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A B S T R A C T

The present study is an assessment of using Turel Kongreng (river mussels) as a source of heterogenous catalyst in
biodiesel production. After the calcination is performed at 800 °C for 1 h, the calcinated samples were subjected
to characterization techniques such as X-ray dispersive analysis, Fourier transform infra-red spectroscopy,
Scanning electron microscopy and Energy dispersive x-ray analysis. The characterizations showed excellent
formation of calcium oxide (CaO) and the same is compared with CaO synthesized from other sources. A con-
firmation test using the newly synthesized CaO is conducted using waste cooking oil with catalyst loading of 10%
(wt.%), alcohol to oil ratio of 10:1, reaction temperature of 75 °C and a reaction time of 60mins. The study
showed a conversion rate of 91.04%, which is well within the high conversion band among all other catalyst
materials.

1. Introduction

In the process of biodiesel production through transesterification,
many researchers in the past have used both acid and base materials as
catalyst. The presence of catalyst during the reaction helps in accel-
erating the conversion of esters from the oil sample. Although re-
searchers have declared that acid transesterification has claimed more
yield, this is hindered by the higher cost of the catalyst. The sudden
boost in the biofuel research is primarily due to the ever-increasing
requirement of diesel fuel and the inability to meet the demands. Also,
researchers have shown that the pollution level has been increasing in
the ecosystem due to accumulation of many commercial vehicles (Singh
et al., 2018; Rajak and Verma, 2017; Toma et al., 2019; Zeng et al.,
2019). Although researches have claimed to produce biodiesel from
extensive sources including vegetable edible/non-edible oils, waste fats
of animals and fish, tyre pyrolysis, alcohols, waste cooking oils, mi-
croalgae etc., commercialization of the same is still a distant dream
(Hurdogan et al., 2017;Rajak and Verma, 2018a; Singh and Verma,
2019b; Moazeni et al., 2019; Devaraj et al., 2015; Rajak and Verma,
2019d; Rajak and Verma, 2018f; Garcia et al., 2013; Vassilev and
Vassileva, 2016; Rajak et al., 2018c, 2019a, 2019b; Rajak et al., 2019c;
Shrivastava and Verma, 2019). The production of biodiesel is normally
initiated by sourcing the raw material, cleaning/filtering to remove any
dirt and finally the transesterification process. The process of transes-
terification is normally carried out to reduce some of the properties

such as density & viscosity of the raw material. A catalyst, which can
either be acid or base, is normally used during the process for increasing
the activity of separating the esters from the raw oil. Many researchers
have already identified various kind of materials which has the po-
tential to use as base heterogeneous catalyst, namely chicken egg shells,
duck egg shells, ostrich eggs, river snail etc. (Tan et al., 2017;
Latchubugata et al., 2018; Niju et al., 2014; Kaewdaeng et al., 2017).
The choice of raw material for use as catalyst include ease in avail-
ability, cheap to produce and source, which can otherwise pollute the
environment as waste material etc. The past researchers have claimed
to produce more ester conversion yield using the heterogeneous cata-
lyst, as compared to homogeneous ones (Vahabzadeh et al., 2010).

Scallop shells has been claimed to be a good source for use as het-
erogeneous catalyst during biodiesel production with a conversion rate
of 95.44% in using palm oil as source oil (Buasri et al., 2014). Mor-
phology of catalyst has been well defined by researchers and can be
substantially used as reference for future works. Commonly sourced
materials such as egg shells were proven by researchers as a promising
source for heterogeneous catalyst (Zaki et al., 2006; Pandit and Fulekar,
2017). Oils such as third generation microalgae has been widely studied
due to its increasing performance and capability to reduce emissions
(Salam and Verma, 2019; Rajak et al., 2018d, 2018e). Therefore,
transesterification of such third-generation biofuels using renewable
catalyst will reduce cost and paves way for sustainable production.
High density source oil such as waste cooking oil requires more amount
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of catalyst for transesterification and therefore usage of commercial
catalyst such as KOH/NaOH will promote higher cost of the final pro-
duct (Singh and Verma, 2019a; Singh et al., 2019). Hence, it is very
much essential to produce cheaper and environment friendly catalyst.
Other researchers have also claimed usage of environmentally friendly
biomass derived catalyst. Also, researchers have mentioned that cata-
lyst must be environmentally friendly, cheap and easily to produce so as
to reduce the final output biofuel (Hanis et al., 2016; Semwal et al.,
2011; Beygmoradi and Homaei, 2017; Gupta et al., 2016; Mathimani
and Pugazhendhi, 2018; Mumtaz et al., 2016; Melchias et al., 2018).

Therefore, in light of the above-mentioned facts, the source of ma-
terial which has the potential to use as catalyst must be sourced from
waste material and that it should not cause damage to the environment.
Sourcing of cheap materials for catalyst production also results in lower
cost of biofuel and therefore encouraging the end users to shift from
fossil fuels to a more sustainable biofuel. A locally available source of
waste material- Turel Kongreng (river mussels) is chosen for the present
study due to its high-volume production and ease of availability of
discarded shells. After characterization of the synthesized CaO, it is
then used for transesterification of waste cooking oil. The result of the
ester conversion is compared with other researchers.

2. Material and methods

2.1. Collection of material and preparation of catalyst

The Turel Kongreng (river mussels) were a local delicacy in the
North-Eastern part of India. Therefore, in the state of Manipur also, they
were harvested in local farms and in lakes. The same is also widely
harvested from rivers of Manipur namely, Imphal river & Iril river.
Fig. 1 shows the Waithou local market, Manipur, India (24.644 °N &
93.999 °E, 787m above sea level) where the river mussels were pur-
chased for the present study. 1 kg of Turel Kongreng yields about roughly
700–800 gm of discarded shells after complete removal of flesh from
the body.

The collected samples were heated in an open bowl filled with water
to facilitate opening of shells. The process lasted about 40–50min. The
meat is removed, and the shells were rinsed again with water to remove
any dirt particles from the samples. The samples were dried inside an
electric oven for about 120–180min to ensure that the samples are fully
dried, and no moisture is present on the samples (Singh and Verma,
2019a; Singh N. R. et al., 2019; Buasri et al., 2014). The presence of
moisture in the sample will hinder the calcination process by agglom-
erating the carbon and hydrogen and therefore lowered the formation
of CaO within the sample. The samples are loaded onto an electric
weighing machine and a batch of 500 gm were taken into a muffle
furnace for calcination process. Past researchers have claimed that
800 °C is suitable for calcination of samples (Singh and Verma, 2019a;
Singh N. R. et al., 2019). Therefore, the samples were kept into the
furnace at 800 °C for about an hour. The samples were then taken out
and kept into an insulated electric oven for 4–5 h (Singh and Verma,

2019a; Singh N. R. et al., 2019; Buasri et al., 2014). They were then
crushed into fine powder using a mortar.

2.2. Characterization of catalyst

The finely crushed samples were subjected into an XRD for re-
cording the diffraction patterns using a Bruker AXS (D8-Advanced) with
1.5406 Å of Cu-Kα radiation in a 2θ range of 20°–80°. PerkinElmer
(Spectrum Two) FT-IR spectrometer is used for determining the infra-
red spectrum of the samples. The corresponding data were recorded
using instrument-equipped Spectrum 10™ software with LiTaO3 de-
tector. Nova NanoSEM (1.0nm@30 kV resolution, 5x to 1,000,000x
magnification) with Bruker SDD-EDS detector attached with EDX ana-
lyzer is used for studying the chemical morphology of the samples. The
techniques and methodology placed by AOAC (AOAC, 1998) is followed
for determining the properties of the chicken and duck egg shells.

2.3. Transesterification

Transesterification is a process by which an organic alkyl group R″
of an ester is exchanged by an organic group R’ of an alcohol in the
presence of a catalyst thereby forming fatty acid alkyl ester and

Fig. 1. Turel Kongreng (river mussels) sourced from Waithou market, Manipur,
India.

Fig. 2. XRD patterns of the present study and comparison with other re-
searchers (Singh and Verma, 2019a; Singh et al., 2019).

Fig. 3. FTIR peaks of the present study and comparison with other researchers
(Singh and Verma, 2019a; Singh et al., 2019).
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glycerol. In order to confirm the usability of the synthesized CaO from
Turel Kongreng (river mussels), transesterification reaction is performed
using optimal conditions (Singh and Verma, 2019a). Waste cooking oil
is taken as source material for the confirmation test (Singh and Verma,
2019a). Catalyst loading of 10% (wt.%), alcohol to oil ratio of 10:1,
reaction temperature of 75 °C and a reaction time of 60min were taken
for the confirmation study. The prescribed percentage of mixing is
performed in a lab scale 1000ml flask. Evaporator and centrifugation
were used for removing excess alcohol and catalyst from the sample.
The rate of ester conversion is calculated using equation (1). The
findings were compared to the findings of other researchers. The ex-
periment was conducted for three times to confirm the result.

=WCOFAMEyield
WeightofWCOFAMEproduced

WeightofWCOprocured
x100

(1)

3. Results and discussion

3.1. X-ray diffraction pattern

The X-ray diffraction patterns of the present study along with the
corresponding comparison between the findings of Singh and Verma
(2019a) and Singh et al. (2019) are shown in Fig. 2. As observed from
Fig. 2, the diffraction patterns of the Turel Kongreng (river mussels) CaO

Fig. 4. Morphology of CaO synthesized from Turel Kongreng (river mussels) at 800 °C using SEM.

Fig. 5. Elemental composition of CaO synthesized from Turel Kongreng (river mussels) calcinated at 800 °C for 1 h

Table 1
Comparison of percentage conversion of present study with past researchers.

Ref. No. Catalyst used Feed stock Percentage conversion

Present Study Turel kongreng (river mussels)- CaO Waste cooking oil 91.04%
Singh and Verma (2019a) Chicken egg shells - CaO Waste cooking oil 96.6%
Singh et al. (2019) Duck egg shells - CaO Ineffectual soybean oil 94.55%
Kaewdaeng et al. (2017) River snail- CaO Used cooking oil 92.5%
Buasri et al. (2014) Scallop- CaO Palm oil 95.44%
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calcinated at 800 °C for 1 h, showed similar characteristics to that of
CaO prepared from chicken and duck egg shells as cited in the figure
itself. Diffraction peaks corresponding to (111), (222) and (220) of the
face centered cubic phase were observed at 20.40776°, 34.10134° and
47.50571°. The present findings were analogous to that of other re-
searchers (Singh and Verma, 2019a, 2019b; Kaewdaeng et al., 2017;
Buasri et al., 2014). Therefore, the XRD shows the diffraction of CaO
within the sample.

3.2. Fourier transform infrared spectroscopy

In order to reconfirm the findings of the XRD, a Fourier transform
infrared spectroscopy (FTIR) is conducted. The spectra bands were
shown in Fig. 3 in which black line denotes the spectroscopy of Singh
and Verma, 2019a, green line denotes the spectral line of Singh et al.
(2019) and blue line depicts the present study. A comparison is also
being made with past researchers (Singh and Verma, 2019a; Singh
et al., 2019) to check the peaks between the present study with that of
past works. The findings of the present study are coherent to other
researchers’ findings. The asymmetric stretching at 1414 cm−1 and
875 cm−1 defines the presence of carbonaceous C]O group, which is
due to chemisorption of atmospheric CO2 during the synthesis. The
formation of Ca–O is displayed in the extra stretching of 406 cm−1.
Similar findings were also reported in past research works (Singh and
Verma, 2019a; Singh et al., 2019; Zaki et al., 2006; Pandit and Fulekar,
2017).

3.3. Scanning electron microscopy and energy dispersive x-ray analysis

The morphology of the synthesized CaO calcinated at 800 °C for 1 h,
at 50,000 x magnification and its composition in its elemental state is
shown in Figs. 4 and 5. From Fig. 4, it can be seen that the grains are of
asymmetrical nature and of varying size. This may be due to the non-
uniform exposure of time and temperature of the samples. Therefore,
the grains were agglomerated with tremendous porosity and therefore
arises the requirements of EDX (Singh and Verma, 2019a, 2019b; Singh
et al., 2019; Buasri et al., 2014). The elemental composition using EDX
shows high concentration of Ca and O ions, depicting greater formation
of CaO in the sample. The sample contains 78.35 wt% of Ca and
18.15 wt % of O. Other elements such as C are also present with 3.49 wt
%.

3.4. Transesterification and confirmation study

After performing the reaction at a laboratory scale set up, the gly-
cerol was removed and equation (1) is used for calculating the per-
centage conversion. The average methyl ester conversion rate was ob-
tained to be 91.04 ± 0.56%. Table 1 shows the conversion percentage
of the present study to that of past researchers. The comparison shows
that Turel Kongreng (river mussels) can be effectively used as a source of
heterogeneous base catalyst.

The catalyst can be reused for about five (5) times after which the
catalytic ability reduces after the 5th time, showing lower conversion
rate between 70 and 50% in the next few sessions and later, less than
30% in consecutive sessions. Therefore, the ability in showing catalytic
activity for a duration of five times shows the sustainability of the
material for use as catalyst.

4. Conclusion

An attempt has been made in checking the locally available mussels’
shells (Turel Kongreng) for use as a source material in synthesizing CaO
and application of the same as heterogeneous base catalyst.

XRD shows that the diffraction patterns of the synthesized CaO were
close to that of other sources such as chicken, duck egg shells. FTIR
spectroscopy showed extra stretching of Ca–O at 406 cm−1, which is

also coherent to other researcher's findings. SEM morphology and EDX
result confirms the high formation of CaO from the calcinated samples
of Turel Kongreng at 800 °C. The confirmation transesterification test
showed 91.04% methyl ester conversion rate, which is higher than
other homogeneous catalyst such as KOH/NaOH.

It can be concluded that the locally sourced mussel shells (Turel
Kongreng) which are normally discarded and left as waste, be sourced
and treated to form valuable CaO, which is one among the valuable
sources of heterogenous catalyst.
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