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ABSTRACT
Heterogeneous catalytic transesterification has several advantages over the homogeneous
catalytic transesterification, including easy separation of biodiesel from glycerol, catalyst
recycling/reuse, less energy requirement, and minimum consumption of water. In this study, the
effect of temperature on the percentage yield of catalyst produced, effect of pH, Fourier
Transform Infrared analysis, morphology, ash content, moisture of catalyst produced by both
physical and chemical activation of Cocos nucifera shell was studied. The spectra for Cocos
nucifera shell catalyst, shows different spectra at different wavelengths of 3339.7cm-1, 2885cm -

1- , 1684cm-1, 1581.8cm-1, 1151.7cm-1, and 745.5cm-1. 3339.7cm-1 associated to O-H stretching
vibration of OH functional groups. Gradual decrease with increase in the concentration of K2CO3,
optimum yield was observed at 1:6 with total yield of 76.30%. The effect of activation
temperature increases the ash content of the catalyst from 500 to 700oC leading to a gradual
increase in ash content from 5.4 to 9.6. Moisture content of the catalyst produced at different
activation temperatures and impregnation ratios was found to decrease with increase in activation
temperatures, and increase with increase in impregnation ratio. Catalyst produced at higher
activation temperature 700 to 900oC show a lower moisture content of 5.4 and 3.2% respectively.
This work concludes that, Heterogenous catalyst can be produced from Coco nucifera shell
which is an agricultural waste and can be further used as catalyst for biodiesel.
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INTRODUCTION

Coco nucifera is mainly composed of lignin,
cellulose and hemicelluloses (Borel et al.,
2021). Increasing the rate of cellulose
breakdown improves the porous structure of
biochar (Li et al., 2020), whereas increasing
the rate of lignin breakdown contributes to the
formation of biochar with a high specific area,
high FC content and fine aromatic structure
(Jiang et al., 2020). The composition of lignin,
cellulose and hemicellulose in a Cocos
nucifera shell influences the characteristics of
Cocos nucifera shell. Kamaluddeen et al.
(2022) studied the production of solid catalyst
from carbonaceous materials. This requires
careful approach so that the physical or
mechanical properties of all intermediates are

not destroyed. Filtration, drying, calcination,
and forming rather than the batch method are
recommended.
Dass et al. (2018) studied the morphology of
catalyst produced from Coco nucifera fruit
shells by physical activation at 900°C.
Cavities were visible on the surface of the
catalyst of different sizes. The different pores
suggest that these could be sites that may
adsorb reactants during catalysis (Jiang &
Xiao, 2020). Also, the size of the pore could
be related to the different functional groups
that may be present (Lee et al., 2019). The
nature of functional group on catalyst surface
has been related to the nature of reaction that
would proceed in heterogeneous catalysis
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(Charlotte and Bert, 2022). This work focuses
on producing a heterogenous catalyst from
Coco nucifera shell and evaluation of
heterogenous catalyst produced by physical
activation from coco nucifera shell

MATERIALSAND METHODS
Methods
The Cocos nucifera shells were collected from
coconut sellers in Wukari LGA, Taraba State.
The Cocos nucifera shell were washed with
tap water, sun-dried for two days and crushed
to small particle size. A 500g of crushed
Cocos nucifera shell was washed with
distilled water till the wash water became
colorless. It was then dried at 110°C in an
oven for 8 hours to get rid of moisture and
other volatiles.
Physical activation: A 100g of pre-treated
Cocos nucifera shell was carbonized in a
crucible and at 1000oC for 2 hours. After
carbonizing for 2 hours, the sample was kept
in a desiccator to cool. It was ground and
sieved with a 300µm sieve and Storage in air
tight bottle to avoid long contact with oxygen.
Determination of the percentage yield of
Catalyst produced by physical activation
(K2CO3 cm3) of Cocos nucifera shell
The total yield (%) of Cocos nucifera shell
produced by physical activation was
determined after sample processing in terms
of raw material mass. The dried weight, of the
pre-treated and carbonized samples was
determined using Metler balance and the
carbon yield and calculated as

�% =
� � 100

�°
−−−− �� 1

Where Y = Carbon yield (%); W = final
weight of catalyst prepared; Wo = initial
weight of the sample used in the carbonization
and activation processes (Verla et al., 2012).

Determination of pH of catalyst produced
by physical activation of Cocos nucifera
shell
The pH was determined according to ASTM
D3838-80 1.0g of each of the catalysts
produced by physical activation of Cocos
nucifera shell was weighed and transferred
into separate 250 ml beaker and 100 ml of
distilled water was added and stirred for 1
hour. The samples were allowed to stabilize
and then the pH was measured using a hand-
held pH meter, (Jenway 430 Model).
Determination of percentage Ash content of
the produced catalyst
Ash content determination was done
according to the ASTM D2866-94 method. 2g
of each of Cocos nucifera shell catalyst was
placed into separate porcelain crucible which
was weighed and transferred into a preheated
muffle furnace set at a temperature of 1000oC.
The furnace was allowed to burned for an
hour after which the crucible and its content
was transferred to a desiccator and allowed to
cool. The crucible and content were reweighed
and the weight lost was recorded as the ash
content of the catalyst (Wash) and the % ash
content (dry basis) was calculated from the
equation (Verla et al., 2012).

��ℎ =
���ℎ � 100

�°
−−−−− �� 2

Wo= initial weight of AC, Wash = weight loss
Moisture (%) of catalyst produced
Moisture content was determined according to
ASTM D2867-99. From the Catalyst produced,
1g was weighed and dried in an oven set at
110oC. The drying sample was constantly
weighed at a 10 minutes’ interval until a
constant weight (Wp) was obtained. The
crucible and its content were retrieved and
cooled in desiccator. The difference in weight
was recorded and the moisture content (MC)
was calculated from the equation as loss in
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weight on drying divided by initial weight of
activated carbon multiplied by 100. (Donni et
al., 2005).

�� = ��−�� � 100
Wo

−−−− �� 3

Where Wf = weight of Carbon retrieved from
the oven, Wi = weight of crucible and AC and
Wo = initial dry weight of the AC sample
The morphological studies of the catalyst
Oven dried porous sample was mounted on an
adhesive carbon tape attached to an
aluminium-stub and subsequently sputter
coated with platinum for 5 min in a JFC-1100
sputter coater. SEM magnification was
selected at 370, 500, 1000 and 1500 (Guo et
al., 2010). Scanning Electron Microscope
(SEM) operating at 25 kV was used to study
the morphology.
Fourier Transform Infrared analysis of
catalyst
Catalyst was analyzed was using a PERKIN-
ELMER spectrum One FT-IR
spectrophotometer. Each sample was ground
to fine powder and oven dried at 11°C for 2
hours and turned into pellet hydrolytically.
The pellet was analyzed immediately and the
spectra produced was recorded. A pellet
prepared with an equivalent quantity of pure
KBr powder was used as control (Sugumaran
et al., 2012).

RESULTSAND DISCUSSIONS
Effect of temperature and impregnation
ratio Proximate analysis as shown in Table 1,

these are the different properties of catalyst
produced by physical activation of Cocos
nucifera shell. As seen from the results,
carbonization temperature has effect on the
yield as Cocos nucifera precursor reduces
upon carbonization at 1000oC this indicates
that coconut shell was practically sensitive to
the carbonization temperature. The effect of
increasing the reaction temperature and
impregnation ratio shows a gradual decrease
in the yield (Fig.1), optimum temperature was
found to be 800oC which yields 78.33%.

Table 1: Proximate analyses of catalyst
produced from Cocos nucifera shell

Parameter Catalyst produced
Catalyst yield (%) 52.37
pH of catalyst 9.70
Percentage ash (%) of
catalyst

2.01

Percentage moisture
(%) of catalyst

2.80

Effect of Temperature (oC) On the Yield (%)
of Cocos nucifera Shell Catalyst.
Figure 1: shows the effect of temperature on
the yield (%) of the carbonized Cocos nucifera
shell when the temperature was varied from
500 to 900 oC at between constant
concentration of catalyst and time, the result
shows that the yield of catalyst decreases
gradually as the temperature increases from
500 to 700oC and there was a decrease in
catalyst yield from 700 to 900oC also. The
optimum yield of the Cocos nucifera Shell
Catalyst observed at 500oC was 85.33%.
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Figure 1: Effect of temperature on catalyst yield at constant impregnation ratio (gdm3) and time

Impregnation ratio K2CO3 (gdm-3) on the
yield of Cocos nucifera shell Catalyst.
Figure 2: The impregnation ratio was varied
from 3:2 to 3:10 of K2CO3 and the Cocos
nucifera shell. As the impregnation ratio was
increased at constant temperature and time on
the carbonized Cocos nucifera shell, the
catalyst yield decreases progressively as the
impregnation ratio increases from 2 to 10
gdm-3. At 8 to 10 gdm-3, there was a minimal
decrease in the yield of both the Cocos
nucifera catalyst with the highest yield

observed at 3: 2 with 86.63% yield. The effect
of varying impregnation ratio of catalyst
prepared by physical activation to potassium
carbonate (K2CO3) at constant temperature
and time, the result obtained showed a gradual
decrease with an increase in the concentration
of K2CO3. Optimum yield was observed at 1:6
(catalyst: K2CO3) with total yield of 76.30%.
The catalyst exhibits an alkaline nature for all
the catalyst prepared at different activation
temperature and impregnation ratio, at 800oC
with impregnation ratio of 3:6 K2CO3.

Figure 2: Effect of impregnation ratio (gdm3) on catalyst yield at constant temperature (oC)

Effect of temperature variation on pH of
catalyst
Figure 3: shows the pH of catalyst from
carbonized Cocos nucifera shell at constant
impregnation of K2CO3 and time. As the

temperature of the reaction increases the pH
increases from 9.2 to 10.8. This shows the
alkalinity of the catalyst. The optimum
temperature for carbonization was observed at
800oC with pH of 10.4. The pH of the catalyst
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was found to be 10.5. The value of pH
obtained in this work is more effective
because pH of catalyst obtained from

lignocellulosic material is very effective at
low pH than high pH (Edward et al., 2014).

Figure 3: Effect of temperature variation on pH of catalyst at constant impregnation ratio (gdm3)
and time

Effect of various impregnation ratio (gdm-3)
of K2CO3 on pH of the catalyst
Figure 4: from the results it shows that the pH
of catalyst increases with increasing

concentration of K2CO3 this shows an
increasing alkalinity of the catalyst. There was
a minimal increase from 2 to 4 gdm-3. The
optimum pH was observed to be 10.5 at 3:6.

Figure 4: effect of various impregnation ratio (gdm3) on pH of catalyst at constant temperature
(oC) and time
Impact of temperature variation on ash
content of the catalyst
Figure 5, shows the ash content of Cocos
nucifera shell catalyst which was activated at
different temperature range and constant
concentration of K2CO3 and time. The effect
of activation temperature increases the ash
content of catalyst in both coconut shell and
mahogany shell catalyst at 1000oC, catalyst

activated at 500 to 700oC shows a gradual
increase in ash content from 5.4 to 9.6 and as
the temperature increases from 700 to 900oC
the ash content increases 9.6 to 13.2 for Cocos
nucifera shell catalyst, as the temperature
increases from 700 to 900 oC the ash content
was observed to be 11.2 to 15.3. The catalyst
shows a lower ash content. High ash content is
undesirable for catalyst since it reduces the
mechanical strength of catalyst.
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Figure 5: Growth trend of ash content of the catalyst under various temperature at constant
impregnation and time
Impact of the variation of impregnation
ratio on ash content of the catalyst
Figure 6: shows an increasing ash content with
increasing impregnation ratio. The highest

percentage ash for Cocos nucifera shell
catalyst was observed at 3:10 with 14.8%.

Figure 6: Growth trend of ash content of the catalyst under various impregnation ratio

Moisture Content (%) of Catalyst at
Different Reaction Temperature.
Figure 7: At different reaction temperature, the
moisture content of Cocos nucifera shell
catalyst shows a significant decrease in
moisture content with the lowest moisture
content at 900oC with 3.2 % and the highest
was 8.9 % at 500oC.
Figure 8: shows a gradual increase in moisture
content as the impregnation ratio increases
from 2 to 10 gdm3. Moisture content increases

from 5.6 to 9.0% in the coconut shell catalyst
and 4.8 to 8.9 in Cocos nucifera shell Catalyst.
The moisture content of the catalyst produced
at different activation temperatures and
impregnation ratios was found to decrease
with an increase in activation temperatures
and increase with an increase in impregnation
ratio, catalyst produced at higher activation
temperature 700 to 900oC show a lower
moisture content of 5.4 and 3.2% respectively.
Lower moisture content increases the rate of
adsorption.
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Figure 7:Moisture content of catalyst under different reaction temperature (oC) at constant
impregnation ratio (gdm3) and time (h).

Figure 8: Moisture content of catalyst at different impregnation ratio (gdm3), constant reaction
temperature (oC) and time (h).

Morphological characterization of Cocos
nucifera Shell Catalyst
Figure 9 and 10 shows the different
morphology of physically prepared Cocos
nucifera shell activated carbon, coconut shell
catalyst produced at 800⁰C and 3:6 K2CO3

impregnation ratio. From the micrographs, it
can be seen that the external surface of the
carbon has some pores on the surface which
indicates the porosity of activated carbon.
Figure 14 shows the morphology of Cocos
nucifera shell catalyst chemically prepared at
800oC from the scanned result, the external
surface developed some cracks, crevices of
honeycomb-like structure and some crystals
and strands with pores scattered on the surface
of the carbon. A closer look shows some pores
developed on the crystals. The crystals formed

on the surface are most likely the potassium
compound as is hinted out by the result of the
scan (Eliseo et al., 2015).

https://www.nature.com/articles/nrrheum.2015.125
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Fourier Transformed Infrared (FI-IR) for
Figure 9: SEM for physically prepared Cocos. Figure 10: SEM result for Cocos nucifera
shell nucifera shell catalyst catalyst produced at 800oC.

Coconut Shell Catalyst Produced at
Different Activation Temperatures oC.
Fourier transform infrared (FTIR)
spectroscopic analysis was used to study the
surface chemistry of both physically and
chemically prepared coconut shell catalyst.
Figure 11 and 12 reveal the FTIR spectra of
the Cocos nucifera shell catalyst where the

peaks were slightly shifted. Figure 11 shows
the spectra of physically produced Cocos
nucifera shell catalyst with varying peaks of
3339.7cm-1 which is associated with -OH
stretching, 2885.0cm-1 which corresponds to
C-C stretch, weak peak at 1684.8 corresponds
to C=C stretch, C=O was found at 1581.8, at
1151.7 corresponds to the stretching vibration
of C-O and at 745.5cm-1 C-H was found.

Figure 11: Fourier transform infrared (FTIR) for physically prepared Cocos nucifera shell
catalyst
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Figure 12: Fourier transform infrared (FTIR) for Cocos nucifera shell catalyst produced at
800oC

MicrographAnalysis of Catalyst Produced
The morphology of the catalyst was carried
out using Scanning Electron Microscope. from
the micrograph on Figure 13, the surface
topography of catalyst produced by physical
activation of Cocos nucifera shell showed
different pores on the external surface of the
catalyst. Figure 14, showed the types of
different particles spread on the surface of the
catalyst.
Base on the result of the morphology of
catalyst produced by Physical activation of
Cocos nucifera shell (Fig. 14), the external
surface of the catalyst developed some crakes
with some strands of crystals scattered on the

surface of the catalyst. It also showed the type
of particles present on the surface of the
catalyst. The graph (Fig. 15) showed the
cumulative (%) and volume (%) per area of
the different particle per size. Due to
carbonization and activation, volatiles and
moisture content were removed producing a
fixed carbon mass with widening of pore
networks that are present in the catalyst
sample which shows the adsorption capacity
of a catalyst that largely depends on the
number of pores and the size of the surface
area. The physical activation process has
successfully increased the surface area and
porosity of the catalyst (Wang et al., 2013).

Figure 13:Morphology of catalyst produced Figure 14: Types of different particles on
by physical activation of Coconut shell of the catalyst produced by physical activation of
Coconut shell
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Figure 15. Graph of cumulative (%) against area of particles of catalyst produced by physical
activation Cocos nucifera shell.

Conclusion
The heterogenous catalyst produced by
physically activated Cocos nucifera shell has
shown a good active site which can be used as
catalyst for the production of biodiesel and
other oil from plant seeds. This study serves as

a tool to identify non-edible potential raw
materials and to produce heterogeneous
catalyst (AC supported on K2CO3) based on
indigenous sourced raw materials for possible
optimization of the bio-diesel production.
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