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Abstract

In this work, the methylene blue dye was degraded from
an aqueous solution using silver nanoparticles. The
silver nanoparticles were investigated by Fourier
Transform Infrared Spectroscopy, Zeta Potential,
Particle Size Analysis and UV-Visible spectroscopy.
The samples were found to be active and to contain
silver nanoparticles as indicated by the absorbance
peak observed at approximately 420 nm. The size
distribution analysis using PSA confirmed that the
sample is in the nano range with an average particle
size of 47 nm.

Zeta potential confirms the dispersion, colloidal
characteristics and stability of the nanoparticle. Zeta
potential showed a strong negative value, indicating
that the silver nanoparticles are stable and suitable for
use in additional experiments. The FTIR analysis also
revealed active peaks, indicating the presence of active
bonds in the sample that can interact with the
methylene blue dye to decolorize it. After six hours of
incubation, the nanoparticles successfully adsorbed
three milligrams per liter of methylene blue dye.

Keywords: Silver nanoparticles, dye removal, particle size
distribution, Zeta potential, Fourier transform infrared
spectroscopy.

Introduction

Nowadays, dyes are widely used as coloring agents in the
food, textile, paint, leather, cosmetic, pharmaceutical and
other industries to enhance the aesthetics of their products.
For their purposes, the majority of industries use synthetic
dyes with azo compounds as the primary ingredient*,
Roughly 1.6 million tons of various dyes are produced
annually, with 10 to 15% of this amount being routinely
released into the open as effluent waste®3. In addition to
adding aesthetic value to products, dyes have a negative
impact on the environment and human health.

Because of their mutagenic and teratogenic qualities, they
can cause allergies, hyperactivity and even cancer when used
as food additives>. They are also dangerous to the
environment because the effluent wastewater from the afore-
mentioned industries, which contains dyes: partially used
unused, was disposed of improperly in an open environment.
These dangerous dyes from wastewater can contaminate the
environment by seeping through the soil into ground water?°.

https://doi.org/10.25303/291rjce039045

The ramifications mentioned above make it imperative to
stop the release of untreated effluent waste into the
environment. There are a number of conventional techniques
for removing dyes such as ozonationl1?®, electrochemical
oxidation®, photocatalytic degradation??, adsorption by
activated carbon®, coagulation and flocculation treatment?,
nanofiltration membranes?’ and forward osmosis'“.

These are all conventional techniques that have one or more
shortcomings including low surface exchange for dye
removal and inefficiency. Additionally, a variety of
adsorbents have been employed to adsorb dyes onto their
surface. Palm oil'!, calcium biochar®, geo-polymer paste®s,
leaf-based adsorbent?, microcrystalline cellulose?® and so on
are examples of these adsorbents. They provide a good
surface area for the degradation of toxic dyes, but more work
needs to be done to improve the surface area of adsorbents
that are already in place or create new ones that have a higher
surface area.

Nanoparticles are more dependable because they have a
larger surface area and can effectively adsorb dye on their
surface and break it down. These days, nanoparticles are
applied with remarkable efficiency in a variety of fields
including  bio-sensing,  environmental ~ monitoring,
healthcare, agriculture and even dye removal®. Rhodamine
B and indigo carmine were photocatalytically degraded
using zinc oxide nanoparticles®. Iron oxide’, stannic oxide?,
iron doped zirconia®®, starch coated magnetic
nanoparticles?®, polymer core shell'?, cobalt®, magnesium
aluminate?® and starch coated magnetic nanoparticles® are
some other nanoparticles that have been successfully used
for dye removal.

Silver nanoparticles are the least used of all the nanoparticles
mentioned above. It is necessary to investigate their innate
qualities using a variety of analytical and biochemical
techniques. As a result, the current study has concentrated
on the production of silver nanoparticles and their potential
uses in wastewater treatment to remove methylene blue dye.

Material and Methods

Chemicals and Instrumentation: Methylene blue was
purchased from Himedia. Trisodium citrate and silver nitrate
(AgNOs3) were utilized in the synthesis of silver
nanoparticles (AgNPs). The produced nanoparticles were
examined using Zeta size distribution, Particle size analyzer
(PSA) and UV-Visible spectroscopy (UV-Vis) which were
obtained from the Central Instrumentation Facility of MNIT
Jaipur, India. The source of the Fourier Transform Infrared
Spectroscopy was MNIT, Jaipur. Analytical grade chemicals
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were used in this investigation. The experiment used only
distilled water.

Synthesis of Silver Nanoparticles: In order to remove dye,
AgNPs were chemically synthesized. Methylene blue dye
was decolorized using AgNPs. The produced nanoparticles
were kept in storage at 4°C prior to usage and additional
research.

Characterization of AgNPs: UV-Vis spectroscopy was
used to characterize the AgNPs initially. The absorbance of
the sample under study will be provided by the absorbance
peak discovered through UV-Vis spectroscopy analysis.
Additionally, PSA was used to confirm the nano size of the
particles in the sample. The PSA will offer size distribution
based on intensity analysis findings to verify the average size
of the particles in the sample. At a standard temperature of
25°C, the size distribution analysis was conducted using
water as a dispersant and a system count rate of 449.5 kcps.
The sample was then put through a Zeta sizer which will
reveal details regarding the particles conductivity at a
negative potential.

Zeta analysis was conducted under the same standard
conditions as the size distribution analysis. The sample was

Res. J. Chem. Environ.

put through TEM in order to confirm the precise size and
shape of the particles that are being synthesized. The sample
was also investigated with FTIR to know about different
bonds present in the sample.

Dye removal using the AgNPs: AgNPs were employed for
a kinetic analysis of the decolorization of methylene blue
dye following the successful confirmation of their synthesis.
The amount of dye and nanoparticles present is vital to the
process of adsorption. The first step involved measuring the
methylene blue absorbance between 400 and 800 nm. A
standard graph was plotted once the maximum absorbance
peak was obtained and this was used to calculate the
adsorbent's adsorption capacity.

For the adsorption of dye on AgNPs, varying dye
concentrations ranging from 5 mg/L to 2 mg/L were
employed. Plotting concentration against incubation time
allowed for the evaluation of the adsorbent's adsorption
capacity. For ten hours at regular intervals, the absorbance
of an adsorbent containing dye at various concentrations was
measured. Figure 1 shows the schematic representation of
the experiment.
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Figure 1: Schematic representation of the experiment
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Figure 2: UV-Vis peak of AgNPs (a) during synthesis and (b) Transmission Electron Microscopic Image
of the Ag NPs
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Results and Discussion

Characterization of the stored AgNPs: AgNPs were
characterized using TEM, FTIR, PSA, Zeta potential and
UV-Vis spectroscopy. As indicated in figure 3, the
absorbance peak at 425nm in the UV-Vis results validates
the presence of silver in the sample. The sample was
subsequently exposed to PSA, which verifies that the AgNPs

1271
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average particle size was 47 nm, as indicated in figure 4. Zeta
potential results showed a negative value of -19.9 mV,
indicating that the stored nanoparticles have a good colloidal
nature, are highly dispersible and are stable over an extended
period of time (Figure 5). The TEM results effectively
verified that the particles, as depicted in figure 2, are
spherical in shape and are in the nano range.
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Figure 3: UV-Vis absorbance peak of the AgNPs after storage at 4°C
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Figure 4: PSA results of the AgNPs after storage
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AgNP peaks which are located approximately at 671, 721,
1317, 1648, 1867 and 1919 cm™ were revealed by FTIR
analysis as in fig. 6. The synthesized nanoparticles are active
and show good characteristics of nanoparticles that can be
successfully used to degrade the toxic dyes, as demonstrated
by all these characterization techniques.
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Decolorization of methylene blue dye using AgNPs: In an
aqueous solution, methylene blue dye exhibited its
maximum absorbance at 620 nm. Using this absorbance
standard, a graph was plotted for varying methylene blue dye
concentrations as seen in figure 7.

Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -19.9 Peak1: -19.9 100.0 5.46
Zeta Deviation (mV): 5.46 Peak 2: 0.00 0.0 0.00
Conductivity (mS/em): 0.218 Peak 3: 0.00 0.0 0.00
Result quality
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Figure 5: Zeta potential of AgNPs after storage at 4°C
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Figure 6: FTIR analysis of stored sample of AgNPs
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The dyes have been prepared in various concentrations using
the stock solution, which is made by dissolving 5mg of dye
in 1 liter of distilled water. Pre-synthesized AgNPs were
utilized in an adsorption study with methylene blue at four
different concentrations 5 mg/L, 4 mg/L, 3 mg/L and 2
mg/L. For the adsorption study, 5mg of adsorbent was added
to the various methylene blue concentrations previously
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mentioned. As illustrated in fig. 8, the highest amount of
adsorption was noted at 3 mg/L concentration, at which point
the dye completely lost its colour in 6 hours. The adsorbent
needed longer incubation times at the other three
concentrations to remove dye more effectively. This might
be the result of dye saturation on the nanoparticle surface
which reduced the particles ability to adsorb dye.
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Figure 8: Adsorption of dye at different concentrations of methylene blue
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Conclusion

The current technique effectively reported the use of silver
nanoparticles for adsorption-based dye removal in an
aqueous medium. FTIR, PSA, Zeta potential, UV-Vis and
other characterization methods all verified the activity of the
pre- synthesized silver nanoparticles. Ag NPs provided a lot
of surface area for the methylene blue dye to break down.
Because of their extremely negative Zeta potential, it was
found that nanoparticles with an average size of 46 nm easily
dispersed in dye-containing solutions. This keeps the
nanoparticles in the aqueous medium extremely stable.

After being exposed to nanoparticles for 0 to 10 hours at a
concentration of 3 mg/L, the methylene blue color totally
vanished in 6 hours. So, this method can be used for dye
removal from the textile and other industries effluent.
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