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Abstract

The enhancement of biodiesel fuel properties by modifying/optimizing fatty ester composition is an area of ongoing research.
Chemical upgrading methods include catalytic hydrodeoxygenation process (HDO), hydrothermal liquefaction, Fischer—
Tropsch synthesis (F-T synthesis), and super-critical modification. Catalytic hydrodeoxygenation process for converting
biodiesel into renewable petrodiesel-like fuels substitutes is gaining considerable importance. The biodiesel upon hydrotreat-
ment produces green diesel that has a cetane number higher than commercial petroleum diesel. In this paper, we report the
findings of using tungsten as a deoxygenation catalyst supported over y—Al,O; to convert methyl oleate and biodiesel to green
diesel. The catalysts were characterized by XPS analysis and N, adsorption—desorption. The effect of reduction temperature,
hydrogen flowrate, Ni promoter and anion (oxide vs sulfide catalyst) on the hydrodeoxygenation activity of the catalyst were
examined. It was found that catalyst reduced at 300/350 °C was optimal from a selectivity point of view. Moreover, increas-
ing the hydrogen flowrate favored hydrodeoxygenation over decarbonylation/decarboxylation. It was further deduced that
Ni promoted the activity and that the oxide catalyst was superior in this respect to the sulfide catalyst.

Graphic Abstract

Active Hydrotreating Sites W/Ni-W

Methyl Oleate Biodiesel CO

~(CHL: 0~ Oil-H, [ 7T44Ys )
(CHy); (CH); o £ s | Suppor "l;:_

H

2

Deoxygenation

C,7-C,g Hydrocarbons/Green Diesel

Keywords Methyl oleate - Biodiesel - W catalyst - Ni promoter - Hydrodeoxygenation

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s12649-020-01146-7) contains Statement of Novelty
supplementary material, which is available to authorized users.

54 Palligarnai T. Vasudevan The main objective of this research was to explore hydro-

vasu@unh.edu treating tungsten catalysts for the production of green die-
1 sel from biodiesel. Hydrotreating catalysts such as Mo, Ni,
Department of Chemical Engineering, University of New Co, etc. have been investigated in the past, but not many

Hampshire, Durham, NH 03824, USA

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12649-020-01146-7&domain=pdf
https://doi.org/10.1007/s12649-020-01146-7

2358

Waste and Biomass Valorization (2021) 12:2357-2364

reports are available on W-based catalysts. In this study,
it was found that W—catalysts had pronounced activity for
deoxygenation of methyl oleate and commercial biodiesel.
More importantly, the conversion of methyl oleate reached
almost 100% by promoting W with Ni. Earlier studies on
deoxygenation of oleic acid and methyl oleate over precious
metals such as Pt also showed promising results. However,
employment of precious metals in industry might prove
uneconomical. Thus, inexpensive catalysts such as W and/
or Ni-W might prove cost-effective while simultaneously
giving high activities.

Introduction

Methods employed to remove heteroatoms such as S, N
and O as H,S, NH; and H,O in petroleum feedstocks are
commonly known as hydrodesulfurization (HDS), hydro-
denitrogenation (HDN) and hydrodeoxygenation (HDO),
respectively [1]. Biodiesel comprises of long chain esters of
fatty acid—also known as Fatty Acid Methyl Ester (FAME)
and it can be produced by transesterification of triglyceride
feedstock. Hydrodeoxygenation of FAME gives a hydro-
carbon in the range C,5—C,g known as green diesel, which
has high cetane number [2]. Biodiesel can be synthesized
from triglycerides-based feedstock such as sunflower oil,
coconut oil, jatropha oil, palm oil and rapeseed oil [3]. The
main pathway in the formation of green diesel (C,5—C,g)
from FAME involves decarbonylation or/and decarboxyla-
tion, which proceeds by hydrogenation of unsaturated C=C
bonds, progressive hydrogenolysis of the C=0 bond to fatty
acid and finally reduction to hydrocarbons. The second route
in hydrocarbon formation, known as hydrodeoxygenation,
involves the above-mentioned steps leading to the formation
of intermediate alcohols by dehydration on acid sites of sup-
port and then hydrogenation on active metal sites to produce
hydrocarbons [3-5]. In hydrotreating reactions, y-alumina is
generally used as support due to its high surface area (~200
m?/g). But it suffers from coking due to its strong interaction
with the metal species and to overcome this drawback, car-
bon is used as support due to its amphoteric properties and
surface inertness [6]. The commonly used hydrodeoxygena-
tion catalysts are supported noble and sulfide or oxide metal
catalysts such as Co-Mo/Al,0;, Ni-Mo/Al,0; and W-Ni/
Al,O5 [7]. W-based catalysts have been reported to have bet-
ter properties than Mo-based catalysts [8]. Organometallic
catalysts of Ni and Mo are reported to be highly reactive
and reaction specific—thereby minimizing side reactions
[9]. Transition metal phosphides of Ni, W, Mo and Fe have
been proven highly active for HDS and HDN of petroleum
feedstocks. Of all the aforementioned catalysts for hydro-
treating reactions, Ni,P prepared by phosphate precursor is
the most effective catalyst [10]. 5 wt% Ni/Al,O5 has been
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studied for HDO of stearic acid and tall oil fatty acids at
reaction temperature of 300 °C and it was found that overall
conversion for unreduced catalyst was 31%, and for reduced
catalysts, 99%. This necessitates the requirement of catalyst
reduction [11]. Sulfur free Ni catalysts have been studied
for production of green diesel by HDO over Ni catalyst and
it was found that transformation of stearic acid was more
rapid over Ni/HY than over Ni/Al,O; and Ni/SiO,, giving
respective conversions values after 90 min of 94%, 43%, and
46% [2]. Ni-alumina co-precipitated catalysts give complete
conversion of sunflower oil into hydrocarbons in the diesel
range and the heating value of this product was calculated
to be almost equal to 43.9 MJ/kg, which is very close to the
heating value of diesel (43.4 MJ/kg) [5]. Ni and Mo oxalates
are found to be effective in producing more iso-paraffins
along with normal paraffins [12]. Ni-Mo catalysts have been
extensively studied for hydrodeoxygenation reactions and it
is found that CO and CO, are formed as by-product gases
which are readily converted to CH, due to high activity of Ni
towards methane formation in the presence of hydrogen, and
the reaction follows first order kinetics [13, 14]. Ni-Mo cata-
lysts with similar Ni/(Ni+ Mo) ratios revealed that sulfide
catalysts have better activity compared to the reduced oxide
catalysts [15]. In the case of noble metals catalysts like Pd,
Pt and Rh, the reaction proceeds through decarbonylation
and decarboxylation [4, 16—18], whereas for Fe based cata-
lysts, the formation of hydrocarbons is supposed to proceed
via HDO [19]. Transitional metal phosphides of Ni, Co and
W have proven to be active in deoxygenation of biofuel
compounds and the reaction proceeds via decarbonylation
[10]. Hydroprocessing of waste soya oil, jatropha oil and C,5
fatty acids has been studied over sulfide Ni-W/Si0,-Al,0;
catalyst and it is found that this catalyst favors decarbonyla-
tion and decarboxylation, producing kerosene range products
along with diesel range products [20-23]. W,C supported on
carbon nanofibers produced olefins in the hydrodeoxygena-
tion of oleic acid [24].

In this study, we used tungsten oxide (WO;) and sulfide
(WS,) catalysts along-with Ni-promoted tungsten catalysts
supported on y—Al,O; for deoxygenation of methyl oleate
and commercial biodiesel to produce green diesel. To the
best of our knowledge, inexpensive W/Ni-W oxide and
sulfide catalysts have not been investigated for deoxygena-
tion of methyl oleate and commercial biodiesel under con-
ditions used in this study. In this research, effect of reduc-
tion temperature, H, flowrate, effect of Ni promoter and
comparison between oxide and sulfide catalysts is studied.
Unpromoted WOj; catalysts showed ~98% conversion of
methyl oleate after 4 h (time on-stream) TOS. Addition
of Ni facilitated nearly 100% conversion. Earlier stud-
ies on deoxygenation of triglycerides such as sunflower
oil and rapeseed oil over Ni-W/Al,0; catalysts demon-
strated ~95% conversion at 380 °C and 20 bar pressure
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[25]. Supported tungsten oxide catalysts find numerous
applications in hydrodesulfurization, hydrodenitrogena-
tion, hydrodeoxygenation, hydrocarbon cracking, olefin
metathesis alkane isomerization and selective catalytic
reduction [26].

Experimental
Catalyst Preparation

All the catalysts were prepared by wet impregnation as
described elsewhere [27-31]. 15 g of ammonium meta-
tungstate were dissolved in 50 mL water and 15 mL ammo-
nium hydroxide solution to form a uniform saturated solu-
tion. Impregnation was carried out at room temperature by
introducing 25 g of y-alumina (average pore size 125 A,
diameter 3.5 mm) to this saturated solution and blanketed
under nitrogen gas at room temperature (25 °C) for 24 h. The
equilibrated y-alumina was separated by filtration and then
calcined in an oven at 400 °C for 2 h. This calcining proce-
dure thermally decomposed the ammonium meta-tungstate
into immobilized WOj; on y-Al,O5. For Ni promoted WO;,
5 g of Ni(NO3), 6H,0 was dissolved in 40 mL water to form
a homogeneous solution and then 15 g of as-synthesized
WO,/y-Al,O; was added to it. The mixture was then left for
48 h and then calcined at 400 °C for 2 h to get NiWO,. For
sulfide catalysts, ammonium tetrathiotungstate was used as
the W precursor and a similar procedure was employed to
synthesize the catalyst except that the catalyst was separated
under vacuum filtration and then dried in a vacuum desicca-
tor. Supported catalysts were then thermally decomposed in
the reactor with H, to give WS, or NiWS,.

Catalyst Characterization

N, adsorption—desorption isotherms were carried out using
NOVA 2200 s Surface Area and Pore Size Analyzer. The
Brunauer—Emmett-Teller (BET) method was used to esti-
mate the surface area of the catalyst samples and pore radius
was determined using Barret-Joyner—Halenda (BJH) method
and the pore volume was obtained from t-plot. X-ray Pho-
toelectron Spectroscopy (XPS) was performed under high
vacuum conditions (P~10~® millibar) using Kratos Axis HS
equipped with dual achromatic gun with Al and Mg sources.
XPS spectra were obtained by irradiating the sample with
a beam of monoenergetic Mg Ka X-rays (1253.6 eV) while
simultaneously measuring the kinetic energy and number of
electrons that escape from the top 0 to 10 nm of the material
being analyzed. The binding energy was obtained by refer-
encing to the C 1 s line taken as 284.8 eV.

Reaction Setup

Typically, the catalytic HDO process contained three
steps: (i), pretreatment of the catalyst by hydrogen gas
(i1), reaction step with biodiesel and hydrogen gas, with
samples periodically analyzed by gas chromatography
(GC); and (iii), cleaning and drying step of catalyst by
inert gas. Based on these steps, an auto-sampling bub-
bler-reactor system was designed and assembled. The
system essentially consisted of a stainless-steel micro-
reactor (6.35x 107.95 mm) and a stainless-steel bubbler
(31.75x 107.95 mm.) equipped with three 3-way valves
that permitted in situ pretreatment, reaction, and activ-
ity measurement of the catalyst. The lines between the
bubbler, the microreactor, and the line downstream of
the reactor were stainless-steel coil (6.35 mm) wrapped
with heating tape to prevent condensation of reactants.
There also were heating lamps around the whole system
to provide a constant temperature environment. All the
sample points were covered with silica septa and the sam-
ples were taken by a gas-proof pressure-lock syringe and
analyzed by gas chromatography (Hewlett Packard 5890).
For catalytic activity studies, the reactor was loaded with
0.1 g of catalyst as well as glass wool, and the bubbler
was loaded with 120 mL biodiesel or methyl oleate and
12 mL iso-octane solvent. The reaction was carried out
at 400 °C and 289,579 Pa hydrogen pressure. Prior to the
reaction, the catalyst was reduced under pure hydrogen
at 300°C and hydrogen flowrate was 60 mL/min. In the
analysis step, helium gas was used as a carrier for the GC
and the flow rate was set at 2.52 mL/min. Hydrogen and
compressed air were used for the FID, and the flow rates
were set at 30.8 mL/min and 300 mL/min, respectively.
The injector temperature of GC was kept at 180 °C and the
detector temperature at 350 °C. The initial temperature of
the GC oven was set at 180 °C, and this temperature was
kept for 2 min. Then the oven temperature was increased
to 220 °C at a rate of 10 °C/min. The final temperature of
220 °C was kept for 30 min. The data were transferred to a
computer with the help of Peak96 software. The data files
were analyzed by Origin-8 software to calculate the areas
of all peaks. Conversion of methyl oleate/biodiesel (Fatty
Acid Methyl Ester) and C,4/C, ratio of green diesel were
calculated according to the following equations.

FAMEm(g) - FAMEout(g)
x 100
FAME;,(g)

%Conversion = <

Cig _ Octadecane,,,(8)

C,;  Heptadecane,,(g)

where, FAME ;, (g) and FAME _, (g) are the amounts
of Fatty Acid Methyl Ester fed in inlet and outlet stream
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respectively. Similarly, octadecane ,, (g) and heptadecane
out (&) represents their respective amounts formed during
deoxygenation reaction.

Results and Discussion
Catalyst Characterization

Figure 1a, b shows the sorption isotherms of W and Ni pro-
moted W oxide and sulfide catalysts. All the samples exhibit
type IV isotherm, which resembles the mesoporous solids
having pore size distribution in the range of 20-500 A. As
shown in the Table 1, the pore radius of all the samples fall
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Fig.1 a N, adsorption—desorption isotherms of WO; and NiWO,
catalysts supported over y-Al,0;. b N, adsorption—desorption iso-
therms of WS, and NiWS, catalysts upported over y-Al,O5
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Table 1 Textural properties of tungsten and nickel promoted tungsten
oxide and sulfide catalysts

WO, NiWO, WS, NiWws,
Surface Area (m2/g) 191 176 100 106
Pore volume (cmS/g) 0.64 0.48 0.31 0.28
Pore radius (A) 41.3 44.7 44.9 44.8
Metal loading (wt%) 7% W 5% W 14% W 24.5% W
1.5% Ni 5% Ni

in the above range indicating the formation of mesoporous
catalysts. The pore volume decreased for both the oxide and
sulfide catalyst upon addition of Ni promoter from 0.64 to
0.48 cm®/g and 0.31 to 0.28 cm?/g respectively. The pore
radius of WS, and Ni promoted WS, does not change signifi-
cantly but it changes for WO; and Ni promoted WO; from
41.3 to 44.7 A; this increase can be attributed to insertion
of Ni/W into the lattice of y-Al,O; support [32]. The BET
surface area of WO; catalyst decreases upon Ni addition
from 191 to 176 m?/g but increased for WS, upon Ni inser-
tion from 100 to 106 m?/g.

XPS analysis of the oxide catalysts are presented in
Fig. 2a. It shows that tungsten is present as WOj; in the form
of + 6 oxidation state. The peak at 35.7 eV can be ascribed to
W 4f,, spin-orbital split and peak at 37.9 eV can be attrib-
uted to W 4fy,, spin-orbital split. Similar observations are
seen in the literature for W 4f spectrum [24, 32]. Also, there
is a third peak at 36.7 eV which could be attributed to pres-
ence of aluminum tungstate species and this is suggested
to be formed by the interaction between surface tungsten
oxide species and y-Al,O5 support during calcination [33].
For NiO promoted WOj; catalyst, W 4f,, peak shifts to
higher binding energy at 36.2 eV and W 4f;,, peak shifts
to 38.5 eV. This shift in the binding energy to higher val-
ues suggests that Ni-W interactive species might be present
on the surface of catalyst. Additionally, the binding energy
values of W in W and Ni-W oxide catalysts reported here
are approximately 1 eV higher compared to the one reported
in literature [33]. This discrepancy in binding energy val-
ues could be attributed to differences in the referencing ele-
ment employed for calibration. Ng. et al. [33] employed Au
4f,,, line at 83.8 eV for calibration of XPS spectra, while
we employed C 1 s line taken as 284.8 eV for calibration.
A similar idea for discrepancies in binding energy values
was also suggested by Ng. et al. [33]. Figure 2b shows the
XPS analysis of tungsten sulfide and Ni promoted tungsten
sulfide catalyst. W 4f spectra of unpromoted sulfide catalyst
show two peaks at 33.4 eV and 35.9 eV and these peaks
are due to 4f;,, and 4f,, spin-orbital split respectively [32].
It revealed that tungsten is present as WS, with +4 oxida-
tion state. However, Ni promoted WS, showed two distinct
peaks around 35.5 eV and 37.3 eV which corresponds to + 6
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Fig.2 a W 4f spectra in WO; and NiWO, supported over y-Al,O5. b.W 4f spectra in WS, and NiWS, supported over y-Al,O5

oxidation state of W. This suggests that W** in WS, might
have been oxidized to W®* during impregnation with nickel
nitrate which decomposes to NiO upon calcination.

Effect of Pretreatment Temperature

Pretreatment is an important step to promote and maintain
the activity of the catalyst. In the catalytic HDO process,
pretreatment of the catalyst by hydrogen at a certain tem-
perature reduces the metal oxide and provides the active
sites used in further reaction steps. This reduction procedure
is mainly affected by temperature; thus, study of the pre-
treatment temperature is an important and necessary step.
It has been demonstrated that WO; supported on y-Al,0;
upon reduction in hydrogen still remains in+ 6 oxidation
state even if reduced at temperatures as high as 500 °C [33].
As shown in the Fig. 3, when increasing the pretreatment
temperature from 250 to 400 °C, the overall conversion
increases from 82 to 98%. There could be two plausible rea-
sons for increased conversion of methyl oleate with increase
in reduction temperature. (1) During reduction, dissociation
of H, on WO, sites might facilitate its spill-over on cata-
lyst surface. Such phenomenon might assist the formation
of W—OH species, which are supposed to be responsible for
fatty acid activation [32]. So, increase in reduction tempera-
ture might increase the formation of active W—OH species.
(2) It has been shown in literature that WO; forms aluminum
tungstate (Al,(WO,);) complex during calcination proce-
dure [33]. However, aluminum tungstate is less stable than

100 8
—m—WO,/ALO,

80 - .

% Conversion
]
'S

60 —

40

) )
250 300 350 400

Pretreatment Temperature (°C)

Fig.3 Effect of pretreatment temperature on overall conversion of
methyl oleate

WO species at higher reduction temperature [33]. Thus,
increasing the reduction temperature from 250 to 400 °C
might decrease the concentration of tungstate complex and
simultaneously form active W®* species. Maximum C ¢/
C,; ratio of ~5.8 is observed at a reduction temperature of
300 °C. However, increasing the reduction temperature to
350 or 400 °C, decreases the C,4/C; ratio. Such behav-
ior suggests dominance of decarbonylation/decarboxyla-
tion at higher reduction temperatures. Moreover, at 250 °C
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reduction temperature, formation of lower hydrocarbons in
the kerosene range is evident from Fig. S1. This could be
attributed to the formation of Al,(WO,); interaction com-
plex, which might be responsible for cracking of hydrocar-
bon chain due to its acidic property. And upon increasing the
reduction temperature to 400 °C, there are no peaks of lower
hydrocarbons as shown in Fig. S2 to Fig. S4 suggesting the
absence of aluminum tungstate complex at this reduction
temperature.

Effect of Hydrogen Flowrate

Hydrogen flowrate plays a key role in the hydrodeoxygena-
tion process, especially in overall biodiesel conversion and
deoxygenation pathway selection. Additionally, hydrogen
gas also acts as a carrier gas for biodiesel in the experimen-
tal system. In this study, three hydrogen flow rates (40, 60
and 80 mL/min) were investigated with the WO;/y-Al,O4
catalyst. The results are shown in Fig. 4. It is clear that on
increasing the hydrogen flowrate from 40 to 80 mL/min,
the overall methyl oleate conversion increases from 89 to
99%. One plausible explanation for this is that external mass
transport can be enhanced by a better mixing of the fluid. A
higher flowrate of hydrogen contributes to enhanced mass
transfer by reducing the laminar film around the catalyst
particle and ensuring that more reactants are transported
to the surface of catalyst. At low hydrogen flowrates, it is
also conceivable that there is more adsorption of methyl
oleate or biodiesel on the catalyst leading to reduction in
surface area. The C,4/C,; ratio increases from three to six
as hydrogen flowrate increases from 40 to 80 mL/min. Prob-
ably, there are two reasons for this: (1) hydrogen is also a

100 8
—=—WO,/AL,0,

90 ./ h- -6

% Conversion

80 < -4

70

T T T T T T T T T
40 50 60 70 80

H, Flowrate (mL/min)

Fig.4 Effect of hydrogen flowrate on overall conversion of methyl
oleate
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carrier gas; higher hydrogen flow rate can produce a higher
bulk flow rate that benefits the mass-transfer rate, and (2)
the mass of methyl oleate per volume of input gas decreases,
which results in a higher hydrogen/oil ratio. This benefits the
hydrodeoxygenation reaction.

Effect of Promoter

Figure 5 shows TOS dependence of methyl oleate and com-
mercial biodiesel conversion over W and Ni-W catalysts.
It can be observed that conversion of methyl oleate over
WO,/y-Al,O5 catalyst increases from 72 to 94% from 1 to
4 h TOS respectively. The increase in methyl oleate con-
version with TOS could be due a lower partial pressure of
H, before it reaches steady state. Similar observations of
increased conversion of oil with TOS has been previously
reported in literature [24, 32]. However, for deoxygenation
of commercial biodiesel, it is found that its conversion is
lower than methyl oleate. This behavior might be ascribed
to the presence of saturated fatty acid esters in commercial
biodiesel that show relatively less reactivity than unsatu-
rated fatty acid esters. Specifically, presence of double bond
in hydrocarbon chain cause the molecule to ‘bend’. Due to
this, the intermolecular attraction force decreases. On the
other hand, the geometry of hydrocarbon chain in saturated
fatty acid ester is relatively linear. This causes the molecules
to compact tightly thereby increasing the intermolecular
attraction forces. Effect of Ni promoter on deoxygenation
of methyl oleate and commercial biodiesel suggests that
addition of Ni enhanced the catalytic activity. For instance,
the overall conversion of methyl oleate increased from 93
to 100% while that of commercial biodiesel increased from
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Fig.5 Effect of Ni promoter on the catalytic activity
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Fig.6 Comparison between oxide and sulfide catalysts on HDO
activity of methyl oleate

68 to 93% with TOS. This could be attributed to the pres-
ence of two hydrotreating sites, viz. Ni and W which might
increase the catalytic activity. Deoxygenation of natural tri-
glycerides such as sunflower oil and rapeseed oil also facili-
tated ~95% conversion over Ni-W/Al,0; catalyst at 380 °C
and 20 bar pressure [25]. Moreover, Pt-WO,/Al,O; has been
proven to be better than individual monometallic catalysts
for deoxygenation of methyl oleate and oleic acid [32]. Ni-W
supported on TiO, for hydrodeoxygenation of guaiacol also
showed excellent catalytic activity giving 100% conversion
with cyclohexane and benzene as main products formed
through decarboxylation route [34]. Thus, addition of Ni
promoter to WO; catalyst is reasonable for deoxygenation
of oil to diesel range hydrocarbons.

Comparison Between Oxide and Sulfide Catalysts

Figure 6 reveals that overall conversion for oxide catalyst
is higher compared to sulfide catalyst. The conversion of
methyl oleate over WS, increases from 66 to 92% whereas
the conversion of methyl oleate over NiWS, catalyst
increases from 54 to 90%. The low conversion of WS, com-
pared to WO; could be attributed to low BET surface area
of WS, as shown in Table 1. Hence, it is envisaged that an
optimum metal loading is essential to obtain high catalytic
activity. Low conversion of NiWS, compared to NiWO, cat-
alyst could be due to two reasons: (1) It has been shown in
literature that upon sulfidation of Ni—-W catalysts, Ni-W-S
active phase is formed [34]. This active phase might generate
co-ordinate unsaturation sites (CUS) upon reduction which
are supposed to be catalytically active sites in hydrotreating
reactions [33]. However, XPS analysis showed formation of

nickel oxide (peak at 854.7 eV, not shown here) instead of
nickel sulfide because nickel nitrate was used as precursor
for synthesizing Ni promoted WS, catalyst. Employment of
nickel nitrate as Ni precursor would form NiO upon calci-
nation. Thus, active Ni-W-S phase might not have been
formed in NiWS, thereby inhibiting the catalytic activity.
Sulfide catalyst could be also prepared by sulfiding under
H,S/H, atmosphere at elevated temperatures but strong
interaction of NiO and WO; with the support hinders its
application [35]. (2) Low BET surface area of NiWS, com-
pared to NiWO, catalyst might explain its low conversion.

Conclusions

In this research, hydrotreating tungsten and nickel promoted
tungsten catalyst was used to study the hydrodeoxygenation
reaction for production of green diesel from methyl oleate/
biodiesel. Effects of pretreatment (reduction) temperature,
hydrogen flowrate, promoter and anion (oxide vs sulfide)
were investigated. Pretreatment temperature is the most
important parameter for green diesel selectivity. It is found
that at low reduction temperature (250 °C), hydrodeoxygena-
tion is also favored along with decarbonylation and decar-
boxylation. At higher reduction temperatures (300 °C and
350 °C) more selectivity towards green diesel is achieved
indicating only two reaction pathways i.e. decarbonyla-
tion and decarboxylation. It is concluded that pretreatment
temperature of 300-350 °C is ideal for carrying out deoxy-
genation reaction with W catalyst. Increasing the hydrogen
flowrate from 40 to 80 mL/min leads hydrodeoxygenation
over decarbonylation and decarboxylation. Addition of Ni
increases the activity and also prevents the formation of
lower hydrocarbons (C,;,—C;5). It is found that overall con-
version with oxide catalyst is higher than sulfide catalyst.
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