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The proficient and cost-effective utilization of renewable waste materials for the solid catalyst develop-
ment facilitates the commercial production of biodiesel through a green route. Here, arecanut husk ash,
chemically modified with lithium compound is used as an efficient solid catalyst for the biodiesel produc-
tion from used cooking oil. Lithium silicates are the major crystalline materials present in the lithium
impregnated heterogeneous base catalyst. The activity of the arecanut husk ash derived catalyst in the
transesterification of used cooking oil is excellent with a low catalyst loading under mild reaction condi-
tions. Catalyst is best suited in the production of biodiesel from low cost feed stocks having high free fatty
acid content and is found to be reusable.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on the Science and Technology of Advanced Materials.
1. Introduction

Arecanut husk is a widely available biomass in India, especially
in the southern parts [1]. The husk of the arecanut fruit is removed
and it has no traditional use, which is normally left in the land.
India ranks first in the areca nut production in the world, having
a contribution of 49.74% as per the 2013 statistics for food and
agricultural organization (FAO) of United Nations, Rome [2].

The husk can be used as a fuel for the processing of the nut. This
produces husk ash residue that has limited applications. Use of
areca nut husk ash as a supplementary cementitious material has
been evaluated [3]. The activated carbon from arecanut husk has
been used for the adsorption of malachite green dye from aqueous
solutions [4]. Mohammad et al investigated the ability of areca nut
peel in the removal of Cr, Cd and Pb from aqueous solutions [5].
Sathish and co-workers produced biodiesel from arecanut shell
oil by a two step reaction, pre-esterification followed by transes-
terification since the oil have high amount of free fatty acid (FFA)
[6]. Activated carbon produced from arecanut husk by chemical
activation method using phosphoric acid acts as an effective dye
adsorbent [7]. Arecanut husk ash contains silica as the major com-
pound. In addition, it also contains alumina, magnesium oxide and
significant amount of alkali metal oxide (K2O) [3,8].

Here, the use of areca nut husk ash for the development of a
heterogeneous catalyst for biodiesel production is described. To
the best of our knowledge, there are no reports mentioning the
use of arecanut husk as a source of catalyst. Since the availability
is plenty, its use as a heterogeneous catalyst is economical. So as
to improve the alkali content in the ash, we have impregnated
LiNO3 to the areca nut husk ash in the presence of a suitable surfac-
tant citric acid. The developed material was characterized and its
performance as a catalyst for biodiesel production is investigated
here in detail.

2. Experimental

2.1. Preparation of catalyst from arecanut husk

Cleaned and dried areca nut husk was burned in air, the char
obtained was powdered and calcined at 750 �C for 3 h. Dirty white
coloured hard ash obtained was powdered and lithium compound
was incorporated by means of impregnation method with the aid
of citric acid as a surfactant. Lithium nitrate (Nice Chemicals Pvt
Ltd), arecanut husk ash and citric acid monohydrate (Nice Chemi-
cals Pvt Ltd) were mixed thoroughly in a weight ratio of 2:1:1
respectively. In a typical procedure, citric acid was added to a
m used
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Fig. 2. XRD pattern of arecanut husk ash derived catalyst.
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0.25 N solution of lithium nitrate to which, arecanut husk ash was
added with stirring and the contents were evaporated to dryness.
The lithium inserted ash was then dried in a hot air oven at
90 �C for 12 h and calcined at 650 �C for 3 h.The resultant material
was powdered and refluxed with methanol at 65 �C for 1 h to sep-
arate the unbound components from the catalyst. The contents
were filtered, dried and the catalyst was then activated at 650 �C
for 1 h before its use for biodiesel preparation. The catalyst pre-
pared without citric acid was not uniform and leaching of lithium
species was observed in the reaction.

2.2. Material characterization

The lithium incorporated catalyst was characterized using FTIR
spectroscopy (Thermo Nicolet Avtar 370), XRD (Bruker D8
Advance), temperature programmed desorption (TPD) of CO2

(Micromeritics Chemisorb 2750) and SEM (Jeol 6390LA/ OXFORD
XMX N).

2.3. Catalytic activity studies

In a typical reaction procedure, the degummed UCO (with
FFA < 1) was mixed with the lithium impregnated catalyst and
refluxed with methanol for the required time. The reaction param-
eters were also varied to attain better catalytic performance. After
the reaction, the catalyst was separated, the purified biodiesel
layer was collected and the biodiesel content was determined via
gas chromatographic analysis. For the investigation of effect of
FFA on the reaction, oleic acid was introduced into the reaction
mixture. For the reusability studies, the catalyst was collected
and repeatedly washed with water and methanol, and then
activated at 650 �C for use in the further reactions.
3. Results and discussion

In the present study, arecanut husk ash after chemical modifica-
tion with lithium is used as a catalyst for biodiesel production. Cat-
alyst preparation was done by a simple method of impregnation
with the aid of citric acid. To ensure the heterogeneity of the cata-
lyst in the reaction, the unbound methanol soluble fraction is
removed from the catalyst. The developed catalyst material was
Fig. 1. FTIR of arecanut husk ash derived catalyst.

Please cite this article as: V. Vinu and N. N. Binitha, Lithium silicate based cata
cooking oil, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.202
characterized using various techniques in order to investigate the
active phase responsible for catalysis. The activity of the arecanut
husk ash derived catalyst in the transesterification of used cooking
oil (UCO) was studied by varying the reaction conditions.

Fig. 1 shows the FTIR spectrum of the arecanut husk ash derived
catalyst. In the spectrum, the broad band centered at 3433 cm�1

corresponds to the stretching vibration of –OH groups that may
be mainly aroused from adsorbed water [9]. The stretching vibra-
tion of Si-O-Si is found at 1060 cm�1 and the band centered at
947 cm�1 is due to the Si-O-Li stretching vibration [10]. The peak
at 866 cm�1 is attributed by the O-Si-O stretching vibration [11].
The absorption peak in the spectra at 741 cm�1 corresponds to
the Si-O-Si symmetric stretching vibration [12]. The absorption
band around 1450 cm�1 corresponds to the carbonate stretching
mode [13]. The peak observed at 523 cm�1 is attributed to the Si-
O-Li deformations and that at 423 cm�1 is attributed to the bend-
ing vibrations of Si-O-Si bond [12,14]. The spectral data indicates
the formation of lithium silicate.
Fig. 3. TPD of CO2 of arecanut husk ash derived catalyst.

lysts prepared using arecanut husk ash for biodiesel production from used
0.01.210

https://doi.org/10.1016/j.matpr.2020.01.210


Fig. 4. SEM image of arecanut husk ash derived catalyst.

Fig. 6. Effect of methanol/oil molar ratio on FAME content under the reaction
conditions of 1 wt% catalyst at a reaction temperature of 65 �C for 120 min.
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The XRD pattern (Fig. 2) of lithium impregnated arecanut husk
ash catalyst shows that the material is a combination of different
lithium silicates. The diffraction peaks are in good agreement with
the JCPDS data of Li2SiO3 (JCPDS-29-0829) [15], Li4SiO4 (JCPDS-37-
1472) [16,17] and Li2Si2O5 (JCPDS-04-0436) [18,19] accompanied
with the diffraction patterns of a-cristobalite SiO2 (JCPDS-39-
1425) [20]. SiO2 may increase the catalytic efficiency of various
lithium silicates providing high activity as well as heterogeneity
to the catalytic reaction.

Lithium impregnated arecanut husk ash catalyst showed three
desorption peaks of CO2 (Fig. 3), two of them centered at moderate
basic sites in the temperature range of 300 �C to 500 �C, and one at
strong basic sites in the range of 600 �C to 800 �C in the tempera-
ture programmed desorption profile. A total basicity of
0.8797 mmolg�1 is aroused from the sum of both moderate
(0.3216 mmolg�1) and strong (0.5581 mmolg�1) basic sites.

In the SEM image shown in Fig. 4, agglomeration of particles
with macroporous morphology is observed. Macroporosity
enhances the catalytic activity of the solid catalysts in the transes-
terification reactions [21,22].
Fig. 5. Effect of catalyst dosage on FAME content under the reaction conditions of
methanol to oil molar ratio of 15:1 at a reaction temperature of 65 �C for 120 min.

Fig. 7. Effect of reaction time on FAME content under the conditions of catalyst
dosage of 1 wt%, temperature of 65 �C, methanol/oil molar ratio of 15:1.
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Use of the catalyst in biodiesel production was investigated by
varying the reaction conditions. The catalyst to oil weight percent-
age was varied from 1 wt% to 5 wt% by fixing the methanol/oil
molar ratio at 15:1 at a temperature of 65 �C for 120 min reaction.
Even with the use of 1 wt% of the catalyst, biodiesel meeting the
international standard specifications (EN 14214) with FAME con-
tent above 96.5% is obtained. By increasing the catalyst dosage,
more than 99% FAME content is resulted (Fig. 5).

The molar ratio of methanol to oil was varied from 3:1 to 15:1,
keeping the reaction at a temperature of 65 �C for 120 min using
1 wt% of the catalyst. The FAME content met the EN14214 specifi-
cations at a higher methanol/oil molar ratio of 12:1 onwards
(Fig. 6).

In order to study the time taken for the complete conversion of
UCO into its corresponding methyl esters, the transesterification
reactions were conducted at different time intervals (Fig. 7). It is
found that 120 min is required for achieving the FAME content
lysts prepared using arecanut husk ash for biodiesel production from used
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Fig. 8. Effect of reaction temperature on the FAME content under the conditions of
catalyst weight 1 wt%, 15:1 methanol/oil molar ratio for 120 min reaction.

Fig. 9. Effect of FFA on the FAME content under the conditions of 3 wt% catalyst
dosage/oil, at 65 �C with a methanol/oil molar ratio of 15:1 for 120 min reaction.

Fig. 10. Reusability result of the catalyst under the conditions of 5 wt% catalyst
dosage/oil, at 65 �C with a methanol/oil molar ratio of 15:1 for 120 min reaction.

Table 1
Fuel properties of UCO biodiesel. Reaction conditions: 3 wt% catalyst dosage/oil, at
65 �C with a methanol/oil molar ratio of 15:1 for 120 min reaction.

Parameters Unit Limits Standards Biodiesel

Ester content % m/m 96.5 min EN 14214 99.92
Monoglyceride % m/m 1.00 max D 6751 0.00
Triglyceride % m/m 0.25 max D 6751 0.08
Free glycerol % m/m 0.02 max D 6751 0.00
Total glycerol % m/m 0.38 max D 6751 0.01
Acid value mg KOH/g 0.80 max D 6751 0.45
Water content Vol.% 0.050 max D 6751 0.00
Iodine value mg I/100 g 120 max D 6751 58
Viscosity mm2/s 1.96–6.0 D 6751 5.1
Density kg/m3 860–890 D 6751 868
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higher than 96.5% (fuel grade). Further increase in time to 150 min
increased the conversion to 99.89%.

From the reactions carried out at different temperatures includ-
ing room temperature (RT), it is found that high conversion of oil is
obtained only at the reflux temperature of methanol (Fig. 8). The
reaction is not so effective at lower reaction temperatures. The
results are in agreement with many heterogeneous catalyzed pro-
cesses [23,24].

A series of experiments were also conducted by adding oleic
acid (as the free fatty acid (FFA)), into the reaction mixture in order
to analyze the activity of the catalyst in the presence of FFA (Fig. 9).
FAME content of above 99% was attained till 3 wt% of FFA in the oil.
Thereafter, soap formation was the resultant of the reaction,
creating loss of biodiesel yield. Usually a FFA content of more than
1 wt% in the feedstock will adversely affect the biodiesel produc-
tion process, but some amount of FFA is inevitable in UCO
feedstocks [25,26].

Water is added to the UCO before the transesterification reac-
tion and it is seen that the catalyst was tolerant to a water content
of 1 wt%. A water content of more than 0.5 wt% was tend to be
Please cite this article as: V. Vinu and N. N. Binitha, Lithium silicate based cata
cooking oil, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.202
detrimental to many homogeneous and heterogeneous catalyzed
reaction processes [27,28]. Comparatively the lithium based pre-
sent catalyst is water tolerant.

The reusability of the arecanut husk ash derived catalyst was
investigated under the reaction conditions of 5 wt% of the catalyst
at a temperature of 65 �C with a methanol to oil molar ratio of 15:1
for 120 min reaction. A FAME content of above 99% is retained till 3
consecutive cycles which decreased thereafter. The results are
depicted in Fig. 10.

Fuel properties of UCO biodiesel produced over arecanut husk
ash derived catalyst is determined and tabulated (Table1).

All the fuel properties are matching to the standard values as
per EN 14,214 and ASTM D 6751 specifications [29,30].

4. Conclusions

In this study, arecanut husk ash is employed effectively in the
preparation of a solid catalyst by lithium incorporation with the
aid of a surfactant, citric acid. The active phase of the catalyst is
found to be a mixture of lithium silicates as well as a-cristobalite
SiO2 and is evidently revealed from the XRD and FTIR spectral anal-
yses. The catalyst is heterogeneous in nature and showed reusabil-
ity till 3 repeated cycles of reactions. The catalyst showed tolerance
towards low amount of FFA and water content in the oil feedstock.
The major highlights of the present process are the first time use of
arecanut husk for the solid catalyst preparation and the require-
ment of low amount of catalyst (1 wt%) in the transesterification
reaction for biodiesel production.
lysts prepared using arecanut husk ash for biodiesel production from used
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