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The depletion of fossil fuels and population growth led to the search for alternative resources. Biodiesel
is an alternative to fossil fuel. It can be obtained from plant oils, animal fats and waste cooking oil. Trans-
esterification is a process used to synthesize biodiesel. Two types of catalysts are mainly responsible for the
synthesis of biodiesel. These are homogenous and heterogeneous catalysts. Commercially homogenous cat-
alysts are mostly used in industry for the synthesis of biodiesel. The homogenous catalyst needs water
washing to remove impurities, and thus the production cost is high. The most important disadvantage is
that the catalyst once used cannot be recovered. The heterogeneous catalyst has many advantages over
homogenous catalyst such as reusability and needs no water wash. Among heterogeneous catalysts, transi-
tion metals can be used for biodiesel production. They come under the d-block in the periodic table. Many
researchers reported the synthesis of biodiesel by transition metal oxide nanocatalysts. The transition
metal oxide catalyst is a good substitute for the synthesis of biodiesel. They possess heterogeneous proper-
ties and have an advantage of reusability. Further, the transition metal oxide catalysts enhance the reac-

tion rate and thus possess higher biodiesel yield.
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1. INTRODUCTION

Continuous use of fossil fuels and excessive emis-
sion of toxic gases (i.e., carbon dioxide, carbon monox-
ide, particulate matter, sulfur oxides, volatile organic
compounds, and unburned hydrocarbons) has led to the
search for an alternative to fossil fuels. Biodiesel is a
good alternative to petroleum fuels. The oxygen content
of biodiesel is higher than petroleum fuels. Biodiesel is
produced from vegetable oil, animal fat, and waste
cooking oil. It can reduce the carbon footprint. There
are several advantages of biodiesel over fossil fuels.
The advantages are: (1) it is biodegradable, (2) it ex-
hausts low emission of toxic gases, (3) no engine modi-
fication is required for the use of biodiesel, (4) the ce-
tane number of biodiesels is high so it gives better
engine performance [1, 2].

Vegetable oils, waste cooking oil, and animal fats
have higher viscosities which accumulate the knocking
problem in the engine or even face difficulties during
the combustion process. In order to use in the engines,
the viscosity should be decreased to a certain limit [3].
Transesterification is the process used for the synthesis
of biodiesel. The reaction takes place by the chemical
reaction of oil, catalyst, and alcohol. Fig. 1 shows the
stoichiometric reaction of the synthesis of biodiesel.

The catalyst used may be homogenous or heteroge-
neous and the alcohol used may be methanol or etha-
nol. Methanol is most commonly used because of its
physical and chemical properties [4]. There are three
types of catalysts that are mostly used for the produc-
tion of biodiesel. The catalysts are classified as shown
in Fig. 2 along with their sub-classification [5].

Commercially homogenous catalysts are mostly
used because they are cheaper in price. There are sev-
eral drawbacks of using the homogeneous catalyst i.e.,
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water washing is required for removal of impurities,
catalyst once used cannot be recovered and hence eco-
nomically not viable. On the other hand, heterogeneous
catalysts do not require any water washing to separate
the impurities. The catalysts used for the synthesis can
be easily recoverable by using centrifugation and re-
used till their catalytic activity. Despite having ad-
vantages over the homogeneous catalyst, the heteroge-
neous catalyst possesses some demerits such as fast
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Fig. 2 — Catalyst and its types
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deactivation, mass transfer, and inefficiency. These
drawbacks can be overcome by heterogeneous nanocat-
alyst because of its high surface area [6].

The transesterification process depends upon the ef-
fect of parameters such as reaction temperature, reac-
tion time, alcohol to oil molar ratio, type of alcohol,
type, and number of catalysts used. The viscosities of
the oil decreased with the high reaction temperature
which enhances the trans-esterification reaction. The
present study focuses on the transition metal oxide
nanocatalyst for the synthesis of biodiesel because of
its amid advantages [7].

2. CATALYST
2.1 Transition Metal-Oxide Based Catalyst

Transition metal oxides are the most attractive
group of solids. The structure and properties of these
metal oxides are multifarious. The metal-oxygen bond-
ing alters between ionic to highly covalent or metallic.
The exceptional properties of transition metal oxides
are due to the unique nature of the outer d-electrons.
The general formulae of the transition metal oxides are
MO, MOz, MOs, M203, M20s5, M»O2:-1, MnO2n+1. The
crystal structure varies from cubic to triclinic sym-
metry. The MO possesses the rock-salt structure while
the MO2 possesses fluorite, rutile, distorted rutile or
even more complex structures and M20s possesses the
corundum structure. Perovskites, spinels, bronzes, and
garnets are the ternary oxides. Most of the oxides are
reported to that it transforms from one crystal struc-
ture to show interesting phase transitions from one
crystal structure to a new structure possessing varia-
tion in electrical, magnetic, and various other [8].

The transition metal oxides are classified based up-
on the oxides of 3d, 4d, and 5d transition element.

3. SYNTHESIS OF TRANSITION METAL-OXIDE
NANOPARTICLES

The synthesis of nanoparticles is classified accord-
ing to their categories as (a) top-down technologies and
(b) bottom-up technologies. The various routes for the
synthesis of nanoparticles are shown in Fig. 3 [9].

Zinc oxide a transition metal oxide catalyst was
synthesized by a modified sol gel method. The gel ob-
tained was calcined at different temperatures such as
470, 700 and 1000 °C for 90 min. The white color ob-
tained signifies the ZnO nanoparticles. The XRD re-
sults exhibit that pure hexagonal phase ZnO powders
were formed. The particle sizes of nanoparticles were
between 30 and 40 nm. The ZnO nanoparticles were
also analyzed by TG-DTA, SEM, XRD, FTIR, and UV-
Vis [10].

Zirconium oxide nanoparticle was synthesized by
sol-gel method. First, when zirconium oxide was syn-
thesized without the addition of ammonia and nitric
acid, the zirconium oxide particles agglomerate into
each other. Second, the zirconium oxide was synthe-
sized by adding ammonia solution, and resulted in a
less agglomeration. Last, Zirconium oxide was synthe-
sized by adding nitric acid, and resulted in fine nano-
particles [11].

Kumar et al. synthesized MnOz2 nanoparticles by co-
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precipitation method. The crystallinity of the catalyst
was determined by XRD. The average particle size of
the nanocrystals was 25-30 nm. The catalyst was fur-
ther characterized by UV-Visible and FTIR techniques.
The MnO: has wide applications such as biosensor,
molecular adsorption, etc. [12].
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Fig. 3— Different types of routes to synthesize nanoparticles

He et al. reported the synthesis of biodiesel from
sulfated ZrOz2 and TiOz. The catalyst loaded was 2 w. %
for the individual catalyst. The catalysts were synthe-
sized by the precipitation method. The results from the
experiment showed that the BET surface area of cata-
lyst ZrO2 and TiOz2 increased by the sulfation process.
With the increase in the surface area, the catalytic
activity also increases. ZrOz2 and TiO2 had weak Lewis
acid sides and showed poor catalytic activity, whereas
Zr02/S04%~ and TiO2/SO4* possessed strong Bronsted
acid sites on their surface and showed good catalytic
activity [13].

4. TRANSESTERIFICATION BY TRANSITION
METAL-OXIDE CATALYST

Madhuvillaku reported the synthesis of biodiesel by
a mixed transition metal oxide catalyst. The reaction
was carried out by a mixture of oil and methanol with
the appropriate weight percentage of catalyst in a 3-
necked round-bottom flask immersed in the constant-
temperature water bath placed on the plate of the
magnetic stirrer fitted with a condenser in the middle
neck and thermometer in the side neck. The mixture
was stirred for 5 h at 50-80 °C. The products obtained
were allowed to settle overnight producing three dis-
tinct phases (i.e., methyl ester on top, glycerol in the
middle layer, and catalyst phase at the bottom). [14].

Zirconium oxide, titanium oxide, and zinc oxide
gain attention towards the synthesis of biodiesel. Zir-
conia-supported isopoly and heteropoly tungstates
(HPAs) were used to synthesize sunflower oil with
methanol [15].

Alhassan et al. reported that the ferric manganese
doped tungstated/molybdena nanoparticle catalyst was
used for the synthesis of biodiesel from waste cooking
oil. The high FFAs of the waste cooking oil was reduced

03005-2



TRANSITION METAL OXIDE NANOPARTICLES FOR ...

to 0.620 %. The biodiesel yield was approximately
92.3 %. The doped catalyst was advantageous to both
esterification and transesterification. Further, the
catalyst was recycled for six times [16].

The author reported that kesambi oil was used for
the synthesis of biodiesel using alumina-supported zinc
oxide solid catalysts. The catalyst was synthesized by
the precipitation and gel method. The effect of parame-
ters showed a considerable effect on the yield of bio-
diesel. A maximum of 92.29 % biodiesel yield was
achieved at a 1:12 molar ratio [17].

The non-edible seed oil of Silybum eburneum was
used for the production of biodiesel. Heterogeneous
nanocomposite catalysts MgO, Al203-CaO and TiO2
were used for the synthesis. The catalysts were charac-
terized by X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR), energy dispersive X-ray
spectroscopy (EDX), and scanning electron microscopy
(SEM) techniques. The highest yield was acquired by
MgO nanocomposite accompanied by Al203-CaO and
TiO2 [18].

5. EFFECT OF PARAMETERS FOR SYNTHESIS
OF BIODIESEL

5.1 Effect of Catalyst Loading

The effect of catalyst loading plays a tremendous
role in the conversion of biodiesel. Semwal et al. re-
ported the production of biodiesel from natural waste.
The catalyst concentration was significantly increased
in between 3-12w.% of vegetable oils. Catalyst at
10 w. % showed 95 % biodiesel yield, whereas at higher
catalyst loading i.e., more than 10 % results did not
show any upliftment of yield [19].

Asri and his group investigated the synthesis of bi-
odiesel with alumina supported zinc oxide catalyst. The
methanol to oil ratio was taken as 12:1. The catalyst
loading was used with an increasing concentration
from 1-6 wt. % of the kesambi oil. When the catalyst
loading was 1 wt. %, this led to a biodiesel yield of
70.12 %. Second, the catalyst loading was increased
from 1 to 2 wt. %, which resulted in an increasing yield
from 70.12 % to 81.40 %. Again, the catalyst loading
increases to 3wt% and it leads to yield of 90.12 %. The
maximum biodiesel yield was achieved at catalyst load-
ing of 4 % i.e., 92.29 %. Further increasing in catalyst
amount results into decreased in yield [18].

5.2 Effect of Reaction Temperature

The biodiesel was synthesized at 60 °C. The bio-
diesel conversion was tested at various temperatures.
Initially, the synthesis was done at 40 °C and 50 °C,
and the results showed an incomplete reaction, then
the temperature was maintained at 60 °C, the bio-
diesel yield was 92.2 %. Further, the temperature was
increased, and the yield was lesser. Again at 70 °C
and 80 °C, it tends to decrease slightly. Hence an
optimum temperature is required for the synthesis of
biodiesel [14].
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5.3 Effect of Reaction Time

A proper reaction time is necessary for an optimum
biodiesel yield. The author reported that the biodiesel
was synthesized using Ni doped transition metal oxide
Zn catalyst by taking a 1:8 molar ratio of oil to metha-
nol. A conversion of 95 % was attained at 60 min. Fur-
ther reaction time was increased with the increase in
temperature and hence results in a better yield [20].

Alumina-supported zinc oxide catalyst was used for
the synthesis of biodiesel from kesambi oil. The reac-
tion was conducted at 1 h intervals starting from 1 to
7 h. With the increase of time, there is a significant
increase in the biodiesel yield. The optimum tempera-
ture for this investigation was found to be at 60 °C. The
maximum yield achieved was 92.31 % at 7 h [17].

5.4 Effect of Molar Ratio

For a good transesterification process, proper meth-
anol to oil molar ratio is of utmost importance. So, a
better ratio ends up in an increase in the percentage of
biodiesel yield. An appropriate ratio increases the reac-
tion rate. Semwal and his group reported the effect of
molar ratio (Jatropha oil: Methanol). The molar ratio
was tested from 1:5 to 1:30. Initially, the molar ratio
was taken as 1:5. This ratio resulted into a complete
conversion to methyl ester in 10 h. The ratio was fur-
ther increased to 1:20 which resulted into a complete
conversion of methyl ester in 3 h. Further, the ratio
was increased from 1:20 till 1:30; the reaction time
remains the same [19].

To study the influences in the biodiesel yield, Feyzi
et al. reported that oil:methanol molar ratio was var-
ied from 1:3 to 1:18. The reaction time was 4 h and the
catalyst loading was 3 wt. % at 338 K. The biodiesel
yield was 31.7 %. The molar ratio was gradually in-
creased, and it was found that the maximum biodiesel
yield of 96.9 % was achieved at 18:1 (methanol to oil
molar ratio). Further increase in the molar ratio did
not show any changes in the biodiesel yield [4].

6. CONCLUSIONS

Several transition metal oxide nanocatalysts have
been discussed for biodiesel synthesis. Transition metal
oxides are a better replacement for the homogenous
catalyst. For the synthesis of biodiesel parameters such
as the effect of temperature, time, and molar ratio plays
an important role in the maximum biodiesel yield. The
reactions at optimum parameters give maximum yield.
A slight increase or decrease of the said parameters
does not have any effect on the biodiesel yield. Thus,
transition metal oxides are a good substitute for homo-
geneous catalysts and have a potential for reusability.
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HanouyacTuuku oxcHuOiB mepexigHUX MeTaJIiB AJiA BUPOOHUIITBA Oiomaiuea

P.P. Gohain, S. Paul

Advanced Materials Research and Energy Application Laboratory (AMREAL), Department of Energy Engineering,
North-Eastern Hill University, 793022 Shillong, India

BucnasxeHHs 3am1aciB BUKOITHOIO IIAJIMBA TA 3POCTAHHS HACEJIEHHS IIPU3BEJIH JI0 HOIIYKY aJbTePHATUB-
HEX pecypciB. Bioausels € albTepHATHEON BHKOIHOMY IIaJIMBY. JIoro MosKHA OTPHMATH 3 POC/IMHHEX OJLi,
TBAPUHHUX KUPIB Ta BIOXOMIB KyJiHapHoi oiii. Ilepeerepmdikaliis — 1e mpoliec, SKAM BUKOPUCTOBYETHCS
IJIS CHHTe3y Olomuaesisa. 3a CHHTe3 0101M3eIs IMepeBaykHO BIAMOBIAAIOTH ABa THUIIN KaTayisaropis. Lle romo-
TeHHI Ta reTeporeHHi karamgisaTopr. KoMepIiiiHO roMoreHHI KaTaIi3aTOpu B OCHOBHOMY BUKOPHUCTOBYIOTHCS
B IPOMUCJIOBOCTI JJIs1 cuHTe3y Olomuaess. ['omoreHHM KaTami3aTop morpedye IPOMUBAHHS BOIOIO JIJISI BH-
JTaJIeHHs JIOMIIIIOK, TOMY BapTICTh BUPOOHUIITBA BUCOKA. HalBaskIMBIIINM HEIOIIKOM € Te, 1110 OJHOTO pasy
BUKOPUCTAHUN KATAJI3aTOp He MOKe OyTH BUKOPUCTAHUMN MOBTOPHO. ['eTeporeHumii karasmizatop Mmae 6araTo
mepeBar y MOpIiBHAHHI 3 TOMOM€HHHMM KaTaJi3aTOPOM, HAIIPUKJIIAJ, MOMKJIUBICTE IOBTOPHOTO BUKOPUCTAHHS
Ta BIJCYTHICTh HEOOXITHOCTI MPOMHUBAHHS Bomom. Cepes reTreporeHHHMX KaTaIi3aTopiB MEpexifHl MeTaJiu
MOKYTb OyTH BHKOPHCTAHI It BUpoOHUIITBA Glomuaessi. Boru BimHocsTECst 10 d-6/10Ky mepioqudHoi Tabiu-
mi. BaraTo mocaiHUKIB MOBIIOMIISJIA PO CHHTE3 0107M3eJisi 3a JIOTIOMOTO0 HAHOKATAJII3ATOPIB 3 OKCHIIB
mepexiauux Merauris. Karamsatopyu Ha OCHOBI OKCHIIB IIEPEXITHUX METAJIB € TAPHOK 3aMIHOI0 JJIsI CHHTE3Y
Giomumaesisi. BoHn MaroTh TeTeporeHHl BJIACTHUBOCTI Ta IepeBary IMOBTOPHOTO BHUKOpHCcTaHHA. Kpim Toro, ka-
TATI3aTOPHU HA OCHOBI OKCH/IIB MTEPEXITHUX METAJIIB MIBUIIYIOTH IIIBUIKICTh PEAKIN] 1, TAKUM YHUHOM, 3a0e3-

eYyTh BUIIAHA BUXIT 010113€JIs.

Kmiouosi ciosa: Cunres, Bionusens, ['ereporennnit, Oxcnp mepexiguoro meraiy, Karasmisarop, [loBropHe

BHUKOPHUCTAaHHAA.
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