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Abstract
The present work highlights the microwave-assisted synthesis of novel superab-
sorbent gum gellan cross-linked poly(acrylic-co- methacrylic acid) hydrogel [GG-cl-
poly(AA-co-MAA)] prepared by the simultaneous graft copolymerization using 
ammonium persulfate as the initiator and N,N′-methylene-bis-acrylamide as the 
cross-linker for the removal of cationic dyes [malachite green (MG) and methylene 
blue (MB)]. The GG and hydrogel were studied by using Fourier-transform infra-
red spectroscopy, scanning electron microscopy, and X-ray diffraction spectroscopic 
techniques. Swelling studies were conducted out in various concentrations of ini-
tiator, monomer, and cross-linker. The outstanding dye removal efficiency of ~ 99% 
for MG and ~ 95% for MB was found at the initial dye concentration of 50 mg L−1 
with an adsorbent dose of 500 mg within the time duration of 6 h and 25 °C. The 
adsorption kinetics data for both MG and MB dyes exhibited the pseudo-first-order 
kinetics.
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Introduction

Water pollution produced by the release of enormous amounts of colored waste 
effluents holding synthetic dyes has ended up being one of the principle environ-
mental issues. These highly toxic colored effluents have an antagonistic effect on 
water ecosystem and the dangers to human well-being as well [1, 2]. However, 
these dye wastes are sacked into nature with no water treatment. Maximum of the 
dyes are harmful, cancer-causing, and deadly chemical, even at very little con-
centrations [3, 4]. Methylene blue (MB), a cationic hazardous dye, is normally 
known as 3,7-bis (dimethylamino)-phenothiazin-5-ium chloride. It is regarded 
to be poisonous than those of other anionic dyes because it can simply perco-
late into the cells by communicating with the negatively charged surface of cell 
membranes [5, 6]. Inhalation of methylene blue dye causes a small duration of 
quick or problematic breathing and correspondingly causes nausea, vomiting, 
plentiful sweating, mental perplexity, and methemoglobinemia [7–9]. Malachite 
green (MG) is comprehensively used as biocide in the aquaculture industry and 
is amazingly active against protozoal and contagious diseases [10, 11]. The US 
Food and Drug Administration approved MG as an essential chemical for cancer-
causing, yet at the same time being used in many regions of the globe because 
of its cost-effectiveness, easy accessibility, and viability [11, 12]. To overcome 
these issues, a number of methods such as ion exchange, activated carbon adsorp-
tion, membrane technology, and coagulation have been used widely [13]. Among 
all these strategies, adsorption is examined to be a reliable, highly efficient, sim-
ply designed, and economical method with ease of operation. Most of the treat-
ments are observed to be ineffective in the removal of dyes as they decolorize dye 
by devastating the chromophores, leaving the malefic remaining moieties in the 
waste.

On the other hand, adsorption can expel dye molecules totally when compared 
with different strategies. Therefore, in the earlier decades, analysts used differ-
ent adsorbents, such as activated carbon, clay, chitosan, and farming squander for 
the elimination of dyes from the wastewater [14–16]. The expanding considera-
tion has been paid to grow high limit adsorbents for the subtraction of dyes from 
wastewater. Shockingly, complex compound structure and poor biodegradability 
of many dyes make them recalcitrant chemicals and tend to go through traditional 
wastewater treatment frameworks unaffected. A hydrogel is a polymer gel con-
structed through a network of cross-linked polymer chains [17, 18].

Hydrogels are three-dimensional networks of polymer chains that absorb a large 
amount of water and are resistant to dissolution. Hydrogels are extensively used in 
industrial and environmental applications because of their higher water absorbing 
capacity, softness, long-life service, and biocompatibility [19–21]. In recent years, 
various researchers have been reported the elimination of toxic chemicals compris-
ing synthetic dyes from wastes by hydrogel adsorbents [22–24]. A number of natural 
polysaccharide-based hydrogels such as guar gum, gum ghatti, gum karaya, kappa 
carrageenan, gum arabic, chitosan, and xanthan gum were investigated as adsorbents 
for the expulsion of dyes from an aqueous solution [3, 4, 25–30].
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Polymeric hydrogels have received extraordinary consideration due to the pres-
ence of SO3H, CONH2, COOH, which can easily captivate metal ions and dye mole-
cules from wastewater [31]. Studies demonstrated that negatively charged functional 
groups on the anionic hydrogels were extremely practical in binding the positively 
charged cationic dyes and along these lines expelling them from aqueous solutions 
[32–34]. Therefore, an anionic hydrogel with greater adsorption ability is an encour-
aging option for the adsorption of cationic dyes from industrialized wastes.

The goal of this work is to synthesize an anionic superabsorbent hydrogel, GG-cl-
poly(AA-co-MAA) comprising of a natural polysaccharide, and synthetic poly-
mers to be studied as an adsorbent for dyes. This has been attained by polymerizing 
acrylic acid (AA), methacrylic acid (MAA), and N,N′-methylene-bis-acrylamide 
(MBA) in the presence of GG in water, and its effectiveness as an adsorbent for the 
expulsion of dyes has been carried out using MG and MB as model ionic dyes.

Experimental section

Materials and methods

Gellan gum (GG) was procured from CDH, India. Acrylic acid (AA) and meth-
acrylic acid (MAA), and  N,N-methylene-bis-acrylamide (MBA) were obtained 
from Sisco Research Laboratories (India). Ammonium peroxodisulphate (APS) was 
purchased from Sigma-Aldrich. Malachite green and methylene blue were obtained 
from Sisco Research Laboratories (India). All other reagents were used as received. 
Deionized water was used during the course of the synthesis processes.

Preparation of GG‑cl‑poly(AA‑co‑MAA)‑based hydrogels

A polymer framework made out of GG-cl-poly(AA-co-MAA) was synthesized by 
utilizing an MBA as cross-linker and APS as initiator under microwave irradiation. 
In this investigation, 0.5 g gum gellan was broken down in 10 ml of deionized water 
in a reaction flask. The complete synthesis procedure was reported in our previ-
ous work [26]. The percentage swelling (Ps) and percentage grafting (Pg) were also 
computed by using the procedure reported earlier [26]. The percentage grafting and 
swelling were calculated using the following equations:

where,  Wf, Wb, Ws, and Wd are the weight of the functionalized polymer backbone, 
swelled and dry samples, respectively.

(1)Pg =
Wf −Wb

Wb

× 100

(2)Ps =
Ws −Wd

Wd

× 100
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Characterization

Microwave oven IFB model-17PM-MEC1 of power source: 230  V ~ 50  Hz, power 
consumption: 1200 W with a frequency of 2450 MHz is utilized for illumination. The 
FTIR spectra were recorded using FTIR spectrometer (PerkinElmer) furnished with 
ATR mode having diamond crystal and ZnSe for focusing part. The parameters of the 
scan with a resolution of 4 cm−1 in the range of 4000–400 cm−1 were taken. Adsorp-
tion investigations of malachite green on the cross-linked hydrogels were done utilizing 
Shimadzu UV-Vis spectrophotometer at room temperature. Absorption spectra were 
taken in the range of 400–700 nm. X-ray studies were completed on the X’Pert Pro 
model and make PANanalytical, Netherlands diffractometer. The diffraction pattern 
was recorded at an angle in the range of 10°–70° at a scan speed of 2° min−1. Mor-
phological investigation of samples was obtained using Joel (Japan) scanning electron 
microscope, JSM 6100 model.

Adsorption studies

A known quantity of GG-cl-poly(AA-co-MAA) hydrogel was left dipped in 50 mg/L 
solutions of MG and MB dyes. At time intervals of 20 min, 2.5 mL of the filtered solu-
tion was reserved and the absorbance values were noted by employing UV–visible 
spectrophotometer for MG and MB. Standardization curves were employed to convert 
the absorbance measured into concentration using standard solutions of 2, 4, 6, 8, and 
10 mg/L of the dyes. Diverse initial concentrations (10, 20, 30, 40, 50, and 60 mg/L) 
were used for equilibrium adsorption studies by dipping varied quantity of the sample 
and kept for 6 h, and the later solutions were transferred, and the absorbance was noted 
down. The amount of solute uptake with time and is given in Eq. (3) [35].

On integrating Eq. (3) within the limits qt = 0 at  t =  0 to qt = qe at t = t and convert-
ing it into linear form, the equation becomes

where qe and qt are the adsorption capacity at equilibrium and at time t (min), 
respectively. k1 is rate constant of pseudo-first-order adsorption (min−1). The values 
of k1 and qe can be calculated from the plot of log (qe−qt) versus t for different initial 
concentrations. Pseudo-second-order equation is expressed as Eq. (5) as:

On integrating equation within the limits and converting into linear form, Eq. (6) is 
obtained

(3)
dqt

dt
= k1(qe − qt)

(4)log
(

qe − qt
)

= logqe −
k1

2.303
t

(5)
dqt

dt
= k1

(

qe − qt
)2

(6)
t

qt
=

1

k2q
2
e

+
1

qe
t
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where k2 is pseudo-second-order rate constant (g mg−1 min−1). qe and k2 values can 
be calculated from slope and intercept of plots of t/qt vs t. The experimental results 
were further fitted to Weber’s intraparticle diffusion to make clear the diffusion 
mechanism. The model is expressed as Eq. (7).

where qt is the amount of dye adsorbed on the surface of adsorbent at time t. ki is 
intraparticle diffusion rate constant (mg/g min1/2). The kinetic models were further 
validated for their applicability by normalized standard deviation Δq (%) which is 
given in Eq. (8).

where N is the number of data points, qexp and qcal (mg/g) are the experimental and 
calculated adsorption capacity, respectively.

Results and discussion

Influence of various parameters on percentage of swelling (Ps)

The percentage of swelling (Ps) of the GG-cl-poly(AA-co-MAA) hydrogel in differ-
ent initiator concentration (APS) (0.0087 mol/L to 0.02629 mol/L) were studied and 
the results reported in Fig. 1a. The Ps was observed to be expanded at first varying 
the initiator content up to 0.01753  mol/L after that its water engrossing capacity 
diminished because of free radical degradation of the backbone (Fig. 1a). Maximum 
percentage swelling (217%) was figured at 0.01753 mol/L of initiator concentration 
[26]. The swelling capacity was likewise affected by the solvent concentration. Fig-
ure 1b demonstrates that Ps first improved up to 6 mL of solvent (292%) and after 
that diminished because of the way that at an ideal amount of solvent there is a gen-
eration of hydroxyl radical ions giving more active sites for the propagation of reac-
tion prompts to increasing Ps. The solvent concentration is increased from its opti-
mized amount Ps began decreasing on the grounds that there are lesser active sites 
for graft polymerization over gum gellan backbone and on monomers [36].

The monomer concentration plays a significant part in the swelling capacity of the 
hydrogels. For optimization, binary-monomers concentration (AA-MAA) was var-
ied in ratio from 0.03603 mol/L: 0.08609 mol/L to 0.07206 mol/L: 0.08609 mol/L 
to get maximum Ps value (292%) (Fig. 1c). After that, further increase in bi-mono-
mer concentration hinders the swelling capacity as shown in the figure because of 
AA-MAA monomer cause oversaturation [26]. The cross-linker makes hydrogel 
insoluble in water by inhibiting the termination of hydrophilic polymer chains in 
an aqueous solution. The optimized value of cross-linker is 0.054 mol/L for grafted 
copolymer exhibiting a maximum swelling capacity of 292% (Fig. 1d). Beyond this, 
Ps decreased due to the formation of a compact and rigid structure [37]. The opti-
mized parameters are given in Table 1.

(7)qt = kit
1∕2 + C

(8)Δq (%) = 100 ×
∑ [(qexp − qcal)∕qexp]

2

N − 1
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FTIR spectral analysis of hydrogels

FTIR spectra of GG, GG-cl-poly(AA-co-MAA) hydrogel, GG-cl-poly(AA-co-
MAA)-MG-loaded hydrogel, and GG-cl-poly(AA-co-MAA)-MB-loaded hydro-
gel are shown in Fig. 2. The spectrum of GG shows a wide peak at 3294 cm−1, 
1739  cm−1, 1603  cm−1, 1369  cm−1, 1226  cm−1,  and 1026  cm−1  corresponds to 
hydroxyl absorbance (–OH), acid carbonyl –C = O stretching bond, C=C stretch-
ing vibrations [38], ionization of COO− and –C=O, and stretching and bending 
vibrations of N–H [39]. After the cross-linking of binary monomers over the 
surface of gum gellan, new peaks were observed with a varying intensity which 
confirms the successful grafting of gum gellan with acrylic acid and methacrylic 
acid. GG-cl-poly(AA-co-MAA) hydrogel shows –C–H bond on the saturated 
carbon atom at 2973 cm−1 [40]. The peaks at 1705 cm−1 are credited to –C = O 
stretching vibrations of the carboxylic group [41], and the peaks at 1452 cm−1, 
1385 cm−1 are due to the absorption of–OH bending vibrations from –COOH and 
C–N stretching vibrations [42]. The band at 1159 cm−1 indicates –C–O stretching 
vibrations [39]. There are also other peaks observed when methylene blue and 

Fig. 1   Variation of Ps with a initiator concentration, b amount of solvent, c monomer concentration, and 
d cross-linker concentration
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malachite green dyes are adsorbed over the cross-linked network of hydrogel at 
2939 cm−1, 2943 cm−1, 1709 cm−1 which is due to the symmetric stretching, scis-
soring, and rocking vibrations of a methylene group, –CH stretching vibrations, 
and –C = O stretching of acids [43]. Peak band at 1456 cm-1, 1388 cm−1 shows 
absorption of –OH bending vibrations from COOH and C-N stretching vibrations 
[42] and the bands at 1162  cm−1 credited to –C = O stretching vibrations [44]. 
1030 cm−1 is ascribed to –C–O–C– stretching vibrations [43].

XRD

The X-ray diffractograms of GG, GG-cl-poly(AA-co-MAA) hydrogel, GG-cl-
poly(AA-co-MAA)-MG-loaded hydrogel, and GG-cl-poly(AA-co-MAA)-MB-
loaded hydrogel are compared as displayed in Fig. 3. The GG shows a diffraction 
peak at an angle of 20.0 in 2θ scale. This indicates that GG is semi-crystalline with 
dominant amorphous character. After the formation of GG-cl-poly(AA-co-MAA) 
hydrogel, then it becomes more crystalline as a sharp peak is observed and shifts 
toward the lower angle (17.7°). The shifting of the modified gum peak indicates that 
grafting of binary monomers over the smooth surface of gum gellan makes it crys-
talline. This confirms the successful cross-linking of AA and MAA over the gum 
gellan. The gum gellan shows percentage crystallinity of 38.0. But during the for-
mation of GG-cl-poly(AA-co-MAA) hydrogel, the percentage crystallinity increases 
up to 49.5, indicating that the amorphous form of the gum is lost which is easily 
predicted from the graph. There is a large increase in the percentage crystallinity 
of GG-cl-poly(AA-co-MAA)-MG-loaded hydrogel and GG-cl-poly(AA-co-MAA)-
MB-loaded hydrogel, i.e., 55.0 and 53.8. The grafted hydrogel GG-cl-poly(AA-co-
MAA) with adsorbed dyes shows more shift of peak toward lower 2θ angle over the 
two peaks of GG and GG-cl-poly(AA-co-MAA) hydrogel with an angle of 17.6 and 

Fig. 2   FTIR spectra of GG, GG-cl-poly(AA-co-MAA) hydrogel, GG-cl-poly(AA-co-MAA)-MG-loaded 
hydrogel, and GG-cl-poly(AA-co-MAA)-MB-loaded hydrogel



4925

1 3

Polymer Bulletin (2020) 77:4917–4935	

17.5 in 2θ scale. This concludes that after the adsorption of the dyes on the cross-
linked hydrogel, there is an increase in crystallinity as shown in figure peak becomes 
sharper [26].

Scanning electron microscopy of hydrogels

The surface morphology of GG and GG-cl-poly(AA-co-MAA) hydrogel is displayed 
in Fig. 4. There is an ample difference in their morphology as GG has a globular-
like structure with a smooth and roughed surface. After cross-linking with poly(AA-
MAA), GG-cl-poly(AA-co-MAA) hydrogel structural morphology got changed, the 
structure becomes spikes like due to the network formation confirms the grafting of 
poly(AA-MAA) on the surface [26, 45].

Dye removal studies

The synthesized hydrogel has anionic nature that may help the cationic dye diffused 
within the interior network resulting in the removal of dye from wastewater. The 
hydrogel was prepared by using hydrophilic binary monomers under microwave 
irradiation that increases the void size in the polymer matrix and give more surface 
area for adsorption. To investigate the dye adsorption capacity, 100 mg–600 mg of 
hydrogel samples were taken for investigation. Malachite green and methylene blue 
were used as model cationic dyes. The graphical representation of adsorbed mala-
chite green dye is shown in Scheme 1. The result of dye concentration, adsorbent 

Fig. 3   X-ray pattern for GG, GG-cl-poly(AA-co-MAA) hydrogel, GG-cl-poly(AA-co-MAA)-MG-loaded 
hydrogel, and GG-cl-poly(AA-co-MAA)-MB-loaded hydrogel
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concentration, and influence of pH on dye removal efficiency was described in the 
next paragraphs (Fig. 5).

Effect of adsorbent concentration

A promising adsorbent material is required to get rid of goodly extents of dyes at 
a very low amount. This part is very important to cut back functioning prices and 
lessen the hazards associated with secondary contamination [46]. The increment 
in the adsorbent dose initially improved the dye removal capacity. By and large, 
the expansion of the amount of hydrogel up to 0.5 g enlarged the adsorption sites 
permitting more dye-hydrogels interactions and enhancing the removal process for 
both malachite green and methylene blue dyes (Fig. 4a, d) [47, 48]. However, more 
increase in the adsorbent concentration can decrease the surface adsorption ability 
as result surface interactions between the adsorbent molecules cause accumulation, 
thereby dropping the number of accessible surface sites hence damaging the adsorp-
tion values [49].

Effect of dye concentration

The adsorption studies were done at ambient temperature by varying the concen-
tration of methylene blue and malachite green while keeping the other parameters 
fixed (Fig.  4b, e). In both the dyes, increase in the concentration beyond 50  ppm 

Fig. 4   SEM micrographs of a gellan gum, and b GG-cl-poly(AA-co-MAA)
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adsorption decreases, and this can be possible because of the saturation of the 
adsorption sites on the adsorbents [8, 50]. The adsorption was found to be maximum 
at 50 ppm in both the dyes.

Effect of pH

pH change is a crucial factor influencing the adsorption process by converting func-
tional groups into an ion or ions dispersed along with the hydrogel sites. The func-
tional moieties change the adsorbent–adsorbate balance, its adhesion mechanism, 
and kinetics [3, 4, 46, 51]. Below acidic conditions, the adsorption of MB dye was 
reduced because active functional groups of adsorbent were protonated and lessen-
ing their contact with the MB and MG dyes molecule (Fig. 4c, f). Also, the H+ ions 
accessible in the mixture interact with the MB molecules for the adsorption sites. 
While in neutral conditions, the adsorbents were negatively charged because of the 
removal of protons from the –COOH groups leading in increased MB adsorption. 
Also, negatively charged groups improved the anion–anion repulsive forces resulting 
in network growth and enhancement in MB removal from the water [52].

Scheme 1   The pictorial representation of adsorbed malachite green dye
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Malachite green showed the greatest adsorption in acidic pH as compared to 
basic and neutral pH. This may be due to the fact that there is a strong inter-
action between the anionic gel and cationic dye. This will enhance its adsorp-
tion capacity [45]. As appeared in the figure, the adsorption of MG dye increases 
under acidic pH owing to the formation of strong electrostatic interactions among 

Fig. 5   Effect of adsorbent concentration, dye concentration, and pH for a–c malachite green dye and d–f 
methylene blue dye
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the negatively charged groups of GG-g-poly(AA-MAA) and positively charged 
groups of MG dye [53].

Plausible mechanism

The polymerization is a free radical process which initiates grafting of poly(AA) 
and poly(MAA) chains on the gellan gum. A cross-linked system of gum gellan and 
poly(acrylic-co-methacrylic acid) (GG-cl-poly(AA-co-MAA) is prepared by the 
simultaneous graft copolymerization using ammonium persulfate as the initiator 

Scheme  2   Schematic representation for the synthesis of GG-cl-poly(AA-co-MAA) and interaction of 
hydrogel network with MB and MG dye molecules
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and N,N′-methylene-bis-acrylamide as the cross-linker under microwave radiations 
(Scheme 2). Dye molecules were absorbed into the hydrogel network gradually by 
interacting through H-bonding, ionic interactions, and van der walls forces [28]. 
This went on until the saturation level was achieved.

Adsorption kinetics

With the end goal to look at the controlled mechanism of adsorption process, 
pseudo-first-order, pseudo-second order, and intraparticle diffusion equations are 
utilized to verify experimental data of both MG and MB dyes (Fig.  6). Lager-
gren pseudo-first-order equation demonstrates that the rate of change of solute 
uptake with time is specifically identified with the distinction in the measure of 
solute uptake at equilibrium and the amount of solute uptake with time as given 

Fig. 6   Pseudo-first-order kinetic model for a malachite green dye adsorption b methylene blue dye 
adsorption. Pseudo-second-order kinetic model for c malachite green dye adsorption d methylene blue 
dye adsorption. An intraparticle diffusion model for adsorption of e malachite green dye f methylene blue 
dye on the adsorbent
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by Eq.  (3) [35]. The values of k1 and qe can be computed from the plot of log 
(qe–qt) versus t for different initial concentrations as shown in Fig. 6a, b.

Parameters of pseudo-first-order and pseudo-second-order for both dyes are 
given in Table  S1 (supplementary data). Comparison of theoretical and experi-
mental values of qe for the pseudo-first-order and pseudo-second-order kinet-
ics demonstrated that pseudo-first order is more suitable for depicting the sorp-
tion system in the event of MG as well as MB dyes. The theoretical values of 
qe are nearer to experimental values of qe for pseudo-first-order kinetic model 
because qe values computed by the pseudo-second-order kinetic model show the 
vast difference from the experimental value. Likewise, linear fitting of pseudo-
first-order model gives the better value of correlation coefficient (R2) than that 
for the pseudo-second-order kinetic model. The test results were further fitted to 
Weber’s intraparticle diffusion to illustrate the diffusion mechanism (Eq. 7) [54]. 
Constant C and ki can be figured from the intercept and slope of qt versus t1/2 plot 
(Fig. 6c, d). The constant C reveals the boundary layer effect; larger value of the 
intercept shows a noteworthy impact of surface sorption as a rate controlling step. 
The linear relationship between qt and t1/2 shows that intraparticle diffusion is 
engaged in adsorption process, and if the line passes through the origin, it uncov-
ers that intraparticle diffusion is a controlling step, whereas if the line does not 
pass through the origin, it demonstrates that there is some level of the boundary, 
but intraparticle diffusion is not the main controlling process and other processes 
may likewise control the rate of adsorption [55]. The qt versus t1/2 plots (Fig. 6e, 
f) show multilinear which indicates the presence of two or more step adsorption 
process. At higher concentrations (40–60 ppm for MG and 30–60 ppm for MB), 
plots show three portions. The initial curved boundary is due to surface adsorp-
tion and fast boundary diffusion. The second linear region is a regular adsorption 
step where diffusion is the rate controlling step. A third part is the equilibrium 
stage where intra-particle diffusion slows down due to low solute concentration. 
While at low concentrations (10–30 ppm for MG and 10–20 ppm for MB), initial 
curve portion is missing in case of low initial concentration adsorption start grad-
ually having diffusion as a rate controlling process followed by an equilibrium 
stage. Moreover, the lines do not pass through the origin, which indicates that the 
diffusion is not the only process involved in adsorption and adsorption is a multi-
step process in both cases [8].

Validity of kinetic models

The kinetic models were further validated for their applicability by normalized 
standard deviation Δq (%) calculated by Eq. 8 [56]. The lower value of Δq (%) 
indicates a better fit of the model. Table S1 shows that Δq (%) values of the first-
order kinetic model were in the range of 1.65–8.18% (MG) and 1.29–4.95 (MB), 
where the second-order model has a much higher value in both cases. This is 
in concurrence with the R2 values acquired for the two models and affirms that 
adsorption of dyes could be best depicted by the pseudo-first-order kinetic model.
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Conclusion

In this work, new eco-friendly gum gellan (GG) cross-linked poly(acrylic-co-meth-
acrylic acid) hydrogel [GG-cl-poly(AA-co-MAA)] hydrogels were prepared by an 
effective and green technology for the efficient removal of methylene blue (MB) and 
malachite green (MG). The synthesized GG-cl-poly(AA-co-MAA) hydrogel has 
been characterized by Fourier-transform infrared spectroscopy (FTIR), scanning 
electron microscopy (SEM), and X-ray diffraction (XRD) spectroscopic techniques. 
The synthesized hydrogel candidate shows 165% percentage grafting (Pg) with 
292% percentage swelling (Ps) capacity. The good swelling capacity is due to the 
presence of hydrophilic monomer in the hydrogel. This facilitates GG-cl-poly(AA-
co-MAA) hydrogel to be used as a successful device for wastewater treatment. The 
FTIR investigations indicate variations in the intensity of the peaks and presence of 
new peaks that show the grafting of poly(AA-MAA) chains over gum gellan. The 
synthesized GG-cl-poly(AA-co-MAA) hydrogel has been effectively employed for 
the removal of malachite green dye and methylene blue from water. The dye adsorp-
tion studies have been characterized by UV–vis spectrophotometer. The adsorption 
isotherm model is useful to study the order of the sorption system. The aforemen-
tioned study investigated that GG-cl-poly(AA-co-MAA) hydrogel can be regarded 
as an encouraging superabsorbent hydrogel candidate for the remediation of waste-
water treatment. We are probably aware of the fact that dyes are the most widely 
recognized harmful molecules which pay a noteworthy danger to the living organ-
ism, as water toxins. This is essential in decreasing waste material and controlling 
contamination from industrial areas. The capable synthesis technique and brilliant 
adsorption properties enable GG-cl-poly(AA-co-MAA) hydrogel to be a better can-
didate to expel dyes from industrial effluents.
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