Asian Journal of Advanced Research and Reports

1(4): 1-9, 2018; Article no.AJARR.43075

Isotherm Studies of the Biosorption of Pb (ll) and
Cu (II) Using Chicken Feather

Salaudeen Abdulwasiu Olawale’?, Abdulrahman Wosilat Funke?,
Aliyu Haruna Dede? and Abudukadiri Habeeb?

'National Mathematical Centre, Sheda Kwali Abuja, Nigeria.
2Department of Chemistry, University of Abuja, Nigeria.

Authors’ contributions

This work was carried out in collaboration between all authors. Author SAO designed the study,
performed the statistical analysis. Authors AWF and AHD wrote the protocol and wrote the first draft
of the manuscript. Authors SAO and AH managed the analyses of the study. Author SAO managed
the literature searches. All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/AJARR/2018/v1i413094

Editor(s):

(1) Dr. Nadia Sabry El-Sayed EI-Gohary, Associate Professor, Department of Medicinal Chemistry, Faculty of Pharmacy,
Mansoura University, Egypt.

Reviewers:

(1) Adriana Nowak, Lodz University of Technology, Poland.

(2) Farid I. EI-Dossoki, Port Said University, Egypt.

(3) Julian Cruz-Olivares, Autonomous University of State of Mexico, Mexico.

Complete Peer review History: http://www.sciencedomain.org/review-history/26066

Received 13" June 2018
Accepted 22" August 2018
Published 1°' September 2018

Original Research Article

ABSTRACT

This study was carried out to examine the adsorption isotherm (Langmuir, Freundlich, Temkin, and
Dubinin Radushkevich adsorption isotherm) of Pb(ll) and Cu(ll) in order to determine the maximum
adsorption capacity of chicken feather, CF. Equilibrium sorption of Pb(ll) and Cu(ll) using
homogeneously sized Chicken Feather (CF) was carried out and the physico-chemical properties
of the feathers were determined. Results revealed that the maximum biosorption capacity of Pb(Il)
and Cu(ll) by the chicken feather from Langmuir isotherm model were 79.36 and 61.92 mg/g
respectively. Separation factor R. were 0.195 and 0.018 indicating a favourable adsorption
process. Mean free energy (E) from Dubinin Radushkevich isotherm model were 1.291 and 0.102
KJ/mol for Pb(ll) and Cu(ll) respectively, indicating a physical adsorption process. Negative
standard Gibbs free energy (AG) obtained indicated that the Pb(ll) biosorption process was
spontaneous and thermodynamically feasible.
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1. INTRODUCTION

The presence of heavy metals in the ambient
environment, particularly the water bodies cannot
be over emphasized. The presence of these
heavy metals in the environment is of concern all
over the world because they are toxic, persistent,
non-biodegradable with bioaccumulation
potential [1]. Heavy metal contamination of the
environment occur majorly through effluents
generated from various anthropogenic activities
such as extractive activities, metal plating, metal
finishing, tanning/dyeing, battery production
processes, pigments/paints production etc [2]. In
recent years, a large number of studies have
indicated that rivers especially in urban areas are
seriously contaminated by heavy metals [3-5].
Prolonged consumption of lead and copper
contaminated water will be of health risk overtime
[6]. Lead and copper are toxic heavy metals
which are common contaminants in aquatic
environments. Lead can exist in organic and
inorganic forms. Both forms have been identified
to be poisonous with the former being more
poisonous [7]. The removal of Pb(ll) from
wastewater has become imperative globally as a
result of it toxicity on living beings [8-11]. Lead
value above 0.1 mg/l can lead to nervous
irritability, mental retardation, brain damage and
can also inhibit haem synthesis. Short term
exposure to copper can lead to gastrointestinal
distress, while long term exposure can cause
liver and kidney damage. The permissible limit
for lead according to World Health Organization
(WHO) guidelines for drinking water is 0.01 mg/I,
whereas less than 0.015 mg/l is adopted by the
United States Environmental Protection Agency
(USEPA) [12]. The permissible limit for lead in
effluent discharge into inland surface water is
0.1 mg/L [13].

Metals enter into the food web through leaching
from waste dumpsites and metal bearing
soil/water. The concentration of the metals
increase at every level of food chain and are
transferred onto the next higher level through a
process known as bioaccumulation or bio-
magnification [14] which causes several ailments
and abnormal health conditions in humans and
other living organisms [15]. Anthropogenic
activities are the major sources of pollution in all
environments [16]. Thus, heavy metals removal
from industrial effluents is of prime importance
[17]. Some of the conventional methods for
metals removal from industrial effluents include

chemical precipitation, membrane filtration,
adsorption, ion  exchange, cementation,
biological operations, coagulation/flocculation,

sedimentation, electrochemical processes, and
solvent extraction. However, some of these
techniques may show technical and/or
economical disadvantages such as high cost,
high energy demand, high sensitivity to
operational conditions, sludge generation [12]
and low removal efficiency at high metal
concentrations [18]. Natural adsorbents are
widely used for the removal of metals from
wastewater due to their eco friendly nature and
high uptake capacity [19-20]. With increasing
environmental awareness and  stringent
government policies, it is imperative to develop
new eco friendly ways to clean up contaminants
using low-cost methods and materials [21].

In this study, CF was cut into homogeneous
sizes, then used to adsorb Pb(ll) and Cu(ll) from
aqueous solution followed by Isotherm modelling
of the adsorption data.

2. MATERIALS AND METHODS

Adsorbate preparation was done by preparing
1000 mg/lI stock solution of Pb(Il) and Cu(ll)
which were further diluted to the desired
concentration for each experiment. 0.1 M NaOH
and 0.1 M HNO; were used for pH adjustment.

Chicken feathers (CF) were obtained from a
public slaughter point in Gwagwalada area
council of the FCT. The CF were cut into smaller
sizes which were used in the biosorption
experiments.

2.1 Physico-chemical Characterization of
Chicken Feather

The CF was characterized by determining the
following parameters: pH, moisture content, loss
of mass on ignition and bulk density using
standard procedures:

2.1.1 Determination of moisture content

5 g of CF was weighed into a dried pre-washed
crucible and placed in an oven at a constant
temperature of 105°C. After some time, the
sample was removed and transferred quickly into
a desiccator. The sample was reweighed after
cooling. This procedure was repeated several
times until a constant weight was obtained.



Moisture content was calculated from the

difference in mass obtained [22].

W2 = Ws + 100
W, —W;

W, = Weight of empty crucible
W, = Weight of crucible + sample before heating
W3 = Weight of crucible + sample after heating

2.1.2 Determination of loss on ignition

Loss of mass on ignition was done using 10 g
CF. The CF was ashed in a furnace at a
temperature of 600°C. The ashed CF was
removed from the furnace after 2 hours and
cooled in a desiccator. The ash obtained was
weighed and loss of mass on ignition was
calculated using the formula below.

W = Ws 100
W, —W;

W, = Weight of empty crucible
W, = Weight of crucible + sample before ashing
W3 = Weight of crucible + sample after ashing

2.1.3 Determination of pH

pH of CF was determined bg boiling 1 g of CF in
a beaker containing 100 cm® of distilled water for
5 minutes. The mixture was then diluted to 200
cm® with distilled water and allowed to cool at
room temperature. The pH was then determined
using a pH meter [23].

2.1.4 Determination of bulk density

Archimedes's principle was used in bulk density
determination. A glass cylinder was washed,
dried and the CF packed into it, leveled and
weighed. The weight of CF used was obtained
by subtracting the weight of empty cylinder from
the weight of packed cylinder while the volume of
the cylinder was obtained by filling it to the brim
with distilled water and bulk density was
calculated using [23].

WZ - Wl
\'
W, = Weight of empty cylinder

W, = Weight of cylinder after packing with CF
V = Volume of cylinder

2.2 Biosorption Experiment

Isotherm studies were carried out at 25+1°C,
varying the initial metal concentration using single
metal Pb(ll) and Cu(ll) agueous solution. 50 cm®
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of aqueous solution at pH 4.0 was stirred using a
magnetic stirrer at 250 rpm with 0.05 g of CF.
After stirring, the mixture was filtered and the
filtrate analyzed for metal ions concentration
using AAS. The data were fitted into the following
isotherms: Langmuir Freudlich, Temkin and
Dubinin-Raduskevich isotherm model.

Q in mg/g is the metal uptake which is equivalent
to the amount of metal adsorbed per unit mass of
sorbent was calculated using the equation:

G —ChXV
w

The percentage biosorption (%) was calculated
using the equation:

C;—C
ux 100
G

C; = Initial concentration of metal in aqueous
solution (mg/l)

Cs = Final concentration of metal (mg/l)

V = Volume of solution (L)

W = Weight of CF used (g)

3. RESULTS AND DISCUSSION

The results for physico-chemical analysis of CF
is given in Table 1 below:

Table 1. Physico-chemical analysis of CF [24]

Properties CF
pH 8.10
Moisture Content (%) 8.54
Loss on Ignition (% 85.97
Bulk Density (g/cm”) 0.037

FTIR analysis was carried out in order to
determine the functional groups on the surface of
CF which may be responsible for Pb(ll) and
Cu(ll) sorption process. The spectra of CF before
and after the sorption process were similar,
showing that the major functional groups on CF
did not change significantly during the metal
sorption process, which can be an indication of
the possible reuse of CF. From the FTIR spectra
obtained, the potential metal binding groups
include hydroxyl, carboxyl, amino and sulphur
containing functional groups.

3.1 Langmuir Isotherm Model

The Langmuir isotherm model is based on the
following assumptions:
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e The surface of the sorbent posses a finite there is no interactions among adsorbed
number of sites which are energetically species.
uniform. e A monolayer is formed when the sorbent
e The amount of sorbate adsorb has no surface becomes saturated.

effect on the rate of adsorption because
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Fig. 1. Full scan spectra of virgin CF [24]
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Fig. 2. Full scan spectra of metal loaded CF [24]

Table 2. FTIR spectra bands and assignments of CF [24]

Assignments Wave numbers (cm™)
N-H stretch 3296.46

Methyl C-H asym/sym. Stretch 2962.76/2877.89
Amide |, 80% C=0 stretch and 20% N-H bend 1651.12

Amide Il, 60% N-H bend and 40% C-N stretch 1537.32

Amide 11, 40% C-N stretch, 30% N-H bend and O=C=N bend 1238.34
Sulphonate S-O asym. Stretch 1161.19
Sulphonate S-O sym. Stretch 1032.11

Cystine dioxide (R-SO,-S-R) 1238.34

Cystine monoxide (R-SO-S-R) 1076.32

Cystine 1176.62 — 1031.95




Olawale et al.; AJARR, 1(4): 1-9, 2018; Article no.AJARR.43075

80

ge

60

0.12 - 3 2.5 4 b
R?=0.9917
0.1 4 2 _
2 R=0673 =9.7119
0.08 - .
o T 15~
= S
"b.06 R?=0,8745 cu || = |- Cu
——Pb 14 ——Pb
0.04 -
0.02 0.5 -
O T T T T 1 r G T T T 1
0 1 2 3 4| -05 0 0.5 1 1.5 2
1/Ce log Ce
120 - c 6 d
100

InC

1 4 =

R*=0.9063
0 T T 1

0 2000000 4000000 6000000

82

Fig. 3. (a) Langmuir, (b) Freundlich, (c) Temkin and (d) D-R isotherm plots for the biosorption
of Pb(ll) and Cu (ll) by CF

Langmuir equation is represented as [25].

— Qmabee
%= 110,

Where

Ce = equilibrium concentration of
(mg/L),

ge = amount of metal adsorbed per unit mass of

adsorbent at equilibrium (mg/g),

adsorbate

Qmax = maximum uptake capacity (mg/g) and
b = Langmuir isotherm constant (L/mg).

Langmuir equation can be linearized as:

Lot 1
Qmax- bCE

E B Qmax
Qmax and b can be obtained from the plot of
1/ge versus Ce.

An important feature of Langmuir isotherm
equation is a dimensionless constant known as
separation factor or equilibrium parameter, R,
which is expressed as:

1
R G

Co = initial concentration (mg/l) and
b = Langmuir constant (L/mg).



R. value indicates the adsorption nature
to be either unfavourable if R/ >1, linear if
R, =1, favourable if 0< R <1 and irreversible if
R.=0.

From this research work, R, values (the
separation factor) were 0.195 for Pb(ll) and

0.018 for  Cu(ll) indicating that the
equilibrium  sorption was favourable, the
maximum monolayer capacity (Qmax) from

Langmuir Isotherm model were determined
to be 79.36 and 61.92 mg/g for Pb(ll) and
Cu(ll)  respectively, b values (Langmuir
isotherm constant) were 0.0625 L/mg for Pb(ll)
and 0.0781 L/mg for Cu(ll), and the
values were 0.991 and 0.874 for Pb(ll) and
Cu(ll) respectively proving that the sorption data
fitted well to Langmuir Isotherm model for Pb(ll)
only.

3.2 Freundlich Isotherm Model
The Freundlich equation is based on adsorption

on heterogeneous surface [26] and can be
expressed as:
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1
qe = K. C, /n

where

Ke = adsorption capacity and
n = adsorption intensity
the linearized form of the equation is given as:

log ge = log Kg + 1/n logCe

The slope and intercept gives the values of 1/n
and logKE.

Values of n between 1-10 or 1/n < 0 indicate a
favourable adsorption. Value of n indicates the
degree of non-linearity between solution
concentration and adsorption as follows: if n=1,
then adsorption is linear; if n<1 then adsorption is
a chemical process; if n>1, then adsorption is a
physical process.

From the Freundlich plot, a correlation
coefficients of 0.675 and 0.711 were obtained for
Pb(Il) and Cu(ll) respectively, which are less than
those obtained for the Langmuir, Temkin and
Dubinin Radushkevich models.

Table 3. Isotherm constants for the adsorption of Pb(Il) ion unto CF

Langmuir isotherm

Freundlich isotherm

gmax(mg/g) b(LUmg) R. R 1/n n Ke(mg/g)  R?
79.36 0.0625 0.195 0.991 0.433 2.309 4.674 0.675
Temkin isotherm Dubinin Radushkevich isotherm
At (L/mg) br B (J/mol) R? Qs(mg/g) Kp (molP/KJ®)  E (kiiMol)  R?
6.4180 117.60 21.07 0.775 91.286 3X10” 1.291 0.948
Table 4. Isotherm constants for the adsorption of Cu (ll) ion unto CF
Langmuir isotherm Freundlich isotherm
Qmax(mg/g) b(L/mg) R. R 1/n n Ke(mg/g) R®
61.92 0.0781  0.018 0.874 0.395 2.532 4.145 0.711
Temkin isotherm Dubinin Radushkevich isotherm
Ar (L/mg) br B (J/mol) R? Qs(mglg) Ko (mol/KJ?) E (KiMol) R?
1.1527 118.20 20.96 0.843 82.675 5X10° 0.102 0.906
Table 5. Gibbs free energy from Langmuir constant for Pb(ll)
Sorbent b(L/mg) b(L/mmol) AG° (Kj/Mol)
CF 0.0625 12.95 -33.40
Table 6. Gibbs free energy from Langmuir constant Cu(ll)
Sorbent b(L/mg) b(L/mmol) AG® (Kj/Mol)
CF 0.0781 4.96 -31.03




3.3 Temkin Isotherm Model

This model contains a factor that explicitly
considers adsorbent—-adsorbate interactions. By
ignoring the extremely low and large value of
concentrations, the model assumes that heat of
adsorption (function of temperature) of all
molecules in the layer would decrease linearly
rather than logarithmic with coverage. As implied
in the equation, its derivation is characterized by
a uniform distribution of binding energies [27].

Temkin constants can be derived from the slope

and intercept of the plot. The model is given by
the following equations:

RT
£ n (A1)

qe =
RT RT
qe = ElnAT + (T) InC,
B RT
=

ge = BlnAt + BInC,

Ar =Temkin isotherm equilibrium binding
constant (L/g), br = Temkin isotherm constant,
R= universal gas constant (8.314J/mol/K), T=
Temperature at 298K, and B = Constant related
to heat of sorption (J/mol).

From the plot, Ay = 6.4180 L/mg and 1.1527
L/mg, B which indicates the amount of heat of
adsorption was 21.07 J/mol and 20.96 J/mol for
Pb(ll) and Cu(ll) respectively corresponding to
physiosorption mechanism.

3.4 Dubinin
Model

Radushkevich Isotherm

The Dubinin-Radushkevich isotherm model is an
empirical model where adsorption process is
assumed to follow a pore filling mechanism. It is
generally applied to express the adsorption
process which occurs on both homogeneous and
heterogeneous  surfaces. The  non-linear
expression of Dubinin-Radushkevich isotherm
model can be illustrated as:

de = qsexp (—Kpr€?)

Which can be linearized into:

Ing, = In(qs) — (KprEH)
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gs and Kpgr can be obtained from the plot of Inqge
versus €,

1
£=RTIn(1+ =)
Ce

where

gs = theoritical adsorption capacity (mg/g)

Kpr = Dubinin-Radushkevich constant related to
mean free energy of adsorption (mol*/kJ?)

R = the gas constant (J/mol K)

T = the absolute temperature (K) and

€ = Polanyi potential

The values of g computed for Pb(ll)/CF and
Cu(ll)/CF  from Dubnin-Radushkevich model
were 91.286 mg/g and 82.675 mg/g respectively,
mean free energy, E = 1.291 KJ/mol indicating a
physiosorption process with an R® value of
0.948.

The Gibbs free energies (AG°) were -33.40 and -
31.03 kJ/mol at 25°C for Pb(ll) and Cu(ll)
sorption onto CF respectively indicating a
spontaneous and feasible process.

4. CONCLUSION

In this study, the feasibility of CF as a biosorbent
for Pb(ll) and Cu(ll) removal from aqueous
solutions was carried out. The results obtained
revealed that CF could be used for the removal
of Pb(ll) and Cu(ll) ions from aqueous solution.
Equilibrium adsorption studies showed that Pb(ll)
and Cu(ll) sorption followed the trend: Langmuir
> Dubinin Radushkevich > Temkin > Freundlich
model with Langmuir model having a better fit for
the adsorption process of Pb(ll) and Dubinin
Radushkevich model having a better fit for Cu(ll)
adsorption process due to higher correlation
coefficients. It could therefore be concluded that
the adsorption of Pb(ll) onto CF followed a
monolayer process. FTIR analysis confirmed the
presence of carboxyl, hydroxyl, amino and
sulphur containing functional groups on CF, with
no substantial variation in the spectra obtained
before and after adsorption indicating possible re
use of CF. Finally, It could be concluded that
CF is an active and potential biosorbent for
Pb(ll) and Cu(ll) removal from aqueous
solution.
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