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Abstract: Many types of agricultural wastes are now being studied for waste water treatment because of their
adsorbing properties. For instance, banana peels are capable of adsorbing various metals and other pollutants
present in industrial waste waters, provided the peels are pretreated with proper surface-active agents. This
manuscript reports an investigation regarding activation of banana peels for this purpose. Banana peels were
treated with dilute solutions of oxalic acid, sulfuric acid and sodium hydroxide at room temperature for 24
hours followed by drying at 90°C. The adsorbing properties of banana peels were studied by using Fourier’s
transform infrared spectroscopy (FT-IR). It was observed that FT-IR is a quick and simple technique to verify

the surface activation of banana peels.
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1. INTRODUCTION

Treatment of contaminated water from various
sources is a challenge for engineers and scientists
[1, 2]. Different technologies were introduced for
waste water treatment like membrane separation,
chemical and physical treatment but further
research is required to overcome the problem of
waste water treatment for proper disposal [3, 4].
Among various methodologies of treating waste
water the sorption is the quite effective technique.
Reasons of gaining attention towards this technique
are its availability, low cost and versatility [5].
Researches have shown that various adsorbents can
be used for the waste water treatment but the banana
peels are the most popular adsorbent because of its
availability and simple processing and satisfactory
results [6]. Banana peels can remove wide variety
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of contaminants from waste water like oil spills,
biological waste, carcinogenic elements, heavy
metals and various dyes in water from textile and
other sources [7].

‘The adsorption involves a surface adhesion
phenomenon. In adsorption process if some
biological material is used as an adsorbent then
process is known as bio-sorption. This process
involves solid and liquid phase interaction [8]. Due
to this interaction of sorbent and sorbate exchange
the ions and remove unwanted dissolved species.
Higher affinity of sorbent to sorbate species,
unwanted ions in sorbate are attracted to sorbent
ions. Solid and liquid phase distribution in sorption
process is very important for determining the
effectiveness of the process and degree of sorbent
affinity plays a key role in this aspect [9, 10]. The
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sorption process is preferred over conventional
treatment methods because of its low cost, easy
sorbent availability and regeneration and minimum
biological sludge production. Many researchers
have reported the use of different adsorbents for
waste water treatment, waste oil treatment, etc. [11,
12] investigated the sorbent properties of walnut
shell and Naqvi et al. [13, 14] investigated the
sorption properties of bentonite clay for waste lube
oil treatment.

In this study banana peels were studied by
analyzing its sorbent properties through simple
testing technique. Chemical treatment enhanced
properties of banana peels. The main objective in
this research is to activate the surface of banana
peels for enhancing the sorption properties by
various chemicals like sodium hydroxide, sulfuric
acid and oxalic acid [15, 16]. These chemicals
modified the properties of banana peel in such a
way that its sorption properties were increased
and can be used in sorbent applications. Testing
technique for sorption properties of banana peels
were analyzed by Fourier’s transform infrared
spectroscopy (FT-IR) [17, 18].

2. MATERIALS AND METHODS

Banana peels samples were collected from kitchen
waste. These peels were first washed with distilled
water and then were dried at room temperature for
24 hours. Preparation of bio-sorbent is a critical step
for enhancing the properties of banana peels. To this
end, the banana peels were dried in a dryer for 24
hours at 90 °C. After drying, the banana peels were
ground to average 200 mesh size in a coffee grinder.
After grinding, banana peels’ powder was once
again dried in a tray dryer for 24 hours to ensure the
removal of moisture [19, 20]. After drying, samples
of banana peel were treated with sodium hydroxide,
sulfuric acid and oxalic acid separately. The main
parameters taken into consideration for sorbent
preparation were concentration and residence time.
According to the literature, the concentration varies
from 0.5 N to 2 N solution of sodium hydroxide,
1 N to 3 N solution of sulfuric acid and 0.5 N to
1.5 N for solution of oxalic acid [21]. In this work,
1 N solution for each chemical was prepared for
experimentation for comparison. Approximately

100 g of banana peels were dipped in these three
solutions separately for 24 hours. According to the
literature, the suggested soaking time for banana
peels varies from 6 to 72 hours [16, 19]. After this
experimentation, the sorbents were filtered and
washed three times with distilled water and filtered
by ordinary filter paper. The samples of banana
peels powder were dried again in a tray drier for 24
hours at 90 °C to remove the moisture contents and
finally were stored in air tight bags. These sorbents
are known as activated sorbents, and can be applied
to sorbent applications [22].

Method of Characterization: Characterization
technique used for analyzing adsorbent properties
before and after activation was Fourier Transform
Infrared Spectroscopy (FT-IR). This is a proven
technique for investigating various functional
groups and structural variations in biomass [23].
In this research, this technique is used and given
preference over other techniques because it can
detect a wide variety of functional groups which
are present in banana peels structure though long
range of wavelengths [24]. These wavelength
variations provide accurate and many information
about porous structure of banana peel and helps
in concluding the adsorption properties of
the adsorbent. Each wavelength in a structure
associated to specific functional group which can
be found through catalogue of FT-IR equipment
or by using the library of functional group already
present in some machines. Maximum range of
electromagnetic waves in FT-IR is 500 cm™ to 5000
cm™ [25]. FT-IR analysis involves study of a sorbent
with respect to specific functional group frequency
which helps in developing the criteria for removal
of impurities when applied to any material. These
functional groups are linked with group frequency
which in turn linked with fundamental modes of
vibration. At the end the spectral data obtained is
used to determine the development of simple or
complex structure produced in sorbent [26].

3. RESULTS AND DISCUSSION

FT-IR spectra show better identifications of
functional group and the surface changes of the
banana peels. The modified porous surface of banana
peels and reformed chemical bonding within the
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structure, addition and removal of any functional
group were identified by FT-IR technique.

3.1 Banana Peel Structure before Treatment

The spectrum of raw banana peels shown in Fig. 1
generated by FT-IR. Starting right hand side from
500 cm!, the weak peeks are formed initially with
very small gaps indicating inside structure. As
wave number increases and reaches around 1000
cm’, the declining in the spectrum become high
but peaks strength remains the same. If analyzed
further the spectrum become narrow and near wave
number 1500 cm! the peaks become sharper and
the number of peaks within this range become
high. This increase in number of peaks in spectrum
continues up to 2200 cm-1. After this the peaks
strength again start getting weaker and number
of peaks start decreasing and the spectrum start
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declining up to 3300 cm™'. As wavenumber further
approaches to 3400 cm! and onwards spectrum
pattern shows ascending behavior. Number of
peaks becomes sharper and increased in numbers
near the end of spectrum.

In Fig. 1 ascending and descending pattern of
spectrum and number of peaks and their sharpness
shows the adsorption properties of the sample
under consideration. The portion of the spectrum
where number of peaks are less sharp and decrease
in number shows that the rays couldn’t get enough
space to penetrate inside the surface and reflect and
finally the fewer peaks are formed. While sharper
portion of the peaks are greater in number shows
the penetration behavior of ray inside the surface.
Penetration of rays inside the structure shows
porous surface and hence greater the penetration of
peaks more will be the porosity factor. In untreated
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Fig. 1. Raw banana peel’s spectrum.
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Fig. 2. Spectrum of banana peel treated with sulfuric acid.
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banana peels majority of sharp peaks were found
in the range of 1600 cm™ to 2100 cm™. According
to FT-IR wavenumber table in this range alkenyl
C=C stretch, aryl substituted C=C and terminal
alkyne C=C functional groups are present [27].
Similarly, sharp peeks in raw banana peel are also
formed from 3600 cm™” and onwards. This range
of wavenumber contains hydroxyl groups -OH
with bond stretch. Stretch in bonds shows weak
attractive forces between the bonds. So overall raw
banana peel shows some tendency of adsorption
process because of unsaturated double and triple
bonded functional groups.

3.2 Banana Peel Structure after Treatment

Fig. 2 is the spectra generated by FT-IR for banana
peels powder treated with 1N solution of sulfuric
acid. Comparing the results with untreated banana
peels, little difference in peak pattern is observed.
Spectrum declining pattern at the beginning of
spectrum from right hand side varies showing less
depression points while up to 1000 cm™ declining
pattern is same. As the spectra proceed further the
pattern remains the same as in Fig.1 up to 1200 cm-
I, However, after 1200 cm! rays strikes at different
depression points and after 1400 cm™ sharpness
in peaks increase along with the depression points
and this pattern continues up to 1700 cm. This
ascending spectrum with increase in number of
peaks in spectrum continues up to 2000 cm™!. A
depression point again starts between 2100 cm'!
to 2200 cm™! and after this declining pattern of
spectrum with decrease in number of peaks start
up to 3300 cm’!. The spectrum pattern from 2200
cm’! remains the same as in Fig.1 till the end of
spectrum, but sharpness of peaks is decreased in this
range. Peak sharpness increases within range 1400
cm! to 1700 cm™! showing more porous behavior
and enhanced adsorption capacity and in this range
along with multiple bonds, some aromatic groups
are also present which shows more tendency of
unsaturation and adsorption process [28]. After
3500 cm! peaks sharpness are reduced as compared
to raw banana peels showing less porosity factor in
this particular portion of the spectrum. Therefore, it
can be concluded that adsorption capacity of banana
peels is not improved effectively when treated with
sulfuric acid.

Fig. 3 shows the spectra generated by FT-IR
for banana peels treated by 1IN solution of oxalic
acid. This spectrum is different than previous
two patterns indicating the effect of oxalic acid is
better than the sulfuric acid. Up to 1000 cm™ peak
depressions occurs which shows some narrow
gaps within the structure of treated banana peels
powder indicating porous behavior. Between
1000 cm™ and 1700 cm! peak pattern is entirely
different than the previous one. Some depression
points can be seen in the spectrum at 1150 cm
!, 1350 cm! and 1450 cm’. Sharpness in peaks
increases between range 1300 cm™ to 1500 cm.
After 1600 cm™! peak pattern up to end of spectrum
remains same as in fig.1. However, from 1800 cm'!
to 3200 cm™! peak sharpness is greater at different
points as compared to raw banana peels sample,
which shows the enhanced porous behavior of the
sample. In oxalic acid treatment, majority of sharp
peeks are produced within the range 1700 cm’!
to 2300 cm™. In this range, C-C double bond and
triple stretch bonds are present along with some
stretch aromatic group. Which shows more porous
behavior and hence more tendency of adsorption
process [29]. However, after 3500 cm™ and onwards
peaks sharpness and their number is decreased as
compared to raw banana peels sample but shows
better result than sulfuric acid treatment. Similarly,
depression points in oxalic acid treatment are more
than previous two samples. So, by oxalic acid
treatment it is concluded that adsorption capacity
of banana peel is enhanced.

The FT-IR spectrum of banana peel sample
treated with 1IN solution of sodium hydroxide
solution is shown in Fig. 4. This pattern is quite
different than first two but relatively close to pattern
3. At starting point some depressions in spectrum
occurred and after 700 cm™ long peak depression
is observed. After 1000 cm™ and onward ascending
pattern of spectrum is observed this is same as in
previous samples except for absence of depressions
up to 1200 cm'. After 1300 cm'the peak sharpness
start increasing with increasing number of peaks
within spectrum pattern up to 1500 cm™. As the
spectrum proceeds further the peak sharpness and
number of peaks are increasing constantly up to
2300 cm”. Maximum numbers of sharper peak
are produced within range 1800 c¢cm™ to 2100
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Fig. 3. Spectrum of banana after treatment with oxalic acid.
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Fig. 4. Spectrum of banana peels after treatment with sodium hydroxide.

cm'. After 2300 cm! peak sharpness and spectrum
pattern shows descending pattern up to 2800 cm’!
with some depressions. After 3000 cmspectra
shows again ascending pattern. Peak sharpness
and number again start increasing up to end of
the spectrum. Comparing the results of sodium
hydroxide treated banana peels with other samples
then it can easily be observed that depression points
in the spectrum and overall sharp peaks are greater
in numbers throughout the spectrum. Sharpness in
peaks and depression points inside the spectrum
shows that infrared rays of equipment (FT-IR)
strikes more in depth of the sample which shows
gaps are produced inside the structure. Sodium
hydroxide treatment clearly reveals that very sharp,
long, and better peaks are formed in the range 1800
cm™ to 2200 cm™ and in this range greater aromatic
stretch functional groups are present as compared to

double and triple bonded alkenes and alkynes. From
3500 cm™ and onwards, more sharp and better peaks
are formed and in this range phenolic groups with
C-H stretch bond are present along some hydroxyl
or alcoholic groups [30]. Peak depressions and gaps
are greater than previous samples. Hence sodium
hydroxide modified and improved the adsorption
characteristics of the banana peel effectively.

4. CONCLUSIONS

The banana peels were treated with different
chemicals for enhancing the adsorption properties.
The banana peels were treated with 1 N solution
each of sulfuric acid, oxalic acid and sodium
hydroxide for 24 hours. The samples were dried and
then identified by FT-IR technique. It was observed
that sulfuric acid partially enhanced the adsorbing
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qualities of banana peels. Oxalic acid under same
conditions also enhanced partially the adsorbing
qualities of banana peels. The results of oxalic acid
were found better than sulfuric acid. The results of
banana peels treated with sodium hydroxide were
found better than other two. Everything treated and
untreated samples of banana peels were analyzed
by FT-IR. It was observed that FT-IR is simple
and rapid technique for identification of adsorbing
properties of banana peels.
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