Currently, several investigations of different catalysts have
been proposed based in different methods and techcniques for the use of HDS for
refractory molecules such as 4,6-dimethyldibenzothiophene (4,6-DMDBT) witch the
main objective is obtain a better performance (15). However, the materials and methods
used in the preparation of some catalysts are too expensive and difficult, so they are not
used and are not taken into account by the oil industries.Consequently, the development
2

of a low-cost, high-yield catalyst would be a promising material. Regarding the subject,
this research's main objective is to propose different conditions for preparing a natural
support based on diatomite for the HDS process of heavy crude oil.

2. Objective

2.1. General Objective
To make bibliographic research in the field of diatomites as catalyst support for heavy
crude HDS reactions focused on the variables and specific conditions for the development
of a new high-performance and low-cost catalyst.
2.2. Specific Objectives
- To determine the main commercial catalysts used in refineries for HDS process, and
to compare their performance to different catalysts based on natural material.
- To identify the different catalysts supported on diatomite analyzed in crude oil
refinery process, to take advantage of the pretreatment parameters used through the
results obtained in previous research..
- To analyze the main characterization variables of diatomites to identify the main
aspects and differences for their use as catalyst support.
- To discuss the different results obtained in previous studies and how they have
improved in recent years to establish correct parameters for the development of a new
catalyst supported on diatomite.

3

CHAPTER 2
BACKGROUND CONCEPTS
1. Crude Oil
One of the main non-renewable energy sources is oil. In its natural state, crude is found
as an oily black liquid, that chemically presents a heterogeneous mixture of organic
compounds. (16) The heterogeneous mixture of these compounds is complex since it
depends on the number of carbon atoms and how they are located in the molecules
forming the hydrocarbons, it also contains different elements such as sulfur (S), oxygen
(O), nitrogen (N) and heavy metals, mainly iron (Fe), nickel (Ni), and vanadium (V),
which form various organic compounds such as hydrogen sulfide (H2S), mercaptans (RSH), disulfides and polysulfides (RS-SR)n, naphthenic acids, etc. All the mentioned
compounds provide the oil with different physical and chemical properties, such as smell,
color, viscosity, fluorescence, surface tension, capillary strength, etc., allowing to take
advantage of its use as an energy source around the world. Crude oil has to undergo
thermal and chemical treatment processes to obtain commercial products such as asphalt,
gasoline, diesel, gas, among others. (8)

1.1. Crude classification
Crude oil can be classified by its density in API degrees, the higher the API degrees the
lighter the crude, and if the API degree is lower, the crude is heavier. In addition, crude
oil is also classified by its place of origin. Dubai crude is the reference basket of OPEC
(Organization of Petroleum Producing Countries) together with WTI (West Texas
Intermediate) and Brent. On the other hand, there is a widely used reference that is sweet
and sour crude, this depends on the amount of sulfur that the crude contains, if the crude
has more than 0.5 wt.% sulfur content it is a sour crude and if it has a quantity lower than
0.5 wt.% is a sweet crude. (17)
Degrees API is a scale of specific gravity expressed in degrees that allows the relative
density of petroleum liquids to be measured using a hydrometer. The calculation formula
for API gravity is:
API Gravity = (141.5 / SG at 60 °F) - 131.5

4

(1)

where SG is the specific gravity of the fluid, which is the ratio between the density of the
fluid /density of the water at a reference temperature (60 ºF). The classification of each
type of crude oil related to ° API can be seen in table 1. (17)

Table 1. Crude oil classification in °API.
Type of crude

API gravity

Light crude

>31.1 ° API

Medium crude

(22.3 – 31) ° API,

Heavy crude

(10 - 22.3 )° API

Extra heavy crude

10 ° API

2. Oil consumption
Oil consumption worldwide has been increasing as can be seen in fig.1 . For example,
in 2009 consumption was 84,83 million barrels per day, while in 2019 consumption was
99,77 million barrels per day, representing an increase of 17.61% in 10 years. (18) The
largest current oil resource corresponds to heavy oil, it has been identified that the largest
reserves of heavy oil in the world are in Venezuela north of the Orinoco River and in
Saudi Arabia. Ecuador is a country whose main source of economic income is oil,
according to exports and sale of derivatives. However, most of the production is based on
heavy crude. Because of this, a better quality of oil production is sought, through
processes that allow to obtain better profitability and meeting certain specifications. (19)

Fig.1 World liquid fuels production and consumption balance. Taken from: (20)
3. Environmental pollution related to the sulfur content in crude oil.
5

On the other hand, environmental pollution has been increasing in significant figures in
recent years, so it is necessary to take into account the pollutants that are produced in the
combustion of some fuels. In the city of Quito-Ecuador, an average concentration of 0.020.06 mg /m3 of sulfur oxide emissions (SO2 and SO3) in the air is estimated. Sulfur oxides
are produced during the combustion of gasoline and diesel, they interact with the
atmospheric water producing acid rain, which is a pollutant for living beings and even
produces material damage. Acid rain affects the acidity of rivers, lakes, seas, causing the
death of species of aquatic flora and fauna. It also affects the pH of the soil, causing
damage to crops. (21)
3.1. National and international standards related to sulfur content in
crude oil derivatives.
The INEN NTE 935 (2013) standard in force for Ecuador determines that the maximum
sulfur content in gasoline is 650 ppm. In the case of diesel, there is the INEN 1489 (2012)
standard, which classifies diesel according to a permitted limit of the amount of sulfur.
The classification is diesel No. 1 (3000 ppm), No. 2 (700 ppm) and Premium diesel (500
ppm). The International standard (EURO IV) establishes that gasoline must have less than
50 ppm of sulfur and the EURO V establishes less than 10 ppm. (23) Sulfur standards in
Asian countries range from 500 to 10,000 ppm for diesel, with an average of 2,000–3,000
ppm. (24)
4. Hydrotreatment
One of the processes to counteract the effects of the sulfur content in crude oil is through
a catalytic hydrotreating process such as hydrodesulfurization. To apply this method, it is
necessary to study the nature of the catalysts. Hydrotreating (HDT) is a hydrogen based
treatment that is used mainly in the petrochemical industry. The process consists of the
contact of the feed stream with a hydrogen flow, inducing hydrogenation reactions (it is
the addition of hydrogen to unsaturated aromatic compounds or eliminate compounds
such as sulfur, nitrogen or oxygen) and hydrogenolysis (which is the breaking of a bond
between a carbon atom and a heteroatom, such as sulfur, nitrogen, or a heavy metal), in
the presence of a catalyst and with the proper operating conditions. Because of this, lighter
oil fractions can be obtained by saturating aromatic compounds, reducing or removing
the number of impurities, and improving production quality. In addition, there are five
types of hydrotreatment, which are hydrodearomatization (HDA), hydrodenitrogenation
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(HDN),

hydrodemetallization

(HDM),

hydrodeoxygenation

(HDO)

and

hydrodefulfuration (HDS). (25)
Hydrotreating is very important before carrying out any refining process, such as catalytic
cracking, hydrocracking, catalytic reforming, etc., because in these processes the
presence of heteroatoms such as sulfur, nitrogen, heavy metals, among others, poisons
and deactivates the catalyst used in these reactions. For example, platinum catalysts
supported on zeolite-Y are generally used in catalytic cracking reactions, and the presence
of these heteroatoms poison easily this catalyst. The most common heteroatoms in
petroleum fractions are sulfur compounds, such as thiols (mercapts), sulfur and disulfide,
thiophenes, benzothiophenes, and dibenzothiophenes. Nitrogenous compounds such as
pyrroles, indoles and carbazoles, pyridine, quinoline and acridine, oxygenated
compounds such as furan, carboxylic acids and phenols. Aromatic compounds such as
benzene, tetralin, biphenyl, naphthenes, anthracenes, phenanthrenes, pyrenes and
porphyrins. (26) Generally, in the hydrotreating process, the feeding of the hydrocarbons
in a unit is mixed with hydrogen in the presence of a catalyst under the appropriate
conditions of pressure and temperature. The breaking of the carbon and heteroatom bond
is obtained, converting to the feed stream in a pure stream free of contaminants. If these
heteroatoms can be removed, these compounds are released as hydrogen sulfide (H2S),
ammonia (NH3), etc., depending on the heteroatom removed. (25)

4.1 Hydrodesulfurization
Hydrodesulfurization is a catalytic chemical process in charge of removing sulfur from
different components present in crude oil. The efficiency of the hydrodesulfurization
process depends on several factors, including the nature of the oil fraction to be treated,
selectivity and activity of the type of catalyst used, reaction conditions and the design of
the process under certain operating conditions that favor the reaction. The operating
conditions have to be stable, such as an adequate operating temperature, which is
generally high, but the design of the equipment in which it is operated is taken into
account, an adequate hydrogen pressure (amount of H2 current) depending on the
molecules, in addition to taking into account the investment and operating costs.
Generally, for hydrodesulfurization reactions the reaction rate increases with increasing
hydrogen pressure and temperature. (8)
In addition, another factor is the space velocity, which refers to the quotient between the
volumetric flow rate of the feed (m3/h at 15 °C) and the amount of catalyst in the reactor
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(m3). The lower the space velocity, the higher the reaction rates.. On the other hand, to
avoid the formation of coke, the inlet temperature of the feed to the reactor has to be
lowered before lowering the feed rate, and the feed rate can also be increased before the
reactor temperatures are increased. Finally, one of the most influential factors in
hydrodesulfurization reactions is the partial pressure of hydrogen, which depends on the
hydrogen/hydrocarbon recycle ratio, generally operating at the maximum possible partial
pressure. The hydrogen/hydrocarbon recycle is the ratio of pure hydrogen of the recycle
gas in the fresh feed stream of the unit, this implies that the hydrogen that was extracted
from the hydrogen sulfide is recycled and intervenes in the feed stream (hydrocarbons
that will be treated). The recycle gas is made up of the pure H2 that is supplied to the feed,
also mixed with the hydrogen that has been recycled from the reaction. While the
hydrogen/hydrocarbon ratio is high the hydrotreating reactions increase their conversions,
further increasing the life cycle of the catalyst, and also reducing the formation of coke.
(27)
4.1.1. Direct hydrogenation (HYD) and direct desulfurization (DDS)
There are two possible routes for hydrodesulfuration (HDS) :The first route consists of
the hydrogenation of the unsaturations followed by the extraction of the sulfur atom,
known as the direct hydrogenation route (HYD). The second route directly removes the
sulfur atom through hydrogenolysis, which consists of breaking the C-S bond known as
direct desulfurization (DDS). Therefore, a high performance catalyst for deep
hydrodesulfurization acts to remove sulfur from refractory molecules, having a high
hydrogenation and desulfurization activity. In hydrodesulfurization, the sulfur cannot be
completely eliminated from the products obtained, since the last 10 ppm of sulfur that
remain belongs to sulfur compounds with substituents that contain high boiling points
and that present a great steric hindrance, therefore they cannot be desulfurized. One of
the most refractory species that are present in hydrodesulfurization (HDS) is 4,6dimethyldibenzothiophene (4,6-DMDBT). In Fig.2 it can be seen the possible HDS
reactions of the 4,6-DMDBT molecule. The first route is direct hydrogenation, where the
rings are saturated, gaining flexibility and reducing the hindrance, so that the sulfur can
coordinate with the molybdenum vacancies and later its extraction can be carried out. On
the other hand, the direct hydrogenolysis route is almost impossible since the substituents
interfere in the coordination of the reactant on the surface.
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Fig.2 HDS reaction scheme for 4-6-dimethyldibenzothiophene (4-6-DMDBT)
The hydrodesulfurization reaction rate is affected by the substituents on the refractory
compound. If the substituents are alkyl groups adjacent to sulfur, they can produce steric
hindrance effects, preventing the sulfur atom from coordinating with molybdenum. For
example, the dibenzothiophene molecule has a transformation rate of 180*10-8 mol/ (s*g),
while the 4,6-dimethyldibenzothiophene molecule has a transformation rate of 30*10-8
mol/(s*g). If the substituents are alkyl groups far from the sulfur atom, the speed increases
since it produces an inductive effect, making the sulfur have a greater availability of the
pair of electrons to coordinate with molybdenum. For example, the 2,8dimethyldibenzothiophene molecule has a speed transformation of 400*10-8 mol/(s*g).
(28) However, it is taken into account that there are substituents far from sulfur that
produce an extracting effect, by slowing down the reaction rate, these substituents may
be nitrogenous compounds, but they are not common.
4.1.2. Mechanism of hydrodesulfurization

The hydrodesulfurization mechanism is supported by the model of the active phase or
vacancies, this mechanism encompasses: A partial hydrogenation if it is a refractory
compound so that it gains flexibility, the absorption (coordination) of the sulfur
compound to the active site through the pair of electrons that the sulfur atom has with the
active sites of molybdenum, hydrogenation of the unsaturated C=C double bonds of the
aromatic rings, breaking of the sulfur-carbon bonds that can be sequential or simultaneous
(intermolecular), addition of hydrogen to the broken bonds of sulfur and carbon that are
9

the unsaturations, desorption of the hydrocarbon free of sulfur from the active site, and
finally exit of the H2S from the active site. (29)
The Fig.3 shows the simultaneous and sequential desulfurization mechanism and the
hydrogenation mechanism. In sequential desulfurization, the vacancy of molybdenum is
shown in coordination with the pair of electrons of the sulfur atom through a covalent
bond. The terminal hydrogenated sulfurs break the carbon-sulfur bonds in a sequential
way through the hydrogen atom, forming double bonds between the sulfur and
molybdenum atom. The molecule is hydrogenated and the H2S comes out, regenerating
the catalyst. (25) In the simultaneous desulfurization, the vacancy of molybdenum is
shown in coordination with the pair of electrons of the sulfur atom through a covalent
bond, breaking of the carbon - sulfur bond. At the same time by means of hydrogen of
the same thiophene molecule, producing the 1,3-butadiino molecule, the H2S comes out
regenerating the catalyst. Keeping in mind that simultaneous desulfurization is based on
theoretical calculations, it is very difficult to be detected. The hydrogenation of products
such as 1,3 butadiene is carried out by chemisorption with the vacancies of the
molybdenum of the catalyst, and the double bonds (-bonds) are subsequently
hydrogenated by the hydrogen of the terminal sulfur forming double bonds of the sulfur
atom and molybdenum, finally the molecule is hydrogenated, regenerating the catalyst.
(25)
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Fig.3 Scheme on the model of active phases or model of thiophene vacancies
Based on diagrams of thiophene energy profiles, the energy decreases, that is, it is an
exothermic reaction since bonds have been formed between the free pairs of sulfur and
the vacancies of molybdenum for the respective adsorption. Afterwards, the energy
decreases further for the hydrogenation process of the carbons close to sulfur. Later, as
an endothermic reaction, the energy increases considerably, forming an activated state for
the breaking of the carbon-sulfur bond. Finally, there is the breaking of the second carbonsulfur bond. (29)
4.1.3. HDS process design

Fig.4 Schematic of a hydrodesulfurization unit in a refinery. Taken from: (4)
With the schematic in Fig. 4, the generalized hydrodesulfurization process is proposed,
where the feed stream reaches a cargo tank and passes through filters to remove particles,
avoiding plugging the top of the reactor. Then it goes to a pump where the pressure is
increased, later it is mixed with a stream of hydrogen in a mixer. The hydrogen stream is
the recirculated hydrogen plus the fresh one. The hydrogen feed mixture is pre-heated in
a heat exchanger with the effluent from the reactor before entering the furnace, a
temperature of approximately between 300 ° C - 400° C is required to enter the reactor
and for the desulfurization process. In the reactor, chemical reactions are promoted in
fixed beds of catalysts, generally Ni (Co) -Mo on alumina. Three-phase packed reactors
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(liquid, solid and gaseous) are used, they are operated by current, that is the gas and liquid
flow in the same direction and the solid remains fixed. Organic sulfur compounds react
with hydrogen to obtain organic compounds and hydrogen sulfide. The reactor effluent is
used to exchange energy with the feed stream in the preheater, then passing to a cooler.
In the high pressure cold separator, the stream is cooled and partially condensed, the
separation of the greater amount of H2 occurs, which will later be recirculated, while the
liquid phase passes to the next section. (33)
The liquid stream is directed towards an exhausting tower where a separation takes place,
which in the case of diesel would be desulfurized diesel and sour gases such as hydrogen
sulfide, H2 and light hydrocarbons. The bottom product contains a lower sulfur
composition, which will go to a fractionating tower. In the case of diesel, desulfurized
diesel will be obtained (50 ppm in sulfur content for the state refinery in Esmeraldas,
Ecuador) and bitter gasoline (sour gas and naphtha). (23) The sour gas is treated in an
amine absorber to remove hydrogen sulfide (H2S). The vapors rise through the absorption
tower where hydrogen is absorbed by a kind of amine (monoethanolamine for the
Esmeraldas refinery, Ecuador), from the upper part the hydrogen that will be used in
recirculation comes out. The rich amine solution obtained from the bottom is sent to a
tank where the absorbed hydrocarbons are released as vapor. The recycled hydrogen is
compressed before entering the system. Most of the recycled gas is bound in the reaction
section in the reactor. (33)
5. Catalysts
Catalysts are chemical species that accelerate the speed of the reaction without being
consumed in it, that is, it is regenerated at the end of the reaction. The most used catalysts
in hydrotreating processes have molybdenum as the active phase, this can be promoted
by cobalt or nickel depending on whether it is used to promote hydrogenolysis or
hydrogenation reactions respectively, and alumina as a support. For example, for
hydrodesulfurization reactions if there are simple molecules such as mercaptans, sulfides,
thiols, thiophene, the perfect catalyst is Co-Mo, but for complex or refractory molecules
(less

active

and

heavier

molecules,

such

as

dibenzothiophenes

or

alkyl

dibenzothiophenes) Ni-Mo is used. The hydrogenation process of aromatic rings is
needed first, so the molecule gains flexibility and can easily reach the active sites. For the
catalyst to be used, cobalt or nickel and molybdenum have to be reduced with hydrogen
so that their oxidation states are lowered and then vacancies can be formed, these
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vacancies are the active sites where the chemisorption of the reactant species occurs. This
activation of the catalyst is done by pre-sulfurization, which is an in-situ process of
redistribution and transformation of the inactive metal oxides into active metal sulfides
and with the appropriate geometric configuration, to give the catalyst more resistance and
activity. (27)
5.1 Catalyst activation: Pre-sulfurization process
The pre-sulfurization process is carried out by the reaction of hydrogen sulfide with metal
oxides and hydrogen. Hydrogen sulfide is generated by the decomposition of dimethyl
disulfide (DMDS) in the presence of hydrogen that is injected into the pump suction of
charge, that is to say the hydrogen current serves to reduce the valence of the metal in the
reduction reactions and for the production of hydrogen sulfide. The pre-sulfurization
process cannot be carried out at a temperature higher than 200 °C in the absence of
dimethyl disulfide, since it would decrease the activity of the catalyst and reduce its useful
life to one year when they generally last 3 years. In the following reactions, the
decomposition reaction of dimethyl disulfide and the pre-sulfurization process in the NiMo catalyst can be seen. (35)

CH3-S-S-CH3 + 3H2

2H2S + 2CH4 (DMDS decomposition reaction)

3NiO + 2H2S + H2

Ni3S2 + 3H2O
(Ni-Mo catalyst presulfurization reactions)

MoO3 + 2H2S + H2

MoS2 + 3H2O

5.2. Supported solid catalysts
Supported solid catalysts generally consist of three components: the promoter, the active
phase and the support.
5.2.1. Active phase
The active phase is the species that is responsible for the catalytic process, that is it
catalyzes the chemical reaction. In the active phase are the active centers that are the
points on the surface where chemisorption occurs, that is the breaking and formation of
bonds, and the formation of products. The active phase can be noble metallic elements,
such as silver and palladium, basic metallic elements such as iron or nickel. Other
materials that can be used as the active phase are metal oxides (MoO2 ,CuO, etc) and metal
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sulphides (MoS2 , Ni3S2 , etc.) of transition metals. Metal sulphides are used mainly in the
hydrotreating process. (25)
5.2.1.1. Model “rim” and “edge”
The structure of metallic sulfides such as MoS2 is by layers of sulfur-molybdenum-sulfur
and they are hexagonal, and the interlayer interactions are van der Waals. Daage and
Chianelli in 1994 proposed a model as stacks of these layers in which they showed that
there are two types of sites in the MoS2 crystals that were called "rim" and "edge" as can
be seen in fig.5 , they explained that the hydrogenolysis of carbon-sulfur takes place both
in the rim as in the edge while the adsorption resulting from hydrogenation occurs in the
"rim", this as a model for the refractory molecule dibenzothiophene (DBT). (36)
The atoms of the sheets form covalent bonds, while a van der Waals interaction occurs
between sheets. This model explains the generation of vacancies or mobile active sites
during the HDS reaction. In addition, it describes how for n layers of metallic sulfide
there are two sections, the Rim and Edge. The Rim is located in the outer sheets close to
the basal plane and susceptible to the reaction environment, in this section there are
reactions of DDS and HYD. The Edge section is located in the internal sheets where there
is no surface exposed to the basal plane, in this section there is only a DDS reaction. The
capacity of the active sites in the structure does not depend on the diameter of the crystal
system but on the stacking of the sheets when the crystals are formed. The greater the
decrease in crystallinity in the transition metal sulfide structures, the higher their catalytic
activity will be due to the vacancies generated by the loss of structural sulfur. (36)

Fig.5 Rim-Edge” model of a MoS2 catalytic particle. Taken from: (37)
5.2.2. The support
The support is a chemical species that gives the catalyst thermal and mechanical stability,
and a surface area. The supports can be metal oxides or stable carbons such as zeolites,
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alumina, etc. The main function of the support is to facilitate the dispersion and stability
of the active catalytic phase, so that it can perform this function it must have a high surface
area, an adequate pore size distribution and good thermal stability. Alumina (Al2O3) is
the most used support for the industrial area, mainly due to its low economic value, its
thermal and mechanical stability. (35)
5.2.3. Promoter
The promoter is a chemical species that is not essential in the formulation of the catalyst,
however it is the one that promotes the properties of the active phase or the support, that
is, it is in charge of improving the active phase or the properties of the support. There are
textural promoters such as alumina (Al2O3) that are transition metal oxides that improve
the properties of the support such as surface area, mechanical and thermal resistance,
there are also chemical promoters such as sodium oxide (Na2O) that are alkali metal
oxides or alkaline earths that improve the properties of the active phase, making it more
reactive by removing the electrical charge. (38)
5.3. Catalyst characterization techniques
Solid catalyst characterization techniques are variable. To characterize the physical
structure, the techniques can be the physisorption at low temperatures and X-ray
diffraction. To characterize the chemical structure one technique can be static
chemisorption. Other characterization techniques can be atomic adsorption spectroscopy,
infrared spectroscopy, nuclear magnetic resonance, Raman spectroscopy, scanning
electron microscopy, transmission electron microscopy, thermogravimetric analysis,
desorption at programmed temperature, reduction at programmed temperature, and
reaction at programmed temperature. (35)
6. Aluminosilicates
Aluminosilicates are minerals made up of aluminum oxide (Al2O3) and silica oxides
(SiO2). It is generally considered a derivative of silicates since the aluminum ion Al3+
replaces the silica ions Si4+ in the tetrahedron of the basic unit of all silicates. Silicates are
composed of a central silica atom attached to 4 oxygen atoms forming a tetrahedron. In
this structure, the silica is saturated, however each oxygen atom remains with a negative
charge in the corners so it can still attract positive charges, this causes a formation in
horizontal and vertical tetrahedron chains, forming networks and with the superposition
of them form three-dimensional units. Silicon atoms can be replaced by aluminum,
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however it produces an unbalanced charge because aluminum only has three positive
charges, so necessarily an aluminum tetrahedron must be linked to one of silica if it is to
be linked to form a three-dimensional unit. However, another way to neutralize the charge
is by adding a metal that provides a positive charge, for example sodium (Na). The atomic
exchange process in silicates is the main characteristic that gives them the properties of
acidity and ion exchange, constituting one of the most used components in catalytic
processes. Depending on the conformation of the structure of the aluminosilicates, it
could present cavities inside, where smaller molecules can be placed, the components
with this structure are the zeolites. (40)

7. Diatoms
Diatoms are siliceous skeletons of microscopic aquatic unicellular plants, this is the main
compound of diatomite which is a sedimentary rock of amorphous and hydrated silica, it
also contains a series of pollutants such as sand, iron, alkali, etc. The diatom is considered
a microscopic protoplasm particle enclosed within a skeleton or integument. When
diatoms decompose, they sink to the bottom of the water and begin to precipitate the
integuments (it is the natural covering of an organism or an organ, such as its skin, bark
or shell) of silica that remain as silica skeletons. Diatomite deposits are generally of
marine or fluvial origin and are related to pyroclastic volcanic rocks since they are the
main source of silica required for their formation. Diatoms are able to absorb silica to
build their outer shell, which is formed mainly by a biological precipitate of amorphous
silica and small amounts of alumina. (43)

7.1. General characteristics of diatomaceous earth
In general, the characteristics that describe diatomites around the world are set at average
values. The hardness of calcined diatomite varies between 5.5 and 6.5 on the Mohs scale.
The specific gravity varies between 0.1-0.2 g/cm3. The pH in its natural form is neutral,
that is, it has a value of 7, however when it is calcined, the pH reaches a value of 9.
Depending on the deposit where the diatomites are found, the amount of water retained
in the porous spaces varies. Diatomites have low thermal conductivity so they can be used
as insulators. In addition, its melting point temperature is around 1600 °C. According to
studies, 100 grams of diatomite contains an area of 2000 m2. The appearance is granular
with a slightly stratified structure. The pores are large, and they can reach around 100
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Angstroms (10 nm) in diameter. Diatomites have different applications as a filter material
since it is inert with acids, petroleum derivatives and other substances, and it is also
insoluble in chemical reagents. However, it can be affected by strong acids and bases.
Calcined diatoms can be used in powder or pellet form. (43)
7.2. Diatomite costs
According to a review on Amazon, the price of diatoms, the price of the brand Eco
micronized diatomaceous earth, the cost of 5 kg is $ 20.60. In another free market review
the cost varies with 0.4 kg of diatom costing $ 10 and 0.5 kg of diatomite costing $ 20.
For agriculture, calcined diatoms in the free market range from $ 100 for 50 lb or $ 20
3 kg.
The demand for diatomites in Ecuador is covered almost 100% by countries such as the
US, Mexico and Chile with registered products such as Hyflo, Standard Supercel, Celite,
diatomations Earth. The main Ecuadorian companies that export are Edina, Microorganic,
National Brewery, etc.
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CHAPTER 3
LITERATURE REVIEW
1. Advances in the effects of support in hydrotreating catalysts
In 2003, Breysse et al. (55) presented a summary of the advances in the effects of the
support in hydrotreating catalysts. Advances have been made regarding the deposition of
the active phase, activation procedures, properties of the active phases supported on
mixed oxides, acidic and basic supports, zeolites, mesoporous materials. On the other
hand, studies have been proposed regarding the morphology of the active sulfide phase,
the existence of chemical bonds with the carrier, the role of the acid sites of the supports,
and the development of new supports. Finally, alumina has been used as a support for
hydrotreating processes due to certain textural properties, mechanical properties, ability
to regenerate catalytic activities, and its low price. It has also been shown according to
studies that the interaction between the active phase and alumina. For this reason, research
has been carried out with other types of support using carbon, titania, zirconia that have
shown higher activity.
1.1. Acid and basic supports
1.1.1. Basic supports
According to Klicpera and zdrazil (56), basic supports are very useful for two reasons,
the first reason is that the acid-base interactions between MoO3 and the support increase
the dispersion of Mo. The second reason is that coking (vigorous form of thermal
cracking in which coke can be produced) is inhibited. In 1999-2001 the same group of
researchers led to a new method of preparation of MoO3 / MgO by impregnation not
aqueous but by a methanol solution of Co nitrate and Ni nitrate. The results demonstrated
a strong synergistic effect between the activity of the catalysts, even the catalyst (Co or
Ni) Mo / MgO were between 1.5-2.3 times more active than the catalysts supported on
alumina in terms of the HDS of thiophene.
1.1.2. Acid Supports
According

to

T.

Isoda

et

al.

(57),

the

conversion

reactions

for

4,6-

dimethyldibenzothiophene (4,6-DMDBT) are catalyzed by acid as bifunctional catalysts.
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These catalysts can be alumina with an acid component as a support, silica-alumina or
zeolite.
According to P. Afanasiev et al. (58) studied the conversion of 4,6-DMDBT in the mixed
catalyst, showing that the conversion increased considerably, however the acid function
of the catalyst was deactivated during the first hours of reaction.
In 2001, F. Bataille et al. (59) studied the properties of molybdenum sulfide catalysts
promoted by cobalt or nickel dispersed in acid dealuminated HY zeolite for the
conversion of 4,6-DMDBT. The results indicated that the CoMo catalyst supported on
zeolite was more efficient, in addition, additional reactions such as transalkylation and
products such as methyl-dibenzothiophenes were obtained through desulfurization and
hydrogenation routes, this may result from the increase in the dispersion of molybdenum
that improves the properties catalysts of the sulfide phase when close to acid sites.
In 2000, Vissenberg et al. (60) mentioned the positive effect of the acidic properties of
zeolites in HDS processes, however they mentioned that the effect could not be explained
by dispersion but by the effect of the protons that play an active role in HDS as promoters
in increasing the electron-deficient character of metal sulfide.
C.-E. Hédoire et al. (61) studied the hydrogenation properties of a molybdenum sulfide
phase supported by zeolites with different acidity. Studies were carried out using CO
adsorption IR spectroscopy for electronic properties. The hydrogenation properties have
quite high ranges of difference between the non-acidic and acidic samples.
It should be mentioned that the effect of acidity can be very useful in terms of the use for
catalyst support, however the secondary reactions produced by it must be taken into
account.
2.1. Phase highly dispersed in zeolites and mesoporous materials
Mesoporous materials have a well-defined structure and a high surface area. The bestknown mesoporous materials are MCM-41 and SBA-15.
In 2003 Hédoire et al. (62), studied the parallel pores that could act as microreactors, it
was defined that the reagent and the intermediate products will be in prolonged contact
with the active phase.
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In another study carried out by J. Cejka et al. (63) they studied the mesoporous alumina
support with a pore size of 3.3 to 4.5 nm and a surface area of 400 and 450 m2/g. The
results are a property improved catalyst for thiophene conversion.
2.2. Effect of the support on the activation, genesis, and morphology of the
active phase.
According to N. Allali et al. (64), the support can speed up or slow down the sulphidation
process, determine the final dispersion state, and sometimes even the chemical state.
Niobium oxide precursors deposited in alumina present a high complexity in terms of the
sulfurization process in an H2 /H2S mixture. On the other hand, molybdenum sulfurization
is much easier and can even occur at room temperature. The complexity or ease of
compounds such as sulfides or oxides is determined by the thermodynamics of the
reaction. Support interactions can be weak and strong; however, solutions have been
proposed to reduce this type of interaction. One of the solutions is the deposition of a thin
layer of carbon on the surface before the impregnation of the active phase.
On the other hand, the texture is another factor that influences the sulphidation process.
In a study presented in 1997 by P.W. de Bont et al. (65), the case of Co / NaY or CaY
zeolites was presented, the formation of large Co9S8 particles was related to the presence
of physisorbed water in zeolite Y.
According to J.P.R. Vissers et al. (66), carbon-supported CoMoS catalysts are more
loosely bound than those that are bound to metal oxide supports and due to this weak
bond, they have higher catalytic activity. It is for this reason that the speed of the
sulfurization reactions depends on the nature of the catalyst support.
In 1994 M. Vrinat et al. (67), stated that the effect of the supports not only affected the
kinetics of the sulfurization reactions but also affected the shape and orientation of the
MoS2 nanoparticles. In the study, different sizes and Stacks of MoS2 slabs for various
supports in search of better activity on TiO2 or ZrO2.
In 1995, R.M. Stockmann et al. (68), studied images obtained in transmission electron
microscopy of raft-shaped structures that are located on the surface of MoS2 that are
located vertically on the surface of the support. However, several controversies were
generated on the interpretation of the images because epitaxial growth cannot be evocated
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in the case of amorphous supports and the number and nature of chemical bonding
between the support and the catalyst.
Finally, in 1997 P. Faye, et al. (69), modeled the interaction of the MoS2 catalyst with
alumina or silica by molecular mechanics where it was determined that the energy of the
interactions favors stacking.
2. Advances for efficient hydrodesulfurization of 4,6-DMDBT.
In 2004, Shyamal K. Bej, Samir K. Maity, and Uday T. Turaga (70) studied the advances
for efficient hydrodesulfurization of 4,6-DMDBT. One of the relevant studies is the
addition of different additives such as phosphorus, fluorine, and lanthanum to the alumina
support. On the other hand, supports such as zeolite, zirconium, titanium, or a mixture of
these compounds with alumina, etc., have also been used to improve the
hydrodesulfurization activity in the catalysts. One of the main routes in which the
reactivity of the 4,6-DMDBT molecule can be improved is through the hydrogenation of
one of the phenyl rings to provide flexibility to the methyl group and reduce steric
hindrance for a better approach to the active site of the catalyst.
2.1. Oxide-supported catalysts
2.1.1. Catalysts with mixed support of zeolite and alumina
Several experiments have been carried out on adding zeolite to the alumina support to
increase the acidity, with this several research authors want to improve the dealkylation
and isomerization of the alkyl groups in the 4,6-DMDBT molecule.
According to Isoda (71), the CoMo catalyst supported on a mixed base of alumina and
zeolite was studied. A comparison was made in the performance of the CoMo catalysts
supported on a mixed basis (5% of zeolite Y and the rest by weight of alumina),
CoMo/Al2O3 and NiMo/Al2O3 commercial using 4,6-DMDBT. The results showed that
the CoMo catalyst supported on a mixed base of alumina and zeolite showed the highest
conversion with 72%, while for CoMo and NiMO it was 49% and 68% respectively. The
products obtained with the alumina-based catalysts were evidenced by a direct
hydrogenation route, while the isomerization results indicated that there were
dealkylation products in the mixed supported catalyst. On the other hand, there was an
increase in light hydrocarbon products due to hydrocracking reactions due to the acidity
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of the zeolite. It was determined that there was an approximately 23% increase in acid
sites in the mixed base catalyst.
According to Landau (72), a study of different catalysts such as CoMo and NiMo with
alumina support, CoMo with mixed HY- Al2O3 support, and a CoMo catalyst with mixed
HZSM-5- Al2O3 support in 4.6 -DMDBT dissolved in a mixed solvent containing 29%
n-decane, 50% n-octadecane and 30% tetralin. The results as can be seen in fig.6
demonstrated that the rate constants decreased by a factor of 1,3 for the CoMo catalyst
supported by HZSM-5- Al2O3 because the mixed support with HZSM-5 did not allow the
diffusion of the 4,6-DMDBT molecule, remaining inactive and acting as an inert diluent.
While the HDS rate increased by a rate of 3 for the CoMo catalyst supported with HY
zeolite mixed alumina. Finally, it was determined by the products that the reaction was
produced by the cleavage of the C-C bond that connects the two aromatic rings in the 4,6DMDBT molecule. (73).

Fig.6. Comparison of first-order rate constants for the HDS of 4,6-DMDBT over
alumina, HZSM-5 mixed alumina, and HY mixed alumina-supported CoMo catalyst.
Taken from: (72)
In another study by Lecrenay (74), the performance of a mixed alumina-supported CoMo
catalyst, and commercial alumina-supported NiMo and CoMo catalysts for HDS 4,6DMDBT (in decane) was compared. The results as can be seen in fig.7 determined that
the first-order rate constant was higher for the case of the CoMo supported mixed catalyst
of alumina and zeolite, in addition, through a study of transalkylation of isopropylbenzene
it was determined that the same catalyst presented the maximum cracking activity. On the
other hand, the commercial NiMo catalyst exhibited higher hydrogenation activity than
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naphthene. Finally, the desulfurization of 4,6-DMDBT on the mixed catalyst occurred in
the isomerization and cracking routes.

Fig.7. Comparison of first-order rate constants for the HDS of 4,6-DMDBT over
NiMo/alumina, CoMo/alumina, and zeolite mixed alumina-supported CoMo catalysts.
Taken from: (74)
2.2. Catalysts compatible with non-oxide based materials
2.2.1. Catalysts supported on zeolites and mesoporous
materials
Catalysts supported on zeolites and mesoporous materials have been shown to have
higher surface areas that allow a higher active metal load without affecting their
dispersion, and they also possess acidic properties and well-defined pore structures.
According to Isoda (75), the skeletal isomerization of 4,6-DMDBT was studied on a Ni
catalyst supported with type Y zeolite, it was determined that 4-MDBT and 3,6-DMDBT
were produced, by demethylation and migration of methyl groups, respectively. On the
other hand, no desulfurized products were observed, but there was an improvement in the
transalkylation of 4,6-DMDBT.
According to Bataille (76), a study of CoMo catalysts supported in HY zeolite was carried
out for the HDS of 4,6-DMDBT. It was determined that the hydrodesulfurization routes
were by direct hydrogenation and direct desulfurization, in addition, that isomerization
and transalkylation of the methyl group take place in zeolitic materials. Due to the
migration of the methyl group, it was concluded that these materials have a higher rate in
terms of the HDS process.
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Mesoporous materials such as MCM-41 can act as support as they offer less resistance to
diffusion of 4,6-DMDBT.
3. Catalysts used in refractory molecules for HDS processes
In 2009, Toufic N. Aridi et al. (77) investigated on the HDS of 4,6-DMDBT on MoS2
catalysts supported on macroporous carbon coated with nanoparticles of aluminosilicates,
they made the highly dispersed and stabilized nanoparticles grow hydrothermally on the
surface of macroporous with the help of a multi-layer structure of polyelectrolyte.
Impregnation of the carbon-supported nanoparticles with a solution of Mo citrate formed
at pH 1.5 produced supported MoS2 catalysts that exhibited 3.5 higher activity for HDS
than 4,6-DMDBT, with a higher hydrogenation capacity in comparison with the free of
aluminosilicates. The pH of 1.5 retained the greater amount of original acidity of the
support. The improvement in HDS is attributed to the relatively high acidity measured by
NH3–TPD, which improves the hydrogenation capacity. As can be seen in fig.8 the
formation of a relatively uniform monolayer of nanoparticles dispersed in an average size
of 22 nm covering the surface of the support could be observed. In addition fig.8d show
the sample synthesized without the use of polyelectrolyte, showing individual zeolite
particles grown in the solution and subsequently deposited onto the carbon support,
however the uniform distribution is less. The 4,6-DMDBT molecule was too voluminous
to enter the pores of the aluminosilicate, therefore the measured acidity and activity of
these particles are assumed to be due to the sites that reside on their accessible outer
surface. It is assumed that there is a synergy due to the interaction between the metal
sulfide phase and aluminosilicate protons, improving the dispersion of the Mo sulfide
particles in the acid support and at the same time improving the hydrogenating activity
and DDS capacity.
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Fig.8. SEM images of (a) macroporous carbon. (b) Aluminosilicate nanoparticles
grown on the walls of the macroporous carbon after calcination. (c) Higher
magnification image depicting the nanoparticles grown on the walls of the carbon. (d)
Sample synthesized without the use of polyelectrolyte. Taken from: (77)
In 2009, Lilia Lizama (78) conducted a study on the development of hydrodesulfurization
catalysts prepared from heteropolyacids (acid composed of a combination of hydrogen
and oxygen with particular metals and non-metals) supported in SBA-15 modified with
Al, Zn, and Ti. The use of a heteropolyacid (HPA) as a precursor results in catalysts with
greater activity than those obtained by a conventional salt, SBA-15 (Santa Barbara
amorphous 15, mesoporous siliceous material) is the most suitable material to support
HPA than alumina already which preserves its structure until the activation stage, giving
rise to more dispersed sulfides. In addition, it was sought to optimize the dispersion of
the catalytic precursor by incorporating anchor points (Al, Ti or Zr) to the SBA-15 silica
support. However, the presence of acidic sites promoted other routes such as
isomerization and cracking in the case of Ti/Zr-SBA15 but there was an increase in
hydrogenating capacity for NiMo/SBA15. The NiPW/SBA catalyst calcined at 350 °C
showed the highest activity for HDS of 4,6-DMDBT as can be seen in fig.9 with an
increase in HYD due to the adequate morphology of the active phase and the preservation
of the precursor structure in the oxidized state until the activation stage. NiPW/Al-SBA
promoted other reaction routes due to the acidity of Bronsted, which limits the viability
of its use, while the Ti-SBA and Zr-SBA materials showed the best results as support for
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NiW catalysts obtained from HPA as they promoted the formation of a homogeneous
oxidized phase giving rise to sulfides of W with a morphology suitable for HDS of
refractory compounds. The NiPW/Zr-SBA catalyst turned out to be the most active in
which the number and types of acid sites favored the hydrogenation even of 4,6-DMDBT
as can be seen in fig.10, resulting in the presence of less sterically hindered intermediates
for which eliminating sulfur was easier. It was concluded that the use of a catalytic
precursor that integrates the active phase (tungsten) with an additive in a single
morphological entity and suitable size as HPA supported in a matrix with which it
interacts without destroying the structure of the precursor but promoting its dispersion.
Up to the activation stage, it results in an active catalyst for HDS of refractory molecules
and in addition to hydrogenation of aromatics.

Fig.9. Conversions in HDS of 4,6-DMDBT obtained with the catalyst NiPW/SBA
calcined to 350°C(a), 500°C(b) and 650°C(c). Taken from: (78)
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Fig.10. Conversions in HDS of 4,6-DMDBT obtained with the catalyst NiPW supported
in SBA(a) ,Al- SBA(b), Ti-SBA(c),Zr-SBA(d), reference catalyst NiW/Al2O3(e).
Taken from: (78)
In 2017, YiyanWang et al. (79) studied the synthesis of highly charged bifunctional
NiMoW catalysts and their catalytic performance of 4,6-DMDBT, which were
synthesized by hydrothermal treatment with the incorporation of USY zeolite. High
activity was achieved which is attributed to the appropriate amount of acid and the
synergistic effect of the acidic Bronsted and Lewis sites, which are combined with the
desirable textural properties and suitable stacking morphology of MoS2/WS2 slabs.
Bifunctional catalysts were developed where USY was incorporated into alumina
supports to enhance deep HDS activity. Ultra-stable USY zeolites are obtained by
hydrothermal treatment of HY zeolites exhibiting weak acid strength but a welldeveloped secondary mesopore that is more attractive for deep HDS. To compare the
sulfurized catalysts, a statistical analysis of 100 slabs was performed using several
HRTEM images as can be seen in fig.11 , the slab length (L), and the number of stacks
(N) of the MoS2/WS2 slabs on the surface of the catalysts was taken into account. The L
and N decreased with the incorporation of USY, with the Co-Mo-S phase model the Ni
promoter was found on the edge of the slabs playing an important role in HDS, a lower
degree of stacking limits the full adsorption of the reactive through aromatic rings.
However, a higher degree of stacking decreases the corner sites that are essential for
perpendicular adsorption through sulfur to remove sulfur. It is shown that an adequate
content of USY being 10 wt.% could be beneficial for HDS since it directly influences
the morphology of the plates. Using FT-IR, bands of 1492 cm − 1 corresponding to the
acidic Lewis(L) and Brønsted (B) sites are found as can be seen in fig.12. Lewis acid sites
are created by Ni and Mo, facilitating the conversion of 4,6-DMDBT molecules. The
catalytic activity was evaluated using a fixed bed down flow microreactor, a
dimethylsulfide-dodecane solution was used as the sulfurizing agent and 0.4 wt.% of 4,6DMDBT dodecane was pumped, at an LHVS = 6 h. The products were analyzed in gas
chromatography. The activity results show a yield of 78.86% for the catalyst that did not
contain USY and 83% for the one that did, the preferential route was HYD. The 4,6DMDBT conversion did not follow a linear trend but alkane a maximum of 93.93% and
then decreased due to the high Bronsted acidity, which caused the deactivation of the
catalyst by the formation of coke. There were not many differences in selectivity with the
catalyst that did not contain USY.
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Fig.11. HRTEM characterizations of sulfided catalysts (a: Cat-0; b: Cat-10Y).Taken
from: (79)

Fig.12. Py-FTIR spectra of the Cat-(x)Y catalyst precursors. Taken from: (79)

In 2018, Jorge Ramírez et al. (80) investigated the improved NiMoSA catalysts by posttreatment analysis with EDTA in HDS of 4,6-DMDBT. EDTA is used as a chelating agent
(a substance that forms strong complexes with heavy metal ions, preventing them from
reacting) and alumina-silica as support, improving the direct hydrogenation rate. The
post-treatment with EDTA provides a better promotion related to the elimination of Ni
from the inactive compounds present in the calcined catalysts, favoring the formation of
additional NiMoS phase, allowing the sulfidation of Mo to occur before that of the
promoter, favoring the formation of the Co-Mo-S mixed active phase promoted. The
effect of different supports when EDTA is used shows different levels of promotion and
changes in sulfidation patterns induced by different interactions of the precursors of the
active phase and the support. With the addition of EDTA to the solution containing the
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Ni precursor salt, there was a change from green to blue demonstrating the formation of
the Ni-EDTA complex. It was shown that the grafting of 6.0 wt% SiO2 on the alumina
support favors the formation of Mo6+ Oh (octahedral) and reduces the presence of Mo6+
Td (tetrahedral), which is difficult to reduce and sulfurize. In addition, as can be seen in
fig.13 there is a great influence of the support since at T> 675 ° C the tetrahydric Mo
species strongly interact with the support of A(Alumina), while at the same T there is an
increase in well dispersed polymeric octahedral Mo with the support of SA(silicamodified alumina).The impregnation of Mo first and Ni leads to greater scattering of the
edge sites in the MoS2 crystallites, increasing the rate constant 1.2 times.

Fig.13. TPR traces of Ni+Mo/SA, NiMo/SA, and NiMo/A catalysts.Taken from: (80)

With this information, it is determined that several catalysts have been formulated for the
HDS process of refractory molecules showing excellent results. One of the catalysts used
is MoS2 supported on macroporous carbon coated with nanoparticles since it has a higher
HDS capacity than 4,6-DMDBT with a higher hydrogenation capacity that is attributed
to the high acidity. The bifunctional NiMoW catalyst using HSY zeolite as an addition to
the support enhances deep HDS. Another type of catalyst is NiPW / Zr-SBA since it
improves the HDS activity of 4,6-DMDBT, in which Zr is used to promote the dispersion
of SBA giving rise to more dispersed sulfides. (78)

4. HDS process in Ecuador
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Paola Toro (81), investigated the hydrodesulfurization of diesel and its impact on the fuel
market in Ecuador. The sulfur content in crude oil varies from 2.10 to 2.35 wt.%. In 2018,
Petroecuador adjusted the T from 326°C to 338°C to increase the severity of the process.
The result was Premium diesel with a sulfur content of 0.011 wt.%. Ecuador regulates
sulfur emissions with the INEN 1489 (2012) standard, which classifies diesel according
to a permitted limit of the amount of sulfur. The classification is diesel No. 1 (3000ppm),
No. 2 (700ppm), and Premium diesel (500 ppm). Ecuador needs to improve the sulfur
content and thus reach international standards such as Euro V which limits concentration
is 10 ppm. Ecuador plans to make an investment of USD 10 billion in the Esmeraldas
refinery to produce high-quality fuel (14) , the plant has a processing capacity of 110
MB/d and that is approximately 62% of the derivatives of Ecuador. Diesel is the
derivative with higher demand in Ecuador with 36.2% being the main emitter of sulfur.
It should be kept in mind that in 2015 Ecuador purchased 4402 m3 of a catalyst whose
cost was $ 3,368,133 per m3 and also bought diesel with low sulfur content to comply
with the INEN standard, so it is necessary to focus on an efficient and low-cost catalyst.
The use of supported and unsupported trimetallic catalysts was considered because they
are efficient for HDS of refractory molecules such as Dibenzothiophene and 4,6-DMDBT
(82), as can be seen in fig.14. It can be seen that the most efficient trimetal catalyst for
the conversion of 4,6-DMDBT is NiMoW / SBA-Zr. A formed NiMoW catalyst
supported on Al2O3-Ga2O3 was evaluated, a process that is carried out by the pore-filling
method. Dibenzothiophene was used as a model molecule to evaluate its catalytic
capacity, by measuring its sulfur concentration, showing a significant reduction in sulfur
content as can be seen in fig.15. (81)
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Fig.14. Conversions of DBT and 4,6-DMDBT obtained at 4 and 8 h reaction time using
trimetallic CoMoW and NiMoW catalysts supported on: (a) SBA-15; (b) Ti-SBA and
(c) Zr-SBA. Taken from: (82)

Fig.15. Concentration in ppm of S in HDS as a function of time using NiMoW with X =
20, 25, 30 wt.% of Ga2O3.Taken from: (81)
5. Diatomaceous earth in Ecuador
In Ecuador the market for diatoms is underdeveloped since imports are made to meet the
demand, but there are natural diatom deposits registered in Ecuador. For example, the
Sucre deposits (located in the province of Santa Elena), Galte (located in the Chimborazo
province), Yahuarcocha (located in the Imbabura province), and in the Napo province
there are also deposits that have diatomite content. (44) However, some diatoms need to
be calcined for their respective use and the process requires a large investment, which
causes most industries to prefer to import them. The import is carried out mainly from
countries such as the United States and Mexico. A ton of diatomite costs between $ 300$ 600 US dollars. It must be taken into account that if there is a development in the
national diatomite market, it could cover the demand in the country by up to 30%. (43)

5.1. Characterization of a diatomaceous earth sample in Ecuador
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A sample of Ecuadorian diatomaceous earth was analyzed by Clara Carrera, for analyed
its composition, structure, and properties with different techniques or methods such as:
Energy Dispersed Spectroscopy (EDS), Scanning Electron Microscopy (SEM), nitrogen
adsorption-desorption isotherm analysis (BET), and Fourier Transform Infrared
Spectroscopy (FTIR). (45)
5.1.1. Energy Dispersed Spectroscopy (EDS)
Energy dispersed spectroscopy (EDS) is a technique used to identify the elements that a
sample contains, it uses the X-rays generated in the interaction of an electron beam with
the sample. The histograms formed by the X-rays provide the elemental composition of
the sample, and by means of a program of the EDS device the spectra are measured
simultaneously in the energy ranges, which correspond to the characteristic lines of a
specific element of the sample, therefore that provide quantitatively the chemical
characterization of a sample.

Fig.16. Energy Dispersed Spectroscopy (EDS) of an Ecuadorian diatomite sample.
Taken from: (45)
The result of the analyzed diatomaceous earth sample showed that the diatomite is made
up mainly of oxygen in 55%, silicon in 42%, and finally a very small amount of aluminum
and sodium as can be seen in fig.16, which generally represents the elemental composition
of diatomites. The presence of sodium could be related to the Na+ cations that are present
as compensating cations. (45)

5.1.2. Scanning electron microscopy (SEM)
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It is a technique that is used to produce enlarged images of the surface of the sample
because it explores the surface point by point, obtaining morphology information from
the analyzed sample. It deals with an electron beam that sweeps the surface of the sample
and that in response re-emits some particles (secondary electrons) that are analyzed by
different sensors that allow the reconstruction of a high three-dimensional image so that
the characteristics of the samples can be analyzed with high amplification. The sample to
be analyzed must be conductive, that is why it is covered with a thin layer of metal and it
is not necessary to cut it into very thin layers to observe it. A detector formed by lenses
based on electromagnets, measures the quantity and intensity of the electrons that the
sample returns, thus producing three dimensions through digital imaging. (46)

The SEM result showed in fig.17 that the analyzed diatomaceous earth sample has a
structure of empty tubes with circular pores, with a magnification of 3500 it is determined
that the approximate diameter of the pores is 0.5 μm (500 nm), which classifies the sample
within the group of macroporous materials.
A
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B

Fig.17. SEM with a magnification of (A)2000 times and (B) 3500times of an Ecuadorian
diatomite sample. Taken from: (45)
5.1.3. Fourier transform infrared spectroscopy (FTIR).
According to an IFTR (fig.18) analysis in the laboratory for the diatomaceous earth
sample from Ecuador, the presence of a broad band near to 3442 cm-1 is attributed to the
O-H vibration of the water absorbed in the phyllosilicate. Si-O-Si and Si-O-Al
asymmetric stretch vibration bands were found at 1200 and 1089 cm-1 respectively. The
peaks at 794 cm-1 correspond to symmetric stretching vibrations of Si-O-Al. The bands
around 619, 472 cm-1 are due to the bending vibrations Si-O and Al-O (Al in octahedral
coordination). The presence of these groups shows that diatomite is an aluminosilicate
material. (45)
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Fig.18. Fourier transform infrared spectroscopy (FTIR) for diatomite (D). Taken from:
(45)
5.2. General applications of diatomites
The applications of diatomites are variable for filtration processes, insulation, cement
additive, adsorbent, abrasive, etc. For example, for the processes for obtaining hydrogen,
one of the catalysts used is nickel supported on diatomite, it is also used for processes for
obtaining solid phosphoric acid through polymerization reactions. In addition, one of the
applications that will be discussed in the following work is its use as a support for
heterogeneous catalysts since different properties of diatomite such as porous structure,
high adsorption capacity, high surface area, inertia, low conductivity thermal, low
specific gravity, its inert silicon composition, make it an attractive resource for catalytic
studies in the petrochemical industry. (43)
5.3. Diatomite applications in Ecuador
In other studies, the use of diatomites is proposed for different industrial areas in Ecuador.
Its application as a construction material was analyzed due to its adsorption properties,
specific gravity, apparent density, porosity and permeability, being useful as a filter,
paints, solid bricks and lightened blocks. (43) (47) Another application is as food for
different species such as Californian rabbit (48) , Cavia Porcellus (Cuyes) (49), pio-pio
chicken, (50) etc. Different levels of diatomite were used in the food, which showed
excellent results in terms of weight gain, bacterial and parasitic reduction, improved
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immunological capacity and, finally, it generated good profitability. Other studies focus
on diatomites as a biotic index to determine water quality since diatoms respond to
environmental changes in the short and long term. The methodology was based on the
calculation of the abundance of species, trophic value and trophic index of water quality.
However, in another study, physical-chemical and microbiological parameters were used
that are assessed through the 1QAData program. (51) (52) (53) Another application
focuses on photodegradation due to the adsorption property, the doping of diatomite
improves the degradation speed, however a better doping technique must be found for a
better distribution of the nanoparticles in the diatom valves. (54) Lastly, the use of
diatomite as a natural absorbent was proposed, as it has several microscopic pores,
channels and cavities, it could adsorb particles of fluids in water treatment procedures. It
is determined that a coating with chitosan to the diatomites improves their adsorption
capacity and improves the accessibility to the binding sites. (45)
6. Diatomite deposits in Ecuador

It has been reported that there are approximately three diatomite deposits in Ecuador with
considerable reserves. However, it must be considered that no deposit has been exploited,
since for the use of diatomite as such a calcination plant is required to treat the diatomite.
It is estimated that investment in a calcination plant requires a minimum reserve, which
does not contain any of the deposits in Ecuador.
In 2005, Daniela Gomez (83) studied the sediments of the Limoncocha lagoon
(Sucumbíos Province, Ecuador). The origin of lake sediments is made up of fine grains
that contain organic matter and minerals. The autochthonous inorganic component is
largely composed of frustules (the hard porous cell wall of the outer layer of diatoms) of
siliceous diatoms and perhaps spicules (calcareous or siliceous skeletal units) of sponge,
together with calcium carbonate precipitated by biological events.
In another study on non-metallic mineral deposits in Ecuador conducted by Paul Cornejo
(44) in 2016, it was determined that there are three diatomite deposits in Ecuador as can
be seen in the map of the annexes. A diatomite shale deposit in the Sucre area, 80 km
west of the port of Guayaquil. The deposit comes from the Tosagua formation. However,
due to its not so pure composition, its use as a filter or absorbent material is ruled out.
The Galte deposit located in the Palmira parish, Guamote canton, Chimborazo is a
volcanic sedimentary deposit of the Palmyra family from the Pleistocene that was
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sediment in a lake-fluvial environment. A reserve of approximately 146,900 m3 is
estimated. The Yaguarcocha deposit located in Ibarra-Imbabura, the diatomite was
deposited in the upper part of a sequence of volcano Holocene and lake sediments,
presenting local fluvial facies or accumulations. A reserve of approximately 960000 m3
is estimated. The Sucre deposit located on the Santa Elena peninsula, Guayas, the deposit
comes from the Tosagua formation, a Villingota member of the Miocene, and is
considered a not so pure marine diatomite.
7. Ecuadorian diatom species
There are approximately more than 20,000 species of diatoms in the world, diatomite
species are classified according to the distribution of their pores, ornamentation, and
symmetry of the frustules, either radial (centered diatoms) or bilateral (pennate diatoms).
For the case of Ecuador, Manuel Cruz et al. (84) in 2003 studied the known and unknown
marine biodiversity in Ecuador. It was determined that there are 1859 marine species in
Ecuador, of which 1380 are non-commercial species distributed in 25 groups and classes
such as the group of protozoa distributed in 9 lessons. In this group, it can be found the
oceanic and estuarine diatoms (the mouth of a wide and deep river into the sea, there is
an exchange of fresh and saltwater due to the tides). It was determined that the greatest
biodiversity is in the Gulf of Guayaquil, 601 species of pelagic organisms (species that
live in medium water or near the surface) have been identified in the Ecuadorian sea, 536
correspond to unicellular organisms, diatoms being the most abundant with a total of 295
species. There are 182 species of oceanic diatoms with a predominance of the species
Pseudonitzschia delicatissima and Planktoniella sol. There are 113 species of estuarine
diatoms, the diatom Chaetocerus affinis being the most abundant in the Gulf of
Guayaquil.
8. Effects of different treatments in the preparation of diatomite
8.1. Heat and acid treatment
There are different effects regarding purification methods such as heat treatment and acid
treatment on diatomites. Heat treatment is generally applied to generate acid sites, it has
been shown that for too high T, a deformation of the structure occurs. Acid treatment
generally occurs with hydrochloric acid (HCl) and sulfuric acid (H2SO4) either hot or
cold. The treatment with hot HCl is better to purify the diatomite but it reduces the surface
area significantly, while in the cold not all the impurities are removed. Hot H2SO4
treatment removes impurities such as Fe and natural clays, increasing the pore volume,
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acid sites, and surface area. Heat treatment and acid treatment have also been carried out
at the same time, showing better results but not as significant. Considering the costs of
heat treatment, the most viable alternative is hot sulfuric acid purification.
In a study by R. Goren et al. (85) based on the effects of purification and heat treatment
on the pore structure and the composition of diatomite. Three comparisons were made,
one of the diatomite as received, the calcined ones, and the purified ones with acid. For
purification, the sample was treated with HCl varying the concentration from 1 to 5 N
without heat and with heat at 100 °C, with heat causing a reduction in the surface area
according to BET from 204 m2/g to 136 m2/g. The mercury porosimeter method was used
(the mercury porosimeter method consists of filling the pores with mercury at an applied
pressure, filling and emptying at a controlled pressure, it generates the intrusion and
extrusion curves characteristic for each material (86)), at 413MPa to determine the
average intraparticle pore diameter. For the purified diatomites, the effect of hot acid
affected the composition and pore structure, on the other hand, the treatment with cold
acid for 24 hours increased the surface area from 204 m2/g to 232 m2/g, but not all the
impurities were completely dissolved like Fe2O3, MgO, CaO and alkali oxides. As can be
seen in fig.19 the cold acid treatment preserved the original pore geometry, while in the
calcination process concave and convex surfaces had disappeared and smoother surfaces
were formed. When the sample is calcined at 850 °C to remove impurities, new holes are
formed, affecting the pore structure and reducing the surface area. It is concluded that the
hot acid treatment is better to obtain a pure material, however, at high temperatures the
surface area decress.
B

A
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Fig.19. SEM (A) showing preserved pore structure in material leached with 5N HCl
for 120 h.(B) showing trace pore structure of material sintered at 950°C for 3 h.
Taken from: (85)
In 2003 P. Yuan et al. (87) studied hydroxyl species and acid sites on the surface of
diatomites. Lewis and Brɸnsted acid sites, several hydroxyl species, including isolated
hydroxyl groups, the H-linked hydroxyl groups of moderate strength were identified. At
ambient temperature, both the isolated silanes and those linked by H-bonds are associated
with water physically adsorbed by H bonds. After the calcination treatment, the physically
adsorbed water will desorb and the silanols will condense with increasing temperature,
the silanols with H-bonds are more easily condemned than isolated ones. Hydroxyl
groups are primary reactive sites on the surface of amorphous silica. A variable
temperature, heat treatment was performed with a combination of the spectroscopy
method to study the properties of the surface sites. At 1100 °C most of the silanols
condense, some surviving silanols may remain in the mesopore. The influence of
impurities on the heat resistance capacity due to the number of mesopores was evaluated.
As can be seen in fig.20 analysis Py-Raman and Py-IR, it was shown that without heat
treatment there are no acid sites, after calcination at 650 °C the amount of Brɸnsted and
Lewis acid sites reaches the maximum. The bands at 1016 cm-1 correspond to Lewis acid
sites in the analysis Py-Raman. However, the quantity of Brɸnsted acid sites is limited,
and most of Py molecules are adsorbed on the diatomite surface by hydrogen bond of
hydroxyl groups , this is demostrated with the negative band at 3744 cm-1 of Py-IR
analysis. For samples that are not purified, there are more Lewis acid sites due to
impurities such as clays.
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Fig.20. (A) In situ Py-IR spectra of diatomite samples.BR(Buchang deposit) and BP
(purified sample). (B) Py-Raman spectra of BR and BP under thermal treatment
conditions. Taken from: (87)
On the other hand, Kunwadee Rangsriwatananon et al. (88) investigated the heat and acid
treatment of natural raw diatomite that influences the synthesis of sodium zeolite. Crude
diatomite, calcination modified diatomite, and acidification were sampled. The acidmodified diatomite was treated with hot 6M H2SO4 refluxing at 100 °C for 24 h and
followed by calcination at 1100 °C for 5 h. The best performance was achieved to obtain
sodium zeolite under these conditions since the content of iron is eliminated by acid
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leaching and elimination of silanol groups (Si-OH) after calcination to form more
siloxane groups (Si-O-Si) in the structure of the materials. Al(OH)3 was used to adjust
the Si/Al molar ratio of the modified samples to be the same as natural. The amount of
iron is very important in the pelletization process, so removing it provides greater
crystallinity. Acid treatment can remove iron impurities, some natural clay minerals, and
make the amount of Q4 ( 4 is the number of oxygen atoms those shared with tetrahedral
silicon [Si(OSi)4]) species increase more than heat treatment, these species may be
attributed to the crystalline silica phase. It is concluded that the diatomite treated with the
calcination process without the acid treatment provides a much lower number of
crystalline zeolites as can be seen in fig.21. In addition, the SEM results must be taken
into account, as can be seen in fig.22 that show that the treatment with acid and acid
followed by calcination preserves the original geometry of the pores but produces a
collapse of the skeletons, while with the calcination processes the original structure is
preserved, but the concave and convex surfaces had disappeared. almost completely, and
in their place smoother surfaces were formed. Finally, taking into account process costs,
the use of the acid modification process is a more economical alternative to obtain the
highest yield in Na-P1, analzyme, cancrinite and hydroxyisodalite from the modified
diatomite treated with hot H2SO4 since there was no significant changes with acid
treatment and followed by calcination at 1100 ° C.

Fig.21. XRD pattern of starting materials of D, D-C(900), D-C(1100), D-H2SO4 and
D-H2SO4-C(1100), respectively. Taken From: (88)
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Fig.22. SEM with 10 kV and 1000 magnification of (a) D (b) D-C(900) (c) D-C(1100)
(d)DH2SO4 and (e) D-H2SO4-C(1100), respectively. Taken from: (88)
In 2016 Mohammad Mazidi et al. (89) studied the screening (separation of solid materials
by their size) of treated diatomaceous earth to apply as support for V2O5 catalysts, the
treatment with hot acid in the influence of the efficiency of the diatomaceous precursors
was studied. Acid treatment was shown to modify the microstructure of some
diatomaceous earth and increase catalyst yield. The acid treatment was performed at
temperatures between 410 °C to 570 °C for 5 h, in an isothermal oil bath. The effect of
temperature on the conversion was maximized at 450 °C. The suspension of the mixture
of acid and diatomite was washed about 7 times with deionized water until reaching a pH
of 7 and dried for 12 h. Removal of impurities was checked with XRD analysis as can be
seen in fig.23. As can be seen in fig.24 in a pure diatomite sample the pores are clogged,
however after an acid treatment the pores can open by eliminating organic and inorganic
impurities from the surface. In addition, before the acid treatment, the aggregation of
crystals in disordered form changes drastically, resulting in a larger surface area with
highly dispersed nanoparticles. With TEM it was observed that the active phases were
dispersed on the support with an average diameter size of approximately 50 nm,
emphasizing the role of the diatomite support in the distribution of the active catalytic
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sites.The results showed that diatomite treated with 15% concentration of H2SO4 acid has
the best conversion among all samples.

Fig.23. XRD of various diatomites. Diatomite earth were supplied from Mianeh(Mi),
Birjand(Bi)and Ajabshir(Aj) mines. N (natural) and 15,25%( concentration of H2SO4.
Taken From: (89)
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Fig.24. SEM images of Mi diatomite samples. a,b N- Mi, c,d 15- Mi and e,f 25- Mi.
Taken from: (89)
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CONCLUSIONS AND RECOMMENDATIONS
The literature review obtained satisfactory results to obtain the necessary information
regarding diatomites as catalyst support. Results were obtained in terms of reservoirs,
purification methods, a procedure in catalytic applications, and other applications. On the
other hand, the use of natural compounds as catalyst support and their application in HDS
of refractory molecules was investigated.
Diatomites are found throughout the world, the deposits are generally of marine or fluvial
origin. They are classified as benthic or epilithic depending on whether they are found on
the bottom or if they are attached to fixed substrates on the surface, respectively. The
most commercially important deposits are in Jalisco, Mexico. In Ecuador, three diatomite
deposits have been identified: Sucre, Galte, and Yaguarcocha that have not yet been
exploited due to the reserve limit that does not make for an investment in a calcination
plant possible to be treated.
The analysis of the information determined that the diatom purification process can be by
acid treatment or heat treatment. The acid treatment can be cold or hot and with different
types of an acid such as hydrochloric, sulfuric, etc. It was determined that hot sulfuric
acid (H2SO4) treatment has a greater ability to remove impurities, increase acid sites,
increase pore volume and increase surface area. Thermal treatment is also efficient to
increase acid sites, however, the costs of the treatment must be taken into account and
that control of the T is required since at a certain T there is a deformation in the structure.
On the other hand, the thermal and acid treatments were considered together, showing the
best results but not as significant in comparison with the hot H2SO4 treatment.
For catalytic applications, the hydrothermal method was generally used in terms of
catalyst synthesis. Diatomite was used as the main source of silica. In most cases,
aluminum hydroxide was used to meet the silica / alumina ratio and sodium hydroxide
for the leaching process. SEM, TEM, HRTEM, EDS, FTIR, XRD, etc. analysis were used
to determine morphology, composition, percentages of crystallinity, surface area, etc., in
most investigations to produce diatomaceous-based catalysts.
Diatomites, being a complex material of natural origin, have several applications. Its use
has been demonstrated in different processes of filtration, adsorption, abrasive, food
source, insecticide, construction materials, etc. The results of its applications are very
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promising since it has several advantages in different aspects but mainly in the economic
aspect since it is a material of very low cost and good availability.
The use of different natural compounds as catalyst support for HDS of refractory
molecules has been evidenced. The results are good in terms of activity and selectivity.
The catalysts with the best results were NiMo for refractory molecules such as 4,6DMDBT, direct hydrogenation is the preferred route due to the morphology of the active
phase and the structure of the precursor.
As a recommendation, diatoms should be considered as highly useful material, not only
in catalytic applications but in other areas due to their great results. In Ecuador, its uses
are limited due to the lack of knowledge about the progress of this material, in addition
to the fact that certain companies do not risk changing their production procedures
without knowing the benefit that could be obtained. In addition, it should be considered
that diatomites are a low-cost and widely available natural compound.
Finally, this study should be considered to implement a proposal for a diatomitesupported NiMo catalyst that allows improving the HDS processes of refractory
molecules. With the growing exploitation of crude oil in the world, only deposits of heavy
crude remain and with it a higher content of sulfur in derivatives. On the other hand,
Ecuador produces derivatives that comply with the regulation standards for sulfur content,
however, the sulfur content is still very high, so it seeks to optimize production processes.
One of the ways to efficiently control the sulfur content in the derivatives is through the
HDS process in which the use of different catalysts such as the one recommended in the
work carried out can be implemented.
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ANNEXES

Map of non-metallic mineral occurrences, 1: 1M scale (90)
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