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ABSTRACT

Vegetable oil is commonly used as a feedstock in the lubricant industry, however recent research discovers that
introduction of ester in biolubricant base oil helps enhance lubricant properties as the polar ester group is able to
adhere efficiently to metal surface of lubricating system. Hence, this study focus on screening of an acid catalyst
suitable for both deoxygenation and esterification for the production of hydrocarbon — ester mixture as biolubricant
base oil. Alumina supported metal oxide catalysts, M/Al,O; were prepared via wetness impregnation method, where
M is copper (Cu), nickel (Ni), cobalt, (Co), molybdenum (Mo), and chromium (Cr). The physicochemical
properties of prepared catalysts were studied via Thermo-gravimetric Analysis (TGA), X-ray Diffraction (XRD),
X-ray Fluorescence Spectroscopy (XRF), Field Emission Scanning Electron Microscopy (FESEM), and Fourier
Transform Infrared Spectroscopy (FTIR). XRD reveals high crystalline structure for Cu/Al,O; and Mo/ALO;.
FESEM illustrates that Mo/Al,O; has the most uniform distribution of metal oxides over alumina catalyst support.
TPD-NH; reveals that after impregnation of Mo on AL,O;, there is a significant increase in acid sites of catalyst.
The catalytic activity were studied via deoxygenation (5 wt. % catalyst, 3 h, 330 °C) and esterification (10 wt. %
catalyst, 6 h, 70 °C and 15:1 molar ratio of methanol:oleic acid) reaction. The product selectivity and yield were
determined using Gas Chromatography — Mass Spectrometry (GC-MS). The catalyst selectivity of the
deoxygenated products toward n-C,; are arranged in the order of Mo/Al,0;> Ni/Al,0;> Co/AL,O; > Cr/AL,O; >
Cu/AlLOs. As for esterification, the catalytic activity is arranged in the decreasing order of Mo/Al,0;> Cr/AL,O; >
Co/Al,05 > Cu/Al, 05 > Ni/Al,0;. Among the catalysts, Mo/Al,O; was chosen as the potential catalyst as it rendered
high deoxygenation conversion at 89 % and ester yield of 76 %.

Keywords: Lubricant base oil; Deoxygenation; Esterification; Alumina catalyst support; Vegetable oil

© 2017 Dept. of Chemistry, UTM. All rights reserved
| eISSN 0128-2581 |

1. INTRODUCTION

Research has been leaning towards environment
preserving awareness and focusing on converting waste
biomass to renewable chemicals or energy. Automotive
lubricant base oils were formerly derived from petroleum-
based/ mineral oil-based, which are non-renewable and non-
biodegradable. Furthermore, disposal/ leakage of lubricant
gained increasing concern as large proportion of lubricant
(50-60 %) disposed comes in direct contact with soil, water
and air, which pose a potential threat to the ecosystem
[1]. Thus, vegetable oil-based lubricant is a promising
biodegradable and environmental-friendly alternative to
replace the petroleum-based lubricant [2].

Generally, vegetable oil-based lubricant exhibits high
viscosity index (V1) and dispersancy (convenient for mixing
with additives), high flash point, high lubricity (lower
friction loss, better economy of fuel), high detergency
(function without detergent additives) and rapid
biodegradation (reduces toxic hazard and improves waste
management) as compared to conventional lubricant [3, 4].
Furthermore, vegetable oil-based lubricant has relatively
low volatility due to the high molecular weight of
triacylglycerol, and its lubricity is enhanced with the

presence of polar ester groups, which can efficiently adhere
to metal surface of the lubricating system [5]. However, the
presence of ester functional group in vegetable oil-derived
lubricant also causes poor stability towards oxidation and
corrosion and is susceptible to hydrolysis [5], which resulted
in active decomposition of fatty acid chains of lubricant, thus
lowering the lubricity. Therefore, synthesis of lubricant base
oil with the presence of both petrol-mimicking hydrocarbon
(Fig. 1a) and ester (Fig. 1b) mixture is expected to solve the
limitation of both non-biodegradable petroleum-based and
unstable vegetable oil-based lubricant.
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Fig. 1a Catalytic deoxygenation of oleic acid to petrol-mimicking
hydrocarbon
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Fig. 1b Catalytic esterification of oleic acid to petrol-mimicking ester
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The aim of this study is to synthesize hydrocarbon-
ester based lubricant via deoxygenation and esterification of
oleic acid (as a model compound of vegetable oil) by using
Al,O3-supported metal oxide catalysts (Cu/Al;O3, Ni/Al,O3,
Co/Al,03, Mo/AlO3, and Cr/Al03). Metal oxides
supported on mesoporous support such as alumina, silica-
alumina and zeolite are commonly used for the process of
deoxygenation to generate biofuel. Research interest has
moved from using noble metals (Pd, Pt and Ru) which are
common for deoxygenation and hydrodeoxygenation
reactions to the usage of inexpensive non-precious metals
such as copper, nickel, cobalt, and so on. Cu, Co, Ni and Mo
are commonly used as the active metal for this process [6-
8]. Ni based catalyst are chosen due to their efficiency in
cleaving the C-H, C-C and O-H bonds in hydrocarbons [9].
Co and Mo catalyst generally deoxygenate fatty acids via the
decarbonylation pathway [10], whereas the oxygen removal
pathway of Cu based catalyst is more prone to
hydrodeoxygenation [11]. It was reported that Mo and Cr
will result in an increase of acid sites which improves the
catalytic performance  for  esterification [12].
Physicochemical properties of catalyst such as elemental
composition, surface morphology, and chemical functional
group were discussed herein. Besides, the catalytic activity
for deoxygenation and esterification was investigated.

2. EXPERIMENTS

2.1  Materials

Oleic acid (OA) was purchased from R&M
Chemicals. The commercial alumina catalyst support
(Al>0O3) and AR grade methanol, MeOH was purchased from
Merck. The metal salts: copper(ll) nitrate trihydrate,

Cu(NOs)2.3H,O ,  nickel(ll) nitrate  hexahydrate,
Ni(NOs),.6H0, cobalt(ll) nitrate hexahydrate,
Co(NOQO3)2.6H,0, ammonium molybdate tetrahydrate,
(NH3)6M07024.4H,0, and chromium(IlI) nitrate

nonahydrate, Cr(NOs)3.9H,O were purchased from R&M
Chemicals.

2.2  Synthesis of Al,Os-supported metal oxide catalyst
Commercial alumina (Al,O3) was selected as the
catalyst support while the metal precursors selected for this
study are Cu(NO3)2.3H20, Ni(NO3)2.6H20,
CO(NOg)z.GHzO, (NH3)5MO7024.4H20, and Cr(N03)3.9H20.
The samples with 10 wt. % metal loading were prepared via
wetness impregnation method, where water was used as the
solvent to dissolve the metal nitrate salts, which were then
added dropwise to the solid alumina support and stirred
continuously for 24 h at room temperature, followed by
drying at 110 °C. The impregnated catalysts were calcined
in air atmosphere at 500 °C for 3 h. The catalyst formed were
denoted as Cu/Al,Os, Ni/Al;Os, Co/Al,O3, Mo/Al,O3 and
CI’/A|203.
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2.3  Catalyst characterization

Thermo-gravimetric analysis (TGA) was carried out
using TGA Q500 TA Instruments to determine the thermal
stability of the synthesized catalysts. X-ray Diffraction
(XRD) using PANalytical Empyrean X-ray diffractometer
coupled with PIXcel®P detector was used to determine the
chemical characteristics of the synthesized catalysts. Cu-K,
radiation of wavelengths Cu K, = 1.54060 A and Cu K, =
1.54443 A was employed, 2-theta range from 10° to 80° at
40 Kv and 40 mA with a step size of 0.02°. The elemental
composition of the catalysts were studied via X-ray
Fluorescence (XRF) analysis using PANalytical Axios X-
ray Fluorescence spectrometer. The morphological studies
of catalysts were carried out using Hitachi SU8030 Field
Emission Scanning Electron Microscope (FESEM). Fourier
Transform Infrared (FTIR) analysis was done using Perkin
Elmer Fourier Transform Infrared Spectrometer to study the
chemical characteristics of the catalysts. The acidity of the
selected catalyst and alumina support were determined with
programmed temperature (10 °C/min) from 25 °C to 900 °C
by Temperature Programmed Desorption — Ammonia (TPD-
NHs) using Thermo-Finnigan TPD/R/O 1100 series
apparatus equipped with thermal conductivity detector
(TCD).
2.4  Catalytic deoxygenation and esterification

Catalytic deoxygenation (DO) was performed by
adding 5 wt. % of synthesized catalyst into 10 g of oleic acid
in a round bottom flask (Fig. 2a). The reaction was carried
out at 330 °C for 3 h under partial vacuum conditions. The
product was collected in a receiver flask and send for further
analysis. The product yield (Equation 1) and selectivity
(Equation 2) was determined using GCMS analysis whereas
the DO conversion was calculated as per Equation 3 [2, 13]:

Total area of product - area of reactant

Product Yield (%) = Totalarea of product x100% (1)
P o/ — Area of desired product 0
Product Selectivity (%) = —————————-— Forodur X 100% 2
. _ Gas + liquid product + water
DO Conversion (%) = x 100% 3)

Weight of OA

Catalytic esterification (EST) was performed by
esterifying 10 g of oleic acid with 15:1 of MeOH:OA and 10
wt. % of synthesized catalyst at 70 °C for 6h under reflux
conditions (Fig. 2b). The product collected was centrifuged
for catalyst removal and was evaporated over 65 °C to
remove unreacted MeOH. The EST vyield was determined
via GCMS analysis (Equation 1) whereas the EST
conversion was tested via acid value (AV) test (EN 14104)
and calculated as per Equation. 4 [14, 15]

_ AV of OA - AV of oil sample

Esterification Conv. of OA (%) = V oTOA x 100%

4)
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Fig. 2 Setup of (a) Deoxygenation, (b) Esterification

2.5  Qualitative characterization of product

The functional groups present in the product of
deoxygenation and esterification were investigate via
Fourier Transform Infrared Spectroscopy (FTIR) analysis
using Perkin Elmer Fourier Transform Infrared
Spectrometer, within the range from 400 — 4000 cm™*. Gas
Chromatography — Mass Spectrometry (GC-MS) analysis
were performed using Shimadzu QP2010 equipped with
non-polar column RTX-5-MS (30m x 0.25mm x 0.25um) in
split mode to identify the compounds present in the products.

3. RESULTS AND DISCUSSION

3.1 Physicochemical properties of catalysts

The thermal decomposition profile of the AlOs-
supported metal oxide catalysts were illustrated in Fig. 3a
and 3b. It is noted that Cu/Al,Os exhibits first weight loss
around 170 °C due to loss of water physically bounded to the
precursor’s surface [16]. Similar decomposition profile was
observed for Ni/Al,Os, where desorption of physically
bound water from both precursor surface as well as hydrates
from the nickel nitrates precursor at 200 °C [16, 17]. The
second weight loss at temperature range of 300-350 °C was
attributed to the decomposition of Ni(NOs),.6H-O into
stable nickel oxide. In the case of Co/Al,O3, Co(NO3),.6H,0
precursor decompose at temperature of 285 °C into C0304
oxides after experiencing water desorption at around 155 °C
[18, 19]. As for Mo/Al,O3, the weight loss at temperature
range between 300 — 450 °C is attributed by water desorption
from hydrate from the molybdenum nitrate precursor [20].
Cr/Al,O3 losses water at 150 — 200 °C, and further losses
weight at around 250 — 315 °C, due to the decomposition of
nitrate compounds to nitrogen dioxide, oxygen and water,
which gave rise to the formation of CrOs [21].

The X-ray Diffraction (XRD) patterns of Al,Os-
supported metal oxide catalysts are illustrated in Fig. 4. All
the catalysts showed the presence of Al,O3 phases at XRD
diffraction peaks of 26 = 37.7°, 48.7° and 67.2° (JCPDS 00-
001-1308), which is similar to the XRD patterns of alumina
support. Cu/Al,O3 catalyst rendered high crystallinity of
CuO phases at diffraction peaks of 26 = 35.6°, 38.8°, 48.8°,
61.6°, 66.3° and 68.1° (JCPDS 00-005-0661). As for
Ni/Al,O3, two NiO peaks are identified at 26 = 37.5° and
42.5° (JCPDS 00-047-1049). The presence of Co304 phases
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in Co/Al,0; was exhibited at 26 positions of 31.4°, 37.0°,
45.0°, 59.5° and 65.4° (JCPDS 00-009-0418). The major
diffraction peaks of MoOj3 found in Mo/Al;Os is located at
260 =23.4°,25.8°, 27.4°, 33.7°, 38.8° and 49.4° (JCPDS 01-
076-1003). Cr/Al,O3 shows its oxide phases (CrOs) at 26 =
33.9°, 36.5°, 45.6° and 55.2° (JCPDS 00-051-0959). The
elemental composition of catalysts were determined by XRF
analysis, where the metal oxide content of each catalysts:
CU/A|203, Ni/A|203, CO/A|203, MO/A|203 and CF/A|203 are
10.8, 12.8, 11.3, 46.6 and 12.9 atomic %, respectively. This
results indicated that the metal oxide content does not
deviate from intended amount (10 wt. % of metal
impregnated on the Al,O3; support), except for Mo/Al,O;
catalyst. This can be explained as excess of Mo
concentration will cause aggregation of Mo metal on the
alumina surface hence resulted in multiple layer coatings of
Mo on Al,Oj3 surface [22].
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Fig. 3 Al,O3-supported metal oxide catalysts thermogram of (a) TGA and
(b) DTG

The surface morphology of the Al,Os-supported
metal oxide catalysts were illustrated in Fig. 5. The surface
morphology of Al,O3 support reveals a compacted structure
with flat surface. Cu/Al,O; catalyst showed a surface with
irregular shaped particles [23], which corresponded to CuO
deposited on the surface of Al,Os support [24, 25]. Similar
particles structure were found in alumina supported NiO [16,
26], CoO3 and CrOs, where irregular aggregates were coated
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on the rough surface of alumina support [25]. Interestingly,
Mo/Al,O3 showed the presence of MoO; particles with
spherical structure were uniformly dispersed over the
surface of Al,O3[27].

CrIALO,

Mo/AlL,O,
Co/ALO,
Ni/AlLO,

Intensity (a.u.)

CU/ALO,
ALO,

2-theta (°)
O co0, @ Moo,

Fig. 4 XRD spectrum of Al,O3-supported metal oxide catalysts

®AL0, O cuo A Nio O cro,

Fig. 5 FESEM micrographs of a: Al203, b: Cu/Al203, c: Ni/Al203, d:
Co/Al203, e: Mo/AI203, and f: Cr/Al203

FTIR was performed to study the chemical functional
groups of the Al,Os-supported metal oxide catalysts (Fig. 6).
AlO; exhibits a small shoulder peak at 1100 cm™ due to the
symmetric and asymmetric of Al-O-Al bonds [28, 29]. As
for Cu/Al,O3, the two vibration bands around 570 and 780
cm* are attributed to the Cu-O stretching [30]. It has been
reported that the region between 500 — 800 cm is assigned
to M-O bands (Al-O, Cu-O, Ni-O and Co-O) [31, 32].
Mo/Al,O3 catalyst shows two intense peaks 880 and 985
cm™!, which indicates the presence of molybdenum species
and Mo—O vibrations of the octahedral species MoOs [28].
For all five metal oxide catalyst supported on Al,O3, they
exhibits three vibrational frequencies at similar position,
where the 2370 cm is assigned to the asymmetric vibration
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of CO; from atmospheric carbon dioxide [16], while 1655
and 3450 cm? are attributed by the hydroxide (O-H)
functional group from the absorbed water after calcination
[16, 29, 33].
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Fig. 6 FTIR spectrum of Al203-supported metal oxide catalysts
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The acidity of Al,O3 and Mo/Al,O3 was determined
by TPD-NHs. Fig. 7 shows that Al,O; has low amount of
acidity (892.07 umol/g). The two peaks present in Fig. 7 for
alumina showed that both active sites rendered weak and
medium acid strength [34]. Mo/Al,O3; however, proved that
the incorporation of Mo into alumina has led to an increase
in acidity [35, 36] (3582.79 umol/g) where majority of the
acidic sites were weak [34]. Molybdenum has been reported
to be an effective promoter that enhance surface acidity by
increasing active sites of the catalyst. It is known that MoO3
increases Brgnsted acidity which led to generation of acid
active sites on surface of catalyst, hence resulting in higher
acidity in Mo/Al,05[22].
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Fig. 2 TPD-NHj; profile of Al,O3;and Mo/Al,O3

3.2.  Catalytic deoxygenation and esterification

3.2.1 Quantitative analysis of products

Catalytic deoxygenation and esterification of oleic
acid was performed by using different types of Al,Os-
supported metal oxide catalysts (Table 1 and Fig. 8). For
comparison purposes, catalytic activity of blank Al,O3
without impregnation with other metals was also tested via
deoxygenation and  esterification  reaction.  For
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deoxygenation, blank alumina gave the highest DO
conversion (81.1 %), however, most of the products were
mainly the products of cracking (Cs - Cis). With
impregnation of other metal, the selectivity shifts towards
Ci7 hydrocarbon. For esterification reaction, blank alumina
gave second lowest ester yield (15.8 %) after Ni/Al,Os. After
incorporation of metals, based on the deoxygenation profile,
Ni/Al,O3 showed the highest oleic acid conversion (91 %)
followed by Mo/Al;O3 (89 %) and Cu/Al,Os3 (83 %). For
esterification reaction however, Ni/ Al,O; gave the lowest
ester yield (7 %) while Cr/Al,O3 and Mo/Al,O3 yield 52%
and 76% respectively. The low yield of ester was due to low
acidic characteristics of the catalyst, where most of the
acidity was contributed by alumina support [37]. However,
after impregnated with molybdenum, as shown in TPD-NH3;
analysis, the acidity of catalyst is significantly improved as
MoOs aids to increase the amount of strong acidic sites to
the catalyst [35]. Catalyst with high acidity is required to
perform well in esterification, however, if the acidity is too
strong, it will not be suitable for deoxygenation process as it
will favour cracking to shorter chain products. Hence,
Mo/Al,O; is suitable for both deoxygenation and
esterification as the acid sites are increased significantly but
most of the acid sites are of weak and medium acidic
strength.

Table 1 Oleic acid conversion and product yield for deoxygenation and
esterification reaction

DO Yield EST EST
Catalyst conversion of HC  conversion  yield
(%) ® (%)" (%) © (%) °
ALO; 40.1 81.1 92 158
Cuw/ALO; 833 316 104 216
Ni/ALO: 90.7 207 89 74
Co/ALO; 776 176 117 19.0
Cr/ALOs 751 288 153 520
Mo/AlLOs 89.0 30.8 311 75.8
a: Calculated by using Equation 3
b Calculated by peak area % by GC-MS using Equation 1
c: Caleulated by using Equation 4
100 * 20 N
20 50 ®
° )
0 9
40 3
40 T
>
20 H * L 20 E
®
0 0

Al203  Cu/Al203 Ni/Al203 CofAl203 Cr/Al203 Mo/Al203
Al,0z-supported metal oxide catalyst
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Fig. 83 Oleic acid deoxygenation and esterification profile for Al,O;-
supported metal oxides catalysts

Table 2 Effect of catalyst on product selectivity

Product Selectivity (Peak Area, %)

Catalyst
Cs—Cis Cis Ci? G Cis° Cis
ALO; 68.9 32 10.8 21 151
Cuw/ALO; 293 38.0 7.1 20 28 08
Ni/ALO; 179 428 338 34 16 0.6
Co/ALO, 320 81 144 35 420
Cr/ALO; 36.7 7.8 113 24 417
Mo/ALO; 132 19 538 47 26 237

Ci7%: Cy7 alkene, heptadecene
Cy7%: Cy7 alkane, heptadecane

C1+%: Cy7 compounds besides alkane and alkene, such as alcohols, alkvnes and aldehvdes

3.2.2 Qualitative analysis of products

The selectivity of Al,Os-supported metal oxide
catalyst toward deoxygenation were analyzed via GC-MS,
by calculating the percentage of n-alkene and n-alkane
produced (Equation 2) [38].

By observing the yield of Ci7-alkene and alkane in
Table 2, it can be concluded that all five Al,Os-supported
metal oxide catalyst shows greater degree of selectivity
toward decarbonylation (the removal of one molecule of
carbon monoxide and one molecule of water to form an
unsaturated hydrocarbon chain) as compared to
decarboxylation (the removal of a molecule of carbon
dioxide to yield a saturated hydrocarbon chain) [39, 40]. The
reaction of decarboxylation and decarbonylation are
illustrated in Equation 4 and 5 [41, 42].

50

Decarboxylation:

RCOOH —» RH+CO; 4)
Decarbonylation:

RCOOH +H; —» R’H+ CO + H;O (5)
Hydrodeoxygenation:

RCOOCH + 3H, —» R’H +2H,0 (6)

R = saturated alkyl group
R’ = unsaturated alkyl group

The results revealed that besides decarboxylation and
decarbonylation, hydrogenation and hydrodeoxygenation
(Equation 6) also exist. This is proven by the presence of
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compounds with even number of carbon atoms in the
product [43]. Among the catalyst, Co/Al,O3 and Cr/Al,Os,
are found to show lower selectivity toward decarboxylation/
decarbonylation, but has a greater degree of
hydrodeoxygenation side reaction. This is proven by the
high percentage of a Cigalcohol, 9-octadecen-1-ol, C1gH360
present in the deoxygenated product (Table 1). This alcohol
is formed as a result of a side reaction of
hydrodeoxygenation of oleic acid, CigH340,. Mo/Al;O3
however, although shown significant amount of 9-
octadecen-1-ol (23.7 %), it has greater selectivity toward
decarbonylation (53.8 %). Cu/Al,O3 and Ni/Al,O3 also show
significant selectivity toward the side reaction of
hydrodeoxygenation (58.0 % and 42.8 % yield of 9-
hexadecen-1-ol respectively), but only after oleic acid was
cracked to Cis. This phenomenon may be due to after
decarboxylation, decarbonylation and cracking, the carbon
monoxide (result from decarbonylation of the ester group, -
COO0) and methane (result from cracking of the fatty acid
chain) formed undergo reaction with the water produced as
a by-product. This reaction is known as steam reforming,
where methane reacts with steam under low temperature
(300 °C) [44] over a metal oxide, and hydrogen is generated
in-situ  for this reaction. The hydrogen aids the
hydrodeoxygenation process of Cis hydrocarbon and
converts it to 9-hexadecen-1-ol. Based on the result of GC-
MS, an assumption can be made that in the presence of
hydrogen, Cu/Al,O; will give the highest degree of
hydrodeoxygenation. The selectivity of the deoxygenated
products toward n-Cy7 are arranged in the order of Mo/Al;O3
> Ni/Al,03> Co/Al;O3 > Cr/Al;O3 > Cu/Al,Os, whereas the
hydrodeoxygenation selectivity are of the reversed order.
The functional groups of the reactant, oleic acid, as
well the products from deoxygenation by different type of
catalysts were analyzed via FTIR spectroscopy. Whereas,
only the product from esterification catalyzed by Mo/Al,O3
catalyst was analyzed as the rest of the catalysts failed to
produce significant amount of ester. Fig. 9 shows the
presence of two intense peaks for all DO products as well as
oleic acid at 2923 and 2854 cm?, indicates the asymmetric
and symmetric vibrations of methylene group (CHy)
respectively [45, 46]. The weak adsorption band at 3007 cm-
1 is attributed to =C-H stretching of the carbon-carbon
double bonds [45, 47-49]. The existence of peak at 1708 cm"
Lindicates the presence of carbonyl group (C=0) [48] from
oleic acid, showing that the product is not fully
deoxygenated as the reactant is still present in them [45]. The
symmetric vibration modes of -COOH were shown at 1460
cm* with medium intensity [45, 50]. A weak intensity peak
at 1376 cm™ is assigned to terminal methyl group (CHs)
[51]. Fig. 10 compares the ester product of Mo/Al,O3; with
oleic acid, its reactant. The presence of ester is confirmed by
the adsorption bands of C=0 (1744 cm™) and C-O stretch
(1247 and 1171 cm?) from ester group [52, 53]. However,
the adsorption of C=0 carbonyl group from oleic acid is also
found present in the ester product, which means the
esterification reaction is not complete. The disappearance of
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O-H bend from carboxylic acid at 936 cm also indicates the
conversion of oleic acid to ester [52].
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Fig. 9 FTIR spectrum of deoxygenation product catalyzed by Al,O5-
supported metal oxide catalysts
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Fig. 10 FTIR spectrum of esterification product catalyzed by Al,Os-
supported metal oxide catalysts

4. CONCLUSION

A metal oxide supported catalyst, suitable to catalyst
both deoxygenation and esterification was successfully
synthesized for the production of hydrocarbon-ester mixture
for lube base oil application. XRD reveals high crystalline
structure for Cu/Al,O3 and Mo/Al,0;. FESEM illustrates
that Mo/Al,O3 has the most uniform distribution of metal
oxides over alumina catalyst support. TPD-NHj5 reveals that
after impregnation of Mo on Al,QOs, there is a significant
increase in acid sites of catalyst. The catalyst performance
on selectivity of deoxygenated products toward n-Ci7 are
arranged in the order of Mo/Al,O3 > Ni/Al,O3 > Co/Al;,03 >
Cr/Al;O3 > Cu/AlLO5 with yield in the range of 7 — 54 %. As
for esterification, the catalytic activity is arranged in the
decreasing order of Mo/Al,O3; > Cr/Al,03 > Co/Al,O3 >
Cu/Al;,O3 > Ni/Al,O3in the range of 7 — 76 % yield. Among
the catalysts synthesized for deoxygenation and
esterification of oleic acid, Ni/Al,O3; and Mo/Al,O3 shows
potential characteristics for further studies in improving the
production of biolubricant in the presence of hydrogen gas.
Ni/Al,O3 demonstrates the highest performance on
deoxygenation reaction (90.7 %) followed by Mo/Al;O;
(89.0 %). Mo/Al,O3 was chosen as the potential catalyst as
it rendered high deoxygenation conversion at 89.0 % and
ester yield of 75.8 %. In future studies, the combination of
these two metals may lead to improvement of the OA
conversions. Deoxygenation in the presence of hydrogen is
also expected to improve the lubricity of biolubricant, higher
thermal-oxidative stability (elimination of formation of
alkenes) and at the same time lower the reaction conditions
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required, such as reaction temperature, time and catalyst
loading.
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NOMENCLATURE

DO

: Deoxygenation

DTG : Thermogravimetric derivative

EST : Esterification

FESEM : Field Emission Scanning Electron Microscopy
GC-MS  : Gas Chromatography — Mass Spectrometry
MeOH : Methanol

OA : Oleic acid

TGA : Thermogravimetric analysis

TPD-NH; : Temperature Programmed Desorption - Ammonia

XRD
XRF

: X-ray Diffraction
: X-ray Florescence Spectrometry
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