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Abstract: Currently, wastewater containing heavy metals treatment has been included as a
significant topic for research. This is due to the effluent that is concentrated with a toxic and
hazardous content which needs for a proper treatment as to reduce the environmental impacts before
it can be released as an effluent. Therefore, biosorption by waste material was proposed in this study
as a treatment method for this type of wastewater. The objective is focus on the comparison of the
characteristics and performance of raw eggshell waste biosorbent with prepared hybrid eggshell-
pandan biosorbent on the removal of Cr (VI) ions in aqueous solution. From the study, it showed
that the prepared hybrid biosorbent perform higher percentage in the removal of Cr (VI) ions in
aqueous solution compare to the raw eggshell waste with its optimum condition at 140 min of contact
time, 0.5 g of biosorbent dosage at 50 °C and pH 4 in 0.8 mg/L of solution concentration. On the
other hands, the optimum conditions for the raw eggshell waste biosorbent to achieve its highest
percentage removal of Cr (VI) ions in aqueous solution is 140 mins of contact time, 0.5 g of
biosorbent dosage in room temperature at pH 5 in 0.8 mg/L of solution concentration. The kinetic
study revealed that the adsorption model of this study follows the pseudo-second-order kinetic model
of Legergren with positive value of enthalpy (16.68 kJ/mol) and entropy change (0.0473 kJ/mol). In
addition, hybrid eggshell-pandan biosorbent has a potential to become a candidate of biosorbent to

the removal of Cr (VI) ions in wastewater.
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1. Introduction and Background

Presence of heavy metals as pollutants in water source
is the cause of global concern due to the increasing of
global demand everyday '*3%. In order to achieve the
standards and regulations, effluents are treated before
discharging into water bodies. With the advent of
biosorbents, people started to use waste materials such as
charcoal and carrot as potential adsorbents to remove
organic and inorganic substance in wastewater >°,

Cr (VI) ion is amongst hazardous pollutants in aquatic
environment due to its strong oxidizing capacity and
highly dissolved ion in water 7. It can exist as Cr,07%,
CrO4*, and HCrO* ions in water ®. The consumption of
egg as a has tripled in the past 40 years ?. The high
consumption of eggshells indicated the increasing
disposal of eggshell. Thus, chicken eggshell is choosing
to be used as innovative adsorbent to remove chromium
ions from aqueous solution in water treatment plant. To
increase the uptake capacity of eggshell as adsorbent,
eggshell will be hybridized with extracted pandan leaves.

2. Methodology

2.1 Materials

Fresh pandan leaves (Pandanus amaryllifolius Roxb.)
was obtained near local residence at Taman Universiti,
Skudai, Johor, Malaysia. Material and chemicals being
used in this study were raw eggshell waste, ethanol
(C.H6O, 95% v/v), potassium dichromate, sodium
hydroxide (NaOH), hydrochloric acid (HCI), distilled
water and deionized water. Chemicals was acquired
from Sigma Aldrich (Analytical grade) and used as
received without prior treatment.

2.2 Preparation of biosorbent

Raw eggshells waste was collected and washed with
deionized water. It was air-dried and incubated in hot air
oven at 40 °C for one day. Then, it was grinded into
powder and sieved to obtain 106 pum particle size. The
prepared powder eggshell was kept in an airtight container.
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Pandan leaves at approximately 200 g was cleaned, cut
into smaller pieces (approximately 3 cm) and immediately
dried in an oven at 105 °C for 24 h. Then, the pandan
leaves sample was grinded into 150 p. Ethanol was used
as solvent for solvent extraction process for 24 h. The
permeate liquid obtained was heated at 80 °C to remove
the remaining ethanol. 0.1 g of eggshell powder was
dissolved in 50 mL of extracted pandan oil at room
temperature. After 24 h, the mixture was filtered and
washed with deionized water to establish neutral pH.
The, it was dried in oven at 110 °C until constant weight
is obtained. The dried final product was the modified
eggshell-pandan sorbent.

2.3 Characterization

Functional group found in raw eggshell waste, and
hybrid eggshell-pandan biosorbent was determined using
Fourier Transform Infrared (FTIR). The samples were
recorded with spectral region of 400 cm™' to 4000 cm™! and
resolution at 2 cm!. At the same time, Scanning Electron
Microscopy (SEM) was used to analyse the surface
morphologies. Raw eggshell waste and hybrid
biosorbent was being characterized in term of specific
surface area via Brunauer, Emmett and Teller (BET).
Single point nitrogen adsorption-desorption isotherm at
403 K (130 °C) was introduced.

2.4 Adsorption study
2.4.1 Effect of reaction time

To investigate the effect of reaction time on the removal
capacity of modified sorbent, parameters other than
reaction time will be fixed. For this set of experiment,
initial concentration of solution was 0.8 mg/L, with 0.1 g
of biosorbent dosage, at pH 4 and room temperature. Then,
the mixture was stirred continuously and the sample was
collected for every 20 minutes until equilibrium achieved.
Concentration of Cr (VI) ions was determined using COD
meter and Multiparameter Photometer. The efficiency of
the adsorption (%) was calculated using equation (1).

E%="°¢ % 100 (D

Ci

where ¢; is the initial equilibrium concentration of Cr
(VI) (mg/L) in wastewater and c, is the final equilibrium
concentration of Cr (VI) (mg/L) in wastewater.

2.4.2 Effect of biosorbent dosage

0.1 g of biosorbent was mixed with 50 mL of 0.8 mg/L
of Cr (VI) ions solution at pH 4 and room temperature.
The sorption process was left stirring until the equilibrium
time and collected to be examined. The experiment was
repeated using 0.3 g, 0.5 g, and 1 g. The hybrid eggshell-
pandan biosorbent dosage with the greatest removal
capacity was used for the following sets of experiment.

2.4.3 Effect of temperature

Optimum biosorbent dosage was mixed into 50 mL of
0.8 mg/L of Cr (VI) ions solution. The condition was set
at pH 4 and room temperature. The mixture was left
stirring until it reached the equilibrium time and then was
collected and analysed. The experiment being repeated
using different temperature of solution as 40 °C, 50 °C,
60 °C and 70 °C. The temperature that showed the highest
efficiency in removing heavy metal was used in following
experiments.

2.4.4 Effect of pH

Optimum biosorbent dosage was mixed into 50 mL of
0.8 mg/L of Cr (VI) ions solution at pH 4 and optimum
temperature. The mixture was left stirring until it reached
the equilibrium time and then was collected and analysed.
The experiment was repeated using different pH of
solution as 5, 6, 7 and 8. The pH of the aqueous solution
with the highest percentage of Cr (VI) removal was used
for the following experiments.

2.4.5 Effect of initial ion concentration

Experiment was conducted as optimum amount of
biosorbent dosage at optimum pH and temperature.
Optimum dosage of hybrid sorbent was added into 50 mL
of 0.8 mg/L Cr (VI) ions solution. The sorption process
was left stirring until the equilibrium time. The final
sample was collected after equilibrium time and analysed
by COD meter and Multiparameter Photometer. The
experiment was repeated using 1 mg/L, 2 mg/L, 4 mg/L,
and 8 mg/L. The initial concentration with the highest
percentage of removal efficiency was obtained.

2.5 Kinetic study

Adsorption kinetics experiment was performed by
contacting 50 mL of Cr (VI) solution at concentrations 0.8
mg/L and with 0.1 g of hybrid eggshell-pandan sorbent
and pH 4 in beaker at room temperature. At each time
intervals, the samples were taken and analyzed using
COD meter and Multiparameter Photometer (Hanna
Instrument-Model HI83099).

2.5.1 Pseudo-first-order and pseudo-second-order
kinetic model of lagergren

Pseudo first-order model of Lagergren is established
based on the theory where the rate of change of adsorbed
analytes with time is proportional to the difference in
equilibrium biosorption capacity and the adsorbed
amount'?. Equation of pseudo-first-order kinetic model of
Lagergren can be expressed as:

In(q,- q) = Inqg, - k;t )

where g and q; are the amounts of adsorbate (mg/g) at
equilibrium and at time t (min), respectively. while k; is
the rate constant of pseudo-first-order adsorption (min™).
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For pseudo-second-order kinetic model of Lagergren, it
can be applied with the theory that the rate-limiting step
comprises of chemisorption'?. It can be represented as:

t/q,= 1/k,q* + t/q,, 3)

where g and q; are the amounts of adsorbate (mg/g) at
equilibrium and at time t (min), respectively. While k» is
the rate constant of pseudo-second-order adsorption (min-

1).

2.5.2 Intraparticle diffusion model

Usually the adsorbates species is transported from the
bulk solution into solid phase through intraparticle
diffusion process. It is expressed as follow:

qc = Kaigtt*/? + C 4

where C (mg/g) is the intercept and Kgi is the
intraparticle diffusion rate constant (mg/gmin'?). The q; is
a linearity correlation of t'? and rate constant Ky from
the slope of regression line. The linearity of the plot
indicates the applicability of the experimental data as the
intraparticle diffusion model. In this model, three linear
regions are found connected the bulk diffusion,
intraparticle diffusion and adsorption at active site!V.

2.6 Adsorption isotherm model

Biosorption properties and equilibrium data obtained
from experiment will be applied into the isotherm models
to describe the interaction between the adsorbate and the
adsorbent. Langmuir isotherm can be expressed as:

C.lq, = Co/q_ +1/(q_ b) 5)

where ge is the amount of ion adsorbed (mg/g), C. is the
equilibrium concentration of the adsorbate (mg/L), while
gm (mg/g) is the maximum adsorption capacity and b are
Langmuir constants'?. Then, Freundlich isotherm
described that adsorption occurs on heterogeneous
surfaces and can be represented as:

1
log qe=ﬁlog C. +log K¢ ©)

where ge is the amount adsorbed at equilibrium (mg/g), K
is the Freundlich constant, 1/n is the heterogeneity factor
which is related to the capacity and intensity of the
adsorption, and C. is the equilibrium concentration
(mg/L)!¥. While for Temkin isotherm, it is established
based on the assumption that the heat of adsorption is
inversely proportional to the coverage of adsorbent due to
the interaction between adsorbent and adsorbate and
expressed as:

RT RT (7)
e = Tln(A) + TlnCe
=BIn(A) +B In C,

where B=RT/b is a constant related to heat sorption
(J/mol) obtained from the graph qe versus In C.. A is
Temkin isotherm equilibrium binding constant (L/g), b is
Temkin isotherm constant, R is the universal gas constant
(8.314 J/mol K) and C. is the equilibrium concentration
(mg/L)"?.

2.7 Thermodynamic studies

The thermodynamic parameters can be calculated using
equations below:

AG’= AH’-TAS’ (®)

AG’=-RTIn(K,) 9)

where qe is the adsorption capacity at equilibrium. AG®
is the standard Gibbs free energy change for the
adsorption process (J/mol); R the universal gas constant
(8.314 J/mol K), while T is the absolute solution
temperature (K)!'¥.

3. Results and Discussion

3.1 Characterization
3.1.1 FTIR spectroscopy analysis

The results of Fourier Transform Infrared (FTIR) study
for raw eggshell waste and hybrid eggshell-pandan
biosorbent is shown in Fig. 1 (a) and (b).

RS [l a

(b)
Fig. 1: IR spectrum of (a) raw eggshell waste and (b) hybrid
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eggshell-pandan biosorbents.

For raw eggshell powder, the adsorption peaks of CO5>
is observed at 1796.25, 1018.03, 875.55 and 709.58 cm™'
which indicated the stretching and bending of C=0. The
band exhibited at 1424.36 and 2362.6 cm’! is
corresponded to the C=O stretching vibration which
indicates that calcite as the fundamental constituent of the
eggshell™. In the high wavelength region, the most
intensive peak is at around 3500 cm™! followed by 3567.88
cm’! which then corresponds to the bending and stretching
mode of O-H and N-H groups.

Compared to the IR spectrum of the raw eggshell, the
peaks at 1018.03, 1796.25 and 2923.51 ¢cm’' missing in
hybrid sorbent because the 2-AP compound attached on
the sorbent surface covered some of the component. The
additional peak appears in the IR spectrum of hybrid
eggshell-pandan sorbent at 3421.77 cm™' represented the
secondary amine in the 2-AP compound.

3.1.2 SEM analysis

SEM analysis shows the surface morphologies of the
wall of the biosorbents. Fig. 2 (a) and (b) illustrates the
SEM photography of the raw eggshell sorbent and the
hybrid eggshell-pandan sorbent respectively both in
powder form.

N D4.2 x5.0k

(b)
Fig. 2: SEM micrographs of (a) raw eggshell waste and (b)
hybrid eggshell-pandan biosorbents.

As observed, the raw eggshell powdered particles have
irregular crystalline structure and a wide particle size

range was observed. Both adsorbents are proved to have
small interspace structure which provide large surface
area for adsorption. While for the micrographs of the
hybrid eggshell-pandan sorbent, obviously there are many
small compound attached on the eggshell surface. This
had proven the successful impregnation process of 2-AP
compound onto the eggshell surface.

3.1.3 BET analysis

The surface area of the raw eggshell and hybrid
eggshell-pandan sorbent are determined to be 1.61 m%/g
and 0.46 m%*/g. This surface area of raw eggshell is
almost similar to that of 1.05 m?%g of eggshell'>. The
decrement in specific surface area of the hybrid sorbent
compared to the raw eggshell powder might attributed to
the covering of the pores by 2-AP compounds.

3.2 Adsorption study
3.2.1 Effect of reaction time on Cr (VI) removal

Fig. 3 shows the effect of reaction on the biosorption of
Cr (VI) ion by plotting the percentage removal of Cr (VI)
ions versus the reaction time. The interval of the reaction
time when concentration of chromium ion was measured
is 20 min.

Removal Percentage (%)
- - o "
o v (=] w

n

=]

o

20 40 60 80 100 120 140 160 180
Reaction Time (minutes)

—g—eggshell  —e—hybrid eggshell-pandan sorbent

Fig. 3: Effect of reaction time.

By comparing both curves with different types of
biosorbent, hybrid eggshell-pandan sorbent shows greater
removal percentage of Cr (VI) ion (21.51 %) than raw
eggshell sorbent (13.12 %). Both biosorbents show a
relatively great removal percentage of chromium ion at
the beginning of removal process due to the highly
available binding sites on the surface of sorbent. Then, the
rate of adsorption gradually decreases with increasing
reaction time as the gradient of the curve decrease. As the
adsorption process goes on, the biosorbent surfaces are
highly saturated, the diffusion of metal ions into the inner
part of biosorbent and thus lower down the rate of
adsorption'¥. From the result, an equilibrium time of 140
minutes is sufficient to obtain the maximum Cr (VI) ions
removal percentage. Thus, the equilibrium time of 140
min was used for the further studies on biosorption of raw
eggshell and hybrid eggshell-pandan sorbent.
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3.2.2 Effect of biosorbent dosage on Cr (VI) removal

The effect of raw eggshell and hybrid sorbent dosage,
ranging from 0.1 to 1 g was studied for a contact time of
140 minutes. Fig. 4 indicates the similar trend for both
biosorbent, where the Cr (VI) ions removal percentage
increases as the dosage increase from 0.1 g to 0.5 g and
reaches the maximum removal percentage at 0.5 g of
biosorbent. The maximum removal percentage of Cr
(VD) ions by 0.5 g of eggshell and hybrid sorbent are
17.9 % and 26 % respectively. the higher the biosorbent
dosage, the greater the adsorbent surface areas, and thus
augmenting the number of available adsorptions sites'”.

30

25

| I I II II
1] I I
01 03 05 1

Biosorbent Dosage (g)

P
(=]

Removal Percentage (%)
=
=]

wn

o eggshell | hybrid eggshell-pandan sorbent

Fig. 4: Effect of biosorbent dosage.

The further increase of biosorbent dosage greater than
0.5 g lower the removal efficiency of Cr (VI) ions. This
result fits with the theory because it reaches the
equilibrium between chromium ions and the biosorbent!”.
The further increase over the optimum dosage will lead to
screen effect between the sorbent particles. 0.5 g of
biosorbent of raw eggshell and hybrid eggshell-pandan
are used as the optimum dosage for the following sets of
adsorption study.

3.2.3 Effect of temperature on Cr(VI) removal

From Fig. 5, it illustrates that raw eggshell has the
highest removal efficiency at 25 °C while hybrid eggshell-
pandan sorbent exhibits greatest removal capability at
50 °C. As expected, the hybrid eggshell-pandan sorbent
shows higher Cr (VI) ions removal percentage than raw

eggshell.
25 40 50 60 70

Solution Temperature (°C)

N
S

W
(=

(=)

Removal Percentage (%)
)
S

(=3

H eggshell m hybrid eggshell-pandan sorbent

Fig. 5: Effect of temperature.

For the hybrid eggshell-pandan sorbent, the removal
percentage shows an increasing trend when temperature
increases from 25 °C to 50 °C. The removal efficiency
reaches the optimum at 50 °C with the Cr (VI) ions
removal percentage of 37.3 %. Surface activity and kinetic
energy of the adsorbent increase, more metal ions are able
to diffuse into the biosorbent and thus increase the
adsorption ability of the sorbent!). Further increase in
temperature after 50°C leads to slightly lower removal
efficiency. This might due to the damage of the physical
structure of biosorbent, in this case the denaturation of
protein!®!9),

For raw eggshell sorbent, the removal percentage
decrease from 17.9 % to 6.4 % during the temperature
increase from 25°C to 40°C. This significant decrease due
to denaturation of the biosorbent at high temperature
starting from 40 °C. However, the removal efficiency
increase very slightly when temperature increase from
40 °C to 70 °C. This slight increment in percentage is due
to the driving force of the increasing kinetic energy is
greater than the effect of biosorbent denaturation. Thus,
50°C and 25°C is taken as the optimum temperature for
raw eggshell and hybrid sorbent respectively.

3.2.4 Effect of pH on Cr (VI) removal

The effect of pH on the Cr (VI) ions adsorption is
investigated over a range from pH 4 to pH 8 for both raw
eggshell and hybrid eggshell-pandan sorbent. The results
indicated that the Cr (VI) ions adsorption capacity is
doubled up from 16.8 % to 37 %, after the eggshell was
modified by hybridisation with pandan solution.

As showed in Fig. 6, the maximum adsorption
percentage for hybrid eggshell-pandan sorbent is observed
at pH 4 and the trend is similar to the study of Liu and
Huang (2011)??. The removal capacity starts to decrease
sharply when pH value is increased from the optimum
value to pH 8. However, for raw eggshell sorbent, the
highest Cr (VI) ions adsorption is determined when the
adsorption process is conducted at pH 52V.

0
4 5 6 7 8

pH of solution

©w IS
=3 S

Removal Percentage (%)

meggshell mhybrid eggshell-pandan sorbent
Fig. 6: Effect of pH.

Under acidic solution, the H* ions protonated the
amino groups and positively charged active sites present.
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This positive charge active site will form an electrostatic
attraction with Cr (VI) anions, HCrOs. When the pH
value of the solution increase, concentration of H*
decrease but the concentration of OH" increase. OH" will
compete with chromium anion and thus lower the removal
percentage®?.

3.2.5 Effect of initial ion concentration on Cr(VI)
removal

Fig. 7 clearly illustrated that the removal percentage of
Cr (VI) ions decreased from 17.78 % to 8.23 % for raw
eggshell sorbent and from 37.88 % to 16.1 % for hybrid
eggshell-pandan sorbent. Both types of sorbent had the
same range of increase in the value of the initial
concentration of Cr (VI) ions. This is due to the sufficient
number of active sites for adsorption to occur at lower
initial concentration, but more metal ions are left un-
adsorbed in the solution because most of the active sites
are occupied at higher initial concentration??.

40

< 30

&n

<

= 20

(5]

2

(=W

3 H n
g 800 1000 2000 4000 8000
a2

Initial Cr (VI) ions concentration (pg/L)

H eggshell hybrid eggshell-pandan sorbent

Fig. 7: Effect of initial ion concentration.

Despite of the decreasing removal percentage of Cr
(VI) ions in the solution, the adsorption capacity of the
biosorbent, which are raw eggshell and hybrid sorbent
increase. The higher the initial metal ions concentration,
the greater the driving force to overcome the mass transfer
resistance®. Thus, the removal capacity of the adsorbent
increase.

3.3 Kinetic study

The adsorption data of Cr (VI) ions using hybrid
eggshell-pandan biosorbent is analysed using pseudo first-
order, pseudo second-order kinetics models and
intraparticles diffusion model.

Legergren pseudo first-order model proposed that the
surface of sorbent which initially has no analytes on it will
have metal ions accumulated over its surface as time
progresses. The rate constant, K; and the equilibrium
amount of Cr (VI) ion adsorbed can be obtained from the
slope and the y-interception of the plot between In (qe-q¢)
versus time, t as shown in Fig. 8 respectively. The
calculated data is tabulated in Table 1. The results prove
that pseudo-first-order model does not fit well for the
whole range of the reaction time. This is because the
surface of the hybrid eggshell-pandan sorbent is not
homogenous.

y =-0.0367x-1.7821
R* =0.8517

In{qe-qt)

© & w & W oa W R

t (min)

Fig. 8: Pseudo-first-order kinetic model.

Similar to the first order, the value of K, and qe of
pseudo-second-order kinetic model can be obtained from
the slope and intercept of the plot t/qt versus time
respectively. The graph showed in Fig. 9 and the data is
tabulated in Table 1. This figure represents relatively good
fit over the whole range of contact time. This suggest that
the biosorption may be the rate-limiting step that involve
valence forces through sharing or exchange of electrons
between sorbent and sorbate, which regards to
chemisorption?).

By comparing the R? value of the first order and second
order, it is obvious that the ongoing adsorption of Cr (VI)
ions follows pseudo-second-order rate kinetics. Also,
compare with that of first order, the q. calculated from the
graph of pseudo-second-order is closer to experimental
value of qe.

¥=10.64x 4 423.15
R*=0.9398

1] 2“0 4‘0 6‘0 8‘0 1(-)0 1‘20 1-‘50 160 1‘3&}
time {min)

Fig. 9: Pseudo-second-order kinetic model.

Intraparticle diffusion model is also applied to
determine the biosorption of Cr (VI) ions onto hybrid
eggshell-pandan sorbent is either a sole intraprticle
diffusion rate-determining step or a multi-step process.
A graph of qt correlates with values of t'2 is drawn as in
Fig. 10. The rate constant, Kgiis directly determined from
the slope of the second portion of the straight line and the
value of intercept C indicates the thickness of the
boundary layer that resists to external mass transfer.
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= 004
=

0 2 4 6 8 10 12 14
132 (min*?)

Fig. 10: Intraparticle diffusion kinetic model.

The adsorption of Cr (VI) onto hybrid sorbent is a
mutli-step process into the interior of sorbent as the plot
shows three intersecting lines. The first stage is the first
sharper portion as the rapid external surface adsorption,
the second linear portion with gradual adsorption as
intraparticle diffusion and the final portion as the final
equilibrium stage. The intraparticle diffusion step is the
rate limiting factor and the final step came to equilibrium
due to the very low metal ion concentration in solution
phase and the limited available sorption sites on the
biosorbent!?. The kinetic parameters also tabulated in
Table 1.

3.4 Isotherm studies

The Langmuir, Freundlich and Temkin adsorption
isotherm models were used to analyse the adsorption
mechanism of Cr (VI) ions onto the hybrid eggshell-
pandan sorbent surface. Fig. 11 shows the straight line
plot for Langmuir adsorption isotherm model for Cr (VI)
ions onto hybrid sorbent. Langmuir isotherm model is
based on the assumption of there are a finite number of
active sites which are homogeneously distributed over the
surface of the adsorbent??,

All the calculated parameter values are tabulated as in
Table 2. All the Ry values lie between 0.3 and 0.8 for the
initial chromium (VI) concentration range from 0.8 mg/L
to 8 mg/L. This indicated that the adsorption is favourable
as the values were in between 0 and 127

&0

¥ =5.6109%+ 15.634
R*=0.983

L]

0 1 2 3 4 5 6 7 8
Co{mg/fL)

Fig. 11: Langmuir isotherm.

For Freundlich isotherm model assumed multilayer
adsorption and is applicable to highly heterogeneous
surface. It assumed that there are interactions between the
adsorbed molecules and formation of monolayer is not

restricted. The linear graph plotted In q. versus In C. is
shown in Fig. 12. The n value also suggested a same
magnitude of retention of Cr (VI) ions from solution take
place by ionic interactions initially!®. From the
interception of y-axis, the maximum adsorption capacity
obtained is 0.0453 mg/g. When the metal ion
concentration increases, the concentration of the
adsorbate on the sorbent surface also increases®.

-0.4 02 0 0.2 0.4 0.6 08 1

y = 0.5621x- 1.3441
R?=0.9988

log(q.)

log ()

Fig. 12: Freundlich isotherm.

Temkin isotherm derived from the assumptions of a
heterogeneous surface energy systems where the
distribution of heat is non-uniform. The slope of the
graph q. versus In C; illustrated in Fig. 13 represented the
value of constant related to heat of sorption, B. The B
value indicated that the biosorption process happened in
both chemisorption and physisorption'?.

y=00374x+ 00508 ©
RT= 09747

q. (mg/g)

InC,

Fig. 13: Temkin isotherm.

All the parameters calculated from each isotherm
models were tabulated as in Table 2. From the table, the
value of R? showed that the experimental data were best
fitted to Freundlich isotherm model compared to that of
Langmuir and Temkin isotherm with the value 0.9988,
0.9830 and 0.9747 respectively. This suggests that the
adsorption of chromium (VI) ions onto the hybrid
eggshell-pandan biosorbent may due to multilayer
adsorption. The surface of hybrid sorbent is proven to
be heterogeneous surface, similar to the result in the
adsorption kinetic studies. There are interactions between
molecules attached onto the sorbent surface.

3.5 Thermodynamic study

To investigate the thermodynamic behavior of the
adsorption of chromium (VI) ions onto the hybrid
eggshell-pandan  biosorbent, the thermodynamic
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parameters such as change in Gibbs free energy (AG°®),
change in enthalpy (AH®) and change in entropy (AS°®) are
determined. Through this, it can be determined whether
the adsorption is exothermic or endothermic, and
spontaneous or not. A graph of In kd versus 1/T was
plotted as in Fig. 14. The parameter changes in enthalpy
and change in entropy can be determined from the
gradient and the intercept of the linear plot.

(1]
|
0.00305 00031 0.00315 0.0032 000325 0.0033 000335 0.0034

Fig. 14: Thermodynamic study.

The calculated thermodynamic parameters are
tabulated in Table 3. The Gibbs free energy values are all
in negative. This indicated that the adsorption of Cr (VI)
ions onto the hybrid eggshell-pandan sorbent is
spontaneous and feasible throughout the experiment.
Moreover, the positive value of the change in enthalpy
implies that the adsorption process of Cr (VI) ions onto
hybrid sorbent is endothermic and hence the process is
more suitable to carry out in relatively higher temperature.
While the positive value of the AS® showed that the
randomness at the solid solution interface increase?".

= | y= -?[J!D_E.?x +5.6863
R =0.9997

0.8 |

.

12

1/T{1/%)
Table 1. Kinetic parameters.
Pseudo-first-order Pseudo-second-order Intraparticle diffusion
qe,ex
(e,cal I<1 R2 (e,cal K2 R2 Kdiff R2 '
- : N an (mg/g)

(mg/g) | (min) (mg/g) | (g/mgmin) (mg g min""?)
0.1683 0.0367 | 0.8517 0.0940 0.2675 0.9398 0.0047 0.9067 | 0.0763

Table 2 The Langmuir, Freudlich and Temkin parameters for the adsorption of Cr (VI) onto hybrid sorbent.

b (L/mg) 0.4189

Langmuir Isotherm In (mg/e) 01712
RL 0.7490-0.2298

R? 0.9830

Kr [(mg/g)(L/mg)/] 0.0453

Freundlich Isotherm n (g/L) 1.7790

R? 0.9988

B (J/mol) 0.0374

Temkin Isotherm A (L/g) 3.8895

R? 0.9747

Table 3 Thermodynamic parameters for Cr (VI) ions adsorption onto hybrid eggshell-pandan sorbent.

UT (K AG® (KJ/mol) AH® (KJ/mol) AS® (KJ/mol)
0.0034 -2.5861

0.0032 -1.8954 16.6796 0.0473
0.0031 -1.4005

4. Conclusion

Hybrid eggshell-pandan biosorbent was successfully
synthesised in this study. Characterization of raw eggshell
waste and hybrid biosorbent using FTIR proved the
presence of O-H and N-H functional groups is important
for the adsorption reaction. The SEM micrographs also

indicated the attachment of 2-AP compounds onto the
eggshell surface. BET analysis showed decrement of
specific surface area of the hybrid sorbent compared to the
raw eggshell sorbent. The optimum conditions for the
adsorption of Cr (VI) ions onto raw eggshell waste were
140 min contact time, 0.5 g dosage of biosorbent, 25 °C
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and pH 5 of metal ions solution. Whereas for hybrid
eggshell-pandan biosorbent, the removal efficiency was
optimum when the contact time is 140 min and the dosage
of hybrid biosorbent is 0.5 g which were similar as the raw
eggshell sorbent. However, removal efficiency was higher
when the temperature is at 50 °C and pH 4. Both type of
biosorbent reach optimum efficiency at relatively low
temperature and acidic condition, which proved them to
be suitable being applied in industry operations. Both
biosorbent showed higher removal capacity but lower
removal percentage at 0.8 mg/L of solution. Hybrid
biosorbent proved to be a better biosorbent as it had higher
removal percentage than raw eggshell in every parameter
tested. The adsorption kinetic study indicated that the
adsorption follows pseudo-second-order of Lagergren
kinetic model with 0.94 R? value. Similar to the kinetic
study, Freundlich isotherm model which best fit with the
experiment data proved the surface of the hybrid
biosorbent is heterogeneous.  Biosorption of Cr (VI) ions
by hybrid eggshell-pandan biosorbent was spontaneous,
feasible and endothermic process. In short, hybrid
eggshell-pandan is highly potential and marketable
biosorbent.
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