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Abstract 

Hydrogels are three-dimensional, hydrophilic networks of polymers with a high water 

absorption capacity. We investigated the removal of monovalent cationic dye, methylene 

blue, from aqueous solutions by a polyvinyl alcohol/Sodium alginate/Starch mix hydrogel to 

discover a solution to the environmental waste-water problem. By applying a gamma 

radiation dose from a Co-60 source without adding a hazardous cross-linker, a novel 

PVA/SA/Starch mix hydrogel was synthesized. The effects of factors like irradiation dose and 

composition ratio on the manufactured hydrogel (PAS hydrogel) characteristics, including gel 
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content and swelling behavior, were carefully examined. At various radiation dosages, the 

cross-linking density of the PAS (PVA/SA/Starch) hydrogel was investigated. The 30 kGy was 

selected as the optimal dose based on swelling ratio and gel fraction, and 0.25% starch was 

chosen as the optimal starch content. By using FTIR, the produced hydrogel was identified. 

The ability of the hydrogel to remove methylene blue was investigated while taking isotherm 

and kinetic factors into account. The homogeneously distributed active sites on the surface of 

this hydrogel have undergone monolayer adsorption, according to fitting using the Langmuir 

model. This hydrogel offers promising potential for treating waste-water containing 

methylene blue dye solution. 
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1. Introduction 

Textile printing is responsible for environmental issues. Dyes, chemicals, and other ingredients 

are frequently found in textile printing and dye water [1, 2]. Some dyes might need greater care to 

prevent harming people's health [3]. To avoid any environmental problems, dye-containing water 

must be entirely and effectively treated. Due to their biodegradability and environmentally 

beneficial properties, natural inestimable polysaccharide materials like starch, chitosan, etc., have 

recently attracted interest for use as adsorbents in water treatment [4-6]. 

Starch is a biodegradable polymer. For decades, several starch derivatives with amide, amino, 

carboxyl, and other groups have been developed and used to clean water [7-9]. Combining two or 

more polymers is essential to create new biomaterials with enhanced capabilities that a single 

polymer cannot provide. PVA, a water-soluble polymer, biodegradable and non-toxic, has been 

incorporated into several blends for use in biomedical and water treatment applications [10, 11]. 

Another recognized candidate for a biodegradable polymeric material is a PVA/starch mixture [12].  

The carboxyl groups in sodium alginates can be protonated or ionized, which aids in connecting 

with different groups [13, 14]. Because sodium alginate has a high concentration of -COO- groups, 

it can be a natural biodegradable absorbent for treating industrial waste-water, particularly for dye 

pollutants. Their reuse can help to prevent secondary pollution or other environmental problems 

[15].  

The methods utilized for waste-water purification require the creation of operations using 

cutting-edge materials that are affordable and incredibly effective in removing pollutants. Hydrogels 

have recently demonstrated the potential for adsorbing contaminants from contaminated water 

[16]. A unique class of super absorbents called hydrogels may absorb thousands of times more 

water than their dry weight. They comprise three-dimensional networks of cross-linked polymeric 

chains joined by covalent or physical connections. Due to their wide range of uses, they have 

attracted a lot of attention lately [17, 18]. Hydrogel has many applications, including removing heavy 

metals and dyes from waste-water, tissue engineering, self-healing materials, biosensors, 

hemostasis bandages, and artificial organ production. The qualities that set hydrogel apart from 

other intelligent materials include its hydrophilicity, biocompatibility, and high swelling ratio. 



Adv Environ Eng Res 2023; 4(4), doi:10.21926/aeer.2304048 
 

Page 3/19 

Numerous studies on the use of hydrogel in various fields are now being conducted [19-22]. One 

recent study reviewed the removal of methylene blue from waste-water using hydrogel 

nanocomposite [23]. Another study reported preparing and applying super-adsorbent hydrogels to 

remove methylene blue from an aqueous solution [24]. Another example of methylene blue 

removal studies is the Removal of Methylene Blue Dye Using a Biodegradable Superabsorbent 

Hydrogel Polymer Composite Incorporated with Activated Charcoal [25]. Another review focuses on 

design of composite hydrogels for the remediation of dye-contaminated water and waste-water 

[26]. 

In the current study, Co-60 irradiation was used to create a novel hydrogel from polyvinyl 

alcohol/Sodium alginate/Starch blend (PVA/SA/Starch blend hydrogels). To our knowledge, no 

previous study reported the preparation of polyvinyl alcohol/Sodium alginate/Starch blend 

hydrogel and its application in dye removal. Using gamma radiation to prepare hydrogel is an 

environmentally friendly process as it requires no toxic cross-linking agent. This study investigated 

the effects of factors like irradiation dose and composition ratio on the manufactured hydrogel (PAS 

hydrogel) characteristics, including gel content, swelling behavior, and cross-linking density. By 

using FTIR, the produced hydrogel was identified. It was looked into whether the hydrogel might be 

used to remediate waste water, including methylene blue dye. The kinetics and isotherm properties 

of elimination of the methylene blue dye were also investigated. 

2. Experimental  

2.1 Materials 

Fluka Chemicals, Germany, supplied polyvinyl alcohol (PVA). Chinese company UNI-CHEM 

Chemical Reagent provided the sodium alginate. Sigma Aldrich, USA, delivered the starch and 

sodium hydroxide. BDH, England, supplied the hydrochloric acid. All experiments utilized distilled 

water. 

2.2 Preparation of Hydrogel 

The radiation cross-linking method was introduced to create the proposed hydrogel. A 5% PVA 

(w/v) aqueous solution was made and autoclaved for an appropriate period. The required amount 

of starch was dissolved under steady stirring at 180 rpm for 45 minutes at 80°C. Water was 

continuously stirred while 1% sodium alginate was dissolved at 200 rpm. PVA and starch solutions 

were combined with sodium alginate solution after both solutions were cooled to room 

temperature. To examine the impact of starch on the gel's characteristics, the starch composition 

was changed from 0 to 1% while keeping the PVA and alginate contents constant at 5% and 1%, 

respectively. The liquids were loaded into polyethylene plastic bags, sealed, and put in glass tubes 

to prepare the hydrogel. The samples were then given gamma radiation doses of 20-40 kGy from a 

Co-60 source (dose rate: 6.8 kGy/h). The hydrogels were then sliced into minute pieces, dried in the 

air, and then heated at 45°C until they reached a constant weight. The preparation process is 

displayed in Figure 1. 
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Figure 1 Preparation of hydrogel by gamma radiation. 

2.3 Characterization  

2.3.1 FTIR Analysis 

FTIR spectra of PVA/Starch/SA hydrogels were recorded with a Fourier Transform Infrared 

Spectrometer (model: Shimadzu FT-IR-8400S, Japan). The dried samples were grounded with KBr 

and then pressed under high pressure to form transparent disks, and disks were placed in the 

sample holder for recording the spectrum. The wave number range was 4000-800 cm-1. 

2.3.2 Measurement of Gel Fraction 

To extract the soluble fraction, the constant weight of the dried gel sample was placed in a beaker 

with water and left at room temperature for 24 hours. In an oven set at 45°C, the gel samples were 

dried to a consistent weight. The gel fractions of samples were estimated as follows.  

Gel fraction (%) = (𝑊0 − 𝑊1) × 100 (1) 
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W1 is the weight of dried gel after extraction, and W0 is the initial weight of dried gel.  

2.3.3 Swelling Measurement  

The gel samples were submerged in distilled water at room temperature after drying to a 

consistent weight. The samples were weighed periodically after using a filter paper to remove extra 

water from the hydrogel's surface. The following equation is used to calculate the swelling ratio of 

samples:  

Swelling Ratio (%) = [
(𝑊t − 𝑊1)

𝑊1
] × 100 (2) 

Wt is the weight of the swollen gel sample at the time t, and W1 is the initial weight of the dried 

gel. 

2.3.4 pH-Dependent Swelling  

For buffer solutions ranging from pH 3 to 5, 0.1 M acetic acid and 0.1 M sodium acetate were 

employed, and for buffer solutions ranging from pH 7 to 9, 0.1 M Na2HPO4 and 0.1 M HCl were used. 

Hydrogel samples (PVA/Alginate/Starch blend) swelled for 24 hours in buffer solutions of various 

pH levels at room temperature. The following equation was used to calculate the swelling ratio (S):  

𝐒 =
𝐖𝐭 − 𝐖𝐢

𝐖𝐢
× 100 (3) 

Wt is the weight of swollen gel after hydration for 24 hr, and Wi is the initial weight of the dry 

gel.  

2.3.5 Measurement of Cross-Linked Density 

Network parameters as the cross-linked polymers are the average molecular weight between 

two consecutive crosslink ‘Mc’, directly related to the crosslink density. The molar mass Mc, was 

calculated by using the Flory-Rehner equation, given as  

𝑀𝑐 = −
𝑑𝑝𝑉2,𝑠

(𝑉2,𝑠

1
3 −

𝑉2,𝑠

2 )

ln(1 − 𝑉2,𝑠) + 𝑉2,𝑠 + 𝜒𝑉2,𝑠
2

(4) 

It is also reasonable to define that the volume fraction of the polymer V2,s (ml/mol) indicates the 

capacity of hydrogel to allow the diffusion of the solvent into the network structure followed by the 

equation:  

𝑉2,𝑠 = [1 +
𝑑𝑝

𝑑𝑠
(

𝑀𝑎

𝑀𝑏
− 1)]

−1

(5) 

dp and ds are the densities (gm/ml) of the polymer and solvent, respectively. Ma and Mb are the 

masses of swollen and dry gels, respectively. Here, χ is the Flory- Huggins polymer interaction 

parameter. The following equation also calculated χ :  
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𝜒 =
𝑙𝑛(1 − 𝑉2,𝑠) + 𝑉2,𝑠

𝑉2,𝑠
2

(6) 

The following equation is used to determine the cross-linked density where q is defined as the 

mole fraction of cross-linked units, and ρ is the density of the polymer.  

𝑞 =
𝜌

𝑀𝑐

(7) 

2.3.6 Determination of Dye Adsorption 

The optical density of absorption of the colored test solutions is frequently measured using the 

visible spectrophotometer. The Beer-Lambert law is the foundation for the visual 

spectrophotometric concentration determination method. In this investigation, the concentration 

of the dye solution was assessed using a UV-visible spectrophotometer. Methylene blue dye was 

dissolved in distilled water. Dye solutions were applied to the hydrogels. Periodically, residual dye 

concentration in aqueous solution was assessed by UV-visible spectroscopy (UV- 1800 Series, 

Shimadzu, Japan). The following equation gives the equilibrium adsorption capacity, qe (mg/g). 

𝑞𝑒 =
(𝐶0 − 𝐶𝑒)

𝑊
𝑣 (8) 

Where Co and Ce are the concentration of dye in the initial solution and after adsorption of a 

certain period, respectively (mg/L), V is the volume of solution (L), and W is the weight of the 

hydrogel (g) [27]. 

3. Result and Discussion 

3.1 Optimization of Poly Vinyl Alcohol/Sodium Alginate/Starch Hydrogel Composition at 30 kGy 

By keeping the PVA content constant at 5% and the sodium alginate content at 1%, the starch 

content of the PVA/Starch/SA hydrogel was optimized (Table 1). A radiation dose (30 kGy) was used 

to create these hydrogels. The hydrogels' gel fraction and swelling ratio were then evaluated to 

optimize starch content. 

Table 1 Feed composition at radiation dose 30 kGy for the prepared hydrogel. 

Sample PVA (%) Sodium Alginate (%) Starch (%) 

PAS-0 5 1 0 

PAS-0.25 5 1 0.25 

PAS-0.5 5 1 0.5 

PAS-1 5 1 1 

3.1.1 Effect of Starch on Swelling Ratio 

The hydrophilicity of the polymer chains affects the swelling ratio of the hydrogel. The effect of 

starch content is depicted in Figure 2. The swelling ratio rose with starch concentration up to 0.25%. 
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The swelling ratio values climbed from 2394 to 3673.14 percent before dropping to 3140 percent at 

30 kGy. When 0.25% of starch was added it increased the hydrophilicity of the hydrogel. Therefore, 

swelling increased. However, adding more starch caused cross-linking in the hydrogel, and there 

swelling was reduced. Water absorption is a crucial characteristic of the manufacture of high-quality 

adsorbent hydrogels. Figure 3 shows the hydrogel image before and after swelling. 

 

Figure 2 Effect of starch concentration on swelling ratio of PVA/Starch/SA hydrogels at 

30 kGy. 

 

Figure 3 Hydrogels before and after swelling. 

3.1.2 Effect of Starch Concentration on Gel Fraction 

Figure 4 shows that after adding starch (0.25%), the gel fraction initially reduces modestly but 

then increases as starch concentration increases—a rise in gel fraction from 87.21% to 89.03%. 

Highly cross-linked hydrogels have smaller surface pores, preventing water from penetrating deeper 

into the gel matrix. 0.25% starch content was identified as the optimal starch concentration for our 

subsequent investigation, considering the swelling ratio and gel fraction. MB adsorption is expected 

to increase when the swelling ratio rises. Therefore, 0.25% starch content having a reasonable gel 

fraction (87.21%) with a high swelling ratio is selected for further study. 
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Figure 4 Effect of starch content on gel fraction of PVA/Starch/SA hydrogels at 30 kGy. 

3.2 Effect of Radiation Dose on Swelling Ratio of Optimized Hydrogel 

PVA/Starch/SA-0.25 hydrogel was made using radiation doses of 20 kGy, 25 kGy, 30 kGy, 35 kGy, 

and 40 kGy. Figure 5 shows that the swelling ratio drops from 4326.17 to 3298.63 percent when the 

irradiation dose increases from 20 to 40 kGy. When in contact with water, hydrogel expands rather 

than breaking down. It is capable of holding water inside its network. Due to the breakdown of 

starch molecules at high radiation doses, an increase in radiation doses causes a drop in the swelling 

ratio. 

 

Figure 5 Effect of radiation doses on a swelling ratio of PVA/Starch/SA-0.25 hydrogel. 

3.3 Effect of Radiation Dose on Gel Fraction of Optimized Hydrogel 

Figure 6 demonstrates how the gel fractions of the hydrogel rose with increasing radiation doses, 

reaching a maximum of 90.71% at 40 kGy. The image makes it evident that there is a trend for the 

gel fraction to grow from 20 to 40 kGy. The concentration of free radicals within a 

monomer/polymer system increases as the radiation dosage passes through it. It is well known that 

the free radical causes cross-linking. Therefore, the cross-linking between polymer chains increases 

the gel fraction when the radiation dose rises. At 30 kGy, PAS 0.25 hydrogel was chosen for further 

study because the 20 kGy and 25 kGy PAS hydrogels were quite thick and had low gel strengths. 



Adv Environ Eng Res 2023; 4(4), doi:10.21926/aeer.2304048 
 

Page 9/19 

 

Figure 6 Effect of radiation doses on gel fraction of PAS 0.25 hydrogels. 

3.4 Effect of pH on Swelling Ratio 

The findings of the study of the % swelling with various pH values 3, 5, 7, and 9 are displayed in 

Figure 7. It demonstrates that as the pH of the medium increased, the proportion of equilibrium 

water swelling dramatically increased. When the pH was changed from pH 3 to pH 5, the percentage 

of equilibrium swelling for PVA/Starch/SA-0.25 hydrogel significantly increased from 1962% to 

4070%. After pH 5 the swelling ratio remained almost constant. The complex formation took place 

at low pH, and nearly little osmotic swelling pressure was noticed in the standard pH solution. 

Carboxylate (COO-) and (-OH) cause a decrease in hydrogen bonding along the network chains at 

higher pH levels. High swelling ratios and a more hydrophilic polymer network were produced. This 

also promotes faster polymer chain mobility, improving swelling rate and swelling ratio. It is 

expected that dye adsorption will also be higher at high pH. 

 

Figure 7 Effect of pH on a swelling ratio of PAS-0.25 hydrogels. 

3.5 Cross-linking Density of PAS-0.25 Hydrogels 

The swelling ratio reveals how much a polymer has been cross-linked. The swelling ratio dropped 

as the cross-linked density of a polymer increased because there was less open area for free solvent 

to enter. The cross-linking density of hydrogels made from PAS-0.25 at radiation doses of 20 kGy to 

40 kGy is shown in Figure 8. Polymer networks are more compact when they have a lower swelling 

capacity. In other words, hydrogels exhibiting significant swelling have more potential to absorb 
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water because of lower cross-linking densities. The cross-linking density, therefore, increased with 

radiation exposure. 

 

Figure 8 Effect of radiation doses on crosslinking density of PAS-0.25 hydrogel. 

3.6 FTIR Analysis 

Figure 9 shows the IR spectra of PAS hydrogel. The bands of pristine alginate were associated 

with the stretching OH vibrations at 3234 cm-1 and 1263 cm-1, asymmetric and symmetrical vibration 

of the carbonyl group (COO−) at 1606 cm-1 and 1413 cm-1, respectively. A peak at 3234 cm-1 and 1413 

cm-1 represents the characteristic OH from PVA alcohol, and a rise at 2881 cm-1 represents the 

stretching band of CH2 and CH3 signals. The bands of C–C–C (1085 cm-1) and C–O–C (1028 cm-1) 

correspond to the alginate glycosidic bond. The peak at 3383 cm-1 was attributed to the stretching 

vibration of starch hydroxyl.  

 

Figure 9 FTIR spectrum of PVA/Starch/SA. 

3.7 Adsorption Study 

The hydrogel was prepared using a radiation cross-linking technique. The prepared hydrogel was 

used for MB adsorption. Picture of \hydrogel after dye adsorption is shown in Figure 10. 
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Figure 10 MB dye adsorption (a) Before adsorption (b) After adsorption (c) Dried gel. 

3.7.1 Effect of Adsorbent Dosage 

Various adsorbent dosages (0.01-0.06 g) were used to determine how an adsorbent dose 

affected the adsorption of MB (with a concentration of 25 ppm). The plots of adsorption capacity 

(mg/g) vs various adsorbent dosages are displayed in Figure 11. Figure 11 shows that as the 

adsorbent dosage increases, the amount of adsorbent material per unit of adsorbent decreases. 

This may be because more active sites are on the adsorbent's surface. This result suggests to take a 

small amount of adsorbent dose as much as possible. However, to facilitate handling, the adsorbent 

dose of 0.02 g of adsorbent was chosen for additional adsorption studies. 

 

Figure 11 Effect of PAS adsorbent doses on adsorption capacity (mg/g). 

3.7.2 Adsorption Kinetics and Mechanism 

On the elimination of MB, the influence of contact time was investigated. It was shown that as 

contact time increased, the capacity for equilibrium adsorption and the elimination of MB both 

increased. Within 6 hours of contact time, equilibrium was reached. Because of its porous surface 

and significant water absorption capabilities, hydrogel is undoubtedly one of the finest options for 

dye removal. In this experiment, 0.0801 g of hydrogel was dipped in 100 ml of a 100 ppm methylene 
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blue (MB) dye solution. The dye concentration during adsorption was recorded after particular time 

intervals and was assessed by UV spectroscopy. 

To check the fitting of kinetic data, the pseudo-first-order [28] and pseudo-second-order kinetic 

equations [29] were used, as shown in Figure 12 and Figure 13, respectively. The linear form of a 

pseudo-first-order kinetic equation is given as follows: 

𝐥𝐧(𝐪𝐞 − 𝐪𝐭) = 𝐥𝐧 𝐪𝐞 − 𝐊𝟏𝐭 (9) 

And the linear form of the pseudo-second order kinetic equation is given as follows: 

 

Figure 12 Pseudo 1st order kinetics of MB adsorption. 

 

Figure 13 Pseudo 2nd order kinetics of MB adsorption. 

𝐭

𝐪𝐞
=

𝟏

𝐤𝟐𝐪𝐞
𝟐

+
𝟏

𝐪𝐞
. 𝐭 (10) 

Where qe is the equilibrium adsorption capacity (mg/g), qt is the adsorption capacity at time t 

(mg/g), k1 is the pseudo first-order rate constant (min-1), t is the time (min), k2 is the pseudo-second-

order rate constant (g/mg min), and b = k2·qe
2, is the initial adsorption rate (mg g-1 min-1). 



Adv Environ Eng Res 2023; 4(4), doi:10.21926/aeer.2304048 
 

Page 13/19 

R2 value of pseudo 1st order is 0.99 which is higher than R2 value of pseudo 2nd order 0.90. So, 

the pseudo 1st-order kinetic model fits with the experimental kinetic data. 

3.7.3 Adsorption Isotherm of MB Dye 

An adsorption isotherm is the relationship between the amount of adsorbate adsorbed on the 

adsorbent and the concentration of dissolved adsorbate in the liquid at equilibrium. The Freundlich 

and Langmuir isotherms are the most popular methods for describing an adsorbent's adsorption 

characteristics. The isotherm studies used 0.02 gm of hydrogel in 25 ml dye solutions with 

concentrations ranging from 50, 100, 200, 300, 400, and 500 ppm. 

Langmuir Isotherm. Langmuir model [30] is widely used to apply the adsorption isotherm based 

on the monolayer adsorption on the surface of the adsorbent. The linear form of the Langmuir 

equation is provided as:  

𝟏

𝐪𝐞
=

𝟏

𝐪𝐦𝐜𝐞𝐊𝐋
+

𝟏

𝐪𝐦

(11) 

The essential feature of the Langmuir isotherm can be expressed in terms of a dimensionless 

constant called separation factor (RL, also called equilibrium parameter), which is defined by the 

following equation: 

𝐑𝐋 =
𝟏

𝟏 + 𝐊𝐋𝐂𝐨

(12) 

where C0 (mg/L) is the initial adsorbate concentration. The value of RL which indicates the shape of 

the isotherms to be either unfavorable (RL > 1), linear (RL = 1), favorable (0 < RL < 1) or irreversible 

(RL = 0) [31]. KL was 0.1322. The separation factor (RL) was found 0.0364. The obtained RL values 

were in the range of 0-1, indicating favorable MB adsorption onto the PAS-based hydrogel [32].  

The Langmuir isotherm plot for MB adsorption is shown in Figure 14. 

 

Figure 14 Langmoir isotherm of MB adsorption. 
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Freundlich Isotherm. The most critical multisite adsorption isotherm for heterogeneous surfaces 

is the Freundlich adsorption isotherm, and the linear form of this isotherm is expressed as [33]: 

𝒍𝒏𝒒𝒆 = 𝒍𝒏𝑲𝒇 +
𝟏

𝒏
𝒍𝒏𝑪𝒆 (13) 

qe is solid phase equilibrium concentration (mg/g), Ce is liquid phase equilibrium concentration 

(mg/L), and Kf and n are Freundlich constants. The value of ‘n’ indicates the feasibility of the 

adsorption process. Freundlich isotherm plot for MB adsorption is shown in Figure 15. 

 

Figure 15 Freundlich isotherm of MB adsorption. 

Kf =14.59 and n = 2.3866. It is said that if the value of n is in the range of 2-10 favorable adsorption 

is shown, 1-2 represents moderately difficult, and less than 1 indicates poor adsorption 

characteristics. It can be seen that the coefficient of adsorption (R2) is lower in the Freundlich 

isotherm. Langmuir isotherm shows a higher R2 value. Therefore, it can be presumed that the 

adsorption of MB on PAS-based hydrogel follows Langmuir adsorption model, which indicates the 

best linearized isotherm model. This indicates that a monolayer adsorption process has been carried 

out on the homogeneously distributed active sites of the hydrogels. 

3.7.4 Thermodynamics Studies 

The thermodynamic parameters such as free energy change (ΔG0), enthalpy change (ΔH0), and 

entropy change (ΔS0) were obtained from the van't Hoff equation [34, 35]: 

∆𝑮° = −𝟐. 𝟑𝟎𝟑𝑹𝑻 𝒍𝒐𝒈 𝒌𝒅 (14) 

𝒌𝒅 =
𝒒𝒆

𝒄𝒆
=

∆𝑺°

𝟐. 𝟑𝟎𝟑𝑹
−

∆𝑯°

𝟐. 𝟑𝟎𝟑𝑹𝑻
(15) 

Where ∆𝑯° in kJ/mol/K represents the standard enthalpy change; ∆𝑮° in kilojoules per mole is 

the variation of standard Gibb's free energy; ∆𝑺° Is the standard entropy variation in kilojoules per 
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mole; kd is the Langmuir constant at a given temperature; R in J/mol/K is the molar gas constant; 

and K is the Kelvin temperature. The plot log kd against 1/T (Figure 10b) could be applied to calculate 

the values of ΔH°, ∆𝑆°, and ∆𝐺°at different temperatures.  

For the temperature study, 0.0201 g PAS gel was placed in 25 ml 100 ppm MB dye solution and 

observed after 5 hours. The effect of increasing temperature on the adsorption study was 

performed in the range of 276 K, 295 K, and 333 K under constant parameters at equilibrium 

conditions. The result is shown in Figure 16. 

 

Figure 16 Thermodynamics study of MB adsorption. 

The positive value of ΔH0 (4.070534 KJ mol-1) indicated that the adsorption of MB dye molecules 

onto PAS gel was endothermic. The value of ΔS0 was found to be positive 14.250 J K-1 mol-1, 

indicating the increase in disorder at the solid-liquid interface during the adsorption process. The 

calculated ΔG0 values showed a decrease with increasing the temperature from 276 K to 333 K, 

indicating that the adsorption of MB dye molecules onto PAS gel is more feasible and spontaneous 

at high temperatures. Thermodynamic parameters are shown in Table 2. 

Table 2 Thermodynamics parameters. 

Dye ΔH0 (KJ mol-1) ΔS0 (J K-1 mol-1) 
ΔG0 (KJ mol-1) 

276 K 295 K 333 K 

MB 4.070 14.250 -3.929 -4.200 -4.741 

3.7.5 pH Study on MB Adsorption 

For 24 hours, 0.0212 g of PAS-0.25 gels were dissolved in 25 ml of a 100 ppm MB dye solution. 

Results are shown in Figure 17. The amount of fixed ionized -OH groups increases as the pH of the 

solution (3 to 9) rises because the adsorbent surface becomes more negatively charged due to being 

deprotonated. Two different electrostatic forces are produced as a result of this: (1) electrostatic 

repulsion between adjacent ionized groups of polymer networks, which causes the polymer chains 

in the hydrogel structure to expand, and (2) electrostatic interaction between the positively charged 

dye and negatively charged hydrogel network. The MB dye molecules and the hydrogel networks 
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form an ionic combination, enhancing the dye adsorption (mg/g). Comparison of methylene blue 

absorption capacity of the prepared adsorbent with other absorbents is shown in Table 3. 

 

Figure 17 Effect of pH of MB adsorption. 

Table 3 Methylene blue absorption capacity of the prepared adsorbent compared with 

other absorbents. 

Absorbent Absorption capacity (mg/g) 

PAS hydrogel [present study] 174.83 

Carbon monolith [36] 127 

Nanocrystalline cellulose [36] 101 

Wheat shells [37] 21.50 

Gulmohar (Delonix regia) plant leaf [38] 186.22 

Tea waste [39] 85.16 

Thermally activated coir pith carbon [40] 5.87 

3.8 Desorption Study 

After the adsorption of MB dye on the PAS hydrogel, the adsorbents were subjected to 

desorption using 2 M HCl solution for 24 hours. The desorption ratio was satisfactory, about 90%.  

4. Conclusion 

In the current study, Co-60 gamma radiation was used to create a novel cross-linked hydrogel 

(PVA/Sodium Alginate/Starch). The effects of factors like irradiation dose and composition ratio on 

the characteristics of the manufactured hydrogels, including gel content and swelling behavior, 

were carefully examined. 30 kGy radiation dose and 0.25% were selected as the optimal dose and 

starch content, respectively. By using FTIR, the produced hydrogel was identified. This hydrogel's 

ability to remove the colour methylene blue was investigated while taking isotherm and kinetic 

factors into account. The pseudo-first-order kinetic model and the MB dye adsorption experimental 

data onto the PAS hydrogels were in good agreement. The adsorption process was endothermic and 

spontaneous. The ideal contact duration and pH for MB adsorption were 24 hours and 9, 
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respectively. The maximum adsorption capacity determined from Langmuir model was 174.83 mg 

g-1. The treatment of waste-water containing MB dye may benefit from our work. 
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