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Abstract
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prepared by a co-impregnation method and characterized by BET, XRE, and SEM
techniques. The catalytic activity for hydroprocessing of Jatropha oil was evaluated
in a batch reactor, and the composition of the liquid and gaseous products were
determined. Results showed that gaseous products are mainly composed of high
Citation: Tapia J, Acelas NY, amounts of propane and small amounts of other light hydrocarbons (C1 to C5).
Lopez DE, Moreno A. NiMo-sulfide Liquid hydrocarbon products consisted of a mixture containing mainly n-paraffins
supported on activated carbon to ; .

4 of Ci5-Cis and some oxygenated compounds. The catalysts with a mass fraction
produce renewable diesel, . . . ..
Universitas Sciensiaram, 22 (1): 71-85,2017.  of 3 % Ni, 15 % Mo (Ni3Mo15/AC) presented the highest selectivity toward
doi: 10.11144/ Javeriana. SC22-1.ns0a Ci7-Cis hydrocarbons, with a product distribution similar to a commercial
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N/A Jatropha curcas L. plant is resistant and easily adaptable to adverse environmental
conditions. Therefore, this plant could be cultivated in extensive areas without
competing for arable land. This species does not compete with edible oils due to
its content of phorbol and lecithin, which makes it toxic for human consumption.
Moreover, the amount of oil produced per kilogram of seed is about 40 %, making it a
suitable alternative for biofuels production (Martinez-Herrera et al., 2006; Mukherjee
etal, 2011).

@ @ Universitas Scientiarnm, Journal of the Faculty of Sciences, Pontificia Universidad Javeriana, is licensed under the Creative Commons Attribution 4.0 International Public License


http://salcedo.juan@javeriana.edu.co
http://doi.org/10.11144/Javeriana.SC21-1.feoe
http://doi.org/10.11144/Javeriana.SC21-1.feoe

72

NiMo-sulfide supported on activated carbon

Many researchers have investigated the hydrotreatment of vegetable oils such
as palm oil (Srifa et al, 2014), rapeseed oil (Sotelo-boy et al., 2011), sunflower
oil (Sankaranarayanan et al., 2011), and Jatropha oil (Garcia-Davila et al., 2014;
Liu et al., 2012) over conventional hydrodesulfurization catalysts. Hydroprocessing
of vegetable oils leads to the production of hydrocarbons in the boiling range of
diesel, commonly called green diesel or renewable diesel (Nikulshin et al., 2014).
Depending on the reaction conditions (i.e. temperature, pressure, type of catalyst),
a series of complex reactions occurs during the hydroprocessing. These include
the saturation of double bonds, heteroatom (sulphur, nitrogen, or oxygen) removal
and, breakage and reorganization of C — C bonds (Breysse M. et al., 2008). In the
case of the hydroprocessing of vegetable oils, the liquid products consist of
straight chain n-alkanes with 15 — 20 carbons, which are formed via three different
reaction pathways: decarbonylation, decarboxylation, and hydrodeoxygenation
(Sotelo-boy et al., 2011).

Operating conditions and catalysts activity have significant effects on the quality of
the reactions pathways and the liquid product. Chen et al., (2013) investigated the
catalytic activities in the hydroconversion of Jatropha oil of reduced NiMo catalysts
supported by AlL,O;, SiO»-ALOs;, SAPO-11, and AlI-SBA-15. They found that the
catalytic performance was influenced by the acidity of the support, resulting in
significantly different hydrocarbon distribution products. In another investigation,
Verma et al. (2015) studied the hydroprocessing of Jatropha oil over the hierarchical
SAPO-11 zeolite with different acidities (i.e. type, strength, and number). It was
found that variations of Si content in the support SAPO-11 did not have significant
impact on the product yields, but aromatics formation indicates that, in addition
to deoxygenation, mild cracking and isomerization occurred. This suggests that
unexpected aromatization reaction was also taking place over this catalyst. A significant
advantage of this process is the reduction in hydrogen consumption by as much as
10 %. Therefore, the choice of catalyst is crucial for the composition and desired fuel
properties of hydroprocessed triglycerides. Moreover, the nature of the support plays
an essential role on the morphology of active phase particles (Nikulshin et al., 2014),
which in turn is strongly related with the catalytic activity and stability.

Supports (i.e. alumina, zeolites, SBA-15 and MCM-41, and silica-alumina) are
found to possess high cracking activity due to their acidity, and therefore are less
favourable for the hydrotreating process. Alumina is by far the most common
support for hydrotreating catalysts containing nickel (or cobalt) and molybdenum
(or tungsten) due to its relatively large surface area, easily controlled pore structure,
high packing density, thermal stability, physical strength, and recoverability (Breysse
M. et al,, 2008). However, alumina develops strong interactions with metal oxide
precursors which could favor the formation of undesired phases under certain
reaction conditions. In addition, its sutface contains acid and basic sites that cause
undesirable transformations of precursors and coke formation (Nikulshin et al.,
2014). On the other hand, a carbonaceous support such as activated carbon has been
reported to have some potential for enhancing the dispersion of the catalytic metal-
sulphide because of the weak polarity and higher surface area. The weak polarity of
the surface reduces interaction between the active phase and the support, and the
high surface area provides much more anchor sites for the active component (Kouzu
et al., 2004). Additionally, the low cost and the possibility of recovering the active
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metals from spent catalysts by burning off carbon are advantages of carbon over
alumina-based catalysts (Furimsky, 1983; Kukushkin et al., 2015). Although the effect
of active metal sites on selectivity of the catalysts in deoxygenation reaction have
been investigated (Sotelo-boy et al., 2011; Wang et al., 2015), there is little information
about the influence of the Ni:Mo ratio in deoxygenation pathways and selectivity.
In this study, catalysts with different amount of nickel and molybdenum supported
on commercial activated carbon were prepared using co-impregnation methods. The
different catalysts were evaluated in the hydroprocessing of Jatropha oil.

Experimental
2.1 Preparation and characterization of catalysts

A commercial activated carbon (from Anderson Development Company) was used
as catalytic support. The activated carbon (diameter particle size between 0.3 and
0.5 mm) was impregnated with aqueous solutions of ammonium heptamolybdate
((NH4)sM070244H,0) and nickel nitrate (Ni(NO3)>6H20), both from Panreac
(analytical grade). An appropriate volume of aqueous solution of the salts was
selected to reach the desired concentration in the catalysts. Catalysts were prepared
by a wetness co-impregnation method using different Ni 1 %, 3 % and 5 % and Mo
5%, 10 % and 15 % amounts. Chemical analysis was carried out by X-ray fluorescence,
XRF (Thermo Optim’x). BET surface areas were measured by N, adsorption at
-196 °C using a sorptometer (Micromeritics®, ASAP 2020) and the morphology
was analyzed using scanning electron microscopy, SEM-EDS (Philips, Model 505).
Hydrogen temperature-programmed reduction (H»-TPR) studies were carried out
using a Micromeritics® Autochem IT 2920 instrument. The calcined samples were
placed in a U-shaped quartz reactor and pretreated in helium at 350 °C before
reduction in order to remove humidity and clean the surface. After cooling down the
sample to room temperature and introducing the reduction mixture of 10 % Hz/Ar
(50 mL/min), the sample was heated at a rate of 10 °C min' from room temperature
to 600 °C. The hydrogen consumption was estimated from the area under the peak;
taking into account the calibration of TCD signal.

2.2 Catalytic activity and products analysis

Hydrotreating by hydrodeoxygenation (HDO) of Jatropha oil was performed using
4.75 g Jatropha oil and 0.25 g catalyst in a 50 mL batch reactor at 350 °C and under a
hydrogen pressure of 90 bar during three hours. The catalysts were zz-situ sulfided by
the addition of elemental sulphur (Ss) in a S:Mo ratio of 2:1. A commercial catalyst of
NiMo/ALO; (with 4.2 % Ni and 11 % Mo) was used for compatison. The products
consisted on a solid and a liquid phase. 2-propanol (analytical grade) was added to
solubilize oily products. The solid (catalyst) was separated by filtration, afterwards,
the liquid phase consisting in a mixture of 2-propanol, water and oily products was
separated by rotaevaporation. The oily products were characterized by FTIR (Nicolet
6700) and gas chromatography (GCMS-QP2010 Ultra, Shimadzu Corporation) with
a flame ionization detector (FID) and a DB-5 capillary column (30 m x 0.25 mm x
0.10 um). Quantitative results were obtained using octadecane as an internal standard.
The gaseous products were analyzed using a micro-GC (Varian, CP 4900 model) with
a thermal conductivity detector (TCD).
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Results and discussion

3.1 Raw material and catalysts characterization

Fatty acid composition of Jatropha oil is presented in Table 1. Similarly to other
vegetable oils, triglycerides are the main components of Jatropha oil. They can
be hydrolyzed into three fatty acid molecules and a glycerol molecule. From these
results, the largest fatty acid component consisted of C,s species with a percentage of
80.5 % (C,g:0, oleic acid; Cyg1, linoleic acid; linolenic acid Cyq:2), while the second
largest fatty acid component was palmitic acid (C16:0), 12.2 %. This composition is
typical for Jatropha oil as reported by other authors (Kumar et al., 2007).

Table 1. Fatty acid composition of Jatropha oil.

Fatty acid Composition (wt %)
Oleic  (Cis:l) 44.9
Linoleic (Cis:2) 34.1
Palmitic  (Cis:0) 12.2
Stearic  (Cis:0) 7.33
Linolenic (Cis:3) 0.17

Table 2 shows the metal loading of the catalysts. The theoretical ratio loadings
of Ni:Mo in NiMo/AC catalysts were 0.33, 0.20, 0.50, and 0.33 for Ni3Mo10/
AC, Ni3Mo15/AC, Ni5Mo10/AC, and Ni5Mo15/AC, respectively. The X-ray
fluorescence results showed an experimental ratio of 0.36, 0.25, 0.57, and 0.38 for
the catalysts, respectively. According to these results, the theoretical and experimental
values are highly correlated, indicating that co-impregnation is an appropriate method
to prepate NiMo/AC catalyst.

Table 2. Chemical composition of different NiMo/AC catalysts. *On dry ash free basis, "Obtained by
x-ray fluorescence.

Nominal (wt.%) Chemical analysis (wt.%)

Catalysts
Ni Mo Ni:Mo Ni Mo Ni:Mo

Commetcial 4.2° 10.9° 0.38 - - -
Ni3Mo10/AC 3 10 0.30 4.5 12.4 0.36
Ni3Mol5/AC 3 15 0.20 44 17.4 0.25
Ni5Mo10/AC 5 10 0.50 6.9 12.0 0.57
Ni5Mo15/AC 5 15 0.33 6.1 16.0 0.38
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The specific surface area of activated carbon was measured as 1800 m?/g, It was
observed that for the catalysts the specific surface area decreased to about 1500 m?/g,
probably due to the relatively high nickel and molybdenum loading;

SEM micrographs in Figure 1 show the surface morphology of fresh catalysts. It
can be observed that the increase in Mo concentration in the catalysts do not modify
the morphology of the particles and merely causes agglomeration of Mo-containing
particles on the surface (Figure 1: Ni3Mo15/AC and Ni5Mo15/AC).

TPR results are shown in Figure 2 and the derived data are presented in Table 3. The
activated carbon support (AC) observed in Figure 2 has no defined reduction peak,
but a progressive consumption of hydrogen is observed above 400 °C which could
be associated with a slight gasification of the active carbon. This slight gasification
process is also evident from the H,-TPR profiles for solids containing Ni-Mo.

All samples showed one reduction peak (Figure 2). This suggests the presence of
highly homogeneous reducible species, where Ni is probably forming a mixed or
binary oxide of the type of nickel molybdate. Moreover, it can also be observed
from Figure 2 that increasing Ni amount causes a decrease of the temperature at
the maximum reduction peak. This shift to low temperature is more important for
catalysts with low amounts of Mo. Particulatly, for the sample Ni5Mo10/AC, the
reduction peak occurs at the lowest temperature (i.e. 357 °C Vs. 380-398 °C for
other samples), indicating that at higher Ni/Mo molar ratio the reducibility process
is favoured (see Table 2 and Table 3). This is consistent with some reports indicating
that Ni species are easier to reduce than Mo species (Laniecki et al., 2000).

Ni3Mo10/AC

Fig. 1. SEM micrographs of variable concentration of NiMo/AC catalysts.
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Fig. 2. TPR-H, for the different catalysts used and compared with support.

On the other hand, no reduction events were observed at high temperatures (above
500 °C), which is in contrast to metal oxide type supports. The fact that the main
reduction event occurs at low temperature (below 400 °C) indicates that a low strength
interaction between the activated carbon support occurred and reducible species of
Ni-Mo. This result shows an advantage since this means that Ni-Mo species would
be more available to phidation processes. consequently, it would be easier to form the
Ni-Mo-§ active phase. The results of H, consumption normalized by metal content
(umol H,/pmol Ni + Mo), except for the sample Ni5SMo10/AC (Table 3), suggest
that hydrogen consumption is proportional to the quantity of reducible species in
the surface of the activated carbon support. Therefore, these results would suggest
that reducible species in the catalyst are prone to form the active phase of sulphided
Ni-Mo species; constituting an indirect evidence of the high dispersion of metal
species on the surface.

Table 3. Quantity and Tempetatures obtained from TPR-H2 for different NiMo/AC catalysts.

Tonax. H, consumption (umol Hy) (Ni / Mo)
Sample —
Reduc. (umol/g) * 10° (umol Ni+Mo) Chem. Anal.
Ni3Mo10/AC 397.8 3.08 1.50 0.59
Ni3Mo15/AC 384.6 3.44 1.34 0.41
Ni5Mo10/AC 356.5 521 2.15 0.94
Ni5Mo15/AC 380.7 3.59 1.33 0.62
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3.2 Analysis of products in HDO of Jatropha oil

For Ni3Mo15/AC and commercial catalysts, liquid products presented two clear and
coloutrless phases of oily products and water. For the rest of the catalysts under study,
liquid products became cloudy and contained a suspension of water and paraffinic
oil that solidifies at room temperature depending on the reaction progress. The oily
phase, which corresponds to liquid hydrocarbon products, was separated from the
aqueous phase and characterized using FTIR and GC-MS techniques.

Figure 3 illustrates the IR spectra of Jatropha oil and liquid hydrocarbons obtained
during the HDO process using the synthesized and commercial catalysts. An
approximate analysis of the product composition and residual oxygen content
in the liquids, in particular, can be obtained by FTIR spectroscopy (Romero et al.,
2015). For the products after reaction, the disappearance of the band at 1230 cm’,
which corresponds to C — O — C stretching mode, suggests that conversion of
triglycerides was essentially complete for all tested catalysts. The band in the range
of 1680 — 1750 cm™ is due to the C = O stretching mode of compounds containing
carbonyl group, i.e. esters, acids and carbonyl compounds. The lower intensity of this
band indicates a reduced amount of such compounds. It is evident that the intensity of
this band decreased strongly when commercial catalyst, Ni3Mo15/AC, and Ni5Mo15/
AC were used, which is an indicative that deoxygenation reactions took place. The
disappearance of the band around 3010 cm™, associated to the C — H stretching band
in olefinic carbons, showed that all catalysts were effective for hydrogenation reactions,
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Fig. 3. FT-IR spectra of Jatropha oil and products.
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therefore forming paraffinic hydrocarbons. In general, IR analysis provided evidence of
substantial deoxygenation of Jatropha oil in all experiments, with an increased degree
of deoxygenation in the presence of catalysts Ni3Mo15/AC and Ni5SMo15/AC.

Figure 4 presents the selectivity to liquid hydrocarbon products obtained during HDO
process of Jatropha oil after 3 h over different catalysts. The products distribution was
comparable for Ni3Mo15/AC, Ni5Mo15/AC, and commercial catalysts. For these
materials, a significantly higher selectivity toward C,g hydrocarbon was observed, with
47 %, 40 %, and 48 % respectively; which may indicate that HDO mechanism is the
main oxygen elimination pathway.

In order to verify the importance of the presence of metal sulphide, a control reaction
under the same conditions were carried out using activated carbon as catalyst. The
results of this reaction showed a yield of 2 % and a2 % of selectivity to hydrocarbons.
The limited yield is associated to thermal conversion from triglycerides to fatty acids.
Moreover, the microporosity of the active carbon support and the lack of Ni-Mo
sulphide species prevent the formation of hydrocarbon products.

Three possible reaction pathways are usually considered for the removal of oxygen
during the hydrotreatment of triglycerides: hydrodeoxygenation, decarboxylation, and
decarbonylation. During the hydrodeoxygenation, the triglycerides are converted into
55 4
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Fig. 4. Selectivity of catalysts toward various fractions of hydrocarbons obtained in the HDO process
of Jatropha oil.
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n-paraffins which have the same carbon number as the fatty acid of the triglyceride;
furthermore during the decarboxylation and decarbonylation the carbon number of the
produced paraffins is one carbon lower with respect to the fatty acid of the triglyceride
molecule (Satyarthi et al. 2013). It was found that Ni3Mo15/AC, Ni5Mo15/AC, and
commercial catalysts have relatively high selectivity toward C,; hydrocarbon with 34,
36, and 41 % respectively. As Jatropha oil does not have C,, fatty acids in its
composition (see Table 1), the only way to produce C,; hydrocarbon is through
decarboxylation or decarbonylation of Cy,. However, to determine if decarboxylation
or decarbonylation took place, itis not sufficient to use the analysis of the carbon number
distribution of the target fraction. It is necessary to know the amount of formed gases
(CO and CO,) as by-products and the exact amount of water. However, this is difficult
because, besides the main deoxygenation reactions, other gaseous reactions, such as
water gas shift or methanation, could take place on the investigated catalyst. Catalysts
Ni3Mo10/AC and Ni5Mo10/AC have a higher selectivity to Cy; hydrocarbon; 23 %
and 40 % respectively. However, their liquid products still have fatty acids, indicating a
lower progress of the reaction. The yield to hydrocarbons was 50.7 %, 99.7 %, 63.3 %,
94.7 %, and 100 % for Ni3Mo10/AC, Ni3Mo15/AC, Ni5Mo10/AC, Ni5Mo15/
AC. and commercial catalyst respectively. According to these results, it can be safely
concluded that catalyst Ni3Mo15/AC is as active as the commetcial one and it has the
best yield and selectivity to these target products.

11 -
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ilill

Ni3Mol0/AC Ni3Mol5/AC Ni5Mol0/AC Ni5Mol5/AC  Commercial

Gaseous products (%)

Catalyst
B Bl B Blo Edco

Fig. 5. Composition of the gaseous products after the HDO of Jatropha oil for the different catalysts
(H. balance).
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To obtain a better understanding of the way by which oxygen is eliminated from
Jatropha oil, the gaseous products were subjected to gas chromatography analysis.
The gas composition obtained using the Ni3Mo10/AC, Ni3Mo15/AC, Ni5Mo10/
AC, Ni5Mo15/AC, and commercial catalysts is presented in Figure 5.

The gaseous products for all studied catalysts were mainly composed of CO,, CO,
CH,, C,Hy, and C;Hj. It was not possible to determine the quantity of water because
of the loss of this product during the sampling process, which leads to a lack of
reproducibility. The presence of CO, and CO as the main gaseous compounds
confirmed that decarboxylation and decarbonylation reactions were occurring. Water
gas shift (equation 1) and methanation (equation 2) reactions are other probable
side-reactions during the hydroprocessing. They lead to an increase in hydrogen
consumption and may explain the high amount of methane.

€0, + H, < CO + H,0 (1)

CO + 3H, & CH, + H,0 ©)

The low formation of CO may imply that the water-gas shift reaction occurs and
the formation of methane is a consequence of the consumption of this CO through
equation 2. At the initial stage of the hydrocracking reaction, each triglyceride
molecule is expected to break down into three hydrocarbon molecules and one
propane molecule. For Ni3Mo15/AC and commercial catalyst, the yield of propane
was around 1.5 %, which was mainly generated from the hydrogenation of the
C3-backbone in the triglyceride of Jatropha oil.

To study the effect of the nickel and molybdenum content in NiMo/AC catalysts
during the hydrotreatment of Jatropha oil, six catalysts with the following weight
percent ratio of Ni:Mo were evaluated: 1:15, 3:15, 5:15, 3:5, 3:10, and 3:15. The
selectivity of these catalysts towards C;; and C; hydrocarbons are shown in Figure 6.

% Ni (15 % Mo)
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Fig. 6. Effect of Niand Mo concentration (wt. %) in their selectivity toward Cy; and C;s hydrocarbons.
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It can be seen from Figure 6, that an increase in Mo content from 10 % to
15 % in the NiMo/AC catalysts caused an increase in the selectivity of Cy; and Cig
hydrocarbons. On the contrary, an increase of Ni content, from 3 % to 5 %, led
to a slight decrease on the yield of these hydrocarbons. The extent of the HDO
reactions(i.e. hydrogenation/dehydration versus decarboxylation/decarbonylation)
is highly dependent on the promoter metal (Ni) concentration and the dispersion
of sulphided phases (Furimsky, 1983). Ni is well known as a promoter in
MoS,/ALO; catalysts to increase the catalytic activity in hydrogenation (Kubicka
et al,, 2010). In the present work, this promoting activity of Ni was evident in the
ability of efficiently obtaining a high selectivity to hydrocarbons C,5-Cs. It could be
proposed that a small load of Ni over the active phase provides enough hydrogenation
ability to transform oxygenated compounds into hydrocarbons; hence 3 % of Ni
in NiMo/AC catalysts seems to be appropriate to reach the adequate activity in the
HDO of Jatropha oil. Ni-Mo mixed sulfides are known to have higher chemical
resistance to acids compared to monometallic nickel catalysts (Kukushkin et al., 2015).
On the other hand, the study of the influence of molybdenum as a modifying metal
on the activity and selectivity of nickel-based catalysts showed the increase from 30 %
to 80 % in the yield of C;;-C3 with the Mo content (from 10 % to 15 %) in the
NiMo/AC catalysts. This result indicated that the catalyst with 15 % Mo and
promoted with 3 % Ni was the most appropriate combination to generate the
active phase on activated carbon supported catalysts for the hydrodeoxygenation
of Jatropha oil.

Conclusions

The results of the present work clearly demonstrate that activated carbon is a suitable
support for the preparation of Ni-Mo sulfided catalysts for the hydroconversion of
Jatropha oil to hydrocarbon mixture in the range of diesel (green diesel). Catalyst
Ni3Mo15/AC, which has a composition of 3 % Ni and 15 % Mo showed a yield of
99.7 % and a selectivity to Cz of 47 %, comparable to those reached using commercial
alumina supported catalyst. This indicates that , as for the alumina supported
catalysts, a Ni:Mo weight ratio of 3:15 was the most appropriate combination to
prepare activated carbon-supported Ni-Mo sulfided catalysts for the hydrotreatment
of Jatropha oil. Because of the similar performance of the alumina and activated
carbon-supported catalysts, it can be concluded that the support does not have a
significant effect during the hydrotreatment of Jatropha oil. This observation is
probably related to the microporosity of the used activated carbon, which could limit
the accessibility of the triglycerides molecules, affecting their catalytic performance.

Acknowledgements

The authors are grateful to Empresas Pablicas de Medellin (EPM) for financing the project,
“Programa de Produccién de Bio-Hidrocarburos Liquidos para la Generacion de Energfa
Eléctrica” (4014606), and to the University of Antioquia for the financial support of the
“Programa Sostenibilidad”.

Conflicts of interest

The authors state that their sole interest in the results of this research is scientific.

Universitas Scientiarum Vol. 22 (1): 71-85 bitp:] | ciencias.javeriana.edn.co/ investigacion/ nniversitas-scientiarum


http://ciencias.javeriana.edu.co/investigacion/universitas-scientiarum

82

NiMo-sulfide supported on activated carbon

References

Breysse M, Geantet C, Afanasiev P, Blanchard |, Vrinat M. Recent studies on the preparation,
activation and design of active phases and supports of hydrotreating catalysts, Cazalysis
Today, 130(1): 3-13, 2008.

doi: 10.1016/j.cattod.2007.08.018
Chen N, Gong S, Qian EW. Single-step Hydroconversion of Jatropha Oil to High Quality

Fuel Oil over Reduced Nickel-Molybdenum catalysts, Journal of the Japan Petrolenm Institute,
56(1): 249-252, 2013.

doi: 10.1627/jpi.56.249

Furimsky E. Chemistry of Catalytic Hydrodeoxygenation, Catalysis Reviews: Science and
Engineering, 25: 421-458, 1983.
doi: 10.1080/01614948308078052

Garcfa-Davila ], Ocaranza-Sanchez E, Rojas-Lopez M, Mufioz-Arroyo JA, Ramirez ],

Martinez-Ayala AL. Jatropha curcas L. oil hydroconversion over hydrodesulfurization
catalysts for biofuel production, Fuel, 135: 380-386, 2014.

doi: 10.1016/j.fuel.2014.07.006
Kouzu M, Kuriki Y, Hamdy F, Sakanishi K, Sugimoto Y, Saito I. Catalytic potential of

carbon-supported NiMo-sulfide for ultra-deep hydrodesulfurization of diesel fuel,
Applied Catalysis A: General, 265(1): 61-67, 2004.

doi: 10.1016/j.apcata.2004.01.003

Kubicka D, Kaluza L. Deoxygenation of vegetable oils over sulfided Ni, Mo and NiMo
catalysts, Applied Catalysis A: General, 372(2): 199-208, 2010.

doi: 10.1016/j.apcata.2009.10.034

Kukushkin, RG, Bulavchenko OA, Kaichev VV, Yakovlev VA. Influence of Mo on catalytic
activity of Ni-based catalysts in hydrodeoxygenation of estets, Applied Catalysis B:
Environmental, 163: 531-538, 2015.

doi: 10.1016/j.apcatb.2014.08.001
Kumar Tiwari A, Kumar A, Raheman H. Biodiesel production from jatropha oil (Jatrgpha

curcas) with high free fatty acids: An optimized process, Biomass and Bioenergy, 31(8): 569-
575, 2007.

doi: 10.1016/j.biombioe.2007.03.003

Laniecki M, Ignacik M. Water — gas shift reaction over sulfided molybdenum catalysts
supported on TiO 2 — ZrO 2 mixed oxides Support characterization and catalytic activity,
Catalysis Today, 116: 400-407, 2000.

doi: 10.1016/j.cattod.2006.05.080

Liu ], Fan K, Tian W, Liu C, Rong L. Hydroprocessing of Jatropha oil over NiMoCe/ALO;3
catalyst, International Journal of Hydrogen Energy, 37(23): 17731-17737, 2012.
doi: 10.1016/j.ijhydene.2012.09.020

Martinez-Herrera ], Siddhuraju P, Francis G, Davila-Ortiz G, Becker K. Chemical
composition, toxic/antimetabolic constituents, and effects of different treatments

on their levels, in four provenances of Jatropha curcas 1.. from Mexico, Food Chemistry,
96(1): 80-89, 2006.

doi: 10.1016/j.foodchem.2005.01.059

Universitas Scientiarum Vol. 22 (1): 71-85 bitp:] | ciencias.javeriana.edn.co/ investigacion/ nniversitas-scientiarum


http://ciencias.javeriana.edu.co/investigacion/universitas-scientiarum
http://doi.org/10.1016/j.cattod.2007.08.018
http://doi.org/10.1627/jpi.56.249
http://doi.org/10.1080/01614948308078052
http://doi.org/10.1016/j.fuel.2014.07.006
http://doi.org/10.1016/j.apcata.2004.01.003
http://doi.org/10.1016/j.apcata.2009.10.034
http://doi.org/10.1016/j.apcatb.2014.08.001
http://doi.org/10.1016/j.biombioe.2007.03.003 
http://doi.org/10.1016/j.cattod.2006.05.080
http://doi.org/10.1016/j.ijhydene.2012.09.020
http://doi.org/10.1016/j.foodchem.2005.01.059

Tapia et al.

83

Mukherjee P, Varshney A, Johnson TS, Jha TB. Jatrgpha curcas: A review on biotechnological
status and challenges, Plant Biotechnology Reports, 5(3): 197-215, 2011.

doi: 10.1007/s11816-011-0175-2
Nikulshin PA, Salnikov VA, Mozhaev AV, Minaev PP, Kogan VM, Pimerzin AA. Relationship
between active phase morphology and catalytic properties of the carbon-alumina-

supported Co(Ni)Mo catalysts in HDS and HYD reactions, Journal of Catalysis, 309: 386-
396, 2014.

doi: 10.1016/j.jcat.2013.10.020
Romero MJA, Pizzi A, Toscano G, Busca G, Bosio B, Arato E. Deoxygenation of waste

cooking oil and non-edible oil for the production of liquid hydrocarbon biofuels, Waste
Management WNew York, N.Y.), 47: 62-68, 2015.

doi: 10.1016/j.wasman.2015.03.033
Sankaranarayanan TM, Banu M, Pandurangan A, Sivasanker S. Hydroprocessing of sunflower

oil-gas oil blends over sulfided Ni-Mo-Al-zeolite beta composites, Bioresonrce Technology,
102(22): 10717-10723, 2011.

doi: 10.1016/j.biortech.2011.08.127

Satyarthi J K, Chiranjeevi T, Gokak DT, Viswanathan PS. An overview of catalytic conversion
of vegetable oils/fats into middle distillates, Catalysis Science & Technology, 3(1): 70-80, 2013.
doi: 10.1039/C2CY20415K

Sotelo-boy R, Liu Y, Minowa T. Renewable Diesel Production from the Hydrotreating of

Rapeseed Oil with Pt / Zeolite and NiMo / A2 O3 Catalysts, Industrial & Engineering
Chemistry Research, 50(5): 2791-2799, 2011.

doi: 10.1021/ie100824d
Srifa A, Faungnawakij K, Itthibenchapong V, Viriya-empikul N, Charinpanitkul T,

Assabumrungrat S. Production of bio-hydrogenated diesel by catalytic hydrotreating of
palm oil over NiMoS2/vy-ALO:s catalyst, Bioresource Technology, 158: 81-90, 2014.

doi: 10.1016/j.biortech.2014.01.100

Verma D, Rana BS, Kumar R, Sibi MG, Sinha AK. Diesel and aviation kerosene with desired
aromatics from hydroprocessing of jatropha oil over hydrogenation catalysts supported
on hierarchical mesoporous SAPO-11, Applied Catalysis A: General, 490: 108-116, 2015.

doi: 10.1016/j.apcata.2014.11.007
Wang HY, Jiao TT, Li ZX, Li CS, Zhang SJ, Zhang JL. Study on palm oil hydrogenation for

clean fuel over Ni-Mo-W/y-ALO3-ZSM-5 catalyst, Fuel Processing Technology, 139: 91-99,
2015.

doi: 10.1016/j.fuproc.2015.08.004

Universitas Scientiarum Vol. 22 (1): 71-85 bitp:] | ciencias.javeriana.edn.co/ investigacion/ nniversitas-scientiarum


http://ciencias.javeriana.edu.co/investigacion/universitas-scientiarum
http://doi.org/10.1007/s11816-011-0175-2
http://doi.org/10.1016/j.jcat.2013.10.020
http://doi.org/10.1016/j.wasman.2015.03.033
http://doi.org/10.1016/j.biortech.2011.08.127
http://doi.org/10.1039/C2CY20415K
http://doi.org/10.1021/ie100824d
http://doi.org/10.1016/j.biortech.2014.01.100
http://doi.org/10.1016/j.apcata.2014.11.007
http://doi.org/10.1016/j.fuproc.2015.08.004

84

NiMo-sulfide supported on activated carbon

NiMo-sulfuro soportado en carbén activado para producir diesel renovable

Resumen. Gracias a su débil polaridad y gran area superficial, los soportes de carbén activado tienen
el potencial de aumentar la dispersion de los sulfuros metlicos. La ausencia de una interaccion fuerte
metal-soporte puede conducir a la formacién de una fase Ni-Mo-S muy activa y estable. En este
estudio se prepararon catalizadotes por el método de co-impregnacion, con diferentes cantidades
de niquel y molibdeno y soportados sobre carbén activado comercial, y se caracterizaron por
técnicas BET, XRF y SEM. Se evalu6 su actividad catalitica para el hidroprocesamiento de aceite de
Jatropha utilizando un reactor por lotes, y se determiné la composicion de los productos liquidos y
gascosos. Los resultados mostraron que los productos gaseosos estan compuestos principalmente
de grandes cantidades de propano y pequefias cantidades de otros hidrocarburos livianos (C1 a C5).
Los hidrocarburos liquidos fueron principalmente una mezcla de n-parafinas de Cis-Cis y de algunos
compuestos oxigenados. Los catalizadores presentaron una fraccion de masa de 3 % Ni, 15 % Mo
(Ni3Mo15/AC) y mayor selectividad hacia hidrocatburos Ci-Cis, con una distribucién de productos
similar al catalizador Ni-Mo-S soportado en alimina comercial.

Palabras clave: hidroprocesamiento; NiMoj; carbon activado; n-parafina; aceite de Jatropha.

NiMo-sulfeto suportado em carvao ativado para produzir diesel renovavel

Resumo. Devido a sua baixa polatidade e amplia area supetficial, os suportes de carvao ativado
possuem o potencial de aumentar a dispersio de sulfetos metalicos. A auséncia de uma forte
interagao suporte-metal pode levar a formacao de uma fase Ni-Mo-S muito ativa e estavel. Neste
estudo, foram preparados catalizadotes com diferentes teotes de niquel e molibdénio suportados em
carvao ativado comercial por um método de co-impregnagio e caracterizados pelas técnicas BET,
XRF e SEM. A atividade catalitica foi avaliada para o hidroprocessamento do éleo de Jatropha em
um reator por lotes, e se determinou a composicao dos produtos liquidos e gasosos. Os resultados
mostraram que os produtos gasosos sao compostos principalmente por altos teores de propano e
pequenos teores de outros hidrocarbonos leves (C1-C5). Os hidrocarbonos liquidos consistiram de
uma mistura contendo principalmente n-parafinas de Cis-Cis e alguns compostos oxigenados. Os
catalizadores aptresentaram uma fracao de massa de 3 % Ni, 15 % Mo (Ni3Mo15/AC) e uma maior
seletividade em relagdo aos hidrocarbonos Ci7-Cis, com uma distribuicdo de produtos similar ao
catalizador comercial Ni-Mo-S suportado em alumina.

Palavras-chave: hidroprocessamento; NiMo; carvio ativado; n-parafina; 6leo de Jatropha.
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