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Abstract

Methylene blue is a dye that is widely used in industry. These dyes are hazardous and can pose a health risk if
discharged directly into the environment. On the other hand, photographic waste containing Ag metal can be used
as an AgCl coagulant. This study aims to determine the effectiveness of AgCl coagulant in the adsorption of
methylene blue dye. Silver chloride was synthesized from photographic waste using the coagulation precipitation
method. The results of the analysis showed that the AgCl coagulant was able to take 88.2% methylene blue dye at
neutral pH 7 for 15 min with a stirring speed of 300 rpm for 10 mg/L methylene blue sample. The adsorption
capacity of AgCl was 10.9 mg. g! and the adsorption kinetics model was pseudo-order 1 with an R? value of
0.9318.
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1. Introduction

Recent information, more than 100 thousand commercial dye products have been discharged into the aquatic
environment (Ghada et al. 2018), (Mosbah et al. 2019). The textile industry is the biggest contributor to water
pollution followed by the paint, paper, leather, and printing industries (Vanitha et al. 2018), (Ponnusamy, et al.
2017). Disposal of dyes into the environment is harmful to the life of aquatic ecosystems and has a negative impact
on human health. The risk of contamination of dyes in water for human health such as the emergence of skin
diseases when in contact with polluted water and indigestion from drinking water can lead to a potential risk of
cancer (Mustafa et al. 2014), (Vakili et al. 2014).

Methylene blue is a dye that is widely used in industry as a dye for paper, cotton, silk, wool, and other hair
dye. Methylene blue is reported to cause several risks to human health, such as eye, respiratory, digestive, and
mental disorders (Rafatullah et al. 2010), (Yuan, 2008). The removal of methylene blue from industrial effluents
has been investigated using various methods such as enzymatic processes, photodegradation reactions,
electrochemical discharges, chemical coagulation, membrane filtration, and physical adsorption methods
(Rafatullah et al. 2010). Adsorption is the most studied method for methylene blue removal with the number of
publications showing a more than twofold increase in the last 10 years. The adsorption method follows a simple
procedure with the use of an inexpensive and abundant adsorbent and can maintain the high efficiency of
methylene blue (MB) removal. The adsorption process also prevents the formation of secondary pollutants that
can occur through the oxidation or degradation of MB blue (Vanitha et al. 2018), (Salleh, 2011).

Silver is a precious metal used in photo films because of its photosensitive properties. Film development
causes photographic waste containing Ag in fixer solution and rinses water to be 1,000-10,000 and 50-200 mg/L
in the form of the anionic thiosulfate complex [Ag(S:03).]3. Silver is a dangerous substance so it must
be recovered completely, both from an economic point of view and for environmental reasons (Songkroah et al.
2004). Ag-thiosulfate is unstable and undergoes decomposition with the formation of colloidal sulfur and sulfur
oxides according to the following reaction equation 1 (Songkroah ef al. 2004):

2H" + Ag(S$:03) —Agt +H[HS,05] — Agt +HSO5™ + S —Ag" + S0, + S +H,0 (1)

Furthermore, the silver ions are reacted with chloride ions to form silver chloride precipitate which is used as
a coagulant for adsorption of methylene blue in water. In this study, the use of silver from photographic waste was
carried out for the preparation of AgCl coagulant as an adsorbent for methylene blue removal. The effect of
variables, such as pH, contact time, stirring speed, chloride ion, and AgCl dose will be studied. This study
contributes to an in-depth study of the preparation of AgCl coagulant and its characterization using XRD and FTIR.
Furthermore, AgCl formed can be applied to take methylene blue dye.

2. Methods
2.1. Material and equipment
The materials used in this study included AgNOs pa (Merck), methylene blue, NaCl pa (Merck), HCI pa (Merck),
HNOs3 pa (Merck), NH3 pa (Merck), and NaOH pa (Merck), photographic film solution waste.

The equipment used in this study were a desiccator, beaker (Pyrex), Erlenmeyer (Herma), volumetric flask
(Herma), dropper (Herma), funnel (Herma), watch glass (Herma), vial (Herma), burette (Herma), stands and
clamps, oven (Kirin), analytical balance (Kern), filter paper (Whatman no. 42), UV-Vis spectrophotometer

54



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) JLEL}
Vol.12, No.4, 2022 ||STE

(Genesys 10 S UV-Vis), X-Ray Diffractometers (XRD) (Shimadzu XRD-6100/7000), FTIR spectrophotometer,
Spectrophotometer Atomic Absorption (Perkin Elmer PE 3110).

2.2. Recovery AgNOs from photographic film solution waste

Solution of 100 mL photographic film solution waste was reacted with 10 mL concentrated HNO3, then the
solution was heated until boiling and the process was stopped after the solution was dried 950 mg. The silver
content was measured by AAS and found the percentage around 92%. For preparation of AgNOs solution we used
dried AgNO; above by dissolving in aqua-DM.

2.3. Synthesis of silver chloride

Silver nitrate (AgNO3) and sodium chloride (NaCl) are reacted to produce an AgCl precipitate. Furthermore, the
precipitate obtained is washed to remove impurities. For photographic waste, nitric acid (HNO3) is added to obtain
silver ions (Ag") and then reacted with sodium chloride to form an AgCl precipitate. Variations in nitric acid affect
the crystal size of AgCl. To obtain AgCl nanocrystals, a procedure for adding already formed ammonia was taken,
and then nitric acid was added in a small concentration so that the crystals did not grow large.

2.4. Methylene blue adsorption with silver chloride coagulant

AgCl crystals were added in a silver ion beaker glass and the methylene blue solution was added and stirred. After
some time, the solution was filtered, and the filtrate obtained was determined for the residual content of methylene
blue using a UV-Vis spectrophotometer. The added silver was varied to see the effect of taking methylene blue.
Besides that, try adding chloride ions instead of silver ions, also trying to vary the pH of the solution.

2.4.1 Effect of AgNOsin methylene blue uptake

Methylene blue (MB) 10 mg/L solution was contacted with AgCl prepared from 5 mL of NaCl 0.1M and varied
concentration of AgNOs 0.1 M, namely 4.0; 4.5; 5.0; 5.5 and 6 mL, respectively, the final volume was 25 mL.
Then the solution was stirred at 200 rpm for 10 min and filtered to get the filtrate of non-adsorbed MB. The filtrate
was measured its concentration using UV-Vis spectrophotometer.

2.4.2 Effect of AgCl dosage

Each volume of 1.2;2.2;3.2;4.2;5.2;6.2; 7.2 mL AgNO3 0.1M was reacted with 1; 2; 3; 4; 5; 6; 7mL NaCl 0.1M,
respectively, then each of which was added with 10 mg/L MB. The final volumes were made 25 mL. Each solution
was stirred at 200 rpm for 10 min and filtered to get the filtrate of non-adsorbed MB. The filtrate was measured its
concentration using UV-Vis spectrophotometer.

2.4.3 Effect of contact time and adsorption kinetics

In 25 mL volumetric flask was added with 5.2 mL AgNO; 0.1M, 5.0 mL NaCl 0.1M and MB and the volume was
made 15 mL to get 10 mg/mL MB. The solution was stirred at 200 rpm for certain times (5, 10, 15, 20, 25, 30 min)
and filtered to get the filtrate of non-adsorbed MB. The filtrate was measured its concentration using UV-Vis
spectrophotometer.

2.4.4 Effect of stirring speed

In 25 mL volumetric flask was added with 5.2 mL AgNO3 0.1M, 5.0 mL NaCl 0.1M and MB and the volume was
made 15 mL to get 10 mg/mL MB. The solution was stirred at certain speed (200, 300, 400 rpm) for 10 min and
filtered to get the filtrate of non-adsorbed MB. The filtrate was measured its concentration using UV-Vis
spectrophotometer.

2.4.5 Effect of pH

In 25 mL volumetric flask was added with 5.2 mL AgNO; 0.1M, 5.0 mL NaCl 0.1M and MB and the volume was
made 15 mL to get 10 mg/mL MB at certain pH (3, 5, 7, 8, 9). The solution was stirred at 200 rpm for 10 min and
filtered to get the filtrate of non-adsorbed MB. The filtrate was measured its concentration using UV-Vis
spectrophotometer.

2.5. Testing and characterization
The dye concentration test after undergoing treatment was carried out using a UV-Vis spectrophotometer. AgCl
characterization was carried out with X-Ray Diffractometers (XRD) and FTIR spectrophotometer.

3. Results and Discussion
3.1. Synthesis of silver chloride
The synthesis of silver chloride was carried out by reacting NaCl and AgNO3 in equilibrium. The synthesis was
carried out to determine the effect of pH on the resulting AgCl precipitate. The pH adjustment was carried out on
the solution from pH 1 to pH 10 using HCI or NaOH.

In Figure 1, the curve of the effect of pH on the weight of AgCl produced shows that the precipitate produced
at pH 7 has the same theoretical value as AgCl precipitate. AgCl weight decreased at pH > 7 due to the re-formation
of NaCl which will dissolve in water.
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Figure 1. AgCl weight relationship curve to pH

3.2. Methylene blue adsorption with silver chloride coagulant
3.2.1 Effect of AgNOs3 in methylene blue uptake
The presence of other ions in the solution can affect the adsorption of methylene blue dye. Figure 2 showed the
effect of the volume of AgNO; on the uptake of methylene blue with different initial volume variations from 4 to
6 mL. The absorption of methylene blue increases with the increase in the volume of AgNOs in the solution. This
is because the NOs™ ion in the solution causes the surface of the active site of the coagulant to be more negative so
that methylene blue (cationic dye) is adsorbed there is competition. A large increase in methylene blue absorption
occurs at a variation of 6 mL AgNO; which is 80.7%.
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Figure 2. Relationship between MB adsorption and AgNO; volume.
3.2.2 Effect of AgCl dosage
Variations in the dose of AgCl have an important role in the adsorption process because they will produce different
absorption efficiencies of methylene blue. The doses of AgCl that were varied were 14, 29, 43,57, 72, 86, and 100
mg with a contact time of 15 minutes and at an optimum pH of 7.
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Figure 3. Graph of relationship between AgCl dose and (a) % MB uptake (b) mg.g "' MB uptake.

Figure 3 showed that the percentage of methylene blue absorption increased with increasing adsorbent dose
(Sakr et al. 2020). The absorption of 88.2% methylene blue occurred at a high dose of AgCl ie 100 mg. This is
because compared to low doses of adsorbent, high doses of AgCl have a larger surface area so that the active side
of the adsorbent on the absorption of methylene blue at a constant concentration will be more (He ef al. 2019).
Increasing the dose of AgCl was also accompanied by a decrease in adsorption capacity from 10.9 to 2.2 mg. g*!
because high doses of AgCl caused agglomeration of AgCl particles to increase (Eltaweil et al. 2020).

3.2.3  Effect of contact time and adsorption kinetics

The effect of contact time and adsorption kinetics on methylene blue uptake was observed at different time
intervals from 5 to 30 minutes. The effect of contact time is presented in figure 4 (a) which shows a slow and
insignificant increase in the absorption of methylene blue with increasing adsorption time by AgCl coagulant. This
is due to the binding process of methylene blue on the inside of the active site of AgCl particles and the adsorption
that occurs is saturated (Kuang ez al. 2020). The contact time for the next experiment was selected as 15 minutes.
The adsorption kinetics of methylene blue on AgCl adsorbent in figure 4 (b) occurs with a pseudo-first-order
kinetics model with an R? value of 0.9318.
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Figure 4. (a) Optimum contact time for MB uptake. (b) First order pseudo reaction kinetics.

3.2.4 Effect of stirring speed

The effect of stirring speed on the efficiency of methylene blue extraction was carried out using an AgCl coagulant
at pH 7 for 15 minutes. Figure 6 shows an increase in the stirrer speed of 300 rpm which causes the collision
between particles to increase so that the particles will be smaller in size and will more easily enter the pores of the
adsorbent (Said ef al. 2016) The absorption of methylene blue on a 400 rpm stirrer decreased due to a strong
mechanical effect resulting in the adhesion force between methylene blue and AgCl not uniting them (Doan ef al.
2020). The optimum stirrer speed at 300 rpm was selected during the study considering the high absorption of
methylene blue.
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Figure 6. Optimum stirring speed curve for MB uptake.

3.2.5Effect of pH

The effect of pH was carried out to determine the optimal pH in the uptake of methylene blue. Methylene blue was
taken at various pH 3 to 9. Figure 7 showed the effect of pH on the uptake of methylene blue. The absorption of
methylene blue increased at pH 7 which was 89% then decreased at pH > 7. Acid and neutral conditions in the
solution changed the surface charge of AgCl. AgCl coagulant will be negatively charged thereby increasing the
interaction with methylene blue (base dye) which is a positively charged dye (Yao et al. 2017). Increasing pH > 7
(alkaline) on methylene blue uptake resulted in the surface of AgCl not being maximal in methylene blue uptake

so that methylene blue absorption decreased. In this study, pH 7 was chosen as the optimal pH for methylene blue
extraction.
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Figure 7. The Influence of MB adsorption curve on pH

3.3. Silver chloride precipitate characterization

3.3.1 XRD

The phase structure and crystallinity of the obtained nanoparticles were studied by XRD analysis. The diffraction
pattern in Figure 8 reveals that the product corresponds to the AgCl phase (JCPDS No. 31-1238). The diffraction
peaks at 2 0f 27.28 ©,32.23°, 46.24°, 54.82°, 57.49°, and 67.46° can be assigned to (111), (200), (220), (311), (222)
and (400) reflections of the face center cube structure (fcc) of AgCl crystals (Wang ez al. 2012). AgCl particle size

can be calculated by the Scherrer equation d = K.A/B.cos 0, so that the peak sample particle size in the (200) AgCl
plane is 4.53 nm.
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The sharp peaks indicate that the resulting AgCl nanoparticles have high crystallinity. There are no
characteristic peaks belonging to other impurities in the diffraction pattern, providing evidence of the high purity
of the AgCl phase. The variation of AgNOj; stoichiometry used affects the intensity of the diffraction peaks. For

samples synthesized under equilibrium stoichiometric conditions, the diffraction line was stronger than for samples
obtained under conditions of less and excess AgNO;s.
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Figure 9. XRD pattern of AgCl bound to Methylene Blue

The diffraction pattern of the AgCl sample after taking methylene blue dye is shown in figure 9. This indicates
that the MB adsorption process by AgCl occurs physically and does not involve chemical bonds. There were no
other characteristic peaks indicating the purity of AgCl from other impurities.
3.3.2FTIR
The FTIR spectral pattern of AgCl under equilibrium conditions, lack, and excess of AgNOs is shown in Figure

10. From this figure, AgCl gives similar IR spectral patterns both under equilibrium stoichiometric conditions,
deficiency, and excess of AgNO;.
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Figure 10. IR spectra of synthesized AgCl with Stoichiometric Variation of AgNOs.

A strong broad peak at 3302 .92 cm™! is associated with the strain vibration of the hydroxyl (OH) group. The
peak at 1631.88 cm™! represents the flexural vibration of adsorbed H,O (Xie et al. 2013). The peak of 1347.58 crr
! represents the aliphatic amine strain vibration. While the peak at 607.04 cm™' could be ascribed to the hydrogen
bonding of water and water (Chen et al. 2015).
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Figure 11. IR spectra of AgCl bonded to methylene blue.

While the possible interaction between methylene blue and AgCl was investigated by FTIR spectroscopy as
shown in Figure 11 the IR spectral pattern of AgCl binding to methylene blue showed a similar pattern and there
was no new bond between AgCl and methylene blue. FTIR analysis showed no significant chemical bond between
methylene blue and AgCl only increased the intensity at 1631.88 cm™ which represents the flexural vibration of
the adsorbed H>O.

4. Conclusion

The synthesis of AgCl coagulant has been successfully carried out using the precipitation method for the extraction
of methylene blue dye. The results of UV-Vis spectrophotometry analysis showed that the AgCl coagulant
succeeded in removing 88.2% methylene blue dye at pH 7 with an adsorption capacity of 10.9 mg. g*!. Optimum
methylene blue extraction at a contact time of 15 minutes with a stirring speed of 300 rpm. The adsorption kinetics
model is Pseudo Order One with an R? value of 0,9318.
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