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ADSORBTION STUDY OF METHYLENE BLUE USING ZEOLITE-PBO COMPOSITE


Abstract
The increasing pollution of industrial wastewater, particularly from the textile sector, poses a serious environmental challenge due to the presence of synthetic dyes such as methylene blue, which are toxic and non-biodegradable. This study aims to synthesize and characterize a Zeolite- PbO composite as an effective adsorbent for the removal of methylene blue from aqueous solutions. The composite was synthesized via an impregnation method using ethanol as a solvent, followed by acid activation and calcination at 400°C. SEM analysis revealed that PbO particles were successfully dispersed on the surface and within the pores of the zeolite, forming a denser and more coated structure. Adsorption kinetics were evaluated under varying interaction times, with the pseudo-second order model yielding the best fit (R² = 0.9952), indicating a chemisorption mechanism. Furthermore, adsorption isotherm studies showed that the Langmuir model provided the best correlation (R² = 0.9982), suggesting monolayer adsorption on a homogeneous surface, with a maximum adsorption capacity ( q max ) of 1.186 mg/g. These results demonstrate that the Zeolite- PbO composite exhibits high potential as an efficient and sustainable adsorbent for treating wastewater containing synthetic dyes such as methylene blue.
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I. Introduction
Pollution environment moment This especially pollution waste the more increased in the area industry . Disposal waste in industry cause the occurrence various type dangerous pollutants​ for organisms and environment alive . One of pollutants that pollute environment is waste liquid that comes from from industry textile where is the disposal process without through processing and filtering processes so that endanger creature life [1], [2] ( Setiyawati , et al ., 2020).
Development industry textile compared to straight with problem serious consequences​ for environment , especially problems caused by waste​ substance the resulting color . Waste substance the resulting color from industry textile is compound non-biodegradable organic , which can cause pollution environment waters [3], [4] (Wijaya, et al ., 2006).
Processing waste liquid containing​ substance dyes , especially methylene blue , become challenge Serious for Lots industry , especially in the sector textiles . Substances This known own characteristic toxic and non-biodegradable, so that No can thrown away direct to in waters without proper processing​ [5], [6] . Involvement technology adsorption in subtraction level methylene blue in waste liquid is one of the promising solution . Zeolite , which is known as effective adsorbent , has been proven own high potential​ For absorb substances dangerous from environment , including dye cationic like methylene blue [7], [8] .
For some time year lastly , many study has done For explore use zeolite in system Adsorption . Zeolite is a solid porous which has large surface area and regular pore volume so that can stable in temperature height and existence abundant in Indonesia [3], [9] . The study by Saputra et al. show importance overcome pollution from waste textiles and suggest that method electrocoagulation capable reduce level methylene blue with efficiency tall [10] . In addition , research about composite zeolite-geopolymer show that combination This can increase capacity adsorption , providing a better alternative effective in processing waste liquid [11], [12] . Implementation method involving​ zeolite No only limited to adsorption , but also includes various approach like combination with photocatalyst For speed up degradation substance color [13] [1] .
This study aiming For researching effectiveness composite zeolite-PbO as adsorbent For methylene blue , take advantage of characteristic unique from both of these materials . With strengthen interaction between zeolite and PbO through combination hydrothermal , expected can increase capacity adsorption relatively to methylene blue . Research previously has show that zeolite can functioning as exchanger cations , and with add PbO , expected can create more synergy​ Good For adsorption . It is expected that results from study This can give contribution significant to development technology continuous adsorption​ For overcome pollution waste textile specifically methylene blue .

II. Methodology
A. Tools and materials
Equipment used​ in study This is tools glass , thermometer , scale analytical , magnetic stirrer, hot plate, oven, pH meter, vial bottle , bottle centrifuge , box radiation , Phillips lamp with long 253.47 nm wave , furnace , sieve , Scanning Electron Microscope (SEM-EDS).
Materials used​​ in study This is solid PbO acetate , solid zeolite , 0.1 M NaOH solution , solution 96% ethanol , 2 M H2SO4 solution , CH3COOH solution , 2 M HCl solution , solid substance color Methylene Blue, paper Whatman filter , and distilled water .
B. Procedure Work
1. Activation Zeolite
100 g zeolite nature that escapes 200 mesh sieve inserted to in beaker glass and 1000 mL of distilled water was added , while stirred with magnetic stirrer for 3-4 hours. Zeolite natural Then filtered and heated at a temperature of 50oC until heavy constant . To in 100 g of zeolite that has been washed , added 100 mL of acid sulfate 2 M and stirred for 14-16 hours with use magnetic stirrer . Zeolite Then washed with aquades until clean and dried at a temperature of 120oC until reach heavy constant . Solid zeolite that has been dry ground and sieved return until pass 200 mesh sieve 
2. Synthesis Composite Zeolite-PbO
Synthesis composite done with method mix zeolite that has been activated , PbO and solvent ethanol with comparison the mass of each 4:2 composition dissolved in 15 mL of ethanol . Then mixture heated and stirred at 50 °C for 2 hours. So that it takes shape composite PbO-zeolite . Next , added 0.1 M NaOH solution then stirred for 1 hour, separated the sediment and carried out calcination at a temperature of 400°C . Morphology Composite Zeolite-PbO Then analyzed with use SEM-EDX instrument .
3. The Influence of Interaction Time Zeolite-PbO with Methylene Blue
A total of 5 pieces Each erlenmeyer flask is filled with composite zeolite-PbO as much as 300 mg. Next to in each Erlenmeyer flask the added with 50 mL of solution methylene blue 10 ppm at pH , namely pH 5 with variation time interaction 30, 60,90,120 and 150 minutes . Each erlenmeyer Then stirred using a shaker then centrifuged with speed of 7000 rpm for 15 minutes , then measured its absorbance with use UV-Vis spectrophotometer [6]
4. Determination Isotherm Adsorption Zeolite-PbO to methylene blue
A total of 5 pieces Each erlenmeyer flask is filled with composite zeolite-PbO as much as 300 mg. Next to in each Erlenmeyer flask the added with 50 mL of solution methylene blue with variation concentrations of 5,10,15,20 and 25 ppm at pH , namely pH 5 with time 90 minute interaction . Each erlenmeyer Then stirred using a shaker then centrifuged with speed of 7000 rpm for 15 minutes , then measured its absorbance with use UV-Vis spectrophotometer [6]
III. Results and Discussion
A. Preparation and Activation Zeolite
Activation process zeolite started with stage grinding and sieving use to obtain particle uniform zeolite​ size . Zeolite that has been through this process Then activated For remove clogged dirt​ pores and cavities , so that expected wide the surface increased . Activation done with use solution H₂SO₄ acid , which works For clean impurities and add active sites through the role of H⁺ ions from solution sour the .Figure1 Physical appearance of zeolite (a) Before and (b) after activation

Warmup during the activation process used For speed up reactions that occur . After the activation process finished , zeolite filtered and washed until reach a neutral pH , so that any impurities that are still stick can quick lifted , then dried in the oven for remove remaining water. Next , the sample ground and sieved return use ensure uniformity size particles . Activation process This cause change color ( decolorization ), because a number of substance impurity late during the process , such as can seen in Figure 1.

B. Synthesis Composite Zeolite-PbO
In research this , synthesis zeolite-PbO done use method impregnation . This method based on the principle enter metal catalyst to in pores of the support material with method soak it to in solution precursor metal active while done stirring and heating [14]. Composite zeolite-PbO obtained with mix zeolite results preparation with Pb- acetate solution in solvent Ethanol . Ethanol chosen as solvent Because polar and relative No poisonous If compared to with other solvents such as acetone and methanol [15]. [4] also showed that ethanol more efficient and effective used in the process of synthesis and characterization composite zeolite-TiO ₂.
Mixture Then heated while stirred at 50° C for two hours. Heating process This aiming For facilitate entry of Pb²⁺ ions into in pores zeolite , where the ions are will bound with zeolite and replaces H⁺ ions, with help ethanol as solvent . Next , add NaOH solution that functions For trigger reaction hydrolysis , resulting in species [ Pb( OH)₄]²⁻ which is reactive inside​ structure zeolite . Species This Then trigger reaction condensation that forms bond between oxygen and metals . In addition , H⁺ ions will also diffused to in pores from catalyst buffer (Latief, 2018). Mechanism reaction more shown as following :





Composites that have been formed Then filtered and washed with aquades use remove excess OH⁻ ions to the pH of the solution washer reach neutral . After that , the calcination process was carried out at a temperature of 400°C. Based on opinion[16] Munnik, calcination process This aiming For to form oxide metal as well as increase performance catalyst . A temperature of 400°C was selected because at temperature This crystallization PbO in progress optimally , producing crystal PbO nano -sized . In addition , the compounds organic which is still left behind in pores zeolite will decomposed along with improvement temperature [17].Figure2 Zeolite-PbO Composite Synthesis Results

Next , the composite Zeolite-PbO ground and sieved use filter measuring 200 mesh for to obtain size uniform particles . The final result is composite PbO-zeolite as shown in Figure 2.
C. Characterization Composite Zeolite-PbO 
Figure 3 shows SEM image of (a) zeolite pure and (b) composite zeolite-PbO at 3000x magnification . In image (a), the morphology zeolite show structure particles that are not regular with relative surface​ rough and the pores are still seen Enough clear . This is to signify that zeolite used​ Still own open and possible structure​ existence ion exchange or diffusion substance to in its pores .Figure3 SEM results of (a) Zeolite at 3000x magnification and (b) Zeolite-PbO composite at 3000x magnification.

Temporary that , image (b) shows change morphology on the surface composite after the impregnation process with Pb- acetate and calcination . It is seen that surface zeolite looks more dense , with existence accumulation particle smooth on the surface and partly pores zeolite looks start closed . This is indicates that the Pb²⁺ ion is successful dispersed on the surface and also in pores zeolite . Particles PbO formed​ looks envelop part surface zeolite , which shows the occurrence interaction between metal PbO and structure zeolite .
Change morphology This become proof the success of the impregnation and calcination process , in which PbO has formed and distributed on the surface zeolite . In addition , the distribution relative particles​ evenly indicates that the process of mixing , heating , and stirring during synthesis walk with good . The presence of particles fine from PbO also has the potential increase wide surface active composite , which is important in the application as catalyst or adsorbent .
D. Influence time interaction
One of the important parameters in evaluate performance adsorbent is through study kinetics adsorption . Equilibrium adsorption achieved when concentration of adsorbed metal ions No show significant improvement​ although time interaction Keep going increase . Relationship between time interactions and the amount of metal ions adsorbed presented in Figure 4.
Influence time interaction on the adsorption process methylene blue by composite Zeolite-PbO analyzed use three kinetic model approach , namely Elovich , pseudo- order two , and Langmuir-Hinshelwood. Evaluation on the model is done based on mark constant kinetics as well as coefficient determination (R²) of linear regression .
The Elovich model was also analyzed as alternative For explain adsorption on a surface that is heterogeneous . The linear equation obtained is t = 35 , 017 ln ( qe ​− qt ​) + 17 , 712 , with the α value is 58.04 mg/ g·min and β is 0.0286 g/mg. Although this model give mark rate beginning high adsorption , but​ coefficient the determination obtained (R² = 0.7781) is greater low compared to pseudo- order models two , shows that the Elovich model not enough representative in describe kinetics system This .
Kinetic model pseudo- order two show compatibility best with experimental data , indicated by the values coefficient determination of 0.9952. The linear equation of this model obtained in form  = 0 , 736t + 2 , 939 , from which is calculated capacity adsorption at equilibrium ( qeq ​) is 1.359 mg/g and the constant pseudo- order rate two ( k 2 ) of 0.1842 g/ mg·min . This result indicates that mechanism adsorption dominated by the chemisorption process , namely formation bond chemistry between molecule methylene blue with active sites on the surface composite Zeolite-PbOFigure 4 Graph of the relationship between interaction time and the concentration of adsorbed Methylene blue

Temporary that is , the Langmuir-Hinshelwood model , which is generally used For describes the adsorption process followed by a reaction surface , showing very low conformity against experimental data , with The R² value is 0.3853. This is indicates that this model No suitable For describe mechanism adsorption methylene blue by composite Zeolite-PbO , possibly Because No the occurrence reaction chemistry complex on the surface or No fulfillment assumption monolayer adsorption underlying the model .
Of the three kinetic models analyzed , the pseudo- first- order model two is the most suitable model in describes the adsorption process methylene blue by composite Zeolite-PbO , with mark R 2 = 0 , 9952 . This is show that adsorption in progress through mechanism chemisorption , namely electron transfer occurs or formation bond chemistry between adsorbate and surface adsorbent . Elovich Model only give results moderate , whereas the Langmuir-Hinshelwood model is not relevant For system This is . This is strengthen suspicion that the adsorption process in progress through interaction chemistry involving​ formation bond between molecule adsorbate with surface active composite materials .
E. Isotherm Study Adsorption Composite Zeolite-PbO to Methylene Blue
Determination of isotherm model adsorption aiming For understand mechanism interaction between adsorbent and adsorbate as well as estimate capacity maximum adsorption from a material. In research this , study isotherm adsorption composite Zeolite-PbO to methylene blue analyzed use two models , namely the Freundlich and Langmuir isotherm models .
The Freundlich model is an isotherm model empirical which assumes that adsorption taking place on the surface heterogeneous and energy adsorption No uniform . The linear equation of this model written as :

From the graph (Figure 5 (a)) it is obtained mark coefficient  of 0.8689 which is close to 1 indicates data fit to the model. The slope value of the line (1/n) is 0.2415 which shows that adsorption nature favorable because 0 < 1/n < 1. The value of Kf obtained from intercept can interpreted as capacity adsorption relatively from composite .
(a)   						(b)
 
The Langmuir model assumes that adsorption happen in monolayer on the surface homogeneous with uniform adsorption sites . The linear equation of the Langmuir model is :



Based on Figure 5 (b) shows R2 value​ of 0.9982 indicates that the Langmuir model has level highest compatibility​ against experimental data compared to Freundlich model. Slope value chart show , so that obtained capacity adsorption maximum q max .= 1.186 mg/g. Figure5 (a) Zeolite-PbO Langmuir Isotherm Graph (b) Zeolite-PbO Freundlich Isotherm Graph
a
b

Based on mark coefficient determination (R²) and capacity adsorption maximum , can concluded that Langmuir model more appropriate describe phenomenon adsorption methylene blue by composite Zeolite-PbO . This is show that the adsorption process in progress in a way monolayer on a homogeneous surface with capacity high adsorption .​
Findings This in line with results study previously which shows that surface modified zeolite​ with metal or oxide metal can increase interaction electrostatic as well as active site availability For adsorption molecule organic like methylene blue [1][2]. The presence of PbO in structure composite believed participate contribute in improvement affinity to molecule methylene blue through interaction ionic and possible formation bond coordination between polar group of adsorbate and active sites on the surface adsorbent .
Based on results said , can concluded that the adsorption process methylene blue by composite Zeolite-PbO in progress in a monolayer and is homogeneous , which is controlled by the mechanism adsorption chemistry (chemisorption) with support uniform distribution of active sites on the surface adsorbent . The high Langmuir constant value also reflects capacity promising adsorption​ For application processing waste liquid containing​ dye synthetic .

IV. CONCLUSION
Study This succeed synthesize composite Zeolite-PbO through method impregnation and proofing its effectiveness as adsorbent For methylene blue . Characterization morphology show distribution particle PbO evenly distributed on the surface zeolite , which increases number of active sites For Adsorption . Kinetics study confirm that the adsorption process following the pseudo- order model two , which shows domination chemisorption mechanism . While that , study isotherm indicates that the data is most appropriate with the Langmuir model, which reflects the occurrence monolayer adsorption on the surface homogeneous . Capacity adsorption maximum obtained​ of 1.186 mg/g indicates performance promising composite​ in application processing waste liquid industry textiles . With Thus , composite Zeolite-PbO can become potential and sustainable alternatives​ in technology water purification from pollutant organic dangerous like methylene blue
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