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Keywords: Abstract. The utilization of methylene blue dye in the textile industry can have a
ﬁ;?;fodd“;gig dation: significant environmental impact due to its high toxicity. To address this issue, a study
Methylene blue; was conducted on the photodegradation of methylene blue dye using silver
?;{;ii:j’;?gsgf'es nanoparticles (AgNP) synthesized with marigold (Tagetes erecta) flower extract as a

bioreducer. This article reports on the synthesis of AQNP and its application in the

DO'_: _ _ photodegradation of methylene blue dye. The synthesis of AgNP involved the

http://dx.doi.org/10.20956/ica.vl . i . i . i

612.28376 reduction of AgNOs with marigold flower extract. Different ratios of marigold flower
extract to AQNOs solution (0.01 M) were used: 1:9, 2:8, 3:7, 4:6, and 5:5. The formation
of AgNP was monitored at various time intervals using UV-Vis spectroscopy. The best
AgNP sample was measured using a Particle Size Analyzer (PSA). The research
results indicated that the optimal condition was achieved at a marigold extract to
AgNO:s ratio of 2:8, with the UV-Vis spectrum showing a peak at a wavelength of 411
nm. The optimum conditions for photodegradation were as follows: AgNP volume of
15 mL, irradiation for 30 minutes, and pH 4. Under these conditions, photodegradation
of methylene blue dye achieved a reduction of up to 72.46% from the initial
concentration of 100 ppm.

Introduction processes (Choi & Yu, 2019; Nurhasni & Hendrawati,
2018). In the dyeing process, around 5% of the MB

The rapid development of the textile industry in
P P Yy compound is utilized, while the remaining 95% is

Indonesia has led to a significant increase in the generation ) i ° o
. . . discarded as waste. The presence of this dye significantly
of wastewater containing various synthetic dyes that are

difficult to degrade. Normally, these dye waste substances
can naturally decompose under sunlight; however, the

limited intensity of UV light reaching the water bodies

impacts the environment due to its high toxic effects, which
can cause skin allergies, irritation, genetic changes, and
carcinogenicity (Salazar-Rabago et al., 2017).

. . . To address this issue, numerous studies are currently
results in a slow dye decomposition reaction. As a result, )
. : being conducted to enhance the performance of
the accumulation of dyes at the bottom of water bodies or

soil occurs more rapidly than their photodegradation
process (Dae-Hee et al, 1999; and Alkadasi, 2004). One of
the dyes that is challenging to natural degradation or

decomposition is methylene blue (MB}.

wastewater treatment applications through
photocatalysis. One approach that has been explored is the
photodegradation of dyes using silver nanoparticle (AgNP)
photocatalyst synthesized using extracts from basil and
frangipani plants (Lestari et al, 2019; Suprihatin et al,
2020) as bioreductor.

Silver nanoparticles (AgNP) are silver particles with

Methylene blue is commonly used for dyeing cotton,
wool, silk, leather, and paper coatings due to its vibrant
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larger surface areas,leading to a greater number of active
sites and, consequently, faster reaction processes. Several
studies have demonstrated that silver nanoparticles can act
as photocatalysts for dye degradation. Lestari et al,, (2019)
reported a 94.75% degradation of indigosol blue dye using
AgNP after 4 hours of irradiation, and Suprihatin et al,
(2020) showed that silver nanoparticles can degrade
around 97% of 600 ppm Remazol brilliant blue dye with 60
minutes of irradiation. Additionally, Zare-Bidaki et al,
(2022) demonstrated that AgNP can degrade 94.37% of
thymol blue and 90.12% of malachite green dyes within
100 minutes of irradiation.

This article presents the results of a study on the
synthesis of AgNP using extracts from marigold flowers
(Tagetes erecta) and its application as a photocatalyst for
the photodegradation of methylene blue dye. Marigold has
been reported to contain bioactive compounds having
antioxidant activities including flavonoids, triterpenoids,
polyphenols, quercetin, and quercetagetin (Gong, et al,
2012; Huang et al, 2022). These antioxidant contents put
the marigold amongst the plants whose flower extract can
reduce metal ions such as Ag* to their atoms. This study
shows that water extract of the flower has successfully
assisted in sinthezising AgNP.

Experimental
Material and Methods

The materials used in this study included Tagetes
erecta flowers, deionized water (Demineralized water),
methylene blue dye, magnesium powder (Mg),
concentrated hydrochloric acid (HCI), ferric chloride
(FeCls) 5%, chloroform (CHsCl), acetic anhydride
((CH3C0)20), concentrated sulfuric acid (H2S04), 2N HC],
Dragendorff reagent, Mayer reagent, silver nitrate (AgNO3)
0.01 M, 0.1N HC], 0.1N sodium hydroxide (NaOH), and filter
paper.

The equipment used included a blender, 100 mL beakers,
measuring cylinders, reaction tubes, droppers, volumetric
pipettes, analytical balance, magnetic stirrer, black plastic
wrap, radiation box, oven, and UV lamp at 259 nm. The
testing instruments included the Shimadzu UV-VIS 1800
spectrophotometer and Malvern MS300 particle size
analyzer.

Procedures

Preparation of Marigold Flower Aqueous Extract

Fresh marigold flowers (Tagetes erecta) weighing 2.5 kg
were cleaned with tap water, rinsed with demineralized
water, and dried. The dried flowers were powdered using a
blender and stored in a closed container. 15 grams of
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flower powder were mixed with 300 mL of demineralized
water in a 1000 mL beaker and heated at 60°C for 15
minutes. The mixture was left to stand for 24 hours and
then filtered using Whatman filter paper. The obtained
extract was stored in a refrigerator if not used immediately
(Suprihatin, 2020).

Phytochemical Screening

Flavonoid Test. 2 mL of extract was mixed with 3 mL of hot
water, boiled for 5 minutes, filtered, and the filtrate was
treated with 0.05 mg of magnesium powder and 1 mL of
concentrated HCI. Positive results were indicated by the
formation of red, yellow, or orange color (Harborne, 1987).

Phenol Test. 2 mL of extract was mixed with 2 drops of 5%
FeClz solution. Positive results were indicated by the
formation of green or bluish-green color.

Synthesis and Characterization of Silver Nanoparticles

Aqueous extract of marigold flowers (Tagetes erecta)
was mixed with 0.01 M AgNO3 solution in various ratios:
1:9, 2:8, 3:7, 4:6, and 5:5. The mixture was heated at 60°C
for 20 minutes. Nanoparticle formation was observed at
different time intervals (2, 4, 6, 29, and 49 hours) using UV-
Vis spectrophotometer. Particles showing the sharpest
absorbance between 400 and 500 nm were characterized
using Particle Size Analyzer (PSA).

Photocatalytic Activity Optimization of AgNP Volume

Five 100-mL beakers wrapped in black plastic were each
filled with 25 mL of 50 ppm MB solution. Different volumes
(1, 2, 5,10, 15, and 20 mL) of AgNP were added to each
beaker. The beakers were placed in a radiation box, and the
plastic wrap was removed. The mixtures were irradiated
with UV light and stirred with a magnetic stirrer for 1 hour.
After irradiation, the mixtures were centrifuged, and the
absorbance of the supernatant was measured at 664 nm
using a UV-Vis spectrophotometer. The percentage of
degradation was obtained using the equation (1):

(Co—Ct)
Co

D (%) = x100% (1)

Optimization of Irradiation Time

Similar to the previous step, 25 mL of 50 ppm MB
solution was placed in five beakers with the optimum
AgNP volume. The mixtures were irradiated for different
time intervals (10, 20, 30, 60, and 90 minutes) with UV
light and stirred with a magnetic stirrer. Absorbance
measurements and calculations similar to the previous
step were performed.
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Optimization of pH

Five beakers with 25 mL of 50 ppm MB solution and the
optimum AgNP volume were prepared. The pH of the
mixtures was adjusted to pH 2, 4, 6, 8, and 10 using 0.1 N
HCl or 0.1 N NaOH. The mixtures were irradiated and
stirred, and absorbance measurements were taken.

Determination of Photodegradation Effectiveness

The effectiveness of MB photodegradation was
determined by measuring the percentage degradation of
MB solutions with different concentrations under
optimum conditions. Beakers with a 100 mL capacity
wrapped in black plastic were filled with 25 mL of MB
solutions at concentrations of 100, 200, 300, 400, 500, 600,
and 700 ppm. Optimum AgNP volume and pH were added
to each beaker. The mixtures were irradiated, stirred, and
absorbance measurements were performed. The
percentage degradation was calculated using Equation (1).

Result and Discussion
Phytochemical Screening

This preliminary test was conducted to determine the
presence of flavonoids and phenols in the extract of
marigold flowers (Tagetes erecta). The test results
indicated that the marigold flower extract contains both
groups of compounds. Therefore, this extract can be used
as a bioreducer in the synthesis of silver nanoparticles.

Synthesis and Characterization of Nanoparticles

Silver nanoparticles with volume ratios of 1:9, 2:8, 3:7,
4:6, and 5:5 appeared dark brown during the synthesis
process, indicating the formation of nanoparticles
(Zielinska et al., 2009). To confirm this indication, analysis
was performed using UV-Vis spectroscopy. Based on the
analysis results obtained using UV-Vis spectroscopy,
particles from the 1:9 and 2:8 volume ratios met the
characteristic criteria of AgNP, with the sharpest
absorbance occurring at wavelengths between 400-500
nm. In the 1:9 ratio, AgNP exhibited an absorption peak at
413 nm for storage times of 2-29 hours, while in the 2:8
ratio, an absorption peak was observed at 411 nm for
storage times of 2-6 hours. Other ratios did not exhibit an
intense peak within the 400 and 500 nm range.
Furthermore, the quantity of nanoparticles formed can be
determined from the absorbance values (Haryani et al,
2016). Among the volume ratio variations, the 2:8 ratio had
the highest absorbance value, specifically at a storage time
of 4 hours, indicating the formation of a significant amount
of silver nanoparticles. UV-Vis spectra showing the
development of silver nanoparticles over time are
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displayed in Figures 1 and 2.
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Figure 1. UV-VIS spectrum of AgNP in the 1:9
ratio.
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Figure 2. UV-VIS spectrum of AgNP in the 2:8
ratio.

The AgNP samples obtained from two different volume
ratios, specifically the 1:9 and 2:8 ratios, exhibited peaks
within the wavelength range of 400-500 nm. These
samples were subjected to Particle Size Analysis (PSA) for
further examination. According to the measurements
obtained from the Particle Size Analyzer (PSA), the size of
the silver nanoparticles (AgNP) generated at a ratio of 1:9
was 252.6 nm, exhibiting a uniformity of 96.6%. In
contrast, the AgNP synthesized at a ratio of 2:8 had a size of
153.9 nm with a uniformity of 100%. Based on the
provided data, it can be observed that the utilization of a
2:8 ratio resulted in the production of smaller AgNP
particles. Consequently, this particular volume ratio is
thought to be better for making the photocatalyst in the
process of degrading methylene blue with light. The
obtained particle size does not necessarily mean that the
particles are not nanoparticles for two reasons: first, the
UV-VIS spectrum already shows that nanoparticles are
present, and second, AgNP can clump together because it
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takes 14 days between making the particles and analysing
them with PSA. For application as a photocatalyst, fresh
AgNP was synthesized with a 2:8 ratio to prevent
agglomeration.

Photocatalytic Activity Optimization of AgNP Volume

The photodegradation results of methylene blue with
varying AgNP volumes are shown in Figure 3. Up to 15 mL
of AgNP, the percentage of degradation of methylene blue
steadily increased with the increasing volume of
nanoparticles used, and then levelled off. Therefore, the
effective optimum value was found by picking the level of
photodegradation with the least amount of silver
nanoparticles, which was 84.59% with a volume of 15 mL.

degradation (%)
N N (@3] [ee] B
o o o o o

o

0 5 10 15 20
AgNP volumes (mL)

Figure 3. Influence of AgNP volume on the degradation
of 50 ppm methylene blue.

Optimization of Irradiation Time

As shown in Figure 4, during the initial irradiation period
(10-20 minutes), the AgNP catalyst did not exhibit a
significant response to the photodegradation of methylene
blue. However, after irradiation time reached 30 minutes,
the AgNP catalyst displayed a substantial increase in
activity, leading to a sharp increase in the percentage of
photodegradation from 76.09% to 82.24%. This
improvement occurs as the duration of degradation
increases, allowing for more contact between the catalyst
and the dye molecules, thereby enhancing the
photodegradation process. This increase is attributed to
the cumulative effect of UV radiation, resulting in more
photons interacting with silver nanoparticles, leading to
increased formation of hydroxyl radicals (OH®) (Bere et
al, 2019). However, after 30 minutes of irradiation, the
photocatalyst's ability to degrade gradually decreases to
80.13% after 90 minutes. Therefore, the optimal
irradiation time is determined to be 30 minutes, achieving
a photodegradation percentage of 82.24%.
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Figure 4. Influence of irradiation time on the degradation of
50 ppm methylene blue.

Optimization of pH

From Figure 5, it is evident that the degradation
percentage increases from pH 2 to pH 4, with the highest
degradation percentage observed at pH 4 (84.58%).
However, after pH 4, the photocatalyst's degradation
ability decreases. At pH 2, which is very acidic, less
methylene blue is broken down than at pH 4. This is
because the surface of the AgNP photocatalyst is saturated
with H+ ions, which gives it a positive charge. Methylene
blue, being positively charged, has difficulty adsorbing
onto the positively charged surface of the silver
nanoparticles due to strong repulsive forces between
them. On the other hand, when the pH is higher than 4, the
amount of degradation goes down because the surface
charge of the nanoparticle becomes more negative. This
makes positively charged methylene blue molecules stick
to AgNP very strongly. Because of this, methylene blue
molecules cover the surface of the photocatalyst, which
makes it less able to absorb radiation (Suprihatin et al,
2022).

Degradation (%)

2 4 6 8 10
pH

Figure 5. Influence of pH on the degradation of 50 ppm
methylene blue
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Photodegradation Effectiveness

Determining effectiveness aims to demonstrate that the
method used is effective in degrading methylene blue dye.

Table 1. Degradation results of various methylene
blue initial concentrations

. Degradation
Intial [MB] (ppm) percgentage (%)
50 84,58
100 72,46
200 55,66
300 42,88
400 41,90
500 33,69
600 30,25
700 31,13

Conclusion

This study shows that Tagetes erecta extract can be used
to make silver nanoparticles, which can then be used as
effective photocatalysts to break down methylene blue.
The optimal conditions for methylene blue degradation
were achieved at pH 4 with 15 mL of AgNP and 30 minutes
of irradiation. The photodegradation process under these
conditions reduced the methylene blue concentration by
72.46% from its initial concentration of 100 ppm.
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