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Adsorption of Rhodamine 6G from Solution on montmorillonite / poly (malic acid-co-acrylic acid) 
Composite Surfaces is the focus of this study. Quantitative adsorption data has been obtained using the 
visible-spectrophotometric technique under a temperature condition. Intraparticle diffusion was found 
to be an important player in the desorption process based on kinetic studies. Based on the calculated 
data, the adsorption isotherms are classified as S-curves by Giles. The Temperature was used to study 
the adsorption process (15, 20, 25 and 30ºC). A decrease in the composites' ability to absorb Rhodamine 
6G was found to occur with increasing temperature (exothermic process). There have also been 
calculations of the fundamental thermodynamic functions. 

 

Pharmaceutical plants, hospitals, municipal areas, and 
human waste [1]. Generally contain a variety of hazardous 
organic pollutants that are rarely biodegradable, even at 
low concentrations [2, 3] . The introduction of new 
pollutants into the environment harms ecological species 
and constitutes a serious threat to human and aquatic 
health [4, 5]. Separation of solid phases [6] For the 
absorption of pharmaceutical-laden wastewater, 
flocculation, coagulation[7], ultrasonic degradation[8], 
photodegradation[9], electrochemical degradation[10], 
and advanced oxidation procedures have all been 
explored[11].These technologies have a lot of flaws since 
they are either technologically sophisticated or 
economically unfavorable. In addition, they emit toxic 
waste and have a low removal effectiveness[12]. When it 
comes to dealing with effluents, adsorption is a preferred 
option. Adsorption is a popular method for treating 
effluents because of its simplicity, economic feasibility, 
lack of secondary products and free radicals, broad 
surface area, and presence of functional groups with 
established pore assembly[13]. Olive stone activated 
carbon, vine wood[14], Guava seeds, Moringa 
oleifera[15], Pine tree and Mn-impregnated activated 
carbon are some of the plants used in this study. guava 
seeds, Moringa oleifera[16], pine tree, and Mn-
impregnated activated carbon are examples of carbon-
based sorbents[17]. 
Due to the combining characteristics of both clays and 
polymers, such as biodegradability, biocompatibility, 
economic viability, abundance, high specific surface area, 
three-dimensional network, and swelling–deswelling 
properties, clay-based hydrogel nanocomposites are 
envisioned to be potential super adsorbents for the 
uptake of inorganic and/or organic contaminants from a 

Clay-based hydrogel nanocomposites are envisioned to 
be potential super adsorbents for the. Hydrogels are a 

form of polymer that does not dissolve in water at 
physiological temperatures or pH values, but expands 
dramatically when exposed to water [18-20]. 
These are three-dimensional crosslinked polymeric 
materials with the ability to absorb and retain a large 
amount of water, making them suitable for a variety of 
bioengineering, biomedical, food, and pharmaceutical 
applications [21, 22]. 
Water insoluble properties are assumed to be caused by 
the presence of chemical or physical cross-links, which 
provide the system with integrity and physical stability. 
Water can infiltrate through the network structure of 
hydrogels because of their porosity, which is governed by 
a number of factors such as the polymer's chemical 
composition, hydrophilicity, and chemical structure, as 
well as cross-link density and cross-linker activity[23]. The 
existence of chemical or physical cross-links, which Many 
clay-based hydrogel hybrids have recently been explored 
for the absorption of dyes because of their chemically 
reactive functional groups and porous topologies, provide 
the system with as well as metals [24, 25]. According to a 
literature review, little work has been done The major 
purpose was to assess the performance of a poly(acrylic 
acid-maleic acid)/montmorillonite hydrogel 
nanocomposite for the removal of pharmaceutical 
contaminants via clay–hydrogel nanocomposites. 
Rohdamen 6G uptake from wastewater. As a filler, 
nanoscale MMT was used, The mechanical strength, 
active spots for maximal sorption, a high surface area, and 
improved regenerative mechanical strength All of 
nanocomposite's abilities could be upgraded. The 
capacity for adsorption has increased. From a practical 
standpoint, reusability is essential. To further understand 
the adsorption mechanism and the effects of operative 
parameters such pH, and strength, active research is 
being conducted. The initial sorbate level was 
investigated. To further understand the processability of 
nanocomposite, equilibrium data was analyzed using 
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various kinetic and isotherm models, as well as 
thermodynamic characteristics. 

 

Instruments 

Sartorius Lab. L420 B, +0.0001, Visible-visible 
spectrophotometer shimadzu 1800 PC, shaking Incubator 
precision Scientific, Hettich Universal (D-7200), and 
centrifuge tubes. 

Materials 

Fluka (Germany) contributed Rhodamine B (Figure 1), 
sodium hydroxide, sodium chloride, Montmorillonite K-
10, Acrylic acid (AAc), and Maleic acid (MAc) (Himedia, 
India). N,N'-Methylene-bis-acrylamide (MBA) was 
purchased as the cross linker (Sigma-Aldrich, Germany). 
The firm supplied KPS, a critical component of the 
reaction (mercy, Germany). 

 

MMT/ (MA/AA) composite preparation . 
In a 200 mL flask, the surface was produced by dissolving 
8 mL of acrylic acid (AA) in 10 mL of deionized water and 
stirring continuously for 10 minutes. After 10 minutes of 
continuous stirring, add it to a solution (1 g in 2 mL) of 
malic acid (MA), then add 1.5 g of montmorillonite clay 
(MMT) dissolved in 2 ml of distilled water with continuous 
stirring for 30 minutes, then dissolve 0.08 g of MBA in 5 
ml of distilled water with continuous stirring, interspersed 
with (N2), then add it to the above total solution with 
continuous stirring for 15 minutes. 
With constant stirring, we dissolve 0.06 g potassium 
sulfate (KPS) in 5 ml distilled water. It is pumped with 
nitrogen gas. It is stirred continuously for 15 minutes after 
being added to the prior entire solution. After that, the 
complete solution is transferred to closed tubes, 
incubated for 2 hours in a water bath at 60°C. In the water 
bath, the temperature is raised to 70 °C and left for two 
hours (Figure (2). 

 

0.05 g of composites were shaken into dye solutions with 
concentrations ranging from 1 to 10 mg/mL to evaluate 
the adsorption isotherms (1-20 ppm). After 30 minutes of 
shaking, the suspensions were centrifuged at 3000 rpm 
for 10 minutes. The dye concentration was determined 
using the spectrophotometric technique. The amount of 
Rhodamine 6G adsorbed was determined using the 
following formula: 

𝑄𝑒 =
𝑣(𝑐°−𝑐𝑒)

𝑚
 (1) 

Where Qe is the amount adsorbed, m is the adsorbent's 
weight in grams (g), V is the volume of the solution in liters 
(L), and Co and Ce are the starting and equilibrium 
concentrations in milligrams per liter (mg/L). 
Effect of Temperature 
The adsorption experiment was repeated at 
temperatures ranging from 15 to 30ºC. 

 

FTIR 

Before and after the dye surface adsorption process, the 
composite was characterized using FTIR (Figure (3). The 
adsorption of MMT/P(MA-co-AA) composite is obviously 
and significantly higher. 4 
MMT/ P(MA-co-AA) composite is not the same as MMT/ 
P(MA-co-AA) composite. In the FT-IR spectra, the intensity 
of bands adjacent to the adsorption decreases noticeably 
in the pre-adsorption composite. The adsorption process 
is weak due to the dye's chemical composition and acidic 
nature. Variations in absorption intensity are also caused 
by acidic particles on the surface[26]. 

 

FESEM 

The FESEM approach is used to investigate the physical 

MBA + Acrylic 
acid 

Malic acid Montmorillonite 
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characteristics, porosity, and nature of the prepared 
surface, as well as the shape and size of the particles and 
how they are dispersed on the surface, before and after 
the adsorption process for each (P(MA-co-AA) 
composite[27]. The hydrogel surface was discovered to 
have many and heterogeneous pores. The surface 
became less rough after graphene oxide was added. 
Because of the graphite oxide loading, several cavities 
were minimized, confirming the efficacy of the adsorption 
procedure as shown in Figure (4). 

 

Isotherm of Adsorption 

The equilibrium isotherm was utilized to determines the 
Rhodamine 6G adsorption capability of composites. 
Figure 3 depicts the composites' equilibrium 
concentrations as a function of adsorption quantities. at 
25°C, a dye adsorption isotherm 

 

The adsorptive capabilities of the composites improved as 
the Rhodamine 6G concentration increased. The specific 
surface area, extensibility, mobility of dye molecules in 
the liquid phase and in the interior of the solid, and the 
forces of attraction between the surface of the solid and 
the dye molecules are all factors that influence adsorption 
capacity. Coulombic forces are the most important 
interactions that effect dye adsorption on cellulose. The 
Rhodamine 6G adsorption patterns described by Giles and 
coworkers were found to fit S-type isotherms. It's most 
likely due to electrostatic adsorption of one layer followed 
by van der Waals attraction for the other layer, according 
to the form of the isotherm. the second layer's adsorption 
The S-type isotherm is based on the heterogeneous 
surface assumption of Freundlich. A variety of adsorption 
patterns are created by different planes, such as 
fibers .[28  ,29 ]  The Langmuir, Freundlich, and Temkin 
equations have been solved in their linear form. The 
linearized Freundlich model was used to predict the 

adsorption of Rhodamine 6G on composites, as illustrated 
in Figure (4). The following is the relationship between the 
adsorbent's dye absorption capacity, Qe (mg/g), and the 
residual dye concentration at equilibrium, Ce (mg/l): 

𝑙𝑛 𝑄𝑒=𝑙𝑛𝑘+
1

𝑛
𝑙𝑛𝐶𝑒 (2)  where n and k are constants for the 

specific adsorbent and solute, respectively. 

 
 

The isotherm fails to account for both tiny and large 
concentrations. It believes that covering the layer will 
reduce the adsorption heat of all the molecules in the 
layer linearly rather than logarithmically. The Langmuir, 
Freundlich, and Timken models were utilized to match the 
dye- composites method's experimental equilibrium data 
to the model. Figure 9 shows that the model Freundlich 
has the best correlation coefficients (R2= 0.9543). 

Table 1: All three models of adsorption of Chromium 
Ion on P(CH /AA-co-AM) at 25oC: Langmuir, Fiendish 

and Timken 

Langmuir equation 
Freundlich 
equation 

Temkin equation 

K L 𝑅2 qm n KF 𝑅2 KT B 𝑅2 
0.099 0.8654 54.3478 1.8047 7.063 0.9543 1.1511 10.917 0.8901 

Figure (8) shows the general shapes of Rhodamine 6G 
adsorption isotherms at three different temperatures. 
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The results showed that the amount of dye that was 
absorbed into the composite increased slightly as the 
temperature rose. This made the adsorption process look 
like it was endothermic. Some dyes were found to be 
more likely to be absorbed when the temperature rose. 
This means that in order for the composite and the dye 
molecules to interact, they need a lot of energy to do so. 
Endothermic dye uptake can also be linked to the 
possibility of a dye being absorbed or absorbed by the 
surface. The solvent may make the composite swell so 
much that both the solvent and the dye can get the job 
done. We looked at Xm values at different temperatures 
to figure out the basic thermodynamic quantities of 
Rhodamine 6G adsorption on composite. You can figure 
out how much heat is absorbed if you know Van't Hoff's 
equation (eq. (3)[30-32]. 

ln Xm =
−ΔH

RT
+ constant (3) 

Table (2) and Figure (9) demonstrate these calculations. 

Table (2): The effect of temperature on the maximum 
amount of Rhodamine 6G that can be adsorb onto 

composite 
T(K) 1000/T(K-1) Ce Xm 𝐥𝐧 𝑿𝒎 

288 3.4722 3.2 11.9 2.4765 

293 3.4129 3.2 12.2 2.5014 

298 3.3557 3.2 12.6 2.5336 

303 3.3003 3.2 12.9 2.5572 

 

The change in free energy (∆𝐺) and the change in entropy 
(∆𝑆) could be found from the equation (4) and (&) and (5): 

∆𝐺 =  −𝑅𝑇𝑙𝑛 𝐾𝑒𝑞 (4) 

ΔG = ΔH − T. ΔS (5) 
Table (3) shows the basic thermodynamic values of the 
adsorption of crystal violet on the composite shown in the 
table. Values show that an adsorption of the van der 
Waals type is likely to happen[33-36] 

Table (3): Rhodamine 6G adsorption onto a surface due to 
thermodynamic factors 

∆𝐆 𝐊𝐉/𝐦𝐨𝐥 ∆𝐇 𝐊𝐉/𝐦𝐨𝐥 ∆𝐒 𝐉. 𝐊−𝟏. 𝐦𝐨𝐥−𝟏 Equilibrium (k) 

-5.027 3.980 30.227 3.15 

Effect of pH on the Adsorption 

By controlling various temperature and time variables, 
the influence of the pH function on the adsorption of 
rhodamine 6G dye at a concentration of (200 ppm) on the 
adsorbent surface of the MMT/P(MA-co-AA) compound 
at varied pH values (2-10) was investigated. The findings 
revealed that the acidity function has an impact on the 
adsorbent material and the adsorbing surface, as well as 
the interactions between them. The amount of 
adsorption on the adsorbent surface increases as the 
acidic function increases, which is owing to the fact that 
when the pH is low, the concentration of H+ is low. There 
will be a competitive competition between them if the 
concentration of ions in the solution is quite high. And 
between the dye molecules on the active sites of the 
adsorbent surface that have a positive charge, which 
lowers adsorption. 
When the pH is raised, the carboxyl and hydroxyl groups 
on the adsorbing surface ionize and lose a proton, 
resulting in a negatively charged adsorbing surface. 
Electrostatic attraction then occurs between the 
positively charged dye molecules and the adsorbing 
surface, resulting in an increase in adsorption as the 
function is increased. Acidic, and there will be repulsion 
between the negatively charged functional groups on the 
adsorbent surface, causing swelling and expansion, 
allowing the dye molecules to diffuse within the overlaid 
surface, and the adsorption will increase[37, 38]. 

 

 

1  .The composites might be employed to extract the 
Rhodamine 6G dye from wastewater as an adsorbent . 
2  .The amount of Rhodamine 6G adsorbed was 
proportional to the dye concentration . 
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3  .You can use Freundlich's equation to see how well the 
adsorption model matches. 
4  .The Freundlich isotherm was followed by Rhodamine 
6G adsorption isotherms on composites. 
5. Thermodynamic parameters show that the adsorption 
process is endothermic and spontaneous, suggesting that 
as the temperature rises, sorption will increase. 
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