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Abstract

:

The present project is designed to investigate the potential of hoshanar and sunny grey marble wastes to remove direct violet 51 dye from wastewater using adsorption process. The effect of different parameters such as pH, adsorbent dose, initial dye concentration, and contact time were studied to optimize the results of adsorption process. Different isothermic models (Temkin, Langmuir isotherm, Freundlich isotherm, Harkin Jura, and Dubinin-Radushkevich models) and kinetic models (pseudo-first order and pseudo-second order) were employed to adsorption data to find out the best fit model, i.e., Langmuir isotherm and pseudo-second order model. Marble waste composites were also characterized by using different techniques such as scanning electron microscopy (SEM) for surface morphology and Fourier transform infrared spectroscopy (FTIR) to determine chemical arrangements, structure, and functional groups of adsorbents. Hoshanar treated with a mixture of potassium ferricyanide, and sodium meta silicate showed maximum adsorption capacity of 105.31 mg/g as compared to untreated hoshanar (67.19.45 mg/g). So, the conversion of HM into HMPS makes it an affordable, efficient, and available adsorbent for wastewater treatment.
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1. Introduction


The world is facing the problems of fresh water scarcity because of rapid urbanization, industrialization, and climate change [1]. Potable water of many countries does not satisfy the criteria of the World Health Organization [2]. Polluted and low-quality water causes 3.1 percent of deaths [3]. Water-related diseases affect approximately 2.3 billion people around the world. Poor sanitation and consumption of contaminated water is the major reason of deaths of more than 2 million people in developing countries. Infectious and parasitic disorders caused by water account for 60 percent of deaths of infants worldwide [4]. Water-related disorders affect 20–40% of individuals in Pakistan, according to UNICEF research. Hepatitis, giardiasis, cholera, cryptosporidiosis, and typhoid dysentery are among the diseases that kill one third of the country’s population [5].



The release of untreated industrial effluents into water bodies is the major cause of rapid degradation of water. Wastewater coming out of the textile industry containing harmful chemicals including organic and synthetic dyes, is of a serious concern. Dyes are utilized in a variety of industrial processes including textile industry, food processing, cosmetics, medicines, and paper printing. Hence, they are frequently found in the industrial effluents. Primary industries responsible for the discharge of coloring compounds in aquatic ecosystems are textile industries (54 percent) accounts half of the existing dye effluents present in the world-wide environment followed by the dyeing industries (21 percent), paper and pulp industries (10 percent), tannery and paint industries (8 percent), and the dye production industries (7 percent) [6].



Dyes discharged by industries into water bodies are not degradable, so different methods are used for their removal from water [7]. Various methods such as multi-step coagulation, sedimentation, precipitation, filtration, electrochemical destruction, flocculation, ion exchange, distillation, adsorption, electrolysis, membrane- based processes (reverse osmosis, microfiltration, nano filtration and ultrafiltration), photo catalysis, incineration, advanced oxidation process using hydrogen per oxide and Fenton’s reagent, chlorination, ozonation, nanotechnology, and microorganisms such as algae, fungi and bacteria are used for the removal of dyes from wastewater [8,9,10,11,12]. These methods have their own advantages and disadvantages [13]. Among these methods, photo catalysis is an advanced process which oxidizes a wide range of organic pollutants as compared to adsorption. Both anionic and cationic dyes can be easily removed by this process. However, adsorption is a physical process and better than photo catalysis as adsorption is a low-cost procedure and adsorbents are easily available. Adsorption also has many disadvantages such as hard separation of adsorbent from dye and low surface area [14]. The present project is designed to check the efficiency of adsorption in wastewater treatment as low-cost marble waste adsorbents are used in this study. Marble powder is an inorganic adsorbent that contains chemical ingredients of calcium carbonate and oxides of silicon, aluminum, magnesium, iron, potassium, and sodium. The use of marble waste powder to eliminate dyes is not only economically feasible but also helps to reduce waste from environment.



Previously, many researchers have also removed direct violet 51 dye by adsorption on various adsorbents. Treated and untreated nano composites of hoshanar and sunny grey marble wastes have never been used before for the removal of direct violet 51 from wastewater. So, it is a novel approach and in future, other dyes can also be removed by using these nanocomposites. In aqueous state, the surface of marble becomes negatively charged. The presence of weak van der waal forces between negatively charged marble surface and positively charged dye molecules lead to adsorption of dye on the surface of marble.



In the present research work, novel and low-cost nanocomposites of hoshanar and sunny grey marble wastes were used for the removal of direct violet 51 from aqueous solutions. Effect of different parameters such as contact time, temperature, pH, dose, and initial concentration was studied to evaluate the adsorption capacity of adsorbents. This study is the first report to check and compare the kinetic and adsorption isotherms of the treated and untreated nanocomposites of the hoshanar and sunny grey marble wastes.




2. Materials and Methods


2.1. Materials


Cationic Direct Violet 51 dye was purchased in powdered form from local market, Faisalabad. Powdered marble wastes of hoshanar and sunny grey were collected from local factory of Faisalabad. Chemical reagents used in this research are HNO3, NaOH, potassium ferricyanide, sodium meta silicate and mixture of potassium ferricyanide, and sodium meta silicate. Distilled water was used in the preparation of solutions.




2.2. Preparation of Adsorbents


Raw powdered marble wastes of hoshanar and sunny grey were washed several times with distilled water to remove dust and impurities present in powder. These samples were air dried and ground to fine powder by using ceramic based pestle mortar so that it can be used as adsorbent. This fine powder of hoshanar and sunny grey marble was used to prepare their nanocomposites. Five grams of hoshanar and sunny grey each were mixed with each of potassium ferricyanide, sodium meta silicate, and a mixture of both for the formation of paste. These pastes were then placed in the oven for drying at 150 °C for 2 h. After drying, the samples were again grinded in pestle mortar to obtain nanocomposites. All the six dried samples were then washed and filtered by filter paper using excess of water to remove the color of chemicals used until the filtrate leaves no color and the residue on the filter paper is collected, and stored for further processing. The solid residues after filtration were again dried in the oven at 150 °C for 2 h and grinded into very fine powder to obtain the nanocomposites. The treated samples of both marbles were stored and used as adsorbents (Figure 1) and their results were compared with the untreated samples of hoshanar and sunny grey marble wastes [15].




2.3. Optimization of Process Parameters


2.3.1. Optimization of Initial Dye Concentration


Effect of initial dye concentration was investigated by changing the dye concentration from 5–50 g/mL by keeping dosage of adsorbent, time, temperature, and pH constant. Stock solution of 100 ppm concentration was prepared by adding 0.01 g of dye in 100 mL of distilled water and further dilutions of 5 ppm, 10 ppm, 15 ppm, 25 ppm, and 50 ppm were prepared from 100 ppm stock solution. Absorbance for all concentrations of dye solutions was determined in the spectrophotometer. Further, 0.01 g of all the eight adsorbents (six treated and two untreated) were mixed with 5 ppm, 10 ppm, 15 ppm, 25 ppm, and 50 ppm solutions of dye.



Twenty falcon tubes were filled with 10 mL of each ppm solutions of dye and 0.01 g each of the eight adsorbents were added in each ppm solution of both the dyes. Control of each ppm was also taken in 5 falcon tubes. All the eight adsorbents were added in 8 falcon tubes filled with 10 mL of distilled water. Shaking treatment was then performed by placing the stand on orbital shaker at 300 rpm for 2 h. Afterwards, the solutions were filtered by syringe filtration and absorbance was measured by scanning all the solutions at λmax of 549 nm through spectrophotometer [16].




2.3.2. Optimization of Adsorbent Dosage


Stock solution of 50 ppm was prepared by adding 0.01 g of dye in 200 mL of distilled water and adsorbent dosage of 0.005 g, 0.01 g, 0.02 g, 0.03 g, and 0.04 g was measured using the analytical balance. Ten mL of 50 ppm solution of the dye was filled in 20 falcon tubes and treated with all the dosages. One falcon tube filled with 10 mL of 50 ppm solution was used as blank. Five falcon tubes filled with 10 mL of distilled water and treated with each of the 5 dosages were also used. Afterwards, the stand was installed on orbital shaker for 2 h at 300 rpm shaking speed. The solutions were filtered by syringe filtration absorbance was determined at maximum wavelength of each dye by using spectrophotometer [17].




2.3.3. Optimization of Time and Temperature


In optimization of temperature, 50 ppm of dye solutions were prepared and 0.005 g of all the eight adsorbents were added in 8 falcon tubes filled with 15 mL of the dye solutions. The stand was placed in the oven at five variable temperatures of 30 °C, 40 °C, 50 °C, 60 °C, and 70 °C, at time intervals of 15 min, 30 min, 60 min, 120 min, and 240 min. Afterwards, the 3 mL of solutions were filtered by syringe filtration after every time interval at each temperature and the absorbance was measured at λmax of dye by spectrophotometer. Adsorption of dye by nanocomposites/nano-adsorbents could be endothermic if the rate of adsorption increases with the increase of temperature and exothermic if rate of adsorption decreases with increase of temperature [18].




2.3.4. Optimization of pH


Dye solution of 50 ppm was treated with 0.005 g of all the eight adsorbents at six different pH of 5, 6, 7, 8, 9, and 10. The pH of different solutions was maintained by adding 0.1M HNO3 and 0.1M NaOH and checked by pH strips. The solutions of dye with maintained pH were placed on the shaker for 2 h at 300 rpm. Afterwards, the solutions were filtered by syringe filtration and the absorbance was measured at λmax by spectrophotometer. The dye molecules have different structures at different pH. At low pH the adsorption of negatively charged ions increased due to increase of H+ ions and at high pH adsorption of positively charged ions increased due to increase of OH- ions [19].





2.4. Determination of λmax before Treatment


For determination of the λmax of dye namely Direct violet 51, a solution of dye was prepared by adding a minute amount of the dye in distilled water until it makes a color transparent solution of the dye. The dye solution was then run in UV-Visible spectrophotometer and scanned through a wavelength ranging from 340 nm to 1000 nm in order to determine the wavelength at which the dye showed maximum absorbance λmax [20].





3. Results and Discussion


3.1. Spectrophotometric Analysis


Spectrophotometric analysis is the quantitative measurement of the reflection, absorption, and transmission properties of a material as a function of wavelength. Spectrophotometric analysis of the dye Direct yellow 51 was performed and the    λ  m a x     value was calculated at range of wavelength 340–1000 nm. The maximum wavelength of Direct violet 51 at 25 ppm was 549 nm.




3.2. Optimization of Parameters


The variables studied were initial concentration of dye, adsorbent dose, pH, contact time, and temperature. The time and shaking speed in orbital shaker were 2 h for 300 rpm and absorbance of dye solutions were measured at maximum wavelength (λmax = 549).



3.2.1. Effect of Initial Dye Concentration


Effect of initial concentration of dye was investigated by changing the dye concentration from 5–50 mg/L by keeping temperature, adsorbent dose, and time constant. The time and shaking speed for the study was 2 h and 300 rpm, respectively. The graphical representation of spectrophotometric analysis of the dye after treatment is shown in Figure 2.



At room temperature, the effect of the initial concentration of dye ranging from 5–50 mg/L on adsorption capacity was examined, without any modification in the pH of the solution. The graph shows that the percentage removal capacity of marble increases as the initial concentration of dye tends to increase. The increase in percentage removal of dye with increase in the concentration of dye indicates that rate of adsorption increases with increase in concentration of dye. The reason is that, as the concentration of dye increases, the number of molecules adsorbed on the surface of marble increases and leads to greater percentage removal. This trend is observed in the case of both adsorbents, hoshanar and sunny grey marble wastes. Since the amount of adsorbent remains constant, so the rise in the concentration of dye results in the greater adsorption of dye on marble. The initial concentration of dye provides the driving force, which overcome the resistance of mass transfer of the dye molecule between the solid and aqueous phases. As a result, the number of dye molecules competing for available sites on the marble surface was high at higher initial concentration of dye, resulting in increased adsorption of direct violet 51 [21].




3.2.2. Effect of Adsorbent Dose on Efficiency of Dye Removal


The study of effect of adsorbent dose was carried out with different doses of adsorbents ranging from the 5–40 mg with the concentrations of dye 50 mg/L at room temperature. The solid/solution ratio is a key factor to determine adsorbent capacity. The graph in Figure 3 depicts the relationship between the dose of adsorbents and percentage removal of adsorbents. It was seen that the percentage of adsorption decreases as the dose of adsorbents increases. This is due to increased mass transfer resistance, because the increased amount of adsorbents hinders the movement of dye molecules and decrease the adsorption of dyes on surface of adsorbents, which becomes critical at high adsorbent dose. It is apparent that the percentage removal of adsorbents decreased as the amount of adsorbents increased. The same pattern is observed for the removal efficiencies of marble adsorbents, hoshanar and sunny grey waste. As indicated in the graph, the amount of adsorbed dye per unit weight (q) of the marbles dropped as the solid/solution ratio increased. The increase in amount of adsorbent should increase the adsorption rate because of increase in the number of available sites. However, the adsorption sites remained unsaturated as the dye molecules could not get adsorbed on the surface due to resistance offered by increased amount of adsorbents [22].




3.2.3. Effect of Solution pH on Dye Adsorption


The effect of pH was studied in the treatment of aqueous solutions of dye with (0.005 gm) dose of adsorbent and dye concentrations is 50 mg/L. The shaking treatment was performed at the speed of 300 rpm for 2 h. The effect of pH of dye solution on the amount of Direct violet 51 adsorbed per unit mass of marble waste is shown in the Figure 4.



In the adsorption process, the pH value of the solution is an important regulating parameter, and the initial pH of the solution has a greater influence than the final pH. Any change in the pH of medium generate changes in the structure of adsorbate and adsorbent. The amount of Direct violet 51 adsorbed per gram of marble waste is higher at pH 7 and decreases for both acidic and basic pH [23].




3.2.4. Effect of Contact Time and Solution Temperature


The effect of temperature was investigated from 30–70 °C with adsorbent dose of 0.5 mg/L mixing with dye solution of 50 mg/L concentration and the samples were kept in oven separately at 30–70 °C temperature for 4 h and spectrophotometric analysis were calculated after filtration of solutions at intervals of 15, 30, 60, 120, and 240 min. The study of adsorption of the Direct violet 51 by marble wastes in aqueous solution is shown in the above graphs. The analysis of the temporal evolution of the quantity of Direct violet 51 adsorbed per unit mass of marble waste, shows that the efficiency of adsorption increases with increase in time and maximum percentage removal is observed at 240 min shown in Figure 5. Because as time increases, driving force, which is related with concentration gradient, also increases. As the graph represents, the adsorption capacity of Direct violet 51 dye on the marble at temperature of 30–70 °C is at 50 ppm concentration of dye. When temperature increases, kinetic energy of molecules also increases. This increased kinetic energy of molecules causes more collisions among molecules, as a result number of molecules gets adsorb on the marble decreases. However, the adsorption phenomenon is usually affected by many parameters, particularly temperature. Temperature has an impact on the process of adsorption as it determines the equilibrium position in regard to the process’ exothermicity and the adsorbent’s swelling capacity. As a result, temperature adjustment may be required throughout the adsorption process. Due to the occupation of all active sites on the marble, the absorption capacity of marble material diminishes with increasing time [24].





3.3. Optimization of Parameters by Theoretical Modelling


3.3.1. Adsorption Isothermal Modelling


The adsorption isotherm describes how adsorbate interacts with absorbents and is critical in optimizing the use of absorbents. Adsorption equilibrium studies are conducted to correlate the adsorption capacity and absorbate concentration in liquid phase. Due to the complex adsorption system in a liquid phase, it was essential to apply various isotherm models. The nature of adsorption was examined by using Langmuir, Freundlich, Temkin, Dubinin–Radushkevich (D–R) and Harkin Jura isothermal models. Results obtained from the comparison of Langmuir, Freundlich, Temkin, Dubinin, and Harkin jura isotherms are listed in Table 1, evaluated that R² values of Langmuir isotherm are greater than 0.96 for treated and untreated composites, and q (mg/g) experimental values are also closer to the langmuir isotherm as compared to others. While using treated and untreated composites, results of q (mg/g) values are better for treated composites than untreated composites, while q (mg/g) is the value of mass of dye adsorbed to the adsorbent at equilibrium [25].




3.3.2. Kinetic Studies


Pseudo first order and pseudo second order kinetic models have been applied to test the experimental data, to investigate adsorption mechanism, chemical reactions, potential rate controlling steps, mass transfer, and dyes adsorption kinetics onto marble- based composites. Model predicted values and the experimental data can be studied by correlation coefficients (R2, values near or equal to 1). High R2 value showed the effectiveness of model on adsorption process kinetics [21]. The results obtained from the kinetic modelling are listed in Table 2. The R2 values for pseudo second order kinetics are greater than pseudo first order kinetics. R² values of pseudo second order kinetic models were higher or equal to 0.99. qe (mg/g) is the value of mass of dye adsorbed to the adsorbent at equilibrium. K1ads is the first order reaction rate constant. K2ads is the reaction rate constant of pseudo second order. Experiments performed with dyes by treating them with treated and untreated composite of hoshanar and sunny grey marble wastes. Value of q (mg/g) was also close to pseudo second order kinetics instead of pseudo first order kinetics. So, maximum adsorption removal was favored by pseudo second order kinetics [26].





3.4. Possible Mechanism of Adsorption


Adsorption is a process in which a substance (adsorbate) accumulates on the surface of another substance (adsorbent). Adsorption is categorized into two types; physical adsorption or physio sorption and chemical adsorption or chemisorption. In the physical adsorption, weak physical forces such as van der waal forces, hydrogen bonding, static interactions, hydrophobicity, dipole interactions, polarity, and π-π interactions are present between the surface of adsorbate and adsorbent. In the chemical adsorption, both the adsorbate and adsorbent are chemically bound to each other due to exchange of electrons between them [27]. In this study, adsorption between dye and marble surface is studied. According to Table 1, untreated marble composites showed less removal efficiency as compared to the treated marble composites. In treated marble composites, the presence of ferricyanide and silicate anions in addition to oxides of aluminum, silicon, magnesium, calcium, and sodium on the marble surface in the aqueous form enhanced the adsorption capacity of treated composites. Distilled water was used to prepare the dye solution, so there is no possibility of interference of other cations and anions commonly found in wastewater. Maximum adsorption capacity of marble was observed in neutral medium because in acidic and basic media, reaction of oxides of Al, Na, Si, Ca, Mg with acidic and basic substances interferes with the adsorption of dye. Maximum adsorption of dye at 7 pH indicates the neutral nature of dye. That’s why, methanol (neutral eluent) used for desorption of the dye which suggests that adsorption in this study was physical adsorption.




3.5. Charaterization of Composites


3.5.1. SEM Analysis


Scanning electron microscopy with TLD and ETD analysis were used to study surface morphology of composites. The SEM micrographs obtained for the composites at 200 nm, 500 nm, 1 µ, 5 µ, and 10 µ are shown in Figure 6 and Figure 7.



These micrographs suggested that the hoshanar marble have shown massive aggregated coarse morphology with heterogenous surface. While treated hoshanar marble composites exhibit several pores with irregular shapes, rough and uneven surfaces. These pores exhibit higher contact area and easy diffusion of pores during adsorption. Different cage like cavities were also present. In treated composite, surface area enhanced with the porosity and cavities increased the adsorption sites and spacing between them. Due to enhanced surface area, porosity and cavities, the treated composites are very efficient in dye removal by providing more sites for reaction to occur [28].




3.5.2. FTIR Analysis


According to FTIR spectrum of treated and untreated hoshanar showed absorption peaks at 1796, 1395, 872, 711 cm−1. However, by comparing untreated hoshanar with treated hoshanar marble, an additional peak was observed at 2512 cm−1. Absorption bands at 2512, 1796, 1395 and 711 cm−1 are assigned to calcite CaCO3. Carbonyl group is indicated by absorption band at 1796 cm−1. This indicated that the functional groups at these wave numbers participate in the dyes adsorption by sharing or exchanging electrons among sorbent and sorbate. When the dye was adsorbed, the peaks of vibrations became small which suggested that carbonyl groups may play the most important role in adsorption of these dyes [29].





3.6. Study of Desorption and Reusability of Adsorbents


In this context, the reusability of marble having maximum adsorption capacity (HMPS) was investigated by using CH3OH as an eluent for up to five consecutive cycles. The adsorption-desorption cycles were studied five times as shown in Figure 8. For adsorption, the adsorbent (HMPS) was added in dye solution. The presence of dye in the solution was checked to calculate the removal efficiency after each cycle. Methyl alcohol was used as the eluent to remove the dye from the adsorbent’s surface, and the adsorbent was then dried for use in the following cycles. The removal efficiency of adsorption was high in first cycle due to availability of more adsorption sites, and it started decreasing gradually because of damage to nonrenewable adsorption sites. However, in the last cycle, adsorbent showed more than 70% of its efficiency. Therefore, HMPS is regarded as a good regenerable adsorbent based on the reusability results.




3.7. Comparative Study


To evaluate the performance of adsorbent, the removal capacity of HMPS was compared with previously reported adsorbents of direct violet 51 dye as listed in Table 3. The reported other adsorbents showed less removal capacity than HMPS (Table 3). The higher adsorption capacity of HMPS may be due to high surface area, porosity, and the presence of       F e     C N    6     −    on the surface of adsorbent in solution which helps in adsorption of cationic dye via electrostatic forces of attraction. Consequently, this comparison suggests that HMPS can be an excellent adsorbent for the removal of direct violet 51 dye.





4. Conclusions


Treatment methods for wastewater is one of the major prerequisites for development, economic growth, and health maintenance. Despite the advancement in technologies for the treatment of wastewater, adsorption is a common approach, because of its ease in operation, greater proficiency and affordable cost when it is compared with other approaches. Marble wastes are cheap and easily available adsorbents, so hoshanar and sunny grey marble wastes treated with the different chemicals have been applied for adsorption of dye namely Direct violet 51. Absorbance results by using spectrophotometer suggested that the marble wastes of hoshanar treated with the mixture of potassium ferricyanide and sodium metasilicate have better percentage removal than the untreated marble waste. Optimization of parameters such as concentration, dose of adsorbent, contact time, and pH were also observed and their results were calculated by Freundlich isotherm, Langmuir, Temkin, Dubinin–Radushkevich and Harkinjura isotherms. The results obtained suggested that R2 value is greater than 0.96 for Langmuir isotherm, so it fits accurately on treated and untreated nanocomposites than other isotherms. Results obtained from kinetics suggested that pseudo second order described the better performance than the pseudo first order.
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Figure 1. Synthesis of nanocomposite from marble waste. 
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Figure 2. Effect of initial concentration on direct violet 51 adsorption by various materials. 
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Figure 3. Effect of adsorbent dose on direct violet 51 adsorption by various materials. 
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Figure 4. Effect of pH on direct violet 51 adsorption by various materials. 
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Figure 5. Effect of temperature on direct violet 51 adsorption by various materials. 
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Figure 6. SEM analysis of hoshanar marble waste. 
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Figure 7. SEM analysis of hoshanar marble waste treated with mixture of potassium ferricyanide and sodium metasilicate. 
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Figure 8. Reusability of HMPS for the removal of direct violet 51. 
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Table 1. A comparison of Langmuir isotherm, Freundlich isotherm, Temkin, Harkin jura, Dubinin–Radushkevich isotherms for predicting involved process direct violet 51 dye adsorption data using hoshanar and sunny grey marble waste composites.
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Isothermal Models

	
Adsorbents




	
HM

	
HMP

	
HMS

	
HMPS

	
SGM

	
SGMP

	
SGMS

	
SGMPS






	
Langmuir

	
qmax (exp)

	
67.19

	
69.11

	
80.95

	
105.31

	
60.06

	
60.70

	
71.2

	
99.02




	
qcal (mg/g)

	
37.45

	
98.03

	
87.72

	
117.65

	
69.45

	
93.45

	
80

	
116.26




	
KL (L/mg)

	
0.473

	
0.056

	
0.281

	
0.209

	
0.156

	
0.043

	
0.151

	
0.116




	
R2

	
0.96

	
0.97

	
0.98

	
0.98

	
0.99

	
0.97

	
0.98

	
0.97




	
Freundlich

	
qmax (exp)

	
67.19

	
69.11

	
80.95

	
105.31

	
60.06

	
60.70

	
71.2

	
99.02




	
qcal (mg/g)

	
51.94

	
73.93

	
87.31

	
114.99

	
68.14

	
67.31

	
71.80

	
99.08




	
Kf (L/mg)

	
33.34

	
9.11

	
31.41

	
32.12

	
15.58

	
6.18

	
21

	
22.82




	
R2

	
0.20

	
0.97

	
0.90

	
0.93

	
0.90

	
0.97

	
0.98

	
0.99




	
N

	
8.65

	
1.79

	
3.65

	
2.88

	
2.60

	
1.58

	
3.05

	
2.51




	
Dubinin-Radushkevich

	
qmax (exp)

	
67.19

	
69.11

	
80.95

	
105.31

	
60.06

	
60.70

	
71.2

	
99.02




	
qcal (mg/g)

	
49.13

	
48.67

	
67.87

	
82.35

	
42.54

	
44.52

	
54.92

	
70.04




	
R2

	
0.49

	
0.70

	
0.74

	
0.73

	
0.78

	
0.82

	
0.77

	
0.72




	
E (KJ/mol)

	
−1118

	
−500

	
−1000

	
−1000

	
−500

	
−408

	
−745

	
−790




	
Β (mol2/J2)

	
   − 4 ×   10   − 7     

	
   − 2 ×   10   − 6     

	
   − 5 ×   10   − 7     

	
   − 5 ×   10   − 7     

	
   − 2 ×   10   − 6     

	
   − 3 ×   10   − 6     

	
   − 9 ×   10   − 7     

	
   − 8 ×   10   − 7     




	
Temkin

	
qmax (exp)

	
67.19

	
69.11

	
80.95

	
105.31

	
60.06

	
60.70

	
71.2

	
99.02




	
qcal (mg/g)

	
52.67

	
61.89

	
83.43

	
107.43

	
63.23

	
62.71

	
68.60

	
93.24




	
R2

	
0.17

	
0.95

	
0.89

	
0.91

	
0.92

	
0.97

	
0.97

	
0.96




	
B

	
4.91

	
21.02

	
15.16

	
22.65

	
14.85

	
19.89

	
14.83

	
22.74




	
At (L/g)

	
976.16

	
0.579

	
5.86

	
2.90

	
1.62

	
0.461

	
2.373

	
1.504




	
Harkin jura

	
qmax (exp)

	
67.19

	
69.11

	
80.95

	
105.31

	
60.06

	
60.70

	
71.2

	
99.02




	
qcal (mg/g)

	
24.49

	
10.83

	
24.91

	
25.01

	
14.33

	
8

	
18.35

	
20.7




	
R2

	
0.29

	
0.86

	
0.83

	
0.84

	
0.81

	
0.73

	
0.86

	
0.86




	
A

	
−2500

	
−370

	
−2000

	
−2000

	
−666.7

	
−200

	
−1111.1

	
−125




	
B

	
−2.5

	
−1.51

	
−1.6

	
−1.6

	
−1.6

	
−1.48

	
−1.7

	
−0.15
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Table 2. A comparison of pseudo 1st order kinetics and 2nd order kinetics models for describing adsorption data of direct violet 51 dye using hoshanar and sunny grey marble waste composites at different temperatures.
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Adsorbents

	
Pseudo 1st Order Kinetics

	
Pseudo 2nd Order Kinetics




	

	
Qe

	
Q°

	
K1

	
R2

	
Qe

	
Q°

	
K2

	
R2






	

	
30 °C




	
HM

	
68.67

	
10.78

	
0.0126

	
0.97

	
68.67

	
69.45

	
   3.36 ×   10   − 3     

	
0.99




	
HMP

	
70.92

	
10.76

	
−0.0133

	
0.99

	
70.92

	
71.94

	
   3.51 ×   10   − 3     

	
0.99




	
HMS

	
82.16

	
10.91

	
−0.0123

	
0.99

	
82.16

	
83.33

	
   3.52 ×   10   − 3     

	
0.99




	
HMPS

	
109.16

	
10.54

	
−0.0134

	
0.99

	
109.16

	
10.9.81

	
   3.64 ×   10   − 3     

	
0.99




	
SGM

	
61.92

	
10.50

	
−0.0131

	
0.99

	
61.92

	
62.89

	
   3.53 ×   10   − 3     

	
0.99




	
SGMP

	
66.42

	
10.44

	
−0.0131

	
0.99

	
66.42

	
67.14

	
   3.59 ×   10   − 3     

	
0.99




	
SGMS

	
75.41

	
6.68

	
−0.0096

	
0.92

	
75.41

	
75.76

	
   5.03 ×   10   − 3     

	
0.99




	
SGMPS

	
102.41

	
9.91

	
−0.0131

	
0.99

	
102.41

	
103.09

	
   3.76 ×   10   − 3     

	
0.99




	

	
40 °C




	
HM

	
46.17

	
10.21

	
−0.0131

	
0.99

	
46.17

	
47.17

	
   3.36 ×   10   − 3     

	
0.99




	
HMP

	
48.42

	
10.61

	
−0.0132

	
0.99

	
48.42

	
49.26

	
   3.37 ×   10   − 3     

	
0.99




	
HMS

	
59.67

	
10.43

	
−0.0132

	
0.99

	
59.67

	
60.61

	
   3.52 ×   10   − 3     

	
0.99




	
HMPS

	
88.91

	
11.97

	
−0.0145

	
0.96

	
88.91

	
90.09

	
   3.44 ×   10   − 3     

	
0.99




	
SGM

	
50.67

	
10.50

	
−0.0129

	
0.99

	
50.67

	
51.54

	
   3.76 ×   10   − 3     

	
0.99




	
SGMP

	
57.42

	
10.79

	
−0.0127

	
0.97

	
57.42

	
58.47

	
   3.24 ×   10   − 3     

	
0.99




	
SGMS

	
61.92

	
10.74

	
−0.0131

	
0.99

	
61.92

	
62.89

	
   3.53 ×   10   − 3     

	
0.99




	
SGMPS

	
79.91

	
12.09

	
−0.0085

	
0.97

	
79.91

	
80.64

	
   2.45 ×   10   − 3     

	
0.99




	

	
50 °C




	
HM

	
39.42

	
12.37

	
−0.0087

	
0.98

	
39.42

	
40.65

	
   2.03 ×   10   − 3     

	
0.99




	
HMP

	
41.67

	
11.07

	
−0.0135

	
0.98

	
41.67

	
42.73

	
   3.12 ×   10   − 3     

	
0.99




	
HMS

	
43.92

	
11.22

	
−0.0013

	
0.98

	
43.92

	
45.04

	
   3.11 ×   10   − 3     

	
0.99




	
HMPS

	
75.41

	
25.23

	
−0.0115

	
0.97

	
75.41

	
78.12

	
   1.14 ×   10   − 3     

	
0.99




	
SGM

	
46.17

	
11.37

	
−0.0138

	
0.98

	
46.17

	
47.16

	
   3.12 ×   10   − 3     

	
0.99




	
SGMP

	
48.42

	
12.51

	
−0.0147

	
0.97

	
48.42

	
49.50

	
   3.02 ×   10   − 3     

	
0.99




	
SGMS

	
50.67

	
10.76

	
−0.0133

	
0.99

	
50.67

	
51.54

	
   3.35 ×   10   − 3     

	
0.99




	
SGMPS

	
68.67

	
12.09

	
−0.0085

	
0.97

	
68.67

	
69.93

	
   2.36 ×   10   − 3     

	
0.99




	

	
60 °C




	
HM

	
25.92

	
11.37

	
−0.0138

	
0.98

	
25.92

	
27.24

	
   2.54 ×   10   − 3     

	
0.99




	
HMP

	
34.92

	
12.73

	
−0.0087

	
0.98

	
34.92

	
36.63

	
   1.92 ×   10   − 3     

	
0.99




	
HMS

	
34.82

	
10.60

	
−0.0131

	
0.99

	
34.82

	
35.97

	
   3.09 ×   10   − 3     

	
0.99




	
HMPS

	
41.67

	
11.66

	
−0.0140

	
0.97

	
41.67

	
42.73

	
   3.17 ×   10   − 3     

	
0.99




	
SGM

	
28.17

	
11.07

	
−0.0135

	
0.98

	
28.17

	
29.41

	
   2.73 ×   10   − 3     

	
0.99




	
SGMP

	
39.42

	
10.47

	
−0.0131

	
0.99

	
39.42

	
40.04

	
   3.23 ×   10   − 3     

	
0.99




	
SGMS

	
41.67

	
11.37

	
−0.0138

	
0.98

	
41.67

	
42.73

	
   3.04 ×   10   − 3     

	
0.99




	
SGMPS

	
52.92

	
10.76

	
−0.0133

	
0.99

	
52.92

	
53.76

	
   3.38 ×   10   − 3     

	
0.99




	

	
70 °C




	
HM

	
16.93

	
10.60

	
−0.0131

	
0.99

	
16.93

	
18.55

	
   2.04 ×   10   − 3     

	
0.99




	
HMP

	
21.42

	
11.37

	
−0.0138

	
0.98

	
21.42

	
22.93

	
   2.25 ×   10   − 3     

	
0.99




	
HMS

	
25.92

	
11.07

	
−0.0135

	
0.98

	
25.92

	
27.17

	
   2.63 ×   10   − 3     

	
0.99




	
HMPS

	
28.17

	
10.65

	
−0.0131

	
0.99

	
28.17

	
29.32

	
   2.89 ×   10   − 3     

	
0.99




	
SGM

	
19.18

	
11.37

	
−0.0138

	
0.98

	
19.18

	
20.83

	
   1.90 ×   10   − 3     

	
0.99




	
SGMP

	
25.92

	
11.22

	
−0.0135

	
0.98

	
25.92

	
27.24

	
   2.58 ×   10   − 3     

	
0.99




	
SGMS

	
30.42

	
10.91

	
−0.0133

	
0.99

	
30.42

	
31.54

	
   2.87 ×   10   − 3     

	
0.99




	
SGMPS

	
39.42

	
10.45

	
−0.0131

	
0.99

	
39.42

	
40.48

	
   3.23 ×   10   − 3     

	
0.99
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Table 3. Comparison of removal capacity of HMPS with previously reported adsorbents for adsorption of direct violet 51 dye.
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	Adsorbents
	Removal Capacity (mg/g)
	Ref.





	HM
	67.19
	This study



	HMPS
	105.31
	This study



	Natural rubber
	0.0245
	[30]



	Cotton fabric
	2.26
	[31]



	Sugarcane bagasse
	36.17
	[32]



	Activated carbon
	26
	[33]



	Modified magnetic ferrite nanoparticles
	55.5
	[34]
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
.
100 -
80 -
b i
® 60 /
g
op
40 -
—o— HM —0— HMP
20 - —0—HMS  —o—HMPS
—0—5GM  —e—5GM
—8—5SGMP —e—5GMPS
O | | | | 1

0 10 .. 20 .30 40 50
Initial concentration (mg/L)





nav.xhtml


  separations-09-00425


  
    		
      separations-09-00425
    


  




  





media/file16.png
2

3
Number of Cycles

4






media/file2.png
93\0‘“ b
A\ /v

| - ~ Drying,
' Grind & .
Y L» Na,SiO, | 150°C,2h ‘
i Wash and oven ‘ K ’ . P
\:; dried ‘ /""e( c/V) )
Marble waste B— ”a‘,\N/A Marble paste

Fine powder marble

tj Grind

\ 4

Drying,

150°C, 2h  Washing l‘ -
-— | —
L—-} Nano-powder

Nanocomposite powder





media/file5.jpg
100

q (mg/g)
3

8

0

0.005

001

0015 002 0025
Adsorbent Dose (mg/L)

003

0.035

0.04





media/file3.jpg
100

80

20

——HM  —e—HMP
—e—HMS  —e—HMPS
—e—SGM  —e—SGM

—e—SGMP  —e—SGMPS

10 40 50

20 30
Initial concentration (mg/L)





media/file1.jpg
Marble paste
rvm

Onying,
15020 Wiy <

Le) Nanopowder

Nanocomposite powder





media/file7.jpg
100

q (mg/g)

20

pH Jk dye solitions

10

1





media/file10.png
100

u HM m HMP

w HMS = HMPS

m SGM m SGMP
B SGMPS

q (mg/g)

30°C 40°C 50°C 60°C 70°C

Temperature





media/file12.png
<

2
10:48:01 AM

10/8/2021
10:48:55 AM

HY

WD

10,00 k¥ 5.7 mm

HY y
1000 kv 5.7

d
mm

det
TLD

maode

SE

mag £
50 000 x

M
mag B | mede  det
10000x | SE TLD

HRW

spot

e
e p
. g
2 i
4 &
i g
- \ o
= ] Fg
y - ,
2 ¥ r :
.ﬁ- 10/8/2021 HV WD mag B9 |mode | det spot HEW — 200 nm ———
4 | 10:46:59 AM  10.00kV | 57 mm | 200000x | SE | TLD 3.0 | 1.04 pm MNova Nano SEM - LUMS

10/8/2021
10:47:40 AM

HY WD
10.00kV 5.7 mm

mag B | mode | det | spot HPWV
100000x | SE | TLD 3.0 | 207 ym
— s

30 4.14pm

e

e

spot  HPW

Nova Nano SEM - LUMS

5pm

3.0 20.7 pym

Nova Nano

SEM - LUMS

s () I

Nova Nano SEM - LUMS

by

< ;‘é;. =
.
>
»
4

4

2 %Ny FA ol
/8 HY WD mag B | mede det | spot HPW
10:48:34 AM | 10.00KY 57 mm 25000x | SE TLD | 3.0 8.29pum

10/8/2021
10:49:45 AM

HY WD
10.00kY 5.7 mm

mag HH
100 000 x

HFW

mode | det | spot
0 | 207 pym

SE | TLD | 3.

Nova Nano SEM - LUMS

Nova Nano SEM - LUMS






media/file9.jpg
100

80

q (mg/g)

40

20

HM = HMP
HMS = HMPS
SGM  mSGMP
WSGMS  WSGMPS
30°C 40°C 50°C 60°C 70°C

Temperature





media/file0.png





media/file14.png
&
g
g
N
A
4‘;
3 ¥
% ~,
, 3
.{.}* 10/8/2021 HY wo q FB c det | spot HPW b J(H) [ e sy HY ! mag FH | mode | det | sp HFW [ peee—— 500 NM
e 10:52:16 AM | 10.00kV 56 mm 200 000 x SE TLD | 3.0 | 1.04 ym Nova Nano SEM - LUMS ' 10:52:39 AM | 10,00kVY 5.6 mm 100 000 x SE TLD | 3.0 | 207 ym Nova Nano SEM - LUMS
—1
AT
8 £
3 e J
_ |
&5 )
v e \&‘ﬁ
v
| @
> - : “:'.-.’-‘::r “3~’
Y 2 s ) - }, A
H -
= ) } - W P> - -
7 i 9 v : o
2 T e y
3 . 3
“ ’!.' =2
N - .
o
}
4
4 ot o . bt e
10/8/2021 HY WO mag B9 | mode  det | spot HPW — ] um . — — — e
& I o 10/8/ WD mag det | spot HPW
10:53:05AM | 10,00 k¥ 56 mm 50 000 x SE TLD | 3.0 419 pm Nova Nano SEM - LUMS s 2 t
v 10:53:47 AM 10.00kY 56 mm 25000 x SE Mo | 30 829um
P v -
A 2”4 ' w \
i . Fag
\
) lyt,..
Bt 3
“ « gy
R4 >
e ¢ ; - 7
PN
& \
f
ol X
1 - A
T 1o | W Wo mode det ot | HPW | - Sym e e e e e Lopm
10:54:10 AM | 10.00kv  5.6mm 10000 | SE  TLD [ 3.0  20.7 ym Nova Nano SEM - LUMS fUioo:cs A LD KV S8 i fo il Ll Ll Nova B SEN JLUMS






media/file8.png
100

80

q (mg/g)

40 A

20 A

—o—HMP
—o—HMPS
—o—SGMP
—o—5SGMPS

10 11
pH o7f dye solu%iom 9





media/file11.jpg





media/file6.png
100 ~

—o—HM —o—HMP
30 A —o—HMS HMPS
—o—SGM —0—SGMP
—e—SGMS —e—SGMPS
__ 60 -
o1 9]
B
E
S 40 A
20 -
O | | | | | | | 1

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Adsorbent Dose (mg/L)





media/file15.jpg
1 2 3 4 5

Number of Cycles





