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Abstract

:

This study aims to purify water from hazardous dyes and for this purpose, a novel adsorbent is developed that was synthesized by using sodium alginate, guar gum and iron coated activated alumina (SA@GG@ICAA Composites) with the Ion Gelation Method. The novel composites were characterized by using SEM, XRD, DSC, FTIR, BET, EDX, zeta potential and zeta sizer. These novel composites were used for the removal of Direct Blue 86 (DB86). The surface area of the adsorbent was found to be 5.606 m2/g. Zeta size and zeta potential was found to be 169.9 nm and −47.7 mV, respectively. Optimized parameters were achieved for best adsorption of the selected dye. For DB86, the removal efficiency was found to be 97% at 40 ppm (dye concentration), 150 min (contact time), 3 (pH) and 150 mg (adsorbent concentration) at λmax of 620 nm. Linear and non-linear forms of adsorption isotherms are applied on the experimental data to check the adsorption methodology and its chemistry. The non-linear form of the Freundlich isotherm was found to be best fitted for the current work (0.942) as compared with the linear form (0.76). The first order kinetics model and second order kinetics model are applied in both linear and non-linear forms, and results with a high R2 value were obtained for the non-linear form of pseudo-first order kinetics. The adsorption mechanism was found to be electrostatic based on the interaction of the adsorbent and dye. Synthesized adsorbent can be successfully applied for the removal of DB86 dye from waste water.
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1. Introduction


The anthropological activity which includes industrialization plays an adverse role in the pollution and destruction of the environment. It has an immensely hazardous impact on the health of the people [1,2]. Water is an essential factor for the sustenance of life and its significance cannot be overlooked. Whether it is used in excess amounts in industries or for drinking purposes, it’s worth remains immeasurable. Hence, it is necessary not to allow the attenuation of water, which is either through contamination or its impetuous use, and can pose serious health problems, threats and challenges to human beings [3,4].



The textile industry is the one of the most ancient and highly advanced amongst the industrial sectors of the world economy which fulfils rising everyday human demands for textile products. The number of textile mills and the waste water they produce has been increasing correspondingly, which is seriously contributing to global pollution. Textile industry is using almost 2/3 of dye stuff for the dying purpose. About 10 to 15 percent of the dyes used during the dyeing process are discharged into waste water. It is acknowledged as a primary contributor to environmental pollution. Numerous chemicals used in the textile industry are harmful to the environment and human health. Dyes are regarded as major contaminants of waste water from the textile industry. Water pollution that is linked to the textile industry causes environmental problems worldwide. Discharge of toxic chemicals and untreated waste into water bodies is causing water pollution. It also prevents light from passing through water bodies, which causes harm to the aquatic ecosystem [5,6].



Dyes are extremely poisonous and have a significant potential to cause eutrophication. Direct Blue 86 belongs to the Phthalocyanine class and is basically a direct, or acid/anionic dye. The toxicity of Direct Blue 86 was determined by using fresh water fish Gambusiaaffinis and an aquatic freshwater plant Lemnaaequinoctialis. The result shows that Direct Blue 86 is toxic to both aquatic plants and fish. The mortality test proves that Direct Blue 86 is toxic to zooplankton and thereby, to the environment [7].



Based on injurious health and environmental effects of Direct Blue 86 it is necessary to remove this dye from waste water of industries before disposal. In this regard several methods are employed, but the high cost of these techniques makes them unfavorable for the purpose. A cost effective and efficient way is the method of adsorption of dye on different materials [8]. Adsorbents are the solid substances which are employed for the elimination of hazardous, toxic and poisonous contaminants or pollutants from the waste water of industries. The characteristics for an effective adsorbent material include adequate pore size, good mechanical characteristics, widely attainable, high surface area and the presence of suitable functional groups such as amine groups, hydroxyl groups, and many others. A natural polysaccharide, sodium alginate is derived from brown algae and it fulfills all these requirements. This polymer has some excellent properties such as renewability, biocompatibility and biodegradability. Composites with other substances, surface grafting and cross-linking are the modification methodologies employed on sodium alginate-based adsorbents. It also shows dielectric properties when its composites are prepared with titanium dioxide [9]. Zou et al. (2019) prepared an innovative adsorbent by the emulsion polymerization of sodium alginate with acrylamide and polyacrylamide/sodium alginate, which was employed to remove methylene blue dye from waste water. Verma et al. (2020) prepared a sodium alginate/graphite-based hybrid hydrogel as an efficient and potential adsorbent for the removal of Malachite Green dye from waste water. Zhao et al. (2021) prepared fibrous chitosan/sodium alginate composite foams for the removal of methylene blue and Acid Black-172 [10,11].



The seeds of the Leguminosae family plant Cyamopsis tetragonoloba are used to make guar gum. Guar gum is a natural and cationic (positively charged) polysaccharide. Guar gum and its derivatives can be used as an effective adsorbent. Naserzade et al. (2022) prepared polyacrylic acid/guar gum/titanium dioxide hydrogels, a guar gum-based adsorbent for the removal of methylene blue dye from waste water.



Iron coated activated alumina is used as an effective adsorbent for the removal of dyes. Mahapatra et al. (2013) prepared an adsorbent by mixing iron oxide and alumina (Fe2O3/Al2O3) through the hydrothermal method for the removal of Congo red dye from waste water. Keeping in view the effectiveness of all these adsorbents, it is important to enhance their adsorption potential by synthesizing composites based on their derivatives.



In the present study, novel composites of sodium alginate, guar gum and iron coated activated alumina (SA@GG@ICAA) were prepared for the removal of DB86 dye from wastewater with a high removal efficiency of 97 percent. The synthesized adsorbent showed exceptional removal efficiency in comparison to reported adsorbents. Iron coated activated alumina was cross linked with guar gum and sodium alginate by using calcium chloride for synthesis of these novel composites. Moreover, the effect of various parameters such as initial concentration of dye, pH, contact time and adsorbent concentration on dye adsorption behavior of the cross linked composites was discussed. Adsorption Isotherms and reaction kinetics were applied for the study of the adsorption behavior of the dye on the novel adsorbent. Synthetic composites were characterized in terms of FTIR, SEM, XRD and zeta sizer. Synthetic composites are found stable and efficient for the removal of DB86 from aqueous media.




2. Materials and Methods


2.1. Materials


Sodium hydroxide (98%–100%), acetic acid (99%), methanol (99.5%), calcium chloride (96%), sodium alginate and guar gum were purchased from Sigma Aldrich and of analytical grade. Iron coated granular activated alumina was purchased from Axens Group of Technologies, Made in Brockville, Canada and of commercial grade. Direct Blue 86/Direct Fast Turquoise Blue GL was purchased from the BDH Laboratories, Poole, UK and of analytical grade. Distilled water was obtained from the Khushab Water Plant, University of Sargodha, Sargodha, Pakistan and of analytical grade.




2.2. Adsorbent Preparation


The ion gelation method is used for the preparation of the adsorbent. A total of 10 g of sodium alginate and 1 g of guar gum is taken and homogenously dissolved in water and stirred for 4–5 h. Next, 10 g of iron coated activated alumina powder is mixed in water and stirred for 4–5 h in a separate beaker. The mixture of sodium alginate and guar gum is added to the solution of iron coated activated alumina and mixed well by stirring. In this way, iron coated activated alumina is impregnated in the mixture. Hence, the mixture of impregnated iron coated activated alumina in sodium alginate and guar gum is prepared [12].



For the preparation of novel composites, a cross-linker is used and, in this case, calcium chloride is used as the cross-linker. A 3% solution of calcium chloride is prepared (3 g of calcium chloride is dissolved in 100 mL water). A 5cc syringe is filled with mixture of impregnated iron coated activated alumina in sodium alginate and guar gum. This mixture is then added dropwise gradually in the 3% solution of calcium chloride using the 5cc syringe attached with an IV-Cannula gauge-24. The round spherical composites are formed in the calcium chloride solution and the composites are suspended in the solution for 48 h. After 48 h, the calcium chloride solution is filtered and the composites remain on the filter paper. The composites are rinsed with distilled water to remove the calcium, after the complete removal of calcium chloride, the composites are dried. The dried composites are then ground into a fine powder and passed through very fine sieves to obtain the fine composites. They are ground into fine particles to increase the surface area of the composites for better adsorption of dyes. Schematic diagram for the components is given in Figure 1.




2.3. Characterization of Composites


The characterization of the adsorbent is investigated by many analytical techniques, which are as follows: FTIR (Model No: Shimadzu FTIR 8400S, Kyoto, Japan), SEM (FEI Nova, Nano-SEM 450, Lausanne, Switzerland), zeta Potential and zeta Sizer (Model No: Joel JSM-IT100, Peabody, MA, USA), BET (Quantachrome instruments, Model No. Autosorb IQ-C-MP-AG (2 Stat.) Viton ID 195400, Boynton Beach, FL, USA), XRD (JEOL X-Ray Diffractometer system JDX-3532, Peabody, MA, USA), EDX (FEI Nova, Nano-SEM 450, Lausanne, Switzerland), DSC (Model No: Mettler Toledo Star SW 9.01, Greifensee, Switzerland) and UV/Visible Spectrophotometry (Peak Instruments, Houston, TX, USA, Model No. C-7200). These techniques play a very important role in the characterization of the adsorbent. It is a very crucial step for determining the characteristics of the adsorbent to achieve the desired results.




2.4. Batch Experiment and Parameters Optimization


The batch experiment was designed to assess the adsorption capacity of the above prepared adsorbent. For this purpose, parameters of the optimization technique were applied and the following factors were varied to optimize the conditions. The batch experiments were performed on the following dye: (Direct Blue 86/Direct Fast Turquoise Blue GL Dye).



Initial concentration of dye has important effect on the adsorption phenomenon, as by varying the number of dye molecules the adsorption potential of the composites also changes. Thus, dye concentration was varied from 20 to 200 ppm. For this purpose, the experiment was performed on 20 ppm, 40 ppm, 60 ppm, 80 ppm, 100 ppm, 120 ppm, 140 ppm, 160 ppm, 180 ppm and 200 ppm dye concentration with the same amount of composites and the same contact time. The adsorbed amount of dye was determined using a UV/Visible spectrophotometer at 620 nm.



Contact time has significant role in the adsorption phenomenon so in current study adsorption was performed at six different time intervals ranging from 30 to 180 min. The adsorption phenomenon is also dependent on the pH of the solution from which dyes are removed. In order to monitor this factor, adsorption was performed at three different pH levels that included 3, 7 and 12.




2.5. Adsorption Isotherms and Kinetics


Adsorption isotherms are useful for describing the adsorption phenomenon on the surface of adsorbent. For the current study Freundlich, Langmuir, Dubinin–Radushkevich (R–D), Elovich and Temkin adsorption isotherms were applied on experimental data. Similarly, first order kinetic studies were also performed, followed by pseudo-first and -second order kinetic application on the data.





3. Results and Discussion


The present work was focused on green chemistry and for this purpose, non-toxic, environmentally friendly and cost-effective polymers, such as sodium alginate and guar gum were used for the preparation of the novel composites followed by the impregnation of iron coated activated alumina. Impregnation of the modified alumina makes the composites environmentally friendly, non-toxic and a green adsorbent for the removal of dyes for the purification of industrial waste water.



3.1. Adsorbent Morphology and Structure


It was studied using FTIR, SEM, EDX, XRD, DSC, BET, Zeta Sizer and Zeta Potential.



XRD spectrum is plotted between intensity on the y-axis and 2θ on the x-axis. In this spectrum, the value of 2θ ranges from 4.5–81°. The XRD of pure composites of SA@GG@ICAA were analysed as shown in Figure 2. The peaks that appeared at 7.201°, 13.277°, 20.965° and 31.319° are in good agreement with the reported values of sodium alginate, which indicates the presence of sodium alginate. The peaks that appeared at 17.307° and 20.221° indicate the presence of guar gum. Reported data showed the amorphous structure of guar gum [13]. The peaks that appeared at 25.057°, 32.187°, 35.039°, 37.333°, 38.387°, 43.471°, 45.579°, 67.093°, 68.093° and 78.501° indicate the presence of activated alumina and peaks that appeared at 30.575° and 36.527° indicate the presence of iron coated activated alumina [14]. Although sodium alginate in its pure form shows a semi-crystalline spectrum, in prepared composites it loses this behaviour and new synthetic composites are found amorphous in nature. A similar change in crystallinity is reported in previous data as well [15,16].



SEM of SA@GG@IACC Composites (before adsorption) was performed. Micrographs are taken at different magnifications and resolutions. The surface of the adsorbent appeared to be rough. The red arrows showed the presence of iron coated activated alumina entrapped in sodium alginate and guar gum composites. Small sized composites and some large sized particles are present. Agglomeration of some composites occurred. Similarly large number of hollow cavities and pores are available for adsorption. These cavities vary in size. These cavities may serve as an active site for adsorbate molecules. A large number of entrapped iron coated activated alumina particles are observed. The results which are obtained by SEM are in good agreement with the reported data (Figure 3).



EDX of SA@GG@IACC Composites (before adsorption) was performed as given in Figure 4. The result showed the presence of carbon, oxygen, iron, aluminum and calcium. The mass percentage of C, O, Fe, Al and Ca was found to be 28.55, 50.51, 1.16, 18.02 and 1.77% respectively. The atom percentage of C, O, Fe, Al and Ca was found to be 37.93, 50.38, 0.33, 10.66 and 0.70 respectively. Some trace of calcium is found in the composites because calcium chloride was used as a cross-linker in their formation. Fe and Al are found in the composites which indicated the presence of iron coated activated alumina.



DSC of SA@GG@ICAA Composites (before adsorption) was performed as shown in Figure 5 and four peaks were obtained. Two peaks were endothermic and two peaks were exothermic. In the first run, endothermic peak 1 showed at 107.53 °C and exothermic peak 1 appeared at 241 °C. During cooling, exothermic peak 2 appeared at 286 °C. In the second run, endothermic peak 2 appeared at 30 °C. Tg may be assigned to endothermic peak 1 and Tc may be assigned to exothermic peak 2. Tg of sodium alginate was reported to be 158°C. [17,18] and Tg of guar gum was reported to be 108.25 °C [19]. The results are in good agreement with the reported data.



Zeta sizer of SA@GG@IACC Composites (before adsorption) was performed. Water is used as a dispersant media. Dispersant RI and viscosity were 1.330 and 0.8872, respectively. Material RI was found to be 1.59. The temperature was kept at 25 °C. The average Z-size of the composites was found to be 161.9 d.nm. PdI (Polydispersity Index) was found to be 0.062. The intercept was found to be 0.677. Peak 1 appeared at 181.3 d.nm with a standard deviation of 44.26 d.nm. The size distribution by intensity is given below.



Zeta potential of SA@GG@IACC Composites (before adsorption) was performed (Figure 6). Water is used as a dispersant media. Dispersant RI and Viscosity was found to be 1.300 and 0.8872, respectively. The temperature was kept at 25 °C and the number of zeta runs was 24. Zeta potential was found to be −47.7 mV in water. Zeta potential tells us about the stability behavior of the composites (Figure S1). DB86 is anionic dye, and these dyes have a sulfonate group on their surface in solution form, due to which it gives a negative value of zeta potential at pH 3 [20]. As the zeta potential was found to be −47.7 mV, zeta potential from ±40 to ±60 (mV) exhibits good stability of the composites, and it also shows that flocculation or agglomeration does not occur. Agglomeration only occurs if the zeta potential values are low. The results are in good agreement with the reported data [21,22,23,24,25,26].



BET was performed on pure composites of sodium alginate, guar gum and iron coated activated alumina (before adsorption). The N2 adsorption–desorption isotherm as given in Figure S2 depicted a Type II isotherm with Hysteresis Loop H4. The surface area was found to be 5.606 m2/g, pore size, which was determined by the SF Method, was found to be 0.453 nm (4.53 Å) and pore volume was found to be 0.0431 cc/g. Pore size that was determined by HK method was found to be 0.432 nm (4.32 Å) and pore volume was found to be 0.058 cc/g. The results are in good agreement with the reported data (Table S1).



FTIR was performed on the adsorbent to determine the functional groups which are present on the surface of the adsorbent and are involved in the attachment of the adsorbate to the adsorbent surface. The IR spectra show the various peaks which denote different functional groups present in the adsorbent. The range of the IR-spectra is from 400 cm−1 to 4000 cm−1; results obtained from the FTIR analysis of the adsorbent are shown in Figure 7.



FTIR spectra of SA@GG@ICAA Composites (before and after adsorption of dyes) is given in Figure 7. The appearance of broad and strong peaks at 3379 and 3329 are attributed to the O-H stretching vibration and a slight shift is observed. The strong peaks at 2926 are attributed to the C-H stretching and the strong peak at 1421 is due to the symmetric stretching or asymmetric stretching of carboxylate COO− vibrations. A prominent peak at 761 appears due to Al–O stretching and at 607 due to Fe-O stretching.



In sodium alginate, guar gum and iron coated activated alumina composites (after adsorption of Direct Blue 86 dye in acidic conditions at pH = 3) the change in position of band from 3379 to 3296 can be attributed to the adsorption of dye on the surface of the composites. Similarly, a shift in absorption band from 1606 to 1612 and 1061 to 1035 is found after adsorption of dye on the adsorbent surface [27]. The appearance of broad and strong peaks at 1035 indicate C-O-C stretching of the glyosidic linkage or the stretching vibration of the S-O(SO3-H) group [28,29,30,31,32].




3.2. Paramers Optimization


Different adsorption parameters were optimized, i.e., adsorbate concentration, contact time, pH and adsorbent concentration to obtain best adsorption values for the removal of the selected dye.



There is an increase in adsorption as the concentration of dye increases up to 40 ppm, and then there is no significant increase in adsorption as the concentration rises, as saturation of the adsorbent occurs and all the active sites of the adsorbent are occupied. Thus, there is no significant increase in adsorption after 40 ppm.



The time factor also has a significant effect on adsorption capacity, and maximum adsorption was achieved at 150 min of shaking time. The adsorbent amount has found a positive influence on the removal of dye, and maximum removal was achieved under acidic conditions at pH 3 as shown in Figure 8.




3.3. Adsorption Isotherms


The equilibrium relationship between the adsorbate adsorbed on the surface of the adsorbent at constant temperature was studied. Adsorption isotherms are important and were used to know the interaction between the adsorbent and the adsorbate. When designing adsorption systems, the equilibrium adsorption isotherm is crucial. There are various isotherms equations known for solid–liquid systems. The Freundlich isotherm, Langmuir isotherm, Dubinin–Radushkevich (R–D) isotherm, Elovich isotherm and Temkin isotherm are applied in both linear and non-linear forms [33,34]. These isotherms are applied to DB86 dye removal from aqueous media through synthetic composites.



The Freundlich isotherm is based on multilayer adsorption which occurs on heterogeneous surfaces. Studies using the Freundlich isotherm demonstrate that the adsorption occurs on a heterogeneous surface and that its energy is not uniform. Equation (1) is used for the calculation of different parameters of the isotherm.


     LogCad = LogK   F  +  1 n    logC  e    Linear   Form  



(1)






   C  ad      = K   F   C e      1 n                     Non - linear   Form  



(2)







	
Cad is the amount of specie adsorbed



	
Ce is remaining concentration in solution after adsorption



	
KF = relative adsorption capacity



	
1/n = adsorption intensity [35].






The adsorption phenomenon is considered promising if KF values ranges from 1 to 20. Results indicate KF is 8.76 for the adsorption of DB86.



For DB86, the non-linear Freundlich isotherm was found to be best fitted compared to its linear form, as R2 was found to be 0.942 for the non-linear form. 1/n for the linear form was found to be 0.422237 and for the non-linear form was 0.412, which indicates a normal Freundlich adsorption process (Figure 9).



There is no lateral interaction between the adsorbed molecules, according to the Langmuir isotherm, which is based on the monolayer coverage prediction of the adsorbate. It is assumed that there is no lateral contact between the adsorbed molecules and that the adsorption occurs at particular homogenous sites within the adsorbent. The Langmuir model implies uniform energies for adsorption onto the surface and a lack of adsorbate transmigration on the plane of the surface (Figure 10).



RL is another characteristic of the Langmuir isotherm which determines the nature of adsorption and it is given by the following equation; RL values vary from 0–1 [36,37,38,39,40].


   R L  =  1  1 +  K L   C o     



(3)







For DB86, both the linear and non-linear forms of Langmuir 1 were found to be best fitted as the R2 values were found to be 0.927 and 0.924 for linear and non-linear forms, respectively. Langmuir II, III and IV do not give good results as the values of R2 were found to be 0.247, 0.287 and 0.287, respectively.



Due to its complexity, the Dubinin-Radushkevich model is less employed to liquid phase adsorption. It will accept surfaces that have a Gaussian energy distribution. It distinguishes a crucial metric, particularly mean free energy, which is used to separate between physical and chemical adsorption as given in Figure 11.



For DB86, the non-linear form of the D-R Isotherm fitted best as its R2 value was found to be 0.94, compared to the linear form whose R2 value was found to be 0.257.



The Elovich isotherm implies a multilayer adsorption because it states that the number of adsorption sites increases exponentially with adsorption (Figure 12).



For DB86, the linear form of the Elovich Isotherm is slightly good for the dye as the R2 value was found to be 0.589.



The Temkin isotherm equation makes two assumptions: first, that the heat of adsorption of all the molecules in the layer decreases linearly with treatment as a result of adsorption phenomenon, and second, that the adsorption is characterized by a uniform distribution of the binding energies up to a maximum binding energy.



For DB86, both linear and non-linear forms of Temkin Isotherm fitted best with the dye as their R2 values were found to be 0.88 and 0.92, respectively. However, the non-linear form comparatively fitted better than the non-linear form. Both forms are given in Figure 13.




3.4. Kinetic Study


Adsorption kinetics are essential for illustrating the rate of adsorbate uptake and the amount of time required for adsorption. This research involved conducting a kinetic investigation for the adsorption of DB86 at various intervals of time. Pseudo-first order and pseudo-second order kinetic models were used to study the adsorption process (Figure 14). The findings of this experiment demonstrate that as the time interval increases, so does the amount of dye adsorbed on the sorbent. Although there was a significant rise at the beginning of the experiment, a decrease in dye adsorption was seen with time. This can be explained by the fact that the adsorbent has a large number of active sites available at the beginning of the process.



Lower solute concentrations are more suited for the pseudo-first order kinetic model. The following equation represents the pseudo-first order kinetic model:


    d  q t     d t    =  K 1     q e  −  q t     



(4)







For DB86, the non-linear form of PFO fitted best as its R2 value was found to be 0.983, compared to its linear form whose R2 value was found to be 0.586.



The following rate equation can be used to calculate the pseudo-second order kinetics:


    d  q t     d t    =  K 2       q e  −  q t     2   



(5)






K2 = pseudo-second order rate constant (g/mg·min)



(6)







With initial conditions of t = 0 and qt = 0, the equation given above provides a linear equation on integration.


   t   q t    =  1   K 2   q e 2    +  t   q e     



(7)







Initial sorption rate, denoted by h (mg/g·min) corresponds to the term    K 2   q e 2    and the non-linear form is expressed as follows:


   q t  =    q e 2   K 2  t   1 +  q e   K 2  t    



(8)







The graphical representation of the pseudo-second order kinetic model is shown by a linear plot of 𝑡/𝑞𝑡 vs. t. On the basis of error function, we select the best fitted kinetic equation. Linear regression is usually used to identify the best-fitting kinetic model. The equilibrium adsorption amount qe of the pseudo-first order and pseudo-second order were calculated using the slopes and intercepts of plots of the linear representations [36,37,38,39,40].



For DB86, both linear and non-linear forms of PSO fitted best for the dye as their R2 values were found to be 0.995 and 0.992, respectively.




3.5. Adsorption Mechanism


Adsorption of DB86 was found at maximum in an acidic pH range. This may be due to hydrogen ions (H+) which make the surface of the adsorbent positive in an acidic range, and the anionic dye makes a strong electrostatic attraction with the adsorbent (Figure 15). On the other hand, in a basic pH range, the surface of the adsorbent is negatively charged so not suitable for the attachment of the dye. The adsorption mechanism of the dye may be electrostatic attraction between a positively charged adsorbent surface and a negatively charged dye [7].




3.6. Regeneration of Composites


Synthetic composites were regenerated by treating with 0.1 M HCI solution for 3 h with constant shaking. After filtration, it was washed three times with distilled water to completely remove acidic components before use for the next adsorption step.





4. Conclusions


The textile industry is one of the biggest industries of Pakistan. Unfortunately, in developing countries waste water of these industries is directly discharged into environment without any treatment due to the high cost of treatment plants. These dyes are also a major cause of numerous diseases, such as cancer. This study aims to remove harmful dyes from water bodies by employing a cost-effective material. For the removal these harmful dyes, a novel adsorbent is developed which was synthesized by using sodium alginate, guar gum and iron coated activated alumina (SA@GG@ICAA Composites) with the Ion Gelation Method. The novel composites were characterized by using SEM, XRD, DSC, FTIR, BET, EDX, zeta potential and zeta sizer. Characterization provides information about amorphous nature of the composites with different functional groups available on the surface for attachment of dye. The batch adsorption experiment shows 97% removal efficiency of DB86 by employing the composites. Kinetic and isothermal studies give information about the physical nature of adsorption with electrostatic attraction. Synthesized composites are found to be quite competent for quick removal of DB86 dye from aqueous media.
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Figure 1. Synthetic Scheme of Composites. 
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Figure 2. XRD Spectrum of SA@GG@ICAA Composites (Before Adsorption). 
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Figure 3. SEM of SA@GG@IACC Composites (a) Magnification = ×1400, Resolution = 10 μm, (b) Magnification = ×2700, Resolution = 5 μm. 
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Figure 4. EDX of SA@GG@ICAA Composites (Before Adsorption). 
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Figure 5. DSC of SA@GG@ICAA Composites (B.A). 
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Figure 6. Size Distribution of SA@GG@IACC Composites (Before Adsorption). 
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Figure 7. FTIR of SA@GG@ICAA Composites (Before and after adsorption DB86 Dye). 
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Figure 8. Effect of different adsorption parameters. 
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Figure 9. Linear and Non-Linear forms of Freundlich Isotherm. 
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Figure 10. Langmuir Isotherm, Linear and Non-Linear forms of Type I and II. 
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Figure 11. Dubinin-Radushkevich Isotherm. 
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Figure 12. Elovich Isotherm for DB86. 
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Figure 13. Linear and Non-Linear form of Temkin Isotherm. 
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Figure 14. Pseudo-first and -Second Order Kinetics applied on DB86 Adsorption. 
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Figure 15. Adsorption of DB86 onto SA@GG@ICAA Composites. 
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