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Abstract: The adsorption capacity of the chemically modified bio-sorbent of charred banana peel (CBP) with
1:2 (w/v) concentrated sulfuric acid was studied to remove the Fe (1) ions from industrial wastewater and the
applicability of Langmuir and Freundlich isotherms was tested. The adsorption kinetics of the Fe (l1) ions
onto the CBP was studied using pseudo-first order, pseudo-second order and second order kinetics equations.
Result shows that the optimum pH for Fe (I1) adsorption onto the CBP was found to be 3 and the adsorption
efficiency was found to be about 98 % and the maximum adsorption capacity was found to be 33.79 mg/g.
These results showed that the CBP may be an attractive alternative for treatment of the industrial wastewater
contaminated with Fe (1) ions.
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1. INTRODUCTION

There is a growing concern for the effective treatment of wastewater contaminated with heavy metal.
Most of the heavy metals are highly toxic even in trace concentration [1]. Most of the common
methods used to remove heavy metals from wastewater are chemical reduction followed by
precipitation, membrane filtration, ion-exchange and adsorption onto activated carbon. Among these,
adsorption by activated carbon has been used as an effective method to remove these heavy metals in
trace concentration. However, the activated carbon is expensive and requires chelating agents to
enhance its performance, thereby increasing treatment cost. For this reason, it is desirable to develop
low cost and efficient adsorbent for removal of heavy metals from wastewater. Recently, adsorptions
of metals by using bio-adsorbents are in progress [2, 3]. Different types of industrial and agricultural
bio-wastes are investigated as bio-adsorbent such as sugarcane bagasse [4], rice husk [5], olive stone
[6], clay minerals [7-9], used tea leaves [10], wheat straw [11], chitin and chitosan [12]. They are
easily available, economically acceptable and chemically less polluting substances often with high
affinity and binding capacity of metals. In adsorption process, metal ions from solution are
transported to the surface of the adsorbent and then attached due to the physical and chemical
interaction between the metal ions and the functional groups on the surface of the adsorbent [13-19].

Iron is one of the major constituents of the lithosphere and comprises approximately 5 % of it [20]. It
is a dietary requirement for most organisms and plays an important role in many processes and is
routinely detected in drinking water as well as municipal waste effluent, particularly where iron and
steels are manufactured. In human, the minimum daily requirement for iron depends on age, sex,
physiological status and iron bioavailability. It was reported that the uptake of iron ranges from about
10 to 50 mg/day [21]. In the drinking water, iron concentration about 2 ppm or less amount does not
pose for a health hazard and the concentrations of 1-3 ppm of iron can be assumed to be acceptable
level for drinking water [22]. It was reported that the excessive accumulation of iron in human body
causes a disorder disease of hemato-chromatosis [22]. Since the human body has limited ways of
eliminating the overdose iron, it accumulates in human body organs like in liver, bone marrow,
pancreases and testicles and hence these human organs cannot function properly. For example, iron
deposit in the liver and in the pancreas cause liver cirrhosis and diabetes mellitus, respectively [22].
The US Environmental Protection Agency (US EPA) has been established a secondary drinking water
regulation of 0.3 ppm for iron in drinking water [21]. Exceeding iron concentration more than 0.3
ppm causes adverse effects on human beings.
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Pollution caused by the excess amounts of iron in the water is a great problem for its safe uses in
Nepal. In this context, it is necessary to develop the more reliable adsorbent using different types of
bio-adsorbents those are locally available in cheap. The main aims of this study are to prepare a low
cost bio-adsorbent from the CBP, to increase the adsorption capacity of Fe (Il) from wastewater, to
study the effect of initial pH, adsorbent dose, initial concentration of the bio-adsorbate and contact
time, to study the Kinetics of the removal of Fe (1) from wastewater and to investigate the maximum
adsorption capacities of the modified CBP.

2. MATERIALS AND METHODS
2.1.Preparation of CBP Bio-adsorbent

The banana peel was collected from different fruit seller of Bharatpur municipality of Chitwan and the
collected peel was cleaned by distilled water and was dried to make its powder. The grinded banana
peel powdered was sieved using 300 micron mesh. About 300 grams of the powder banana peel was
treated with 600 mL concentrated sulfuric acid for 24 hours and then washed until completely
removed of acid using distilled water. The washed material is called CBP bio-adsorbent and it was
dried and stored in air tight sample bottle.

2.2. Determination of Fe (I1) lons in Wastewater

The commonly used method for the spectro-photometric determination of iron (I1) ions in sampled
wastewater involved the complexation of Fe** with 1, 10-phenanthroline to produce an intensely
orange-red complex of ferrous tris-1, 10-phenanthroline as discussed in detail elsewhere [23]. The
required concentration of the working iron (1) solution which was collected directly from the
disposure wastewater from Mangalpur Iron Industry was prepared by diluting the required volume of
the sampled stock solution from the sampling site.

2.3.Batch Adsorption Study

The absorption of light by the orange-red complex of ferrous tris-1, 10-phenanthroline was measured
against reagent blank at different wavelength ranging from 420-560 nm using the spectrophotometer
and 510 nm was found to be the Ams OF the iron (1) complex. The pH of the ferrous tris-1, 10-
phenanthroline complex solution was adjusted from 1.5 to 4.5 by using 0.1 M NaOH and 0.1 M HCI
solutions and the effect of the pH onto the adsorption was studied. For batch adsorption studies, 40
mg of CBP was mixed with 40 mL of corresponding orange-red complex of ferrous tris-1, 10-
phenanthroline solutions adjusting the initial pH at 3 and was equilibrated in a conical flask, as a
maximum adsorption of the iron (II) complex was confirmed in these conditions. The vessel was
shaken for 5 hours using a shaker at room temperature and was left for 24 hours to attain equilibrium.
The equilibrium concentration of iron (II) complex solution was determined using UV-visible
spectrophotometer at 510 nm, after centrifuging the bio-adsorbent CBP-iron (II) complex mixture.
The amount of Fe (11) ions adsorbed onto unit mass of the bio-adsorbent was calculated from the mass
balance equation given by equation (1). The C,; = C, and Q; = Q. at equilibrium, then the mass balance
equation takes the form of equation (2) given below.

Q.= W )
Qo= LoV @)

m

where, Q, is the amount of Fe (Il) uptake per unit mass of adsorbent (mg/g) at time ‘t’. C, and C; are
the iron (1) complex concentrations in liquid phase (mg/L) initially and at time t, respectively. V is
the volume of the test solution of iron (I1) in liter and m is the mass of the dry adsorbent in gram.

The percentage removal of iron (1) (A %) from the agueous solution was calculated using following
relation (3).

Co—-Ct
Co

In order to evaluate the effect of contact time on the removal of Fe (I1) from wastewater solution by
the CBP bio-adsorbent, several experiments were performed using 2 mg/L Fe (1) solution with 40 mg

A% = x 100 (3)
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of the CBP in 40 mL of Fe (II) solution at the optimum pH of 3 for different interval of time from 10
to 2880 minutes. Then the bio-adsorbent CBP-iron (1) complex suspension was decanted and was
separated using centrifugal machine and was analyzed for equilibrium Fe (I1) concentration. The data
obtained were analyzed with pseudo-first order, pseudo-second order and second order Kinetic
models. Similarly, Langmuir (equations 4 and 5) and Freundlich (equations 6 and 7) adsorption
equations were applied to evaluate the maximum Fe (Il) ions removable capacity by the CBP bio-
adsorbent in this study.

Qmax bCe
e = 4
Q (@+bC,) )
cr= eyt ©
Qe Qmax Qmax b
Qe = Kr Cel/n (6)
log Q. = log K¢ + 1/n log C. (7

Where, Q. (mg/g) is the amount of adsorption of iron (I1); C, (mg/L) is the equilibrium concentration
of iron (Il) after adsorption, Qma (Mg/g) is the maximum adsorption capacity, b (L/mg) is the
adsorption energy, Kr and 1/n are Freundlich constants related to the adsorption capacity and
adsorption intensity, respectively.

3. RESULTS AND DISCUSSION
3.1. Effect of Initial pH of Fe (I1) Solution

The pH of an aqueous solution plays an important role in the removal capacity. In order to evaluate
the effect of initial pH on the removal of Fe (I1) from wastewater solution by the CBP bio-adsorbent,
several batch adsorption experiments were performed at different initial pH values ranging from 1.0 to
4.5 at room temperature (25°C). Figure 1 shows the changes of the percentage removal of the Fe (I1)
by the CBP bio-adsorbent as a function of the initial pH of the Fe (Il) solution at room temperature. It
can be observed that the percentage removal of Fe (Il) from wastewater solution increased with
increasing the initial pH of Fe (I1) solution until it becomes maximum at pH 3.0. Thus, the optimal pH
for the removal of Fe (I1) from wastewater solution by the CBP bio-adsorbent is considered to be 3.0
and this pH value was adjusted for further adsorption study in this work.
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Figurel. Effect of the initial pH on removal of Fe (Il) from industrial wastewater sample solution by the CBP
bio-adsorbent

3.2.Effect of Contact Time

The effect of contact time was studied by taking 40 mL of the adsorbate solution containing 2 mg/L
Fe (I1) in a 100 mL Erlenmeyer flask with 40 mg of the CBP bio-adsorbent at pH 3. The solution was

International Journal of Advanced Research in Chemical Science (IJARCS) Page | 3



Study of the Adsorption Kinetics of Iron lon from Wastewater using Banana Peel

stirred for different time intervals ranging from 10 to 2880 minutes. Figure 2 shows the removal
efficiency of Fe (II) by the CBP is increased with contact time initially and it is remained constant
after stirring for 240 minutes or more times. The iron (1) removal capacity by the used bio-adsorbent
of CBP was found 98.05 %. Therefore, for the batch adsorption study of the Fe (1) from wastewater
sample by CBP bio-adsorbent, the Fe (11)-CBP suspension was stirred for 5 hours in all adsorption
studies and then the suspension was kept contact for about 24 h in the studies. From this experimental
data, it was studied the adsorption kinetics which will be discussed subsequently in this paper.
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Figure2. Effect of contact time on removal of Fe (1) from industrial wastewater sample solution by the CBP
bio-adsorbent

3.3.Batch Adsorption Studies

To study the removable of contaminated Fe (II) ions from wastewater sample by the bio-adsorbent
CBP, Langmuir and Freundlich adsorption models were applied. Figure 3 shows the adsorption
isotherm for the removable of the Fe (Il) by the bio-adsorbent CBP sample at the given conditions as
mentioned in experimental method above. The result revealed that the removable capacity of Fe (1)
ions from wastewater sample solution by the bio-adsorbent CBP at room temperature of 25° C. The
result raveled that the maximum adsorption amounts of Fe (II) ions from wastewater is found to be
about fifteen milligrams by one gram of the bio-adsorbent of CBP sample from this adsorption
isotherm experiment.

The adsorption isotherm was evaluated using the linearized Langmuir and Freundlich isotherm
equations (5) and (7), respectively, as mentioned above. The Langmuir constants (i.e., Qmax and b) and
Freundlich constants (Kg and n) were calculated from the linear plots of C./ Q. versus C, as shown in
Figs 4 and 5, respectively. The Langmuir and Freundlich constants and their linear coefficient of
determination (R?) were evaluated from the isotherm equations. The linear plots show that the
removable of Fe (Il) by the bio-adsorbent CBP obeys both the Langmuir and Freundlich adsorption
isotherm equations. The high value of the linear coefficient of determination (i.e., R* = 0.97828) as
shown in Fig. 5 confirmed that the Freundlich adsorption isotherm model is the best fitted than the
Freundlich adsorption isotherm model. The linear correlation coefficient for Langmuir plot is found
0.94482 as shown Fig. 4.

The Qmax (Maximum adsorption capacity) value for the removable of Fe (Il) from industrial
wastewater by the bio-adsorbent CBP sample at room temperature in pH 3 was estimated to be 33.79
mg/g using Langmuir plot (Fig. 4). On the other hand, the energy of adsorption (i.e., b) for trapping
the Fe (Il) ions by the bio-adsorbent sample used in this study was calculated as 0.03 L/mg. The
Freundlich constants Kr and 1/n are related to the adsorption capacity and adsorption intensity,
respectively. In the present study, the value of 1/n was found to be less than 1 which suggests the
favorable adsorption behavior of Fe (Il) ions onto the CBP bio-adsorbent. The KF value was
calculated as 1.29 mg/g from Freundlich plot (Fig. 5).
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Figure3. Adsorption isotherm for the removal of Fe (1) from industrial wastewater sample by the CBP bio-
adsorbent at room temperature
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Figured. Langmuir plot for the removal of Fe (1) from industrial wastewater sample by the CBP bio-adsorbent
at room temperature
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Figure5. Freundlich plot for the removal of Fe (Il) from industrial wastewater sample by the CBP bio-
adsorbent at room temperature

3.4. Adsorption Kinetics

To study the kinetics of the adsorption process, pseudo-first, pseudo-second order and second order
kinetic models have been used in this study. The pseudo-first order kinetic model was proposed by
Lagergren and rate constant is determined by equation (8) as given below.
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— Kl

log (Qe— Q) = logQ, 2303 (8)
Where, Q. (mg/g) and Q. (mg/g) are the amount of adsorbed metal ions at equilibrium and at any time
t (min.), respectively and K, is the rate constant of pseudo first order adsorption (min™!). The
adsorption rate constant, K; and equilibrium adsorption capacity were calculated from the slope and
intercepts of plot of log (Q. — Q) versus t, along with linear coefficient of determination (i.e., R? =
0.9962) as shown in Fig. 6. Similarly, the kinetic study of Fe (I1) ions adsorption onto the CBP bio-
adsorbent was analyzed using pseudo-second order kinetics model given by Ho and McKay [24]. It
can be represented in its integrated form as shown in equation (9) as given below.

t 1 t
- = 5 + —
Qt KzQe Qe

Where, Q. (mg/g), Q: (mg/g) and t (min.) have the same meaning as mentioned in equation (8) and K,
(g/mg™.min"?) is the rate constant of pseudo second order adsorption.

©)

The plot of t/Q; versus t, as shown in Fig. 7 gives K, and Q. values. The linear coefficient of
determination (i.e., R? = 0.9998) value is near unity, which shows that the pseudo second order model
can be applied for the adsorption of Fe (Il) onto the bio-adsorbent CBP and also confirmed the
chemisorptions of metal ions [25]. It is meaningful to mention here that the second order kinetic
model of adsorption cannot be applied for the removal of Fe (I1) onto the bio-adsorbent CBP from the
result shown in Fig. 8.
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Figure6. Pseudo first order kinetic plot for the adsorption of Fe (I1) from industrial wastewater sample onto the
CBP bio-adsorbent at room temperature
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Figure7. Pseudo second order kinetic plot for the adsorption of Fe (I) from industrial wastewater sample onto
the CBP bio-adsorbent at room temperature
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Figure8. Second order kinetic plot for the adsorption of Fe (I1) from industrial wastewater sample onto the CBP
bio-adsorbent at room temperature

4. CONCLUSIONS

The batch adsorption experiments were performed at room temperature to study the removal of Fe (1)
from wastewater solution by CBP bio-adsorbent. From the results and discussion of this study, the
following conclusions are drawn:

1. It is found that the percent removal of Fe (1) from wastewater solution by the CBP bio-adsorbent
sample is dependent on the pH and the maximum uptake of Fe (I1) was found in pH 3.0 at the
initial concentration of 2 mg/L.

2. Equilibrium uptake of Fe (I1) was attained at about four hours or more period of time stirring.

3. The maximum adsorption capacity of the bio-adsorbent CBP sample for the removal of Fe (II)
from wastewater solution was found to be 33.79 mg/g using adsorption isotherm equation.

4. The removal of Fe (1) by the modified clay samples obeys both Langmuir and Freundlich isotherm
models. However, the Freundlich isotherm model is the best fitted than the Langmuir isotherm
model.

5. The removal of Fe (I1) from the sample by the used bio-adsorbent follows the pseudo-first order
and pseudo-second order rate kinetics, although the pseudo-second order rate kinetic model was
found to be best fitted.

6. The CBP bio-adsorbent can be used as good adsorbent for long time to remove the heavy metals
from wastewater or drinking water.
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