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Abstract: This research studied the characterizations of activated carbon preparation from peel and bunch of
banana by using the FT-IR spectroscopy and SEM (scanning electron microscopy). It was found that changed in
surface morphology of activated carbon before and after activation, which showed well developed pore
structure in activated carbon demonstrating corrosive effect of H;PO,4 and studied on adsorption efficient of
methyl orange dye on activated carbons. The different parameters: peel and bunch of banana dose (0.01 g to
0.1 g), adsorption times (30 to 150 minutes), pH values 3.0 to 11.0 and temperature (15, 30 and 45 °C).The
results showed that peel and bunch of banana (0.05 g) was a bio-adsorbent for methyl orange dye adsorption
under the suitable conditions at 90 minutes adsorption time, pH 5.0 and 30 °C. The equilibrium adsorption
isotherm gave a good corresponding to Langmuir isotherm model with the maximum adsorption capacity were
found to be 0.86 (mg/g) for peel of banana and 0.89 (mg/g) for bunch of banana. The results indicate that
activated carbon prepared from peel and bunch of banana could be low-cost alternative bio-adsorbent to
activated carbon in the wastewater treatment for removal of dyes.
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I. Introduction

The wastewaters resulted from industrial process usually consist of a number of contaminants including
acids, bases, dissolved solids, toxic compounds and organic dyes. Methyl orange dye is one of the popular dyes
also known as acid orange 52, Orange 111 or tropaelin D which is a simple model of azoic dyes widely used in
paper, plastic, food and textile industries in coloring some products resulting environmentally hazardous waste.
The discharge of dyes into natural streams and rivers from the industries is one of the major problems as dyes
give toxicity to be carcinogenic and mutagenic to aquatic organisms. Methyl orange dye are resistant to aerobic
digestion, stable to light, heat and oxidizing agents due to their structure and damaging to the aesthetic nature of
the environment [1-2].

Researches have been performed to develop effective treatment technologies for wastewaters
containing dyes, such as electro-coagulation, membrane filtration, electrochemical destruction, ion exchange,
irradiation, advanced oxidation, ozonation, precipitation and adsorption involving the use of activated carbon
[3]. Activated carbon is the most popular adsorbent, which has been used with great success. However, activated
carbon is expensive and its regeneration and reuse makes it more costly. Consequently, many researchers have
studied the feasibility of using low-cost substances for the removal of various dyes and pollutants from
wastewaters [4]. Basically, there are two different processes for the preparation of activated carbon: physical
and chemical activation. Physical activation involves carbonization of carbonaceous precursor followed by
activation of resulting charcoal in the presence of activating agents. Chemical activation on the other hand,
involves the carbonization of precursor in the presence of chemical agents. Chemical activation has more
advantages over physical activation with respect to higher yield, more surface area and better development of
porous structure oxygenated surface complexes in carbon [5].

In the present study, to observe the applicability of product in treatment system, its characterization
has been done for physical, chemical and adsorption properties of activated carbon was prepared from low-cost
adsorbent (peel and bunch of banana wastes).Thai banana know as “Kluai Nam Wa” and scientific name is
Musa sapientum L., is one of the most popular fruit in Thailand. The FT-IR and SEM studies were carried out
to see the porosity and surface functional groups development in the product upon activation. The efficiency of
activated carbon for methyl orange dye adsorption was then described in isotherm models (Langmuir and
Freundlich)
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Il. Materials and Methods

2.1 Preparation of activated carbons

Thai banana known as “Kluai Nam Wa (Musa sapientum L.) was the bio-adsorbent of choice use in
this study. The banana waste consisting of peel and bunch used in the study were obtained from a group of
agricultural housewives group at Pakthongchai district, Nakhonratchasima, Thailand. The peel and bunch of
banana wastes were cut into small pieces (1-2 cm), collected, dried, crushed and washed thoroughly tree times
with deionized water to remove the adhering dirt. They then were air dried in an oven at 100-120 -C for 24
hours and then bring the peel and bunch of banana had dried in a ceramic packaging for burned in carbolite until
the desired temperature (300, 400, 500 600 and 700°C) by increasing the temperature at a rate of 5°C/ minutes to
the desired temperature at the freezing temperature about 1 hour. After cooling the resulted charcoal burnt
carbonized at different temperature was tested iodine number. The selected charcoal of highest iodine number as
tested by standard method ASTM D 4607-94 [6] was ground and sieved to be use in the study (at 500 °C
carbonization temperature was chosen for this study because iodine number were highest). After that the
charcoal was carbonized with phosphoric acid (50 % H3PQ,) and then was burnt to charcoal to be used as a raw
material in the synthesis of activated carbon. The charcoal was activated in the carbolite to 600, 700, 800 and
900°C by increase the temperature at a rate of 10°C/minutes. When the desired temperature is reached soaked at
this temperature for about 2 hours and then left to cool down for 30 minutes at 200°C. The products were
washed thoroughly with hydrochloric acid (5% HCI), followed by hot water many times until pH 6.5-7.0. The
activated carbons from both produces were kept dried at a temperature of 120°C and selected activated carbons
of highest iodine number as tested by standard method ASTM D 4607-94 [6] was etherification in order to study
the adsorption efficiency after modification (at 800 °C carbonization temperature, the iodine number highest of
activated carbons from both produces).

2.2 Characterizations of activated carbon preparation from peel and bunch of banana by using the SEM
studies and FT-IR determination

To observe the surface pore structure of activated carbons, SEM studies were carried out using
scanning electron microscope (LEO, Model 1450 VP, UK). In the present study, conducting material coating on
specimen was done with gold metal by vacuum evaporation to get uniform thickness of specimen during
analysis and FT-IR determination by using Fourier-Transformed Infra Red (FT-IR) spectroscopy (Bruker,
Model tensor 27, Germany), where the spectra were recorded from 4000-400 cm™.

2.3 Batch adsorption experiments

Batch equilibrium adsorption experiments were performed in a set of 125 (mL). Stoppered flasks
(Erlenmeyer flasks) using 30 (mL) of methyl orange dye solution with initial concentrations was 3.0 (mg/L) and
adsorbent dose range of 0.01 to 0.1 (g). The flasks were placed in a thermostatic shaker at temperature 15, 30
and 45(°C) and shaken at 150 rpm for 30-150 minutes. A pH value was measured with model Eco Sense pH

10/Temperature Pen YSI Incorated (USA). A Perkin Elmer (USA) model Optima 2100 DV ICP-OES (inductive
couple plasma optical emission spectrometer) was used to determine methyl orange concentration. The removal
percentage (R%) of methyl orange dye by the adsorbents, amount of the dye adsorbed at time t, g, (mg.g™) and
at equilibrium, q. (mg.g™) were calculated by the following equations (1) respectively

R%:%xloo, q, :(co—ct)x\\//—v, 0, =(Co —C)X— oo )

0

Where Cy, C.and C; (mg/L) are the concentrations of methyl orange dye solution at initial
equilibrium and at time (t) respectively, V (L) is the volume of the solution and W (g) is the mass of dry
adsorbent used.

I11. Results and Discussion

3.1 Characterizations of activated carbon preparation from peel and bunch of banana
3.1.1 SEM studies

A scanning electron microscope (SEM) was used to examine the surface of charcoal from peel and
bunch of banana before activation and activated carbon after activation (Fig. 1 and 2). The SEM images of
charcoal showed holes that were spaced out on the surface with smooth edges. While the SEM images of
activated carbon show the presence of wide pore which resulted due to chemical activation with HsPO,
at 800°C. The SEM images of charcoal and activated carbon show that activation plays key role in porosity
development which is largely responsible for the extent of surface area and adsorptive capacity of carbon [7].
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Fig. 1. SEM images of charcoal from peel of banana before activation (al)

and activated carbon after activation (b1) with 100x magnifications
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Fig. 2. SEM images of charcoal from bunch of banana before activation (a2)
and activated carbon after activation (b2) with 250x magnifications

3.1.2 FT-IR determination

The FT-IR is an important technique to qualitatively determinate characteristic functional
groups, which make the adsorption behavior possible. Figs. 3 and 4 shows the IR spectrums of charcoal and
activated carbon from peel and bunch of banana. There is formation of more surface functional groups
on carbon as compared to char due to activation (Table. 1 and 2). The adsorption bands of activated carbon from
peel of banana after carbonization at 800°C were appeared at 3192 cm™ are corresponding to OH stretching
of hydroxyl, 1584 cmindicate C=0 stretching of carboxylic acid or ester, 1449, 1361, 1303, 768, 703
and 617cm ™ indicate C-H stretching of alkane, 1110 cm™ indicate C-O stretching vibrations in alcohols, phenols,
acids, ethers or esters 881cm™ indicate C-C stretching vibration in aromatic rings [8]. The compared with that
of charcoal from peel of banana, the prominent peak intensity at stretching of O-H and C-O were significantly
increase, C-H was significantly reduced and not appeared, confirming the damage of polysaccharide or protein
in porous carbon materials after carbonization at 800°C with H3PO, [9].

The adsorption band of activated carbon from bunch of banana were appeared at 2715 and 2285 cm™
are corresponding to P-OH stretching, bands at 1557 cm™ indicate C=C stretching, 1115 cm™ indicate C-O
stretching, 931and 670 cm™ indicate C-H stretching. The compared with that of charcoal from bunch of banana
the prominent peak intensity at stretching of O-H was significantly reduced and not appeared, after
carbonization at 800°C with HsPO,was appeared P-OH stretching.

Table. 1. Some fundamental IR absorption frequencies of charcoal and activated carbon from peel of banana

Charcoal Activated carbon
Band position (cm™) Possible assignment Band position (cm™) Possible assignment
3338 O-H stretching 3192 O-H stretching
2921 C-H stretching 1584 C=C stretching
2850 C-H stretching 1449 C-H stretching
1564 C=C stretching 1361 C-H stretching
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1378 C-H stretching 1303 C-H stretching
1064 C-O stretching 1110 C-O stretching
871 C-C stretching 881 C-C stretching
765 C-H stretching 768 C-H stretching
703 C-H stretching
617 C-H stretching

T + T
3600 3000

T T
2000 1500
Waenumber cne1

Fig. 3. FT-IR spectra of charcoal from peel of banana (a) and activated carbon from peel of banana (b)

Table. 2. Some fundamental IR absorption frequencies of charcoal and activated carbon from bunch of banana

Charcoal Activated carbon
Band position (cm™) Possible assignment Band position (cm™) Possible assignment

1567 C=C stretching 2715 P-OH stretching
1082 C-O stretching 2285 P-OH stretching
878 C-C stretching 1557 C=C stretching
763 C-H stretching 1115 C-O stretching

931 C-H stretching

670 C-H stretching

3500 3000 2500

2000 1500 W00

WWavenumber om-1

Fig. 4. FT-IR spectra of charcoal from bunch of banana (c)
and activated carbon from bunch of banana (d)

DOI: 10.9790/2402-1004021726 www.iosrjournals.org 20 | Page



A Study of Characterizations and Efficiency of Activated Carbon Prepared from Peel and Bunch of..

3.2 Effect of adsorbent dose

An effect of weight activated carbon (peel and bunch of banana)in the range of 0.01 to 0.1(g) was
investigated using 3.0 (mg/L) of solution containing methyl orange dye and 90 minutes adsorption time. Fig. 5
showed the increasing of banana peel and bunch weight from 0.01 to 0.05 (g) was corresponded to the higher
adsorption abilities from 59.91% to 90.09% for peel of banana and 53.35% to 96.00% for bunch of banana.
However, the percentage of adsorption was found to be constant at higher 0.05(g) for peel and bunch of banana
because saturated active sides of both were presented. Therefore, 0.05(g) was optimal weight for this study. The
increase in the removal of dyes with adsorbent dose due to the introduction of more binding sites for adsorption.
The primary factor explaining this characteristic is that adsorption sites remain unsaturated during the
adsorption reaction whereas the number of sites available for adsorption site increases by increasing the
adsorbent dose [7, 10].
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Fig. 5. Methyl orange dye removal efficiency vs. adsorbent dose for peel and bunch of banana

3.3 Effect of adsorption time

The effect of adsorption time between the solution containing methyl orange dye and activated carbon
form peel and bunch of banana inside the shaken conical flask. The concentrations of solution containing methyl
orange dye used were 3.0 (mg/L). The adsorption times were 30, 60, 90, 120 and 150 minutes. The percentage
of adsorbed methyl orange dye with different adsorption time was shown in the Fig. 6.

From the Fig.6, the percentage of methyl orange dye removal from the aqueous solution increased
rapidly and reached up to 95.34% for peel of banana and 92.74% for bunch of banana at 90 minutes. It was
clearly seen that 90 minutes shaking time could be adopted as an equilibrium time for maximum adsorption. The
percentage of methyl orange dye removal was rapid due to adsorption of the dye molecules on the upper surface
of the adsorbent. Then it became slow due to slow passing of molecules into the inner structure of the adsorbent
[11].
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Fig. 6. Methyl orange dye removal efficiency vs. adsorption time for peel and bunch of banana
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3.4 Effect of pH value

An effect of pH was studied in the pH range of 3.0 to 11.0 to investigate the adsorption efficiency
of activated carbons from both produces under 90 minutes time and 0.05 g dose. From the study, the adsorption
of solution containing methyl orange dye was found to continuously increase with pH values from 3.0 to 5.0
and then stayed in maximum at pH 5.0 as shown in the Fig.7. At lower pH, the surface charge may be positively
charged which enhance the adsorption process. Moreover, the decrease in the adsorption of methyl orange
dye with an increase of pH value is also due to the competition between anionic dye and excess OH-ions in the
solution, which may be due to the fact that the high concentration and high mobility OH-ions are preferentially
adsorbed compared to dye anions [12].

100.00 -
90.00 -
80.00 -
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40.00 1 —8— Peel of banana
3888 - —4&— Bunch ofbanana
10.00 -
000 ——— 77171 — 7

Removal percentage

Fig. 7. Methyl orange dye removal efficiency vs. pH values for peel and bunch of banana

3.5 Effect of temperature

An effect of temperature on adsorption for solution containing methyl orange dye were 15, 30 and 45
(°C), 90 minutes adsorption time and optimal pH was 5.0 shown in the Fig. 8. The percentage of adsorption was
reached up to 78.94% for peel of banana and 83.53% for bunch of banana at 30 (°C). The temperature has a
pronounced effect on the adsorption process from the change in temperature will cause changes in the
equilibrium capacity of the adsorbent for adsorption of particular adsorbate. The adsorption of methyl orange
dye on activated carbon decreases as the solution temperature increases. It was explained that as the temperature
increased, the physical bonding between the organic compounds (methyl orange dyes) and the active sites of the
adsorbent weakened [13].
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30.00 -
20.00 - —&— Bunch of banana
10.00 -
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Removal percentage

Temperture (°C)

Fig. 8. Methyl orange dye removal efficiency vs. temperature for peel and bunch of banana
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3.6 Adsorption isotherm
Experimental isotherm data collected for the adsorption of activated carbon from both produces are
fitted in Langmuir and Freundlich adsorption isotherm models.

3.6.1 Langmuir model

The Langmuir isotherm is valid for monolayer adsorption onto a surface with a finite number of
identical sites. The Langmuir model is based on the assumption of adsorption homogeneity, such as equally
available adsorption sites, monolayer surface coverage, and no interaction between adsorbed species. If dyes
adsorption follows the Langmuir model, the adsorption process can be expressed as equation (2).

Where g, (mg/g) the maximum adsorption capacity and bqy, is the Langmuir constant related to the rate
of adsorption [14]. The Langmuir plot of “C¢/ge” vs  “C¢” at 0.5, 1.0, 2.0 and 3.0 (mg/L) is shown in Fig. 9 and
10. The results calculated from the plot are given in Table. 3. The Langmuir adsorption capacity varies from
1.742 to 1.763 (mg/g) for peel of banana and 1.742 to 1.761 (mg/g) for bunch of banana over the range of initial
dye concentration studied. The Langmuir isotherm fits the experimental data well (R? = 0.9989 and 0.9998).

3.6.2 Freundlich model

The Freundlich equation is the empirical relationship whereby it is assumed that the adsorption energy
of dye binding to a site on an adsorbent depends on whether or not the adjacent sites are already occupied. The
Freundlich isotherm model is usually adopted for heterogeneous adsorption. One limitation of the Freundlich
model is that the amount of adsorbed solute increases indefinitely with the concentration of solute in the
solution. This isotherm can be described as follows equation (3).

Inq, =logk; +1Iog G, ®)
n

Where ki (mg/g)(L/g)”" and n are the physical constants of the Freundlich adsorption isotherm. The
ki and n are indicators of the adsorption capacity and adsorption intensity, respectively [15]. The Freundlich
constants were obtained from a plot of “log g.” vs “log C.” at 0.5, 1.0, 2.0 and 3.0 (mg/L) is shown in Fig. 11
and 12. The results calculated from the plot are given in Table. 4. The Freundlich constant (Ky) is 1.746 (L/mg)
for peel of banana and 1.747 (L/mg) for bunch of banana. On increasing the initial dye concentration from 0.5 to
3.0 (mg/L), the adsorption capacity also increases (R* = 0.9564 and 0.9678).

The both Langmuir and Freundlich models, show the intercept and slope for the straight lines used in
the calculations of isotherm constants tabulated in Table. 3. In order to decide which type of isotherm fits the
experimental data better, the applicability of the model is established from the regression coefficient R-square
(R?. Langmuir model is more appropriate to explain the nature of adsorption with correlation coefficient is
0.9989 and 0.9998 for activated carbon prepared from peel and bunch of banana while Freundlich model shows
poorly fit (R*= 0.9564 and 0.9678) for activated carbon from both produces, respectively. Langmuir is the more
important model for monolayer adsorption, based on the assumption that the adsorption process takes place at
specific homogeneous sites within the adsorbent surface and that once a dye molecule occupies a site, no further
adsorption can take place at that site, which concluded that the adsorption process is monolayer in nature [16].
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Fig. 9. Langmuir isotherm of methyl orange dye by activated carbon from peel of banana
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Fig. 10. Langmuir isotherm of methyl orange dye by activated carbon from bunch of banana
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Fig. 11. Freundlich isotherm of methyl orange dye by activated carbon from peel of banana
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Fig. 12. Freundlich isotherm of methyl orange dye by activated carbon from bunch of banana

Table. 3. Parameters obtained for the Langmuir and Freundlich equation

Activated . Langmmr;quatlon - Freundlich equation
carbon m L R? " 1/n R?
(mg/g) (L/mg) (L/mg)
Peel 1.651 91.77 0.9989 1.746 0.0057 0.9564
Bunch 1.761 1135.72 0.9998 1.747 0.0066 0.9678

IV. Conclusions

Activated carbons were prepared from peel and bunch of banana at 800°C by chemical activation with
H3PO,, was used to successfully for the removal of reactive methyl orange dye from aqueous solutions.
Activation process also modifies of more functional groups as compared to charcoal, which surely enhances the
performance of adsorbent. The shifting of peaks in FT-IR spectrum confirmed the methyl orange dye adsorption
onto activated carbons. The SEM study also made support to it by observing difference in surface morphology
of adsorbent before and after activated by HsPO,. The activated carbons from peel and bunch of banana was a
bio-adsorbent methyl orange dye adsorption under the suitable conditions at 90 minutes adsorption time, pH 5.0
and 30°C. The Langmuir and Freudlich adsorption isotherm models were used for the description of the
adsorption equilibrium of methyl orange dye onto the adsorbent. It was found that equilibrium data were best
described by the Langmuir isotherm model. Moreover, the adsorption process takes place through electrostatic
interaction between adsorbate species in solution and surface of the adsorbent. This adsorption process is
expected to economically various environmental applications including treatment of drinking water, removing
color from industrial effluents, removal of heavy metals and wastewater treatment system of agricultural.
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