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Abstract- Arsenic pollution of water is a major problem faced
worldwide. The availability of arsenic in ground water and
potable water accounts many toxic effects on human health
because of its high toxicity level.Therefore, it is essential to
remove it from wastewater before disposal. The endeavor of
this research work is to remove arsenic (Il1) using banana
peels (Musa paradisiaca L.) in batch studies. The batch
studies were carried out by varying parameters such as
solution pH, biosorbent dose concentration, initial arsenic
(1) concentration, contact time, temperature and agitation
rate determined in the experiment were effective in
determining the efficiency of arsenic (l11) onto banana peels
(Musa paradisiaca L.). Langmuir adsorption isotherm,
Frenudlich  adsorption  isotherm, Dubinin-Kaganer-
Radushkevich (DKR) adsorption isotherm and Temkin
adsorption isotherm were tested in batch equilibrium studies.
For Kinetics studies, Pseudo-first-order model, Pseudo-
second-order model, Elovich model and Weber and Morris
intra-particle diffusion model were applied to the
experimental data and followed by thermodynamic study. The
results showed that banana peels (Musa paradisiaca L.) as
biosorbent was a low-cost promising sorbent for sequester of
arsenic (111) from wastewater.

Keywords- Arsenic (l11), banana peels (Musa paradisiaca L.),
adsorption isotherm, adsorption kinetics, thermodynamic
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I. INTRODUCTION

The use of heavy metals and their compounds has
increased the comfort of human being in great way. They are
used in different processes [1]. The excessive use of heavy
metals and metalloids causes to increase their concentration in
aquatic systems. Arsenic, a common element in nature, is a
naturally occurring contaminant of drinking water and can be
found in the earth’s crust, ground, and marine water and in the
organic world as well. It is mobilized through a combination
of natural processes such as weathering reactions, biological
activity, and volcanic emissions [1, 2] as well as through a
range of anthropogenic activities such as gold mining,
nonferrous smelting, petroleum refining, combustion of fossil
fuel in power plants, and the use of arsenical pesticides and
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herbicides [3, 4]. Contaminated groundwater by arsenic is a
well-known environmental problem that can have severe
human health implications. Chronic exposure to arsenic
concentrations above 100 ppb can cause vascular disorders,
such as dermal pigments (Blackfoot disease) and skin, liver,
and lung cancer [5, 6]. An arsenic concentration of 10ug/L has
been recommended by World Health Organization as a
guideline value for drinking water [7].

Researchers in many countries are studying the
removal of arsenic from contaminated water using several
techniques, namely oxidation/precipitation,
electrocoagulation/ co-precipitation, lime softening, metal-
oxide adsorption, reverse osmosis and nanofiltration, ion-
exchange resin, coagulation-microfiltration, etc [8, 9, and 10].
Most of these methods suffer from some drawbacks, such as
high capital and operational cost or the disposal of the residual
metal sludge, and are not suitable for small-scale industries
[11]. Therefore, it is required to produce an easy, effective,
economic and eco-friendly technique for wastewater treatment
[12, 13].Biosorption is a cost- effective and eco-friendly
technique for removal of heavy metals.Biosorption may be
defined as removal of substances from solution by biological
material [14, 15].

In the present research work, banana peels (Musa
paradisiaca L.) is an agro-industrial based waste material
belongs to the family Scitaminaceae and sub-family Musaceae
and these materials have the potential to sequester heavy
metals from aqueous solution. The present research he
emphasis has been laid to know the efficiency of banana peels
(Musa paradisiaca L.) biomass in removing the arsenic (111)
from wastewater. Optimum biosorption conditions were
determined as a function of solution pH, biosorbent dose
concentration, initial concentration of arsenic (lIll), contact
time, temperature andagitation rate. Adsorption isotherms
model and kinetics models were employed to understand the
probable biosorption mechanism. Thermodynamic studies
were also carrying out to estimate thestandard free change
(4G, standard enthalpy change (4H°) and standard entropy
change (45°).
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1. MATERIALS AND METHODS

Proposed study will be carried out in the following
steps:

Chemical and reagent:

All the chemicals and reagents used were of
analytical reagent (AR) grade. Double distilled water will be
used for all experimental work including the preparation of
arsenic (I11) standard solution. The arsenic (Ill) standard
solution was prepared by using their respective compounds.
The desired pH of the metal solution was adjusted with the
help of dilute hydrochloric acid and dilutesodium hydroxide.

Preparation of arsenic (I11) standard solution:

The stock solution of 1000 ppm of arsenic (I11) was
prepared by dissolving 0.132 g of arsenic trioxide (As,Oz) in
100 ml of double distilled water and further desired test
solutions of arsenic (l11) were prepared using appropriate
subsequent dilutions of the stock solution.

Preparation of biosorbent:

e Fresh banana peels (Musa paradisiaca L.) were
collected from domestic wastes, as its availability and
transportation was easy. The peels were washed
several times with tap water and followed by distilled
water. The washed material then cut in to small
pieces and banana peels was first dried, in sun light
for 10 days and then in an oven at 50°C.The moisture
content was lost from it and the color change was
observed from yellow to brownish black. The dried
material was finely ground and screened through the
sieves of cut size of 100-200um. The dried
biosorbent powder was stored in air tight glass bottles
to protect it from moisture.

e Instrumentation:

The pH of the solution was measured by digital pH
meter (EQUIP-TRONICS, model no. Eg-610) using a
combined glass electrode. The concentration of arsenic (I11) in
the solution before and after equilibrium was determined by
measuring absorbance using Inductively Coupled Plasma-
Atomic Emission  Spectroscopy (ICP-AES) technique.
Biosorbent was characterized by Fourier Transform Infrared
(FTIR), Scanning Electron Microscope (SEM) and X-ray
diffraction (XRD).
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Characterization of biosorbent by Fourier Transform
Infrared (FTIR) analysis: The Fourier Transform Infrared
(FTIR) spectroscopy was used to identify the functional
groups present in the biosorbent. The biomass samples were
examined using FTIR spectrometer (model:FT/IR-4100typeA)
within range of 400-4000 cm™. All analysis was performed
using KBr as back ground material. In order to form pellets,
0.02 g of biomass was mixed with 0.3 g KBr and pressed by
applying pressure.

Characterization of biosorbent by Scanning Electron
Microscope (SEM) analysis: The Scanning Electron
Microscope (SEM) was used to see the porosity of the
biosorbent. The samples were covered with a thin layer of
gold and an electron acceleration voltage of 10 KV was
applied and then Scanning Electron Micrograph was recorded.

Characterization of biosorbent by X-ray diffraction
analysis (XRD) analysis:

X-ray diffraction (XRD) was used for the qualitative
and quantitative determination of solid samples of biosorbent.
It works on the principle that X-ray diffraction pattern is
unique for each sample. This pattern from XR-D was
compared with a known compound and the chemical
compound was identified.

Experimental procedure:

The static (batch) method was employed at
temperature (30°C) to examine the biosorption of arsenic (I11)
by biosorbent. The method was used to determine the
biosorption capacity, stability of biosorbent and optimum
biosorption conditions. The parameters were studied by
combining biosorbent with arsenic (l11) solution in 250 ml
separate reagent bottles. The reagent bottles were placed on a
shaker with a constant speed and left to equilibrate. The
samples were collected at predefined time intervals,
centrifuged, the content was separated from the biosorbent by
filtration, using Whatmann filter paper and amount of arsenic
(1) in the supernatant/filtrate solutions was determined by
Inductively Coupled Plasma-Atomic Emission Spectroscopy
(ICP-AES). The following equation was used to compute the
percent removal (% Adsorption) of arsenic (Ill) by the
biosorbent,

% Adsorption = o) # 100
i 1)

whereC; and C. are the initial concentrations and
equilibrium concentrations of the arsenic (I11) in mg/L.
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The equilibrium adsorptive quantity (ge) was determined by
the following equation,

_ lei-cgd
e =7, xv B
whereq, (mgmetal per g dry biosorbent) is the amount
of arsenic (I11) biosorbed, V (in liter) is the solution volume

and w (in gram) is the amount of dry biosorbent used.
Desorption study:

To evaluate desorption efficiency, arsenic (I11) loaded
biosorbent was dried after equilibrium sorption experiments.
The dried biosorbent was contacted with 0.1 M nitric acid
(HNO3), 0.1 M hydrochloric acid (HCI) and 0.1 sulphuric acid
(H,SO,) separately for 3 hours to allow arsenic (Il1) to be
release from biosorbent. The samples were separated from the
biosorbents by filtration, using Whitman filter paper and
amount of and arsenic (I11) in the supernatant/filtrate solutions
was determined by ICP-AES to find out desorption efficiency.
Desorption efficiency was calculated from the amount of
metal adsorbed on the biosorbent and the final metal
concentration in the biosorption medium (equation 3).

Desorption
(%) =

100
3)

efficiency
released metol ions inmg (1

initially adsorbed meta! ions in mg/L

I11. RESULTS AND DISCUSSION

Characterization of biosorbent by Fourier Transform
Infrared (FTIR) analysis:

FTIR offers excellent information on the functional
groups present on the surface of the biosorbent and also
presents three main advantages as an analytical technique: it is
fast, nondestructive and requires only small sample quantities.
As seen in the figure biosorbent displays a number of
biosorption peaks, reflecting the complex nature of biosorbent.
The broad peak at 3422 cm™ is the indicator of -OH and -NH
groups. The stretching of the —OH groups bound to methyl
groups presented in the signal at 2924 cm™. The peaks at
2366 cm™ and 2345 cm™ are stretching peaks. The peaks
located at 1735 cm™ and 1637 cm™ are characteristics of
carbonyl group. The presence of -OH group along with
carbonyl group confirms the presence of carboxyl acid groups
in the biosorbent. The peak at 1508 cm™ is associated with the
stretching in aromatic rings. The peaks observed at 1066 cm™
are due to C-H and C-O bonds. The —OH, NH, carbonyl and
carboxyl groups are important sorption sites. Biosorbent
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loaded with arsenic (111), the broadening of -OH peak at 3422
cm™ and carbonyl group peak at 1637 cm™ was observed. This
indicates the involvement of hydroxyl and carbonyl groups in
the biosorption of arsenic (111).

39
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Figure 1: FTIR spectra (a) Biosorbent banana peels (Musa
paradisiaca L.) (b) Biosorbent banana peels (Musa
paradisiaca L.)loaded with arsenic (111)

Characterization of biosorbent by Scanning Electron
Microscope (SEM) analysis:

The SEM analysis of banana peel confirmed that they
have large number of pores on the surface with cracks and
crevices. The SEM clearly demonstrated that there is more
uniformity after biosorption on metal ions in comparison to
before biosorption. It was evident from the micrographs that
the biosorbents presents an unequal structure before metal
adsorbed. The number of canals in the biosorbents was higher
in the initial case. The metal ions adsorbed on the cell wall
matrix and created stronger cross linking and uniformity on
the surface of biosorbent.
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Figure 2:Scanning Electron Microscope (SEM) analysis (a)
Biosorbent banana peels (Musa paradisiaca L.) (b)
Biosorbent banana peels (Musa paradisiaca L.)loaded with
arsenic (I11)

Characterization of biosorbent by X-ray diffraction
analysis (XRD) analysis:

X-ray diffraction (XRD) is a non-destructive
technique used to provide detailed information on the
crystallographic structure of materials. The XRD profile of the
unloaded banana peels (Musa paradisiacal.) shows typical
diffraction peaks. Broad peaks were obtained instead of sharp
peaks indicating the sample was poorly crystalline. The XRD
spectra of loaded arsenic (II) exhibit strong peaks at 20 value
21.52°, 31.42° and 53.6° corresponding to 324.703, 222.939
and 133.9936 planes, respectively for banana peels(Musa
paradisiacal.).

In addition, several other low intensity peaks
corresponding to other crystalline phases have also been
observed. After biosorption of arsenic (Ill), the porous
structures of the biosorbent decreased. These causes low
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intensity XRD peaks. Hence crystalline phases should have
been reduced. XRD pattern of arsenic ions loaded biosorbent
shows the presence of phases of AIAsO,, As,0s, and As (OH)3
which indicates that arsenite are converted into the above
species and finally get adsorbed over the surface of
biosorbent.
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Figure 3:X-ray diffraction analysis (XRD) study (a)
Biosorbent banana peels (Musa paradisiaca L.) (b)
Biosorbent banana peels (Musa paradisiaca L.) loaded with

arsenic (I11)

Effect of pH:

The pH of the solution is one of the most critical
parameters in the biosorption of pollutants from aqueous
solutions. In order to determine the preferred pH for
biosorption of arsenic (Ill) over banana peels (Musa
paradisiaca L.), the uptake of arsenic (Ill) as a function of
hydrogen ion concentration was studied. Figure 4depicts the
effect of pH on biosorption of arsenic (I11) onto the banana
peels (Musa paradisiaca L.)(30°C). Both biosorption
efficiency and capacity have the same trend. The maximum
biosorption capacity of banana peels (Musa paradisiaca
L.)forarsenic (lIl) occurred at pH 6. Nevertheless, highest
biosorption has taken place at pH 6.0 (62.11%) which was
chosen as an optimum pH condition for further experiments.
pH parameter is very important since it strictly depends upon
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the nature of biosorbate and biosorbent. Also, it is an
established fact that arsenic (111) is more strongly biosorbed
than arsenic (V) where pH is acidic or near neutral [16]. In
addition, after biosorption, the pH of solution was slightly
relevated. One reason for the change of pH may be the ion
exchange process.
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Figure 4: Effect of pH on arsenic (I11) biosorption by
banana peels (Musa paradisiaca L.) (Biosorbent dose
concentration: 5 g/L, arsenic (I111) concentration: 10 mg/L,
contact time: 150 minutes, temperature: 30°C, agitation
rate: 120 rpm)

Effect of biosorbent dose concentration:

Effect of biosorbent dose of biosorption of metal ions
which is an important parameter used to determine the
capacity of biosorbent a given concentration of the
biosorbate.Various biosorbent dose concentrations of banana
peels (Musa paradisiaca L.) in the range of 1.0, 2.5, 5.0, 10.0,
12.5 and 15.0 g/L were used to study the biosorption of
arsenic (111).From the results it was found that biosorption of
arsenic (I11) increases with increase in biosorbent dose and is
highly dependent on biosorbent concentration.The point of
saturation for banana peels (Musa paradisiaca L.)was found at
5 g/L of biosorbent dose with maximum removal efficiency
62.71%.The decrease in efficiency at higher biosorbent dose
concentration could be explained as a consequence of partial
aggregation of biosorbent which results in a decrease in
effective surface area for metal uptake. The biosorbent dose 5
g/L was chosen for all further studies.
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Figure 5: Effect of biosorbent dose concentration on
arsenic (111) biosorption by banana peels (Musa
paradisiaca L.) (pH: 6.0, arsenic (I11) concentration: 10
mg/L, contact time: 150 minutes, temperature: 30°C,
agitation rate: 120 rpm)

Effect of initial arsenic (111) concentration:

It is evident from initial arsenic (111) concentration is
decreased from 05 mg/L to 250 mg/L and the corresponding
removal gradually decreases from 63.84% to 51.92 % at
optimum pH 6.0 at 30°C was studied. It is clear from the
results that more than 60-90 % sorption of arsenic (l11) took
place in first 30 min and equilibrium is established 30 min. At
higher concentrations, metals need to diffuse to the biosorbent
surface by intra-particle diffusion and highly hydrolyzed ions
will diffuse at a slower rate. This indicates the possible
monolayer formation of arsenic (I11) on the outer surface.
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Figure 6: Effect of arsenic (111) concentration on arsenic
(111) biosorption by banana peels (Musa paradisiaca L.)
(pH: 6.0, biosorbent dose concentration: 5 g/L, contact

time: 150 minutes, temperature: 30°C, agitation rate: 120

rpm)

Effect of contact time:

In order to optimize the contact time for the
maximum uptake of metal, contact time was varied between
10 minute-180 minute on the removal of arsenic (I11) from
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aqueous solutions in the concentration of arsenic (I11) 10 mg/L
and biosorbent dose 10g/L at optimum pH 6.0 at 30°C. The
results obtained from the biosorption capacity of arsenic (1)
onto banana peels (Musa paradisiaca L.)showed that the
biosorption increases with increase in contact time until it
reached equilibrium. The optimum contact time for
biosorption of arsenic (Ill) onto banana peels (Musa
paradisiaca L.)was150 minutes with 61.76% removal. The
rapid uptake of arsenic (I11) is due to the availability of ample
active sites for sorption. A further increase in the contact time
has a negligible effect on the biosorption capacity of arsenic
(1) biosorption. So a contact time of 150 minutes was fixed
for further experiments.
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Figure 7: Effect of contact time on arsenic (111) biosorption
by banana peels (Musa paradisiaca L.) (pH: 6.0, biosorbent
dose concentration: 5 g/L, arsenic (I11) concentration: 10
mg/L, temperature: 30°C, agitation rate: 120 rpm)

Effect of temperature:

The effect of temperature on removal of arsenic (I11)
from aqueous solutions using banana peels (Musa paradisiaca
L.) was studied at different temperatures from 20°C — 40°C.
The influence of temperature is depicted in Figure 8.
Maximum sorption was seen at 30°C with percentage removal
61.14%.
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Figure 8: Effect of temperature on arsenic (I11)
biosorption removal using banana peels (Musa paradisiaca
L.) (pH 6.0, biosorbent dose concentration: 5 g/L, initial
arsenic (111) concentration: 10 mg/L, contact time: 150
minutes, agitation rate: 120 rpm)

Effect of agitation rate:

The effect of agitation rate on removal of arsenic (I11)
from aqueous solutions at biosorbent dose 10 mg/ml and at
optimum pH 6.0 at 30°C was studied at different rpm such as
40 rpm, 80 rpm, 120 rpm, 160 rpm and 200rpm. The
efficiency was highest at 120rpm with percentage removal
61.11%. So, 120 rpm was chosen for all further biosorption
studies.
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Figure 9: Effect of agitation rate on arsenic (111) ions
removal using banana peels (Musa paradisiaca L.) (pH 6.0,
biosorbent dose concentration: 5 g/L, initial arsenic (111)
concentration: 10 mg/L, contact time: 150 minutes,
temperature: 30°C)

Desorption study:
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In application of real wastewater, desorption of heavy
metal ions in the biosorbent is important process. Banana
peels (Musa paradisiaca L.)was the most effective waste
biosorbent with desorption efficiency 50.40% (0.1 M
hydrochloric acid), 50.13% (0.1 M nitric acid) and 66.53%
(0.1 M sulphuric acid).

Sulphuric acid has shown highest desorbed capacity
of arsenic (111) followed by hydrochloric acid and nitric acid
from banana peels (Musa paradisiaca L.).

Adsorption isotherm models:

The analysis of the adsorption isotherms data by
fitting them into different adsorption isotherm models is an
important step to find the suitable model that can be used for
design process. The experimental data were applied to the
two-parameter adsorption isotherm models: Langmuir,
Freundlich, Dubinin-Kaganer-Redushkevich (DKR) and
Temkin. Adsorption isotherms results for biosorption of
arsenic (111) by banana peels (Musa paradisiaca L.) is shown
below;

Langmuir adsorption isotherm [17]:

The Langmuir equation, which is valid for monolayer
sorption onto a surface of finite number of identical sites, is
given by;

_ GmPCa
14b€, (4)

whereqy, is the maximum biosorption capacity of
biosorbent (mg g™). b is the Langmuir biosorption constant (L
mg™) related to the affinity between the biosorbent and
biosorbate.

Linearized Langmuir isotherm allows the calculation
of adsorprtion capacities and Langmuir constants and is
represented as:

i i i

a  ambCe  am (5)

The linear plots of 1/q vs 1/c, is shown in Figure 10
(a). The two constants b and gy, are calculated from the slope
(1/qn'b) and intercept (1/gn) of the line. The values of gn, b
and regression coefficient (R) are listed in Table 1.

Maximum biosorption capacity of biosorbents (gn) is
found to be 43290 mg g* of banana peels(Musa
paradisiacal..).
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The essential characteristics of the Langmuir
isotherm parameters can be used to predict the affinity
between the biosorbate and biosorbent which is calculated
using following equation;

_ 1
R, 1+bc; (6)

where b is the Langmuir constant and C; is the
maximum initial concentration of arsenic (l11). The value of
separation parameters R, provides important information
about the nature of adsorption. The value of R indicated the
type of Langmuir isotherm separation factor or dimensionless
equilibrium parameters, R_ expressed as in the following
equation: to be irreversible (R_ = 0), favorable (0 <R, < 1),
linear (R, = 1) or unfavorable (R_>1). The R. was found to
0.3278-0.9606 for concentration of 10 mg/L-250 mg/L of
arsenic (I11). They are in the range of 0-1 which indicates
favorable biosorption [18].

Frenudlich adsorption isotherm [19]:

Freundlich equation is represented by:
—_ 1/n
q = KC, (7)

whereK and n are empirical constants incorporating
all parameters affecting the biosorption process such as,
biosorption capacity and biosorption intensity respectively.
Linearized Freundlich adsorption isotherm was used to
evaluate the biosorption data and is represented as:

logg =logK + ilng C, @)

Equilibrium data for the adsorption is plotted as log q
vs log C,, as shown in Figure 10 (b). The two constants n and
K are calculated from the slope (1/n) and intercept (log K) of
the line, respectively. The values of K, 1/n and regression
coefficient (R?) are listed in Table 1.

The n value 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
chemical process; if n>1, then biosorption is a physical
process. A relatively slight slope and a small value of 1/ n
indicate that, the biosorption is good over entire range of
concentration. The n value in Freundlich equation was found
to be 0.4065. Sincen<1, this indicates that biosorption is a
chemical process biosorption of arsenic (I11) onto banana peels
(Musa paradisiaca L.). The higher value of K (7.8236)
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indicates the higher biosorption capacity for the banana peels
(Musa paradisiaca L.).

Dubinin-Kaganer-Radushkevich
isotherm [20]:

(DKR) adsorption

Linearized Dubinin-Kaganer-Radushkevich (DKR)
adsorption isotherm equation is represented as;

Ing,=Ingqg,, —B & ©)

whereq, is the maximum biosorption capacity, B is
the activity coefficient related to mean biosorption energy and
¢ is the polanyi potential, which is calculated from the
following relation:

=RTIn (1+ =~
€ [ ce)

(10)

Equilibrium data for the adsorption is plotted as Inge
vs €7 as shown in Figure 10 (c). The two constants 4 and gy,
are calculated from the slope () and intercept (Ing,) of the
line, respectively. The values of adsorption energy E was
obtained by the following relationship,

E= —
§—2f (11)

The E value was found to be0.4082 KJ mol™The
mean free energy gives information about biosorption
mechanism whether it is physical or chemical biosorption. If E
value lies between 8 KJ mol™ and 16 KJ mol™, the biosorption
process take place chemically and E> 8 KJ mol™, the
biosorption process of the physical in nature (Olivieri and
Brittenham, 1997). In the present work, E value (0.4082 KJ
mol™) which is less than 8 KJ mol™, the biosorption of arsenic
(1) ions onto banana peels (Musa paradisiaca L.) is of
physical in nature [21].

Temkin adsorption isotherm [22]:

Linearized Temkin adsorption isotherm is given by the
equation;

_RT

RT
q. by InA; —IncC,

+ &7 (12)
wherebris the Temkin constant related to heat of
biosorption (J/mol) and At is the Temkin isotherm constant
(L/g).Equilibrium data for the adsorption is plotted as e vs
InC, as shown in Figure 10(d). The two constants brand At are
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calculated from the slope (RT/br) and intercept (RT/br- /nAr)
of the line. The values of Ar,br and regression coefficient (R?)
are listed in Table 1.

The various constants and regression coefficient
R%obtained from adsorption isotherms (Langmuir, Freundlich,
Dubinin-Kaganer-Redushkevich (DKR) and Temkin) are
summarized in Table 1.
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Figure 10: Adsorption isotherms (a) Langmuir, (b)
Freundlich (c) DKR and (d) Temkin for bisorption of
arsenic (111) banana peels (Musa paradisiaca L.) (pH: 6.0,
biosorbent dose concentration: 5 g/L, contact time: 150
minutes, temperature: 30°C, agitation rate: 120 rpm)

Table 1: Adsorption isotherm constants for biosorption of
arsenic (111) by banana peels (Musa paradisiaca L.)

Langmmir Frenndlich ; T emkin
DEFE parameters

parameters pErEmeters PErEmeters
i

g. | # | R | K Bl F |ga| E| R | Ay | B, | B®
n

5. 00| 00| TE| 24|00 "_E. 20| 04) 0623|427 0.8

wog|ep| 23|60 |28 |7 TOO| OB | 52| 01 | 4B | &%

o 2 4 [ 0 3 _:I_‘ 1 2 3 g 0 2

Adsorption Kinetics:

As aforementioned, a lumped analysis of adsorption
rate is sufficient to practical operation from a system design
point of view. The commonly employed lumped Kinetic
models, namely (a) the pseudo-first-order equation [23] (b) the
pseudo-second-order equation [24](c) Elovich equation [25]
(d) Weber & Morris intra-particle diffusion equation[26] are
presented below;

In(q, —q,) = Inq, — k, (13)
r__1 .t
a:  kaa: | a (14)
i i
=-1 —Int
q, = kitu's +c (16)

whereg, (mg g™) is the solid phase concentration at
equilibrium, q (mg g% is the average solid phase

Page | 780

ISSN [ONLINE]: 2395-1052

concentration at time t (min), k, (min™) and k, (g mg™ min™)
are the pseudo-first-order and pseudo-second-order rate
constants, respectively. The symbols of « (mg g™ min™) and
(9 mg?) are Elovich coefficients representing initial
biosorption rate and desorption constants, respectively. k; ( mg
gt min™) is the intra-particle diffusion rate constant, ¢ is
intercept.

If the adsorption follows the pseudo-first-order
model, a plot of In (ge-q¢) against time t should be a straight
line. Similarly, t/q; should change lineally with time t if the
adsorption process obeys the pseudo-second order model. If
the adsorption process obeys Elovich model, a plot of g
against In t should be a straight line. Also a plot of g; against t
%5 changes lineally the adsorption process obeys the Weber
and Morris intra-particle diffusion model.

Biosorption of arsenic (llI) onto biosorbent was
monitored at different specific time interval. The arsenic (111)
uptake was calculated from the data obtained. From the
arsenic (111) uptake was plotted against time to determine a
suitable kinetic model, the adsorption data was fitted into
pseudo-first-order model, pseudo-second-order  model,
Elovich models and the Weber & Morris intra-particle
diffusion model.

The pseudo-first-order model was plotted for In (qe-
gy against t (Figure 11 (a)). The values of k; and g. values
were calculated from the slope (k;) and intercept (In g.) of the
plot and shown in Table 2. Kinetic adsorption for pseudo-first-
order model occurs chemically and involves valency forces
through ion sharing or exchange of electron between the
biosorbent and the ions adsorbed onto it [27].

The pseudo-second-order model was plotted for t/q;
against t (Figure 11 (b)). The values of g, and k; are calculated
from the slope (1/qe) and intercept (1/k, q¢°) of the plot and
values are shown in Table 2.

The Elovich model was plotted for g, against In t
(Figure 11 (c)). The values of g and «a are calculated from the
slope (1/ ) and the intercept (/n (o )/ p) of the plot and
values are shown in Table 2. The Elovich model has been used
with the assumption that the actual adsorption surface is
energetically heterogeneous [28].

The Weber & Morris intra-particle diffusion model
was plotted for q; against t *° (Figure 11 (d)). The value of k;
and c are calculated from the slope (k;) and intercept (c) of the
plot and values are shown in Table 2. The pseudo-second-
order model showed a strongest correlation value (R?* =
0.9968) being higher than the correlation coefficient for the
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pseudo-first-order model, Elovich model and Weber & Morris
intra-particle diffusion model. The intercept of the plot does
not pass through the origin, this is indicative of some degree
of boundary layer control and intra-particle pore diffusion is
not only rate-limiting step [26].

The plot of intra-particle diffusion model showed
multilinearity, indicating that three steps take place. The first,
sharper portion is attributed to the diffusion of adsorbate
through the solution to the external surface of biosorbent or
the boundary layer diffusion of solute molecules. The second
portion describes ion stage, where intra-particle diffusion is a
rate limiting. The third portion is attributed to the final
equilibrium stage. However the intercept of the line fails to
pass through the origin which may attribute to the difference
in the rate of mass transfer in the initial and final stages of
biosorption [29].
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Figure 11: Adsorption kinetic models (a) pseudo-first-
order, (b) pseudo-second-order (c) Elovich and (d) Weber
and Morris intra-particle diffussion equation, for
biosorption of arsenic (111) banana peels (Musa paradisiaca
L.) (pH: 6.0, biosorbent dose concentration: 5 g/L, arsenic
(111) concentration: 10 mg/L, temperature: 30°C, agitation
rate: 120 rpm)

Table 2: Adsorption kinetic data for biosorption of arsenic
(111) by banana peels (Musa paradisiaca L.)

Prendo-firvt-order | Pyendo-second- i Intra-particle
Elovich model
mod el order model diffusion model
g, k R g, k, R o Fij R Ki C R

0.09 ( 0.01 | QB | 127 | 010 | 0.99 | 3.643x | 10.6 | 0.BE | 0.02 | 0.8E

0.062
26 46 | 666 | 04 o7 &2 iy 60 1 &0 02 5

Determination of thermodynamic:
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The effect of temperature on removal of arsenic (I11)
from aqueous solutions in the concentration of arsenic (111) 10
mg/L and biosorbent dose concentration5 mg/ml with
optimum pH 6.0 was studied. Experiments were carried out at
different temperatures from 20°C-40°C. The samples were
allowed to attain equilibrium. Sorption slightly increases from.
The equilibrium constant [30] at various temperatures and
thermodynamic parameters of adsorption can be evaluated
from the following equations;

— Cae
€e (17)
AG® = —RTInkK, (1)

AG® = AH® — TAS®(q9)

] ]
AS AH
InkK, = —-=—"
R RT

£

(20)

whereK, is the equilibrium constant, C. is the
equilibrium concentration in solution (mg/L) and Cpe is the
amount of arsenic (I11) ions biosorbed on the biosorbent per
liter of solution at equilibrium (mg/L). AG®, AH® and AS%are
changes in Gibbs free energy (kJ/mol), enthalpy (kJ/mol) and
entropy (J/mol K), respectively. R is the gas constant (8.314
J/imol K) and T is the temperature (K).

The values of AH’and AS°® were determined from the
slope and the intercept from the plot of InKc versus 1/T
(Figure 12). The values of equilibrium constant (Kc), standard
Gibbs free energy change (AG®), standard enthalpy change
(AH% and standard entropy change (AS°) calculated in this
work were presented in Table 3. The equilibrium constant
(Kc) increases with increase in temperature, which may be
attributed to the increase in the pore size and enhanced rate of
intra-particle diffusion. The value of standard Gibbs free
energy change (AG) is small and negative and indicates the
spontaneous nature of the biosorption. The values of AG® were
found to decreases as the temperature increases, indicating
more driving force and hence resulting in higher biosorption
capacity. The value of AH® was positive, indicating the
endothermic nature of the biosorption of arsenic (I1) onto
banana peels (Musa paradisiaca L.). The positive values of
AS® shows an affinity of biosorbent and the increasing
randomness at the solid solution interface during the
biosorption process.
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Table 3: Thermodynamic parameters of biosorption of
arsenic (111) by banana peels (Musa paradisiaca L.)

Sr. | Temperature | Temperature | Kc AGT AHT AST
No. 0y (K) (KJ/meol) | (KJ/mol) | (J/mol)
T
1 20°C 203 11777] 03982
z 25°C 208 12025 | 0.6280
i 2309775 | 82732
3 30°C 303 13713 1.1384
7
4 ac 313 13733 11739
0.5
0.45 + &

y=-2884x+9.951
R2=0.955

0.4 A
0.35 A
0.3 A
0.25 A
0.2 A
0.15 A
0.1
0.05 A

]

0.00328 0.0033 0.00332 0.00334 0.00336 0.00338 0.0034 0.00342

InKe

T

Figure 12: Plot of InKc against 1/T for determination of
thermodynamic parameters for biosorption of arsenic (111)
by banana peels (Musa paradisiaca L.) (pH: 6.0, biosorbent

dose concentration: 5 g/L, arsenic (111) concentration: 10

mg/L, contact time: 150 minutes, agitation rate: 120 rpm)

1V. CONCLUSIONS

The present investigation revealed that banana peels
(Musa paradisiaca L.) used as inexpensive, excellent
biosorbent for the removal of arsenic (llI) from aqueous
solutions. The optimal parameters such as solution pH,
biosorbent dose, initial arsenic (I11) concentration, contact
time temperature and agitation rate determined in the
experiment were effective in determining the efficiency of
arsenic (I11) biosorption onto banana peels (Musa paradisiaca
L.). Biosorption equilibrium exhibited better fit to Langmuir
isotherm than Freundlich isotherm, Temkin isotherm and
Dubinin-Kaganer-Redushkevich  (DKR) isotherm.  The
maximum arsenic (I11) loading capacity (ge) of banana peels
(Musa paradisiaca L.) determined from Langmuir adsorption
isotherm was found to be 43.290 mg g™*. The Pseudo-second-
order model was found to be correlate the experimental data
strongest than other three kinetic models. The thermodynamic
study confirmed that reaction of biosorption of arsenic (I1)
was spontaneous, endothermic and increasing randomness of
the solid solution interfaces. From these observations it can be
concluded that banana peels (Musa paradisiaca L.) has
considerable biosorption capacity, available in abundant, non-
hazardous agro material can be used as an effective indigenous
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material for treatment of wastewater stream containing arsenic

().
V. ACKNOWLEDGEMENTS

The authors are thankful to Principal Dr. (Mrs.)
Michel Philip for their administrative support, cooperation and
help. Thanks to IIT Bombay for the testing the samples using
an Inductively Coupled Plasma - Atomic Emission
Spectroscopy (ICP-AES) and Scanning Electron Microscope
(SEM). Also, special thanks to VIVA College and Institute of
Science for the Fourier Transform Infrared (FTIR) and X-ray
diffraction (XRD) analysis respectively.

REFERENCES

[1] B. K. Biswas, J. I. Inoue, K. Inoue. “Adsorptive removal
of As(V) and As(lll) from water by a Zr(IV)-loaded
orange waste gel,” in Journal of Hazardous Materials, vol.
154, no. 1-3, pp. 1066-1074, 2008.

[2] P. L. Smedley and D. G. Kinniburgh, “A review of the
source, behaviour and distribution of arsenic in natural
waters,” in Applied Geochemistry, vol. 17, no. 5, pp.
517-568, 2002.

[3] M. J. Haron, W. M. Z. Wan Yunus, N. L. Yong, and S.
Tokunaga, “Sorption of arsenate and arsenite anions by
iron  (Il)-poly(hydroxamic  acid) complex,” in
Chemosphere, vol. 39, no. 14, pp. 2459-2466, 1999.

[4] C. P. Huang and P. L. K. Fu, “Treatment of arsenic (V)
containing water by the activated carbon process,” in
Journal of the Water Pollution Control Federation, vol.
56, no. 3, pp. 233-242, 1984.

[5] J. M. Desesso, C. F. Jacobson, A. R. Scialli, C. H. Farr,
and J. F. Holson, “An assessment of the developmental
toxicity of inorganic arsenic,” in Reproductive
Toxicology, vol. 12, no. 4, pp. 385433, 1998.

[6] W. Wang, L. Yang, S. Hou, J. Tan, and H. Li,
“Prevention of endemic arsenism with selenium,” in
Current Science, vol. 81, no. 9, pp. 1215-1218, 2001.

[71 A. Maiti, S. DasGupta, J. K. Basu, and S. De,
“Adsorption of arsenite using natural laterite as
adsorbent,” in Separation and Purification Technology,
vol. 55, no. 3, pp. 350-359, 2007.

[8] P. Kumari, P. Sharma, S. Srivastava and M. M.
Srivastava. “Biosorption studies  on shelled
MoringaoleiferaLamarck seed powder: Removal and

recovery of arsenic from aqueous system”, inint. J.
Mineral Proc., vol 78, pp. 131-138, 2006

[9] P. Mondal, C. B.MajumderandB.Mohanty. “Treatment of
arsenic water in a batch reactor by using ralstoniaeutropha
MTCC 2487 and granular activated carbon”,inJ. Hazard.
Mater., vol.153, pp. 588-599, 2008.

Page | 783

ISSN [ONLINE]: 2395-1052

[10]M. S. Rahaman, A. Basu and M. R. Islam.“The removal
of As (IlI) and As (V) from aqueous solutions by waste
materials”, in Bioresour.Technol., vol. 99, pp. 2815-2823,
2008.

[11]G. S. Murugesan,M. Sathiskumar and
K.Swaminathan.“Arsenic removal from groundwater by
pretreated  waste tea  fungal  biomass”, in

Bioresour.Technol., vol. 97, pp. 483-487, 2006.

[12]F. Veglio and F.Beolchini.“Removal of heavy metals by
biosorption: A review,” in Hydrometallurgy, vol. 44, pp.
301-316, 1947.

[13]B. Volesky. “Detoxification of metal-bearing effluents:
biosorption for the next century”, in Hydrometallururgy,
vol. 59 no. 2-3, pp. 203-216, 2001.

[14]S. A. Bhalerao. “Biosorption an eco-friendly cost
effective technology of removal of heavy metals an
overview”, in Bionano Frontier special Issue, vol. 6, pp.
219-225, 2011.

[15]G. M. Gadd. “Metals and microorganisms: a problem of
definition”, in FEMS MicrobiolLett.,vol. 100, pp. 197-
204, 1992.

[16] M. Leist, R. J. Casey, and D. Caridi.“The management of
arsenic wastes: problems and prospects”, in Journal of
Hazardous Materials, vol. 76 no. 1, pp. 125-138, 2000.

[17]1. Langmuir. “The adsorption of gases on plane surface of
glass, mica and platinum,”J. Am. Chem. Soc.,vol. 40, pp.
1361-1403, 1918.

[18] E. Malkoc and Y. J. Nuhoglu.“Investigation of Nickel (1)
removal from aqueous solutions using tea factory waste”,
in J.Hazard.Mater.,vol. B127, pp. 120-128, 2005.

[19]H. M. F. Freundlich. “Uber dies adsorption in losungen”,
in ZeitschriftfuePhysikalischeChemie (Leipzig), vol. A57,
pp. 385-470, 1906.

[20]M. M. Dubininand L. V. Radushkevich.“Equation of the
characteristic curve of activated charcoal,” in  Proc.
Academy of Sci. Phy. Chem. Section, U.S.S.R., vol. 55,
pp. 331-333, 1947.

[21]M. F. Sawalha, J. R. Peralta-Videa, J. Romero-Gonzalez,
and J. L. Gardea-Torresdey. “Biosorption of Cd(ll),
Cr(lll) and Cr (VI) by saltbush (Atriplexcanescens)
biomass: Thermodynamic and isotherm studies”, in
J.Coll. Inter. Sci., vol.300, pp. 100-104, 2006.

[22]M. J. Temkin and V. Pyzhev.“Kinetics of ammonia
synthesis on promoted iron catalysts,”
inActaPhysiochim.Urrs., vol.12, pp. 217-222, 1940.

[23]S. Lagergren. “About the theory of so-called adsorption of
soluble substances,”
KungligaSvenskaVetenskapsakadeimensHandlingar.,
vol.24, pp.1-39, 1898

[24]G. McKay, Y. S. Ho, and J. C. Y. Ng. “Biosorption of
copper from waste waters: A review,” in Sep. Purif.
Methi., vol. 28, pp. 87-125, 1999.

Www.ijsart.com



IJSART - Volume 4 Issue 2 - FEBRUARY 2018

[25]S. H. Chien and W. R. Layton.“Application of Elovich
equation to the Kkinetics of phosphate release and
sorption in soils,” in Soil Sci. Soc. Am. J., vol. 44, pp.
265-268, 1980.

[26]W. J. WeberandJ. C. Morris.“Kinetics of adsorption on
carbon solution”, in J. Sanit. Eng. Div. Am. Soc. Civ.
Engg., vol. 89, pp. 31-59, 1963.

[27]C. Septhum,S.Rattanaphani, J. B. BremnerandV.
Rattanaphani. “An adsorption of Al (IIl) ions onto
chitosan”, in J. Hazardous Materials, vol.148, pp.185-191,
2007.

[28]J.M. Thomas and W. J. Thomas. “Principle and Practice
of heterogeneous catalysis”, weinheim, VCH, 1947.

[29]K. K. Panday, G. Prasadand V. N. Singh. “Mixed
adsorbents for Cu (II) removal from aqueous
solutions”.inEnviron. Technol. Lett., vol. 50, pp. 547-554,
1986.

[30]G. C. Catena and F. V. Bright.“Thermodynamic study on
the  effect of  cyclodixtrin  inclusion  with
anilinonaphthalenesulphonates”, in Anal.Chem., vol. 61,
pp. 905-909, 1989.

Page | 784

ISSN [ONLINE]: 2395-1052

Www.ijsart.com



