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INTRODUCTION

The entire world anticipates the production of energy
through a variety of means to fulfill the requirements of all its
population [1]. In order to meet the requirements of the popul-
ation as a whole, a renewable impregnated calcined eggshell
and activated coconut (ESCP) pith heterogeneous catalyst was
synthesized to increase the yield of sustainable biodiesel energy
from waste cooking oil. The impregnation of activated coconut
pith and calcined eggshell formed a heterogeneous catalyst,
which was used for the production of biodiesel from the waste
cooking oil, its yield of biodiesel was increased from 20% to
87% by ESCP catalyst [2].

The eggshell consists of 95-98% of CaCO3 [3], which
calcined to CaO at a different temperature range of 400 to
800 ºC and the calcined temperature was optimized by TGA
analysis, the optimum temperature for maximum conversion
of CaCO3 to CaO was 700 ºC [2]. The coconut pith has a micro-
porous structure [4] and consists of lignin and cellulose [5],
and lignin being more hydrophilic than cellulose [6]. Due to
the porous structure of the coconut-pith.
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The calcined eggshell-coconut pith catalyst was prepared
by the impregnation of different mass ratio (1:1, 1:2, 1:3, 2:1,
3:1) of calcined eggshell (CES) and activated coconut pith
(ACP), soaked in KOH solution and impregnated in different
normality of HNO3 acid for the duration of 1, 2 and 3 h, which
was continuously stirred to get the mixed solution. The solution
was centrifuged to separate the centrifuged semi-solid, which
was then calcined at 400-800 ºC to produce the required egg-
shell-coconut pith (ESCP) catalyst. The product was then anal-
yzed to find the adsorption efficiency of the coconut pith on
the eggshell by FTIR, BET and SEM analysis.

EXPERIMENTAL

Synthesis: The process flow sheet for the impregnation
of coconut pith on calcined eggshell is depicted in Fig. 1.

Eggshell: The chicken eggshells waste was collected from
the local cafeteria and washed thoroughly with deionized water
to remove the unwanted deposited substances from the surface
of waste eggshells. It was dried in an oven at 100 ºC and crushed.
The crushed eggshell was sieved through a standard 100 µ size
to achieve a uniform particle size prior to calcination.
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Coconut-pith: The waste coconut pith was also collected
from the local cafeteria and the outer layer was removed. The
waste coconut was utilised to remove the brown-colored fibres
(coconut pith), which were then manually crushed and pow-
dered. The powdered coconut pith was sieved to 100 µ size [7].

Method of impregnation of calcined eggshell and activated
coconut pith

Calcination of eggshell: The waste chicken eggshells
were collected and washed two-three times by deionized water
to remove unwanted substances from the surface of the egg-
shell. It was dried in an oven at 100 ºC and ensured to be free
from moisture and then crushed to get a uniform particle size
of 100 µ, which was ensured by sieving of a 100 µ particle size
sieve. The crushed eggshell powders were weighed for five
batches, each of 10 g and calcined these batches of egg-shells
were in muffle Furness at a temperature from 400-800 ºC in
N2 inert gas atmosphere for a duration of 1 to 4 h at the time
interval of 1.0 h, it was placed in a desiccator for further use.
The calcined eggshells were subjected to TGA analysis to deter-
mine the optimum temperature of calcination for the maximum
conversion in CaO [8].

Activation of coconut pith: The waste coconut piths were
collected from the outside of the cafeteria of IGCAR (Indira
Gandhi Centre for Atomic Research) and grinded to make a
uniform size of 100 µ size, which was ensured by sieving of a
100 µ size sieve. The coconut piths were soaked in 7 M of KOH
solution for a duration of 1 to 4 h, then further calcined at 400
ºC optimum temperature [9]. The duration of soaking of coco-
nut pith was determined for maximum adsorption of coconut
pith on eggshell, the activated coconut pith was abbreviated
as (ACP).

Impregnation of calcined and activated eggshells: The
activated coconut pith (1 to 10 g) was dissolved individually
in 100 mL each of 0.1 N of HNO3 as a ten batch and stirred to

get a uniform mixture [10] and subsequently different combi-
nations of calcined eggshells (CES) (1 to 10 g) were added to
activated eggshells (ACP) solution and further stirred for diffe-
rent duration of 1 to 5 h to determine the optimum ratio of
ACP/CES and time for the maximum adsorption. The mixed
solution was centrifuged at different times ranging from 1 to
5 h for calcined eggshell at different temperature range from
200 to 700 ºC. There was a two-phase formation after centri-
fuging, the bottom phase was semi-solid and the top phase was
the mother solution. The concentration of the mother solution
was determined, which was the least concentration compared
to the initial concentration, the difference in concertation of
ACP and CES in the initial and mother solution was the
adsorbed concentration of ACP and CES. This procedure was
repeated for all the combinations of ACP and CES at different
times and temperatures. The speed of agitation of impregnation
was kept at the constant optimum speed of 700 rpm for all the
combinations. The semi-solid phase after centrifuging was
undergone further calcination at the optimum temperature of
600 ºC for the optimum duration of time. The calcined mixture
of ACP and CES was require an impregnated catalyst, it was
abbreviated as ESCP.

Method of adsorption

Variation of eggshell/coconut-pith ratio: The calcined
eggshell and activated coconut pith were taken in different mass
ratios like 1:5, 1:4, 1: 3, 1:2, 1:1, 2:1, 3:1, 4:1, 5:1, respectively
and stirred at the optimum temperature, time, speed in 100 mL
of 0.1 N HNO3 and obtained adsorption of coconut pith after
centrifugation [11]. The mass ratio of calcined eggshell and
activated coconut pith at maximum adsorption was determined
as the optimum mass ratio of calcined eggshell and activated
coconut pith.

Effect of nitric acid: The calcined eggshell and activated
coconut pith of 1:1 mass ratio was stirred at the different concen-
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Fig. 1. Process flow sheet for impregnation of ACP and CES

3052  Kumar et al. Asian J. Chem.



trations of nitric acid viz. 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,
0.08, 0.09, 0.10 and 0.11 N at the optimum parameters and
centrifuged for 10 min at 2400 rpm. The amount of eggshell
and coconut pith composition was determined in the mother
liquid. The difference in the amount of eggshell-coconut pith
from feed and mother liquid will be loaded amount of eggshell
and coconut pith.

Effect of concentration of calcined eggshell and activated
coconut pith: The calcined eggshell and activated coconut pith
of 1:1 mass ratio were stirred with different concentrations
viz. 20, 40, 60, 80, 100, 120 and 140 mg/mL of mixed solution
at an optimum parameter of time, speed and temperature. It was
centrifuged and then the maximum adsorption was determined.
The corresponding concentration of feed solution at maximum
adsorption was considered the optimum concentration of the
feed solution.

Effect of time: The calcined and activated coconut pith
solutions were stirred for different periods of 1.0, 2.0, 3.0, 4.0,
5.0 and 7.0 h at the optimum temperature, speed and mass ratio.
It was centrifuged at 2400 rpm and adsorption was determined
by a change in the concentration of mother solution and feed
solution individually for all batches. The optimum time was deter-
mined for the maximum adsorption of activated coconut pith.

Loading of ACP on CES with the variation of feed
concentration: The calcined eggshell and activated coconut
pith solution were prepared for different concentrations (20-
140 mg/mL) and stirred at optimum parameters for each batch
separately, it was centrifuged separately and determined the
amount of ACP loaded per unit mass of CES (mg/mg) by the
following eqn. 1:

o e

o

C C
Amount of ACP loaded

C

−= (1)

where Co = initial concentration of ACP in feed, Ce = final
concentration of ACP at equilibrium.

Adsorption of ACP with a variation of temperature:
The calcined eggshell and activated coconut pith were stirred
at varying temperatures from 30 to 90 ºC at constant other para-
meters like speed, time, the mass ratio (1:1) and concentration
of feed solution. It was centrifuged and determine the adsor-
ption after every 10 ºC interval of temperature.

Effect of contact time: The calcined eggshell and activated
coconut pith were stirred at optimum parameters and kept for
a time duration of 1, 2, 3, 4, 5, 6 and 7 h, it was centrifuged
individually for all batches and placed in a desiccator for 1 to
7 h to contact the subtract and determined the percentage
adsorption of ACP for each batch separately by eqn. 2.

o e

o

C C
Adsorption (%) 100

C

−= × (2)

where Co = initial liquid phase concentration of ACP, Ce =
equilibrium liquid concentration of ACP.

Effect of pH: The calcined eggshell and activated coconut
pith solution were prepared in nitric acid of optimum strength.
The pH of the solution was adjusted to 2 to 8 by adding HCl
and NaOH and stirring the solution of every batch at optimum
parameters and percentage adsorption was determined.

Effect of speed of stirring: The calcined eggshell and
activated coconut pith were stirred at a different speed from
200 to 800 rpm keeping the other optimum parameters  constant.
It was centrifuged for every batch of process operation and
the percentage adsorption was also determined by eqn. 2.

Equilibrium studies: The calcined egg-shell and activated
coconut pith different initial concentrations were prepared from
20-140 mg/mL at 30 ºC. The equilibrium adsorption of ACP
was determined (eqn. 3), and the validity of the Langmuir and
Freundlich adsorption isotherms was verified.

o e
e

(C C )V
q

W

−= (3)

where Co = initial concentration of ACP, Ce = equilibrium
concentration of ACP (mg/mL), V = volume of solution (mL),
W = mass of dry adsorbent (mg).

RESULTS AND DISCUSSION

Calcination of eggshell: The eggshell was calcined at diffe-
rent temperatures ranging from 100-800 ºC in a muffle furnace
in inert gas atmosphere for a duration of the time period from
1.0 h to 4.0 h and optimized the temperature of calcination at
600 ºC, the weight loss of eggshell for each batch of process
operation was determined, the percentage loss of eggshell was
calculated from following chemical equation followed by mole
concept method [12,13]:

3 2CaCO (s) CaO(s) CO∆→ + ↑ (4)

After 1 h of heating, the eggshell’s colour changed partially
from white to black and then from black to light brown, indica-
ting that some CO2 was released. After 3 h of heating at 600 ºC,
the eggshell’s colour changed again and this time partially from
brown to white [14]. The calcinated eggshell became 100%
white at 700 ºC upon 4.0 h heating, it means that almost CO2

has released and only CaO remains [14].
The mass deviation of the calcinated eggshell was deter-

mined as -1.96% based on the TGA plot, whereas the minimal
mass deviation of -23.37% was obtained from the DTG (deri-
vative thermogravimetry) analysis and the residual mass at
797.9 ºC was found to be 76.63%. The optimum operating tem-
perature for calcination of eggshell was 797.9 ºC for 4 h.

Effect of concentration of KOH for maximum loading
of coconut pith: The pulverized coconut pith was filtered using
a screen with a mesh size of 100 µ. Subsequently, it was imm-
ersed in different concentrations of KOH solution, maintaining
a consistent ratio of 5 g of pith per 100 mL of KOH [15].
TThe maximum loading capacity of coconut pith was tested
at various concentrations ranging from 1 to 8 M of KOH. It
was found that the loading of coconut pith began to decrease
at 8 M KOH. However, as the concentration of KOH increases,
the pith degraded and lost some of its qualities [16,17]. The
reason for this behaviour is that when the material is exposed
to KOH solution, the double covalent link is weakened, leading
to the formation of a hydroxyl (-OH) functional group with
the lignin. A higher concentration of KOH makes this group
more stable, but it damages the lignin’s benzene structure, so
no -OH functional group forms after 7 M [17]. The properties
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of coconut pith and its composition is given in Table-1. Hence
7 M concentration of KOH would be the maximum and
optimum loading of coconut pith as 65.25 mg/mL as shown
in Fig. 2.

TABLE-1 
PROPERTIES AND COMPOSITION OF COCONUT PITH [Ref. 17] 

Properties Value Composition Value 
(%) 

Carbon 62.55  Length of cell of 
coconut pith 

0.8-1.06 mm 
Hydrogen 6.1  
Oxygen 27.4  Width of the cell of 

coconut pith 
1.4-1.6 mm 

Nitrogen 2.0  
Silicon 1.1  Area of cross-section for 

cell of coconut pith 
1.6 × 10-4 mm2 

Calcium 0.5  
Density  1.45-1.52 g/cm3 Lignin 0.35  
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Fig. 2. Effect of KOH concentration for the loading of coconut pith

Effect of calcined eggshell and activated coconut pith
mass ratio to adsorption in nitric acid: Before calcination,
the eggshell consisted approximately 95-98% CaCO3 whereas
after calcination, all of the CaCO3 is transformed into CaO.
The adsorption was evaluated by testing multiple ratios of CES
and ACP, including 1:1, 1:2, 1:3, 1:4, 1:5, 5:1, 4:1, 3:1, and
2:1, to find the optimal combination of eggshell and coconut
pith for maximal adsorption.  It was found that the adsorption
subsequently increases for CES/ACP ratio from 5:1 to 1:1 and
subsequently decreases from 1:1 to 1:5, the CES/ACP mass
ratio of 1:1 was giving maximum adsorption in the nitric acid
medium as shown in Fig. 3.
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The coconut pith consists of cellulose, which has 62.5%
carbon, 6.1% hydrogen, 27.4% oxygen, 2.05% nitrogen, 0.5%
calcium and 0.35% lignin [17]. This composition forms the
functional group of -O-, CH=O and this -CH=O functional
group was linked with KOH and formed -OH functional group
during ACP formation, these -OH functional group was verified
by peak at 3431 cm-1 from the FTIR spectrum. The eggshell,
composed of CaCO3, underwent calcination to produce CaO
[18], which was confirmed by the presence of a peak at  709.96
cm-1 in the FTIR analysis. Thus, CaO was reacted with HNO3

and formed Ca(NO3)2 in eqn. 6 during the CES formation [18].

CaO + HNO3 → Ca(NO3)2 + H2O (5)

Calcined eggshell nitrate form of eggshell: During the
formation of ACP, cellulose contained potassium (K) with a
functional group of -OH. The K combined with -NO3 in a
nitric acid solution, resulting in the formation of KNO. This
compound was separated and confirmed to be present in the
liquid through FTIR analysis. The cellulose still retained the
-OH and -O- functional groups, which were free to form bonds.
This was confirmed by the presence of a peak at 3431 cm-1,
indicating the -OH functional group, while the peak at 2516
cm-1 indicate the presence of Ca(OH)2. The majority of -NO3

functional group was released as KNO3 during the final stage
of ESCP catalyst formation, with only a small amount poten-
tially linking with -O-, calcium and lignin. Consequently, the
presence of CaO, -OH, and -O-Ca-NO3 was confirmed together
with the composition of cellulose and lignin in the final step
of ESCP catalyst synthesis. A chemical composite compound
of eggshell and coconut pith was formed by combining one
mole of cellulose with one mole of CaO (CES). The maximum
adsorption occurred at a 1:1 ratio of CES and ACP, resulting
in an increase in the surface area of the eggshell-coconut pith
(ESCP) by 4.19 m2/g as confirmed by BET analysis. This incre-
ase in surface area confirms the adsorption of ACP on calcined
eggshell [19].

Effect of concentration of nitric acid on the loading of
CES and ACP: The CES and ACP of 1:1 mass ratio was mixed
and dissolved in different strengths of nitric acid (0.02 -0.11
N) at the interval of 0.01 N [19] of each batch and stirred at
optimum parameters. It was observed that the loading of ACP
and CES gradually increases up to 0.1 N HNO3 and after that
loading of CES and ACP becomes constant. The loading of ACP
followed the same pattern as CES in the loading plot, indicating
that CES served as a carrier for ACP. However, after treating
with 0.1 N HNO3, the adsorption declined, suggesting that both
CES and ACP were completely loaded [19] (Fig. 4). The highest
loading of CES and ACP was achieved while using a 0.1 N
nitric acid solution.

Effect of change of feed concentration to the final product
concentration: An equimolar mixture of CES and ACP was
dissolved in nitric acid at different concentrations ranging from
20 to 140 mg/mL. Each batch of the process was conducted under
optimal conditions and the resulting product was centrifuged
for 10 min. The data indicates that the concentration increased
in direct proportion to the availability of free bonds in the egg-
shell and cellulose. At a initial concentration of 100 mg/mL,
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the maximum adsorption of CES and ACP occurred when all
the free bonds of cellulose were occupied with radicals. Beyond
this concentration, the adsorption remained nearly constant
as there were no more available free bonds in the adsorbent.
Fig. 5 shows that a concentration of 100 mg/mL was the most
effective for achieving maximal adsorption of CES and ACP.
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Effect of feed concentration to loading of ACP to CES:
At a mass ratio of 1:1, the feed concentration of CES and ACP

was varied between 20 and 140 mg/mL, with 20 mg/mL intervals
between batches, while other optimal parameters remained fixed.
At a concentration of 20 mg/mL, the amount of ACP was 0.74
mg/mg. As the feed concentration increased, the amount of
ACP gradually increased, reaching a maximum of 0.99 mg/mg
at 100 mg/mL. From there, it remained relatively constant as
the feed concentration increased, which is due to the fact that
the free bond in ACP’s cellulose is not readily available. There-
fore, at a feed dosage of 100 mg/mL for both CES and ACP,
the maximum loading of ACP to CES was 0.99 mg/mg (Fig.
6).
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Effect of change in feed concentration to percentage
adsorption of ACP on CES: The feed concentration of ACP
and CES with 1:1 mass ratio solution was varied from 20 mg/
mL to 140 mg/mL in HNO3 medium with the interval of 20
mg/mL and stirred at constant optimum parameters like stirring
speed, time and temperature. When the feed concentration was
20 mg/mL, the adsorption percentages of ACP and CES were
approximately 35% and 70%, respectively. As the feed concen-
tration increased to 100 mg/mL, the adsorption percentages of
CES and ACP began to reverse, with the former showing an
increase and the latter a decrease (Fig. 7). Adsorption occurred
up to a concentration of 100 mg/mL, followed by subsequent
desorption. The concentration of the feed solution at 100 mg/mL
represents the state of equilibrium.  The adsorption of ACP was
around 49% whereas the CES accounted approximately 51%.

Effect of time on the adsorption of ACP on CES: The
feed concentration for 1:1 mass ratio of CES and ACP solution
was stirred with varying times from 1 to 7 h while keeping the
other optimum parameters constant. The adsorption of ACP
was observed from the first to third hour of the experiment,
which increased steadily from 25 mg/mL to 40 mg/mL and
then reached a saturation indicating that adsorption became
saturated by the third hour (Fig. 8). The free radical in the
ACP was fully bonded, leaving no remaining unbound sites
for subsequent bonding with CES. Therefore, the minimal
desorption occurred between 4 to 7 h.

Effect of temperature on adsorption of ACP: The calcined
eggshell and activated coconut pith were taken in equal amounts,
dissolved in 0.1 N HNO3 and stirred at a different temperature
varying from 30 to 90 ºC with the interval of 10 ºC, keeping
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other parameters constant and observed the adsorption of ACP
as depicted in Fig. 9, when the temperature was increased from
30 to 40 ºC. Intially, the adsorption increases but not propor-
tionally until 70 ºC because at high temperature, the electrons
were freely available for adsorption [20]. At high temperature
more will be free electrons for the formation of bound but it
will continue when all electrons of the outermost orbit were
getting exhausted and hence no new bond formation will take
place and it was continued to maintain same adsorption after
70 ºC because there were no free electrons to form the bond
between CES and ACP [21].

Effect of contact time on the adsorption of ACP on
eggshell: Calcined eggshell and activated coconut pith were
impregnated at optimized parameters, and after stirring, the
solution was left to settle for a different time interval. The initial
adsorption of ACP was 62% after 1 h of contact time. The adsor-
ption steadily increased until 5 h of contact time and then it
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become saturated (Fig. 10). This was happened due to the
absence of a chemical interaction between CES and ACP at
shorter contact times. As duration of contact increases, the
quantity of bonds and their length also increase [22]. Addition-
ally, the number of adsorbate molecules will reach a maximum
value with more time, leading to an increase in the percentage
of adsorption. The adsorption remained constant between 5
and 7 h of contact time, as all the adsorbate had formed bonds
with the adsorbent and the adsorption reached saturation at 5
h of contact time.
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Fig. 10. Effect of contact time on the adsorption of ACP

Effect of pH on the adsorption of ACP by calcined egg-
shell: The solution consisting of calcined eggshell and activated
coconut pith was combined in 0.1 N HNO3 and agitated. The
pH value and the % adsorption of ACP were observed under
optimal conditions for other parameters. The pH levels were
modified by introducing either HCl or KOH, depending on the
specific correction needed. Fig. 11 shows that the adsorption
increased from 62% at pH 2 to 99% at pH 6, and then decreased
to 65% at pH 8, which was happened due to the acidity levels
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of feed solution as it exceed the saturation levels [23]. There
was an increase in the desorption of ACP, leading to a decrease
in the percentage of ACP adsorbed, in the more basic feed
solution. This is because the -OH functional group in eggshells
facilitates the formation of hydroxide of calcium as Ca(OH)2

[24], which in turn separates the OH functional groups of lignin
and cellulose in coconut pith [25,26].

Effect of stirring rate on the adsorption of ACP by
CES: The calcined eggshell and activated coconut pith of 1:1
ratio was stirred with different speed ranging from 200 to 800
rpm while keeping the other parameters optimum and moni-
tored the adsorption of ACP as shown in Fig. 12. Adsorption
was 62% at 200 rpm and 99.1% at 600 rpm; however, adsor-
ption decreased after 600 rpm for the following reasons: (1)
the adsorbate and adsorbent were not thoroughly mixed at
lower iteration speeds, so new bond formation did not occur;
(2) free radicals were ionized at 600 rpm, leading to increased
new bond formation and, consequently, more adsorption. For
higher iteration speeds, the adsorbate started to disintegrate
from the adsorbent surface and thus, the adsorption of ACP
decreased with increasing iteration speeds.
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Fig. 12. Effect of stirring rate on the adsorption of ACP by CES

Isotherms and kinetic studies: Applying the Langmuir
and Freundlich isotherm equations to the ACP adsorption
synthesis data, we were able to derive an adsorption isotherm
that exhibited a state of equilibrium between the adsorbate
concentration, the amount of adsorbent accumulation, and the
concentration of dissolved adsorbate.

Langmuir adsorption plot for adsorption of ACP by
CES: The Langmuir adsorption isotherm can be presented as
follows [26]:

e e

e m m

C C1

q bq q
= + (9)

where Ce = adsorbent concentration at equilibrium (mg/mL),
qe = adsorption capacity at equilibrium (mg/g), b = adsorption
equilibrium constant (mL/mg), qm = maximum adsorption
capacity of adsorbent (mg/mg).

The equilibrium constant for adsorption of ACP (b) and
maximum adsorption capacity were found to be -5.198 mL/mg
and 0.184 mg/mg respectively, while the correlation coefficient
(R2) was found to be as 0.9896. The value of R2 represents the
good fitness of the experimental data for linear Langmuir adsor-
ption isotherm for the adsorption of ACP on CES.

Linear Freundlich Isotherm plot for adsorption of ACP
by CES: The Freundlich adsorption isotherm can be presented
as follows [26]:

e f e

1
logq logK logC

n
= + (10)

where Ce = adsorbent concentration at equilibrium (mg/mL),
qe = adsorption capacity at equilibrium (mg/g), n = bond energy
between ACP and CES, Kf = bond strength.

The Freundlich equilibrium constant (Kf) and bond energy
constant (n) were calculated at equilibrium and found to be as
0.625 mL/mg and 3.31, respectively. The value of 1/n was
-0.3018, this shows the heterogeneous selectivity of ACP by
CES. Since the value of n was greater than 1.0 indicate that
the ACP has adsorbed on the whole surface of CES. The corre-
lation coefficient (R2) value for the Freundlich  and  Langmuir
adsorption isotherm models was 0.9926 and 0.9896, respectively
which indicates that the Freundlich isotherm model is more
good fit than the Langmuir adsorption isotherm. The  para-
meters of Langmuir and Freundlich adsorption isotherms for
adsorption of ACP on CES is depicted in Table-2.

TABLE-2 
PARAMETERS FOR LANGMUIR AND  

FREUNDLICH ADSORPTION ISOTHERM  
MODEL FOR ADSORPTION OF ACP BY CES 

Langmuir isotherm Freundlich isotherm 

R2 qm 
(mg/mg) 

B 
(mL/mg) 

R2 1/n Kf 
(mg/mL) 

0.9896 0.184 -5.198 0.9926 -0.3018 0.625 

 
Determination of activation energy for adsorption

process from Arrhenius equation: The data measured for
adsorption of ACP with varying temperatures were graphically
represented for log Yt vs. 1/T (eqn. 11) and Arrhenius activation
energy was calculated from Arrhenius equation (eqn. 12) [27]:

a
t

E
Y ln A

RT
= − (11)

aE

RTK A.e
−

= (12)

where A = Arrhenius constant (frequency factor), Ea = activation
energy for adsorption of ACP, R = universal gas constant, T =
temperature in kelvin, K = kinetics rate constant, Yt = the
amount of ACP adsorbed in temperature ºC. Fig. 13 represents
the Arrhenius plot for the adsorption of ACP by CES, the linear
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Fig. 13. Arrhenius equation for the adsorption of ACP by CES

plot was obtained and the value of A and Ea. for the adsorption
process of ACP by CES from intercept and slop respectively
are 2.028 M-1 S-1 and 1.28867 KJ/mol, this indicates that ACP
has better adsorption at a higher temperature compared to lower
temperature [28].

Kinetics studies: Initially, the kinetics of adsorption process
was evaluated by measuring the rate of change of adsorption per
unit time. The results showed that 71% of adsorption completed
within 2 h and nearly 99.96% was finished within 5 h. To study
the kinetics model of adsorption of ACP by CES, the two most
popular models, pseudo-first and pseudo-second order, were
adopted [29-31]. The equation of pseudo-first-order and second-
order are depicted in eqns. 13 and 14, respectively.

Pseudo first order:

1
e t e

K
log(q q ) logq t

2.303
− = − (13)

Pseudo second order:

2
t 2 e t

t 1 1
t

q K q q
= + (14)

where K1 (mL/h) and K2 are the equilibrium rate constant
for pseudo first-order and pseudo second-order, respectively;
qe (mg/g), qt(mg/g) and t are the adsorption capacity at equi-
librium, adsorption capacity at the time and contact time in h.

The parameter values of pseudo first order and second
order kinetics of adsorption of ACP by CES are shown in Table-
3. According to Table-3, the R2 value for the pseudo second-
order model for ACP adsorption by CES is higher than that of
the pseudo first-order model. This suggests that the pseudo
second-order model provides a better correlation for ACP
adsorption by CES and that the pseudo second-order model is
a better fitted for ACP adsorption by CES than the pseudo
first-order model. Additionally, these results showed that the
chemisorption process is the rate limiting step for the ACP adsor-
ption process on CES.

TABLE-3 
PARAMETERS FOR THE MODEL OF KINETICS  

FOR THE ADSORPTION OF ACP BY CES 

Pseudo first order Pseudo second order 

K1 (mL/h) R2 K2 (g/mg h) R2 

1.4695 0.9461 99.49 0.9827 

 

Characterization of ESCP catalyst: The calcined egg-
shell and impregnated eggshell coconut pith catalyst were
characterized by TGA, SEM, FTIR and BET analysis. The
optimum temperature for calcination of eggshell was 600 ºC.
The surface of the calcined eggshell was studied before and
after adsorption of activated coconut pith by SEM analysis.

Fig. 14. SEM image (a) before adsorption and (b) after adsorption
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The size of the particles of calcined eggshell was increased
after the adsorption of activated coconut pith as shown in the
SEM image (Fig. 14b), the size of the particle calcined eggshell
before adsorption was 1.0 µm where the size of particle of
calcined eggshell after the adsorption becomes 1.66 µm, there-
by confirmed the adsorption of ACP on CES.

The surface area of the BET was measured by plotting the
graph between relative pressure (P/P0) vs. P/Vt (P0 – P) of N2

to the sample at 200 ºC [32] and the BET surface area was
found to be as 4.19 m2/g. After calcination, 99.9% of CaCO3

in the egg-shell was transformed to CaO [33] and the BET
surface area changed depending on the calcination temp-
erature. Based on the results of all the studies comparing the
surface areas of various materials, including boiled raw egg-
shell, commercial CaO and calcined eggshell impregned coconut
pith catalyst (ESCP), it was found that the ESCP BET surface
area was larger than the other BET surface area of raw eggshell
and boiled eggshell [22,28,34]. This finding supports the idea
that ACP can be adsorbed on CES. Additionally, the measured
value of R2 (coefficient of regression) was 0.9989, indicating
that the data is well-fitting for ACP adsorption.

Transesterification reaction: The prepared eggshell and
activated coconut (ESCP) as catalyst was applied for the produ-
ction of biodiesel by utilizing waste cooking oil with methanol.
The waste cooking oil was heated at 60 ºCto remove the mois-
ture content present. The transesterification reaction was carried
out first with calcined eggshell as catalyst at a 1:6 molar ratio
of waste cooking oil and methanol at 60 ºC for 4 h. A biodiesel
yield of 42% was achieved as the maximum, while the maxi-
mum production of biodiesel with ESCP catalyst under the
same optimal conditions was 87%, resulting in a 45% increase
in biodiesel yield by the impregnation of ACP on CES.

Conclusion

The optimized conditions for the impregnation process with
calcined eggshell that maximizes the adsorption of activated
coconut pith (ACP): 65 mg/mL KOH, 1:1 CES/ACP, 100 mg/
mL nitric acid, 80 ºC feed concentration, 5 h contact time, 5.6
pH feed solution, and 600 rpm iteration rate. The adsorption
of activated coconut pith (ACP) on calcined eggshell (CES) is
most suited to the Freundlich adsorption isotherm model with
R2 = 0.9926, which indicates the process parameters are a good
fit with the model. The activation energy for adsorption of ACP
on CES is determined from the Arrhenius equation as 128862
KJ/mol, which indicates better adsorption of ACP on CES. The
kinetics model for adsorption of ACP on CES was also investi-
gated and the pseudo-second-order model is found the most
suitable model for adsorption process with equilibrium rate
constant (K2) = 99.49 and coefficient of regression (R2) =
0.9827. Finally, the prepared eggshell and activated coconut
(ESCP) as catalyst was successfully applied for the biodiesel
by utilizing waste cooking oil with methanol using transesteri-
fication reaction.
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