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ABSTRACT

This work investigates the feasibility of removal of Cd** and Zn** from aqueous solution using a low
cost biosorbent prepared from tilapia fish scale. Effects of some important parameters such as pH,
initial metal concentrations, temperature and adsorbent dosage on adsorption process were inves-
tigated. The prepared biosorbent was characterized using scanning electron microscopy (SEM),
transmission electron microscopy (TEM), energy dispersive X-ray analysis (EDAX), Fourier trans-
form-infra red (FTIR), X-ray diffraction (XRD) and thermal gravimetry-differential thermal analysis
(TG-DTA). Data from kinetic study were analyzed with pseudo-first-order, pseudo-second-order,
Elovich and intra-particle diffusion models while equilibrium data were evaluated using Langmuir,
Freundlich, Temkin and Dubinin-Radushkevich isotherm models. The adsorption kinetics of the
metals ions followed pseudo-first-order with average rate constants of 4.95 x 10?and 3.89 x 10?min!
for Cd** and Zn?* respectively. Langmuir adsorption isotherm fitted the isotherm study with R* > 0.9
while the maximum adsorption capacities of 112.57 and 95.69 mg/g were obtained for Cd* and Zn?**
respectively. Negative values of AG® obtained from thermodynamic evaluations revealed that the
adsorption process is spontaneous. The values AH® and AS® obtained for Cd** and Zn?* respectively
are 13.06 and 14.61 k] mol™ and 43.0 and 48.64 ] mol K. The results indicated that fish scale could
be utilized as cheap, eco-friendly and excellent biosorbent for the removal of Cd** and Zn** from

aqueous solution.
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1. Introduction

Environmental contamination with toxic materials can
be directly linked to rapid industrialization and urbaniza-
tion as a result of discharge of industrial waste. Human
activities including; mining, agriculture, transportation and
industrial production processes release a high amount of
heavy metals environment. Heavy metal pollution results
primarily from burning of fossil fuels, smelting of ores,

*Corresponding author.

municipal wastes, fertilizers, pesticides and sewage [1].
Heavy metals contamination of environment is of great
concern due to their ability to accumulate in the living tis-
sues and their non-degradability, therefore, posing signifi-
cant threat to human, animals and plants [2,3]. Cadmium
has been listed as the sixth most poisonous substance
endangering human health [4]. Exposure to fumes or dusts
of cadmium metal or cadmium oxide may cause renal dys-
function, bone degeneration, lung insufficiency, liver dam-
age, and hypertension [5], while chronic exposure through
the respiratory tract produces a number of toxic effects, the
most important of which is chronic emphysema, accompa-
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nied by renal disturbance [6]. Zinc is an essential element
require for some biological activities, however, excess of
zinc in living system is detrimental to health adverse effects
of zinc intake could results in diarrhea, vomiting, nausea,
abdominal cramps, loss of appetite, headache [7,8], while,
chronic effects include damage to immune function, low
copper status and neurological disorder [8,9]. It has been
suggested that increase cadmium/zinc ratio is related to the
occurrence of hypertension in man [6]. Thus, the removal
of these heavy metals from contaminated wastewater
before discharge into the environment becomes impera-
tive. Various techniques have been developed for removal
of pollutants from waste water, these include; coagulation,
flocculation, chemical oxidation, membrane filtration, cata-
lytic degradation, adsorption, and photochemical degrada-
tion [10,11]. However, ease of application and effectiveness
for different types of pollutants are some of the advantages
that favours the adsorption method when compared with all
other methods. Biosorption is the use of adsorbent derived
from living, inactive or non-living biomass, it emerged as an
economic and eco-friendly option, a non-polluting process,
easy to operate and highly efficient in treating wastewater
containing low metal concentrations [12,13]. Biosorbent
prepared from various natural materials had been used for
heavy metal remediation of wastewater, these include Sea-
shell, algae-yeast, jujube seed, peanut shell, palm shell, and
Croaker fish scale [14-19].

This study exploits the availability of tilapia fish scales
for preparation of biosorbent via calcination. The prepared
biosorbent was characterized with XRD, FI-IR, SEM/
EDAX, TEM, TGA/DTA and subsequently applied for the
removal of Cd and Zn ions from aqueous solution in a batch
process. Effects of various factors such as contact time, ini-
tial metal concentration, adsorbent dosage and solution pH
were evaluated. Data obtained were subjected to adsorption
isotherms, kinetic modeling and thermodynamic studies.

2. Materials and methods

Cadmium chloride (CdCL,2H,0), Zinc sulphate
(ZnSO,-7H,0), Sodium hydroxide (NaOH), Hydrochloride
acid (HCI 35%) were AR grade supplied by Merck (India).
Other reagents were of analytical grade and MilliQ water
was used for reagent preparations.

2.1. Preparation of biosorbent powder from fish scale

Tilapia fish scales were collected from a local market in
Karaikudi, Tamil Nadu, thoroughly washed with hot water
to remove dirt and odour, then oven dried at 100°C over-
night. The dried scales were then subjected to calcinations
in a box furnace at temperature of 1000°C at heating rate of
5°C min™. The resulting solid was pulverized by grinding
using mortar and pestle to obtain fine powder labelled Fish
scale powder (FSP).

2.2. Characterization

X-ray diffraction (XRD) technique obtained with a PAN
Analytical X'Pert PRO X-ray diffractometer with CuK o

radiation (A =1.5418 A) was used for the crystal structure
analysis. Fourier transform infrared (FT-IR) spectra were
recorded from 400 to 4000 cm™ in TENSOR 27 spectrome-
ter (Bruker, Germany) using KBr pellets. The SEM images
and EDAX were examined with 5-4800 scanning electron
microscopy (HITACHI, Japan). TEM micro graphs were
taken with a JEOL-JEM-2010 (JEOL, Japan) operated at
200 kV. Thermogravimetric analysis and Differential ther-
mal analysis were performed on SDT Q600 V8.3 Build 101
simultaneous DSC-TGA, equipped with Univer-
sal V4.7A TA software package while the particle size dis-
tribution was determined with Nanotrac equipped with
Microtrac FLEX 10.5.2 software. The pH point of zero
charge (pHpzc) for FSP was determined by contacting 0.1
g of each of the sample with 50 ml aqueous solution of 0.1
M NaCl whose initial pH had previously been adjusted
between pH 2 and 10 with either NaOH or HCI. The mix-
tures were sealed and shake for 24 h, the final pH values
were measured. The difference between the initial and
final pH was calculated and plotted against the initial pH.
The point of intersection of the resulting curve with verti-
cal axis gave the pHpzc [19].

2.3. Preparation of aqueous solution of metal ions

The aqueous solutions of Cd** and Zn?* (1000 mg L™
each) were prepared from analytical grade of CdCl,-2H,O
and ZnSO,-7H,O by dissolving 1.950 g and 4.398 g of the
salts respectively in 1% HNO, solution prepared from dis-
tilled de-ionized water in 1000 ml flask. Working standard
solutions were obtained from the stock solution by further
dilution with de-ionized, the pH of the solutions were
adjusted to desired values with aliquots of 1.0 mol L™ of
HCI and NaOH prior to the adsorption process.

2.4. Adsorption studies

The adsorption processes were conducted by contacting
100 ml of Cd* and Zn** (40, 80, 120, 160 and 180 mg L™)
solutions with 0.16 g L™ of FSP, agitated on orbital shaker at
30 + 1°C at a speed of 100 rpm. The samples were collected
at time intervals of 0, 5, 10, 15, 20, 30, 60 120 and 240 min
and the adsorbent were separated by filtration. The adsorp-
tion isotherms were studied in the concentration range of
10-100 mg L"at pH 6 and contact time 72 h to reach equilib-
rium of the solid-solution mixture. The concentrations of the
ions in the solutions before and after adsorption processes
were estimated using UNICAM 929 Model Flame absorp-
tion spectroscopy equipped with hollow cathode lamp. The
amounts of metal ion removed at time ¢, Q, (mg g™') and at
equilibrium Q (mg g™) were calculated using Egs. (1) and
(2) below:

o =22l M
€, -CV
Q=" @

where C_ (mg/L) is the initial concentration and C, (mg L)
is the concentration of the metal ion at time t in the lig-
uid-phase. C, (mg L) is the concentration of the metal ion
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at equilibrium in the liquid-phase V is the volume of the
solution (L), and W (g) is the mass of adsorbent.

3. Adsorption kinetic studies

The mechanism of the adsorption of Cd* and Zn** were
investigated by subjecting kinetics data to pseudo-first
order, pseudo-second-order, Elovich and Intra-particle dif-
fusion model. The least square fit was used to obtain the
parameters using Micro Math scientist software.

3.1. The pseudo-first order kinetics model

The pseudo-first order kinetics model assumed assumes
that the rate of occupation of sorption sites is proportional
to the number of unoccupied sites and can be represented
by Eq. (3) below [19].

dQ

= - h@Q-Q) ®)
Upon integration with initial conditions of Q, = 0 at ¢

=0, and Q, = Q, at time, f and upon rearrangement, Eq. (3)

transformed to Eq. (4) below

Q =Q.(1-e™) 4)

where Q and Q, are the solute concentrations (mg g™) at
equilibrium and at time t (min), respectively, and k, the
adsorption rate constant (min™), and f is the contact time
(min). The values of Q, and k, were calculated from the least
square fit of Q, vs. t at different metal ions concentrations.

3.2. The pseudo-second order kinetics model

Pseudo-second order kinetics model assumes that the
rate of adsorption is limited chemical interactions involv-
ing valence forces through sharing or exchange of electrons
between adsorbate and adsorbent. The model is as given
by Eq. (5) below on assumption of equilibrium interactions
between valence forces during adsorption process [20].

k,Q.t
Qf — ZQe
1+k,Q,t

The values of Q, and k, (g mg™ min™), the rates constant
of pseudo-second order adsorption process were calculated
from the least square fit of Q, vs. t at different solutes con-
centrations.

©)

3.3. Elovich model

Elovich kinetic model is often used to describe the pre-
dominantly chemical sorption on highly heterogeneous
sorbents however, it doesn’t propose any definite mecha-
nism for the interactions [21-23]. Elovich model is generally
expressed as shown in Eq. (6)

Q.= Jfyinep 1 ©

The constant o, the initial adsorption rate (mg g~ min™)
and B, the desorption constant (g mg™) are related to the

rate of the chemisorption and surface coverage respectively
with their interpretations usually connected to the hetero-
geneous surfaces [24,25].

3.4. Intra-particle diffusion model

The intra particle diffusion model [Eq. (7)] was applied
to elucidate the diffusion mechanism during adsorp-
tion. Unlike all other kinetic models, this model describes
adsorption mechanism controlled by diffusion within the
pores rather than surface-related energy controls. The
model proposed that the initial diffusion rate is dependent
on contact time and surface resistance created by the con-
centration gradient across the surface.

Qt = Kidto.s + Ci (7)

where K is the intra particle diffusion rate constant
(mg g min™) and C, is intercept and a measure of surface
thickness [26].

4. Adsorption isotherms

Data from the equilibrium studies were analyzed with
four common adsorption isotherm models namely, Lang-
muir, Freundlich, Dubinin—-Radushkevich and Temkin iso-
therm. The isotherm parameters were obtained by the least
square fit method.

4.1. Langmuir isotherms

The Langmuir isotherm equation is given by Eq. (3)
based on assumptions that the entire surface for the adsorp-
tion has the same activity for adsorption and that there is
no interaction between adsorbed molecules. Also, all the
adsorptions were assumed to occur by the same mechanism
and the extent of adsorption is less than one complete mono
molecular layer on the surface [27].

p— Qmaxbce
Q= 1+bC, 8)

where Q is the maximum amount of the solute adsorbed
per unit weight of the adsorbent required to form a com-
plete mono layer on the surface C_ (mg g™) is the concentra-
tion of the solute remaining in the solution at equilibrium
and b is equilibrium constant (dm® mg™). The essential fea-
tures of the Langmuir isotherm can be expressed in terms
of a dimensionless constant separation factor, R, which is
related to b and initial concentration C, by the expression;
R, =1/(1+bC)). The value of R, can be used to evaluate the
nature of adsorption obtained from Langmuir isotherm, R,
of zero value indicates irreversible adsorption, the process
is favourable when 0 < R, <1, linear when R, = 1 and unfa-
vourable when R, > 1.

4.2. Freundlich isotherm

The Freundlich isotherm is an empirical equation based on
sorption on a heterogeneous surface, represented by Eq. (9):
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ch = KFCel/" (9)
where K and 7 are the Freundlich constants related to the
adsorption capacity and intensity of the sorbent, respec-
tively [28].

4.3. Temkin isotherm model

In order to account for the interaction between sor-
bent and adsorbent, Temkin isotherm model [Eq. (10)] was
applied to analyse the equilibrium data. The model pro-
posed that the free energy of sorption is a function of the
surface coverage [29].

Q. =M jna,c, (10)
by

where, T is the temperature (K), and R is the ideal gas

constant (8.314 ] mol™ K) and ‘a,” and ‘b,’, are constants

relating to binding constant (L mg™) at equilibrium corre-

sponding to the maximum binding energy and the heat of

adsorption respectively.

4.4. The Dubinin—Radushkevich isotherm

The Dubinin-Radushkevich model [Eq. (11)] is more
general than the Langmuir isotherm and can be used to
estimate the heterogeneity of the surface energies as well
as classification of adsorption processes into physiorption
or chemisorption.

Q =Qe™* (11)

where Q_is the theoretical saturation capacity (mol g), € is
the Polanyi potential given by the relation; € =In(1+ yC ),

where C, (mg L), R ( mol™ K™*) and T (K) are as previously
described. The constant § (mol? J2), is related to the mean
free energy E (k] mol™) of adsorption per molecule of the
adsorbate by E = (2B)°. The magnitude of E between 8 and
16 k] mol indicates a chemisorption process, while E < 8 k]
mol suggests a physorption process [30].

5. Statistical test

The acceptability and the best fit of a model are typically
based on the square of the correlation coefficients, R*which
is appropriate for linearized models. In this study, the least
square fit was employed for data fit; therefore, error distri-
bution comparison is desirable. Three error functions were
used to validate the fit kinetic models, they are: the sum
square error function (SSE), root mean square error (RMSE)
and composite fractional error (HYBRD) [31].

SSE= Z(Q@xp) = Qu)’ (12)

Z (Q(exp) - Q(mz))z (13)

N

HYBRD = 100 i (Q(eXP) - Q(cal))

N-P% Q(sXp)
where N represents the number of data points and P are
the numbers of the parameters in the model. The higher is

the value of R? and the lower the value of SSE, RMSE and
HYBRD errors the more acceptable the model.

(14)

6. Results and discussion
6.1. Characterization

The XRD patterns of the biosorbent before and after
adsorption are as presented in Fig. 1, two main character-
istic peaks at 25.89 and 31.79° corresponding to (002) and
(211) planes were observed. Other standard planes such as
(202), (210), (213), (300), (310), (322), (004) and (410) were
also observed in the powder, the spectra matched well with
standard JCPDS file no. 090432 corresponding to hydroxyap-
atite powder [32]. Decrease in peaks intensities coupled with
broadening of peaks were observed after the adsorption of
metal ions. Similarly, the appearance of fewer peaks after con-
taminants adsorption was observed as a result of the trans-
formation of well poly-crystalline structure into amorphous
structure. The SEM images of the biosorbent before and after
adsorption study are presented in Fig. 2a and 2b respectively.
Before adsorption, the morphology revealed rod-like parti-
cles which became distorted as the particles agglomerated
upon the adsorption of the metal ions. TEM (Fig. 2c) affirmed
that the of rod-like shape of the biosorbent with dimension
estimated to be 12-72 nm long and 6-10 nm in breath. The
selected area electron diffraction (SAED) showed spotted
and continuous rings suggesting a polycrystalline grains.
The elemental compositions analysis (Fig. 2d) showed the
presence of O, Na, Mg, and Si. Worth of nothing is the pres-
ence of Ca and P in ratio of 1.76 suggesting a non-stoichio-
metric hydroxyapatite residue [32]. The thermal analysis of
the biosorbent is shown in Fig. 3a. The actual weight losses
were observed in three regions, the loss of 1.9% at 67.77°C
was due to the evaporation of weakly entrapped water
molecules, the second weight loss of 4.07 % at 260.38°C is
attributed to organic components loss while of 5.79% weight
loss between 260 and 616°C is attributed to the decomposi-

2500 -
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& 15001
z
-
E 1000+
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500+
0 \ All.[ Lol L_Il“ s ]L]I
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20 (Degree)
Fig. 1. XRD analysis of FSP before and after adsorption.
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Table 1

Physical properties of the biosorbent prepared from Fish scale
Parameters FHAp
Surface area (m?/g) 83.11
Average pore size (nm) 1.55
Pore volume (cm?/g) 0.26
Bulky density (g/cm?) 2.73
Ash content (%) 2.61
pHZPC 6.32

tion of the scales. The weight loss between 400 and 600°C and
even beyond indicates thermal stability of the biosorbent in
this range. A total weight loss of 7.59% was noticed, while a
residue of 92.41% was achieved. DTA analysis shows a sharp
exothermic peak in the range from 400-800°C, which is an
indication of crystallization of hydroxyapatite powder. The
average particle size distribution of the raw and calcined fish
scales are presented in Fig. 3b, before calcination, the parti-
cle distribution was 850 nm which reduced to 550 nm after
sintering indicating a reduction in particle size. The physical
properties of the biosorbent are presented in Table 1.

The FT-IR spectra of biosorbent prepared from fish scale
before and after adsorption are shown in Fig. 4. The appearance
of a strong and most intensive broad band centered at about
1026-1048 cm™ due to asymmetric stretching mode vibration
of PO, group [33,34]. The vibration bands of O-P-O bending
molecules (v,) were observed to range from 560 to 604 cm™.
The bands found between 864 and 1450 cm™ are assigned to
the stretching vibrations of CO,> which is in line with carbon-
ate ion reported around 864 and 1434 cm™ [35]. The bands
with the highest wave number range from 3436 to 3633 cm™
indicate the vibration of O-H bonds which show similarity
with 3435 cm™ and 3600 cm™ [36]. The presence of peak in the
region of 1640 cm™ was due to absorbed water molecule. The
appearance of broadening and shift in peak positions were
prominent after the adsorption could be ascribed to incorpo-
ration of adsorbed ions into the biosorbent structure.

7. Adsorption study
7.1. Effects of contact time and initial concentrations of metalions

The effects of contact time and initial metals concentra-
tion on the biosorption process are as shown in Fig. 6. The
process is characterized by a rapid biosorption in the first
thirty minutes followed by a moderate progress in the next
ninety minutes after which the processes finally display
quasi-equilibrium. These observations may be attributed
to gradual occupation of the vacant sites and functional
group available for the metal ions. The adsorption capacity
of the biosorbent increases from 22.1 to 122.7 mg g for Cd*
and 20.5 to 113.6 mg g™ for Zn** as the initial concentration
increases from 40 to 240 mg L.

8. Effects of solution pH and adsorbent dosage

The pH of the medium is one of the determining fac-
tors in biosorption process because pH changes affect the
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Fig. 4. FTIR Spectra of the biosorbent (FSP) before and after ad-
sorption.

chemistry of both adsorbate and adsorbent. The effect of
pH on the biosorption of Cd* and Zn* are as presented
in Fig. 6a. At lower solution pH, there are more H* in the
solution, the competition for the available adsorption sites
by the H* and the metal ions is likely responsible for lower
efficiency recorded at low pH. Increase pH led to exposure
of more adsorption sites, the maximum adsorption capaci-
ties of about 88% and 82% for Cd?* and Zn** were obtained
around pH of 6.5. Adsorption capacities decreases with fur-
ther increase in pH, this may be attributed to the formation
of metal hydroxides and their eventual precipitation [37].

The effect of adsorbent dose on percentage metal ions
removed is as shown in Fig. 6b. The increased is due to the
availability of adsorption sites on the surface of the adsorbent
which enhances the uptake of the pollutants from aqueous
solution. However, the capacity decreased with the increas-
ing amount of adsorbent when expressed in mg per g™ of
the adsorbent. This is due to aggregation of adsorption sites
resulting in a decrease in total adsorbent surface area available
to the metal ions and an increase in diffusion path length.

9. Adsorption kinetics study

The biosorption mechanism and efficiency of the biosor-
bent were investigated through the kinetic of the biosorp-
tion process. The kinetics of biosorption Cd* and Zn** by
FSP were investigated using four common kinetic models
earlier presented. The least square fits of the experimental
data with the model are presented in Figs. 7a—d and 8a-d,
while the parameters for the fits are shown in Tables 2 and
3.1t is obvious from Tables 2 and 3 that the biosorption pro-
cess followed the pseudo-first-order with strong correlation
coefficient (R?) and it was probably dominated by a physical
adsorption phenomenon [38]. In addition, the values of Q,
obtained from the model are consistent with the experimen-
tal values (Q,_ ), also the statistical errors are lower when
compared with that of second order parameters.

Tables 2 and 3 as well as Figs. 7c and 8c show that the
Elovich kinetic plot fitted well with highly significant cor-
relation coefficients (R?) value for both for Cd* and Zn?*. The
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initial adsorption rate constant, o. for Cd** and Zn?** range
from 2.67 to 38.86 and 2.42 to 18.49 mg (g min) respectively
as their initial concentrations increase from 40 to 240 mg L.
This shows that biosorption of Cd* onto FSP is higher than
that of Zn*", this may be attributed to higher electro negativ-
ity and lower enthalpy of hydration of Cd* compared with
Zn*. Interestingly, both metal ions display similar range of
desorption constant, § which decrease as the concentration
increases indicating a physiochemical interaction between
the ions and the functional groups present on the FSP.

The biosorption mechanism was investigated using
intra particle diffusion model. Figs. 7d and 8d show that the
uptake of the metal ions is a function of t** with two distinct
diffusion portions. These portions may be attributed to the

rapid intra particle diffusion of the metal ions into the inte-
rior pores of the biosorbent particle and the final equilibrium
state as a result of slow intra particle diffusion as the metal
ion concentrations in the solution decrease [39]. Tables 2 and
3 show that the plots for Cd** and Zn** do not pass through
the origin and exhibited multilinearity, which indicated the
presence of two steps mentioned above [40]. The first step
has the biggest K, values and exhibits higher speed than the
other step due to the availability of vacant sites.

The isotherms study is meant for biosorbent perfor-
mance assessment which provides information on the
feasibility of removing metal ions, surface properties and
affinity of the biosorbent for the biosorbate [41]. The least
fits of equilibrium data with the isotherm models are pre-
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Fig. 7. Kinetic fits for the biosorption of Cd?** (a) pseudo-first order model fits (b) pseudo-second order model fits (c) Elovich and (d)
Intra particle diffusion model fits.

Table 2
Kinetic parameters for the adsorption of Cd**on to FSP

C,(mg/L) 40.00 80.00 120.00 160.00 200.00 240.00

Pseudo-first order Q, op (mgg?) 2210 41.50 64.30 87.10 105.80 124.70
Q,. (mgg") 21.46 41.20 64.15 86.06 104.85 12348
k, x 10? (min™") 4.69 4.04 4.68 4.50 5.62 6.18
R? 0.999 0.998 0.999 0.999 0.999 0.998
%SSE 0.084 0.005 0.001 0.014 0.008 0.010
RMSE 0.080 0.038 0.019 0.130 0.119 0.153
HYBRD 0.362 0.092 0.029 0.150 0.113 0.123

Pseudo-second order Q,., (mgg™ 23.10 45.27 70.14 93.66 112.04 130.62
k, x 10* (g mg™ min™) 25.3 10.4 8.17 5.56 6.25 6.25
R? 0.997 0.999 0.998 0.999 0.999 0.998
%SSE 0.207 0.826 0.825 0.567 0.348 0.226
RMSE 0.126 0471 0.730 0.820 0.780 0.741
HYBRD 0.568 1.136 1.135 0.941 0.737 0.594

Elovich Q,..(mgg™) 19.79 3742 59.99 78.50 9746 115.71
o (mg (g min)™) 2.67 5.24 8.94 12.75 25.21 38.86
B (g mg™) 0.214 0.114 0.073 0.057 0.052 0.046
R? 0.998 0.999 0.998 0.999 0.999 0.998
%SSE 0.011 0.010 0.004 0.010 0.006 0.005
RMSE 0.289 0.511 0.539 1.075 1.043 1123
HYBRD 1.306 1.230 0.838 1.234 0.986 0.901

Intra-particle diffusion K,, (mg g min"%) 2.40 4.34 742 9.14 11.65 13.87
C,(mgg) 0.53 0.71 0.84 2.40 6.01 9.52
R? 0.991 0.941 0.957 0.984 0.988 0.983
K,, (mg g™ min~"%) 0.75 179 2.01 3.69 3.67 4.00
C,(mgg") 1117 16.77 36.55 35.99 55.41 69.41

R? 0.994 0.994 0.997 0.993 0.996 0.996
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Table 3
Kinetic parameters for the adsorption of Zn** on to FSP

C,(mg/L) 40 80 120 160 200 240

Pseudo-first order Q, ey (mgg?) 20.50 38.10 59.20 71.80 93.60 113.60
Q. (mgg? 20.33 37.75 59.40 71.32 91.94 112,14
k, x 10% (min™) 3.66 3.22 3.69 3.97 4.26 4.51
R? 0.998 0.999 0.998 0.997 0.999 0.998
%SSE 0.007 0.009 0.001 0.005 0.032 0.017
RMSE 0.021 0.044 0.025 0.060 0.208 0.183
HYBRD 0.104 0.116 0.041 0.084 0.222 0.161

Pseudo-second order Q,..(mggm) 2298 4341 67.63 81.99 102.97 124.47
k2 x 10* (g mg™ min™) 19.7 8.76 6.49 5.54 5.25 4.73
R? 0.998 0.999 0.997 0.998 0.998 0.998
%SSE 1.463 1.945 2.029 2.014 1.001 0916
RMSE 0.310 0.664 1.054 1.274 1171 1.359
HYBRD 1.512 1.743 1.781 1.774 1.251 1.196

Elovich Q,..(mggm) 18.95 34.72 55.63 67.23 8716 106.75
o (mg (g min)™) 242 3.70 6.28 8.77 13.67 18.49
B(gmg™) 0.219 0.113 0.072 0.062 0.051 0.043
R? 0.995 0.996 0.992 0.994 0.995 0.994
%SSE 0.0057 0.0079 0.0036 0.0041 0.0047 0.0036
RMSE 0.194 0423 0.447 0.572 0.805 0.856
HYBRD 0.945 1.110 0.755 0.796 0.860 0.754

Intra-particle diffusion K,d (mg g min™?) 2.32 4.16 7.24 8.60 10.83 13.52
C,(mgg") -0.26 -1.05 -2.80 -1.68 0.60 113
R? 0.999 0.997 0.992 0.997 0.998 0.999
K,d (mg g™ min™%) 0.83 1.75 1.83 2.38 3.52 3.54
C,(mgg™) 9.34 14.20 34.74 39.41 45.51 65.49
R? 0.994 0.994 0.997 0.993 0.996 0.996

96 144 192 240 0 48 13 144 192 240

5]

Time (min) Time (min)

Fig. 8. Kinetic fits for the adsorption of Zn** (a) pseudo-first order model fits (b) pseudo-second order model fits (c) Elovich and (d)
Intra particle diffusion model fits.
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sented in Figs. 9a,b while the fitting parameters are pre-
sented in Table 4. Maximum adsorption capacities (Q, )
of 112.57 and 95.69 mg g were obtained for the Lang-
muir mono layer adsorption with separation factor, R, of
0.12 and 0.17 while the Freundlich isotherm parameters,
n were 2.92 and 2.79 respectively for Cd** and Zn*". These
indicate a favourable biosorption process. Theoretical
saturation capacityies (Q_) of 91.89 and 75.78 mg g™ were
obtained respectively for Cd?* and Zn?** from Dubinin—
Radushkevich model which is less than the maximum
adsorption capacities of the metal ions. The maximum
adsorption energies, E, of 0.19 and 0.14 k] mol™ obtained
respectively for Cd* and Zn?* show that their biosorp-
tion onto FSP is physisorption dominated process. When
compared, the values of correlation coefficient (R?) show
that the models fit the isotherm in the order of Dubinin—
Radushkevich > Langmuir > Temkin > Freundlich for
Cd* and Langmuir > Temkin > Dubinin-Radushkevich >
Freundlich for the Zn?* with the R?values are greater than
0.9 in all the models. The results obtained in this study
compared favourably well with other sorbents reported
in literature (Table 5).

10. Thermodynamic study

The distribution of the metal ion between the solution
and the biosorbent at equilibrium is written as: where K, is
the equilibrium constant

n+
M biosoebed __ Qe
M”‘f - C

solution e

K, =

The equilibrium constant K, is a function of tempera-
ture, thus can be used is used in the determination the ther-
modynamics parameters. The thermodynamics parameters
i.e. AG®°, AH® and AS° were estimated using the vant Hoff
equation [47] as follow:

AG’ =-RTInK,, (15)
100
80
&0 60
g’ ° Exp
e == Langmuir ]
o 4 == Freundlich ]
1 €MKin -
20 s DUbinin—Radushkevich |
L o L S B B
0 15 30 45 60 75 90
C, (mg/L)

Fig. 9. Isotherm fits for the adsorption of (a) Cd** (b) Zn?** onto FSP.
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AH”
RT

AS

InK, = R

(16)

A plot of In K, vs 1/T gives a straight line graph (Fig. 10)
with slope as = and intercept as = The thermodynam-

ics parameters are shown in Table 5.

The values of AG® are negative which implies that
biosorption is thermodynamically feasible and spon-
taneous in nature. The decrease values AG®° as the tem-
perature increases implies that the process becomes more
feasible as temperature increases. The positive values
of AH° obtained for the two metal ions indicated endo-
thermic nature of the biosorption processes. The positive
AS° values implied increase randomness at the solid/

Table 4
Isotherm parameters for the biosorption of Cd** and Zn?** on to
FSp

Isotherms Parameter Cd? Zn*
Langmuir Q,.(mgg?) 112.57  95.69
b (Lmg™) 0.07 0.05
R, 0.12 0.17
R? 0973 0992
Freundlich K, x10*((mol g)  21.65 15.38
(mol L1)Vn
n 292 2.79
R? 0959  0.980
Temkin a, (Lmg™) 98.80  116.88
b, 0.59 042
R? 0970  0.989
Dubinin-Radushkevich  Q (mgg™) 91.89  75.78
B x10°(molJ?)?  1.35 2.70
E (k] mol™) 0.19 0.14
R? 0978 0982

90 ]
75 e
oo 60 ]
) ]
£ |
=, 45 .
o Exp ]
Langmuir .
30 Freundlich ]
TemkKin ]
15 Dubinin—Radushkevich
07— 7T T T T T T T -
0 20 40 60 80 100 120
Ce (mg/L)
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Table 5

Comparison of sorbents for biosorption of Cd** and Zn?*
Adsorbent Adsorption capacity ~ Ref

(mg g7)
Cd2+ Zn2+
Bentonite 740 1.31 [42]
Functionalized silica 199.00 133.00 [43]
nanoparticles
Magnetic hydroxyapatite ~ 220.78 140.65  [44]
nanoparticles
L. hyperborea 31.30 19.20 [45]
S. muticum 38.40 34.10 [45]
F. spiralis 42.10 34.30 [45]
B. bifurcata 30.30 30.30 [45]
Padina sp. 84.31 5297 [46]
Sargassum sp. 85.43 32.70 [46]
Ulwva sp. 65.20 35.31 [46]
Gracillaria sp. 33.72 26.16 [46]
Calcinated fish scale 112.57 95.69 This
study

04—
0.3

0.2

InK

0.1

0.0

1l +———7 7

3.12 3.17 3.21 3.26 3.31

-1 3
UT (K x10 )

Fig. 10. Thermodynamic fits for the adsorption of Cd* and Zn?**
onto FSP.
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solution interface during the biosorption process for the
metal ions.

11. Conclusion

This study revealed the feasibility of preparation of
biosorbent from Tilapia fish scale via calcination for the
removal of Cd** and Zn** from aqueous solution in batch
processes. The characterization of biosorbent using
XRD, EDAX, SEM and FTIR showed that the prepared
biomass has crystalline structure with well resolved
functional groups. Biosorption process depends on ini-
tial metal ion concentrations, contact time, biosorbent
dosage, temperature and pH. The pseudo-first-order
kinetic model was found to be the most suitable to
forecast the adsorption behaviour of the adsorbent and
intra-particle diffusion was not the sole rate controlling
factor. Equilibrium data fitted very well in the Lang-
muir isotherm equation, confirming the mono layer
adsorption capacities of Cd** and Zn* with a mono
layer adsorption capacity of 112.57 and 95.69 mg g
respectively at 301 K. The thermodynamics parameters
indicate a favourable endothermic biosorption process.
These findings suggest that calcined Tilapia fish scale is
an inexpensive and effective biosorbent for Cd** and Zn?
removals from aqueous solutions.
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