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A ternary composite of tin oxide (SnO₂), iron oxide (Fe₂O₃), and reduced 
graphene oxide (RGO) was synthesized and applied as an efficient adsorbent 
for removing Crystal Violet (CV) dye from aqueous solutions. The effects of 
various parameters including adsorbent dosage, contact time, temperature, 
pH, and ionic strength were systematically studied. pH was identified as 
the most significant factor, with optimal removal (93.5%) achieved at pH 
9. The maximum adsorption capacity reached 51.2 mg/g at 298 K. Kinetic 
analysis revealed that the adsorption followed the pseudo-second-order 
model (R² = 0.9969), while the Freundlich isotherm model best described 
the equilibrium data (R² = 0.9653). Thermodynamic parameters (ΔG°, ΔH°, 
ΔS°) indicated a spontaneous and exothermic process, suggesting physical 
adsorption. Regeneration tests showed a decline in efficiency from 94.9% 
to 60.6% over five cycles, confirming acceptable reusability. The material 
structure was characterized to validate composite formation. Compared 
to individual components, the composite showed superior performance. 
These results confirm the promising potential of SnO₂/Fe₂O₃@RGO as 
a cost-effective, reusable, and environmentally friendly adsorbent for 
treating dye-contaminated water in wastewater treatment applications.

INTRODUCTION
Water is a vital resource, comprising nearly 60 % 

of the human body and essential for agriculture, 
industry, and public health [1–2]. However, 
untreated industrial wastewater especially 
from textile and dyeing sectors has increasingly 

polluted global water bodies [3–4]. Synthetic 
dyes such as Crystal Violet (CV) are persistent 
pollutants with complex aromatic structures 
that resist biodegradation [5–6]. Approximately 
15 % of the dyes used industrially are discharged 
untreated into waterways, posing severe risks to 
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aquatic ecosystems and human health [7–8]. CV, 
a cationic triphenylmethane dye widely used in 
textile, printing, and biomedical applications, is 
recognized for its high toxicity, carcinogenicity, and 
mutagenicity at even low concentrations [9–10]. 
Therefore, efficient removal of CV from wastewater 
is imperative to mitigate environmental and 
health hazards. Various treatment technologies—
such as membrane filtration, coagulation-
flocculation, advanced oxidation, and biological 
degradation—have been explored for dye removal 
[11–12]. Among these, adsorption stands out 
due to its simplicity, high removal efficiency, cost-
effectiveness, and regenerability, particularly 
when low-cost adsorbents are used [13–14]. 
Advancements in nanotechnology have introduced 
novel composite adsorbents combining metal 
oxides with carbon-based materials to enhance 
adsorption performance [15]. Reduced graphene 
oxide (RGO) offers a large surface area and excellent 
conductivity, while metal oxides like SnO₂ and 
Fe₂O₃ provide active adsorption and catalytic sites 
[16]. The ternary composite SnO₂/Fe₂O₃@RGO 
exhibits synergistic effects—enhancing adsorption 
capacity and regeneration potential compared 
to individual components [17]. Although earlier 
studies have applied SnO₂/Fe₂O₃@RGO mainly 
in photocatalytic dye degradation, its use in 
adsorption—especially for CV removal—has been 
seldom examined [18]. Moreover, literature on 
CV adsorption using RGO-metal oxide systems 
often lacks comprehensive kinetic, isothermal, 
thermodynamic, and reusability data [19–20]. 

This study aims to synthesize and thoroughly 
characterize SnO₂/Fe₂O₃@RGO as a novel, 
efficient adsorbent for CV removal from aqueous 
solutions. It evaluates the impacts of operational 
parameters (adsorbent dosage, contact time, pH, 
temperature, and ionic strength), and performs 
adsorption kinetics, isotherm, thermodynamic, 
and regeneration analyses to determine both 
mechanism and field applicability. 

MATERIALS AND METHODS
Materials and Instrumentals 

The laboratory apparatus used in this study 
included analytical balances, magnetic stirrers, 
hotplates, burettes, Erlenmeyer flasks, beakers, 
measuring cylinders, volumetric pipettes, 
droppers, spatulas, glass funnels, ovens, spray 
bottles, universal pH paper, desiccators, porcelain 
crucibles, stirring rods, and pH meters.

The instrumental equipment included a 
Scanner electron microscopy (SEM, Sigma VP, 
UK) provides information regarding surface 
morphology, whereas XRD (Simens D500, UK) 
characterized the crystal structure of the sample. 
The carbon structures were assessed using Raman 
spectroscopy by ID./IG. BET isotherms (adsorption-
desorption) and the pore size distribution method 
BJH were used to study the surface properties of 
the synthesized ternary composites in terms of 
surface area, pore diameter, and crystalline size. 
FT-IR shows the active groups present in GO and 
RGO. Transmission electron microscopy (CM 120, 
UK) gives a better picture of how the tube is put 
together. A Teflon-lined stainless-steel autoclave 
(China) was used during the synthesis process. 

The chemical materials used were tin(II) chloride 
dihydrate (SnCl₂·2H₂O, ≥98%), ferric chloride 
hexahydrate (FeCl₃·6H₂O, ≥98%), graphite powder, 
potassium permanganate (KMnO₄), hydrogen 
peroxide (H₂O₂, 30%), sulfuric acid (H₂SO₄, 
98%), hydrochloric acid (HCl, CDH India, 36%), 
phosphoric acid (H₃PO₄, Solvochem UK, 99.9%), 
hydrazine hydrate (Thomas, 80%), polyvinyl 
pyrrolidone (PVP, Direvo Industrial Biotechnology, 
Germany, 99.9%), ammonium acetate (CDH India, 
99.9%), ammonia solution (NH₄OH, Chem Lab 
Belgium, 99%), ethanol (Sigma-Aldrich, 99.9%), 
calcium carbonate (CaCO₃), sodium chloride 
(NaCl), deionized water, and crystal violet dye 
(C₂₅N₃H₃₀Cl, Sigma-Aldrich).

Procedure 
Synthesis of Graphene Oxide (GO) 

Graphene oxide is prepared by oxidizing pure 
powder graphite using a modified Hummers 
method. In this method, 0.225 g of graphite 
powder is added to a mixture containing strong 
oxidizing solutions, 27 mL of sulfuric acid (H2SO4) 
and 3 mL of phosphoric acid (H3PO4) (volume 
ratio of 9:1). 1.32g of potassium permanganate 
(KMnO4) was added to the solution slowly. The 
mixture was stirred for 6 hours until a dark green 
solution was obtained. To remove the excess of 
permanganate (KMnO4), 0.675mL of hydrogen 
peroxide (H2O2) was added to the solution in the 
form of slow drops while stirring for 10 minutes. 
The reaction is exothermic, so it is left overnight to 
cool down. Then the liquid is eliminated, and the 
solution is washed by mixing 10 mL of hydrochloric 
acid (HCl) with 30 mL of deionized water and 
continuing washing until the acidic function is 
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reached (pH = 7) and the precipitate was washed 
using a centrifuge at 5000 rpm for 7 minutes [21].

Synthesis of Reduced Graphene Oxide (rGO)
Graphene oxide is reduced using hydrazine 

hydrate by a hydrothermal method in an autoclave. 
0.3 g of graphene oxide is mixed with 100 mL of 
deionized water and the solution is dispersed by 
a shaker for 3 hours. Then 0.12 mL of hydrazine 
hydrate was added. Then it was transferred into 
a Teflon-lined stainless-steel autoclave, which was 
heated to 80 °C for 12 hours. Furthermore, the 
precipitate is washed with water and ethanol, the 
RGO precipitate was dried in an oven at 60 °C [22]. 

Synthesis of Iron Oxide Particles (Fe2O3)
Fe2O3 nanoparticles are synthesized using 

the hydrothermal method. In brief, 0.405 g of 
FeCl3.6H2O, 0.116 g of ammonium acetate NH4AC, 
and 0.750 g of polyvinyl pyrrolidine (PVP) were 
dissolved in 30 mL of deionized water. The mixture 
is stirred vigorously for 10 minutes until complete 
dissolution. Then it was transferred to a lined 
stainless-steel Teflon autoclave. At 140°C for 12 
hours before cooling completely to laboratory 
temperature. The product of Fe2O3 is collected 
in a centrifuge, washed with distilled water and 
ethanol several times, and dried at 80 °C for 10 
hours [23]. 

 

 

  

 

 

 

 

 

 

  

Fig. 1. X-ray diffraction pattern ternary composite (SnO2-Fe2O3@RGO).

Fig. 2. Scanning electron microscope images (a,b) ternary composite (SnO2-Fe2O3@RGO) at different magnification strength 200nm, 
1μm.
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Synthesis of Tin Oxide (SnO2) Nanoparticles
By chemical precipitation, nano tin oxide (SnO2) 

was prepared. In this method, dissolving. In 100 mL 
of deionized water, dissolve 2 g (0.1M) stannous 
chloride dehydrate (SnCl2.2H2O). ammonia 
solution was added with continuous stirring. It 
appears as a gel that is filtered and dried at 80 °C 
for 24 h [24].

Synthesis of (SnO2/Fe2O3@rGO) Composite
Hydrothermal synthesis was used to create the 

ternary composite (SnO2/Fe2O3@RGO). Following 
usual operating procedure, 0.2 g of reduced 

graphene oxide was shaken for one hour in 70 mL 
of a solution containing 30 mL of H2Oand 40 mL of 
C2H5OH.In addition, 0.3 g of tin oxide (SnO2) and 
0.5 g of iron oxide (Fe2O3) were added. The mixture 
was autoclaved at 170°C for 4h, then cooled to 
room temperature before the precipitate was 
collected and dried at 60°C [25]. It absorbs crystal 
violet dye.

Characterization of the composite 
The synthesized SnO₂/Fe₂O₃@RGO composite 

was characterized to confirm its successful 
formation and to evaluate its suitability for dye 

 

 

 

   

 

  

Fig. 3. Adsorption- desorption nitrogen of the ternary composites (SnO2-Fe2O3@RGO).

Fig. 4. Porous Distribution of a ternary composite (SnO2-Fe2O3@RGO).
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adsorption.

X-ray diffraction (XRD) for SnO2/Fe2O3@RGO
RGO diffraction peaks cannot be seen in (Fig. 

1) because the ordered structure of natural 
graphite flake was broken in the GO preparation 
process and GO reassembly was inhibited by 
SnO2 and Fe2O3 growth on the RGO surface in the 
hydrothermal process. Diffraction peak relative 
intensities at 2 = 24.4°, 35.8°, 41.01°, 49.6°, 54.13°, 
57.6°, 62.62°, and 64.17° Fe2O3. In the case of 
SnO2, there are three distinct peaks in the SnO2 
crystal at temperatures of 26.73°, 33.21°, and 
54.1°. According to these findings, SnO2 and Fe2O3 
do exist [26,27]. Only the pure phase was found. 
SnO2/Fe2O3@RGO composites don’t seem to have 
any RGO diffraction peaks, which may be because 
the RGO diffraction intensity of the composite is 
low [28].

Filed emission Scanning Electron Microscopy for 
(SnO2-Fe2O3@RGO)

The Fig. 2 illustrated an abundance of 
nanoparticles affixed to sponge-like layers, to 
the degree that the layers had a coarse texture, 
indicating the homogeneous layering of metal 
oxides on graphene oxide layers. Image that may 
be caused by the aggregation and/or excess of 
metal oxides. The elemental analysis of SnO2-
Fe2O3@RGO nanocomposites by SEM-EDX 
revealed that the nanomaterial was made of Fe, 
Sn, O, and C with 3.2 % chloride contamination 
from the FeCl3.6H2O due to poor washing of the 
nanocomposite yield [29].

Surface area (BET, BJH)
The BET isotherms (adsorption-desorption) 

and the BJH pore size distribution method was 
used to investigate the surface properties of the 
produced ternary composites in terms of surface 
area, pore diameter, and crystal size. Adsorption 
and adsorption isotherms for nitrogen are shown 
on the overlap in (Fig. 3). Surface pores are shown 
to be aggregated into plates that appear to be 
non-hardened [30]. By using the BJH method, the 
surface of the ternary composite was found to 
have an estimated pore diameter rate (16.15 nm) 
of 0.1564 cm3/g. The porous diameter rate of the 
ternary composites showed that it has fine pores 
with sizes between 2 and 50 nm.as shown in (Fig. 
4). 

Other available instruments, such as FT-IR, UV–
Vis, and TEM, were used for supporting analyses, 
but were not the focus of this study.

Preparation of Crystal Violet Dye solution 
0.0125 grams of crystal violet dye were 

solubilized in 500 mL of distillated water to make 
the standard solution. Using the correct dilution, 
A series of solutions were used to prepare the 
reference solution. To change the pH, either 0.1 
M NaOH or HCl were used. Fig. 5. illustrates the 
crystal violet solution and chemical composition.

Batch Adsorption Experiments
tests were conducted in a baker with a capacity 

of 250 mL that featured mechanical vibrators. 
In order to determine the influence that weight 
has on ternary composites, weights ranging from 
0.01-0.06 g were deducted from the surface that 
had been adsorbed until equilibrium at 25°C 
was achieved. For the purpose of computing the 
time effect, various time intervals ranging from 
1 to 140 minutes were used. and with a surface 

 

  

Fig. 5. Crystal Violet dye’s chemical components and solution.
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weight that had been calculated in advance. The 
pH scale was applied to ascertain how acidic 
functions impacted the system (4,6,8, and 10). The 
influence of temperature was investigated using a 
wide range of temperatures, ranging from 5 to 35 
degrees Celsius. Utilizing a UV-Visible single-beam 
apparatus at 1200 nm, we were able to determine 
the absorbance at a wavelength of 585.5 nm. It is 
possible to calculate the amount of adsorbent by 
using the equation (1).

qe = V(C° − Ce  )/m 

 

 

  

  

                                                (1)

R% = 100(1 − Ce  
C°

) 

 

 

  

  

                                                  
(2)

The volume of this solution has a volume of L, 
the CV dye concentrations C° and Ce are measured 
in mg. L-1, the weight (m) of the ternary composites 
employed in the experiment is given in grams (g) 
and Removal percentage (R%).

RESULTS AND DISCUSSION 
A UV–Vis spectrophotometer was employed 

to determine the initial concentrations of crystal 
violet dye solutions prior to the adsorption 
experiments. The absorbance measurements 

were taken at a maximum wavelength (λₘₐₓ) of 
580 nm. A calibration curve was constructed 
over a concentration range of 1–9 mg /L and was 
used to estimate the dye concentrations. Detailed 
information about the calibration curve is provided 
in the supplementary file (Fig. S1).

Effect of adsorbent dosage 
According to studies, the removal efficiency of 

crystal violet dye increased from 40.9% to 94.9% 
when the amount of ternary composite powder 
adsorbent was increased from 0.01 to 0.06 g and 
a concentration of 25 mg /L at 25°C. This was due 
to an increase in the number of active sites on 
the adsorbent, but the adsorption capacity of the 
ternary composite powder adsorbent decreased 
from 20.5 to 51.2 mg/g. There is a higher clearance 
of crystal violet dye per unit weight of adsorbent 
because the dye is more easily accessible to the 
ternary composite surface at lower adsorbent 
concentrations. Due to very fast superficial 
adsorption onto the ternary composite surface at 
higher adsorbent masses, which results in a lower 
concentration of crystal violet dye in the solution 
than when the adsorbent dose is lower, some of 
the adsorption sites on the ternary composite 
adsorbent’s surface remain empty during the 

 

 

 

  

Fig. 6. Effect of weight (SnO2/ Fe2O3@ RGO) on CV dye removal (dye conc: 25mg/L, Tempe:25⁰C,50mL).
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adsorption process [31]. Therefore, as adsorbent 
amounts increase from 0.01 to 0.06g, the amount 
of crystal violet dye absorbed per unit mass of 
adsorbent decreases [32]. Additionally, a decrease 
in the total surface area and an increase in the 
length of the diffusion path brought on by the 

adsorbent’s adsorption active sites aggregating or 
overlapping may be the cause of the decreased 
adsorption capacity. These outcomes concur 
with the research findings published in [33, 34]. 
Therefore, 0.01g was the ideal adsorbent dose 
for amount of adsorbent crystal violet dye from 

 

 

 

 

  

  

Fig. 7. Effect of time of (SnO2/ Fe2O3@ RGO) :(0.01 g, dye conc:25 mg/ L, Tempe 25⁰ C,50mL).

 

 

 

  

Fig. 8. Effect of temperature (SnO2/ Fe2O3@ RGO):0.01 g (Dye conc:25 mg / L, Tempe 
5- 35⁰ C, 50mL).
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ternary composite powder adsorbent. shown in 
Fig. 6.

Effect of contact time 
The first few minutes of dye adsorption are 

extremely fast. Since the compound’s surface area 
is so large, it can easily take up and absorb the dyes 
(SnO2, Fe2O3, and RGO). The majority of the dye is 
eliminated as a result of the active groups present 
on the surface [35]. Color absorption increased 
with time throughout the first several minutes 
until equilibrium was reached [36] as illustrated in 
Fig. 7.   

Effect of Temperature
The influence of temperature on the adsorption 

of crystal violet dye onto the SnO₂/Fe₂O₃@
RGO composite was investigated within the 
range of 5–35 °C [37]. As shown in Fig. 8, the 
adsorption capacity decreased with increasing 
temperature, indicating that the adsorption 
process is exothermic in nature. The decrease in 
adsorption performance at elevated temperatures 
can be attributed to the weakening of interactions 
between dye molecules and active sites on the 
adsorbent surface. This may result from increased 

molecular motion, which reduces the probability 
of dye molecules being retained on the adsorbent 
surface [38,39].

Effect of pH
The pH of the solution plays a critical role in the 

adsorption process, as it influences both the surface 
charge of the adsorbent and the ionization state of 
the dye molecules. Batch adsorption experiments 
were conducted at different pH values (4, 6, 8, 
and 10) under constant operating conditions. The 
results are illustrated in Fig. 9. At pH values lower 
than 4, the adsorbent surface becomes positively 
charged due to the presence of excess H⁺ ions, 
which leads to electrostatic repulsion between 
the surface and the cationic crystal violet (CV) 
dye, resulting in reduced adsorption efficiency. 
As the pH increases, the concentration of H⁺ 
ions decrease, and the surface of the adsorbent 
becomes more negatively charged. This enhances 
the electrostatic attraction between the CV dye 
molecules and the adsorbent surface, leading 
to an increase in dye removal efficiency. This 
behavior is consistent with previous findings [40–
42], where the adsorption of CV dye was favored 
under alkaline conditions. The highest removal  

 

 

  

Fig. 9. Effect of pH (SnO2/ Fe2O3@ RGO): 0.01 g, 50 ml, conc:25 mg/L. Tempe 25 ⁰C).
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efficiency was observed at pH 10, indicating that 
basic media provide favorable conditions for CV 
adsorption onto the ternary composite adsorbent.

Effect of Ionic Strength
The ionic strength of the solution significantly 

affects the adsorption process by influencing 
the interaction between the adsorbate and the 
adsorbent surface. In this study, the effect of 
different ionic strengths was examined using 
CaCO₃ and NaCl salts at concentrations ranging 
from 0.01 to 0.06 g, as shown in Fig. 10. An 
increase in salt concentration led to a noticeable 
decrease in the removal efficiency of crystal 
violet (CV) dye. This reduction can be attributed 
to the competition between the cationic dye 
molecules and the cations from the added salts 
for the available active sites on the surface of 
the adsorbent. As the ionic strength increases, 
more cations from the salts occupy these active 
sites, thereby reducing the accessibility of CV 
dye molecules to the surface. Furthermore, the 
electrostatic shielding effect becomes more 
pronounced at higher ionic strengths, which 
weakens the electrostatic attraction between the 
negatively charged adsorbent surface and the 

positively charged dye molecules. This behavior 
aligns with previous studies [43–45], which 
reported that elevated ionic strength can suppress 
dye adsorption due to increased ion competition 
and reduced electrostatic interactions.

Adsorption isotherm 
The heterogeneous energy of the active site 

causes the S-type adsorption isotherm to stay 
in line with Freundlich and Temkin for multi-
layer adsorption. As seen in Fig. 11 and Table 1, 
this type illustrates that strong adsorption takes 
place on the solvent because of an attractive 
interaction that exists between the molecules of 
the adsorbent material and the adsorbent surface 
[46]. It demonstrates that adsorption studies and 
Freundlich isotherms are compatible. According 
to the Langmuir isotherm, monolayer adsorption 
occurs on a homogenous, uniform surface with a 
finite number of adsorption sites. The following is 
a mathematical representation of this equation:

Cₑ/qₑ = 1/Kl + (a/Kₗ).Cₑ 

  

                                         (3)

The Freundlich isotherm, in contrast, 
describes the process of reversible and non-

 

 

  

Fig. 10. Effect of ionic strength (Dye conc:25 mg/L, Tempe 25⁰ C, (SnO2/ Fe2O3@ RGO):0.01 g).
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ideal adsorption on heterogeneous surfaces. 
It accounts for interactions between adsorbed 
molecules and indicates that the sorption energy 
decreases exponentially as the adsorption sites 
on the adsorbent are progressively occupied. 
The Freundlich isotherm is calculated using the 
equation: 

logqe = logKF + 1
n logCe 

  
                                          

(4)

Meanwhile, the Temkin model highlights that 
the interaction between the adsorbate and the 
adsorbent leads to a gradual decline in the heat of 
sorption as coverage increases. This relationship is 

described by the equation:

qₑ = B ln Aₜ + B ln Cₑ 

  

  

                                              (5)

In this case, Ce represents the equilibrium 
concentration (mg/L) and indicates the amount of 
Crystal Violet dye adsorbed at equilibrium (mg/g). 
KL is the Langmuir constant, while the value qm 
is the estimated maximal adsorption capacity. 
Furthermore, the Temkin adsorption potential is 
indicated by At, and the Freundlich constants are 
KF and 1/n.

Adsorption kinetic
Pseudo first order and pseudo second order 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 11. Isotherms models (a) Langmuir (b) Freundlich(c) Temkin. 

Langmuir 
R2 Qmax(mg/g) KL(L/mg) 

0.85040 -78.7401 -0.1027 

Freundlich 
2R N Kf(mg/g) 

0.96528 2.6853 3.6738 

Temkin 
R2 B At 

0.94703 24.9983 0.7012 
 

  

Table 1. Langmuir, Freundlich, and Timken equations were used to calculate the crystal violet uptake of 
ternary composites at 25°C.
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equation models were used to investigate the 
rate of (CV) dye adsorption on ternary composites 
(SnO2/Fe2O3@RGO). Tables of kinetic, qe, and R2 
values can be found at the bottom of this Table 
2. Using the pseudo second order model and the 
amount (R2 = 0.9969), if the correlation coefficient 
R2 is determined to be strong, the dye’s adsorption 
kinetics will fit the pseudo second order model 
[47,48].

pesudo − first order: ln(qe − qt) = ln qe − k1t 

 

  

  

        (6)
 
qt is the quantity adsorbed at time t, qe is the 

amount adsorbed at equilibrium (in mg. g-1), and 
t is the period (min). By displaying ln(qe-qt) as a 
function of time t, one can derive the rate constant 
k1 for the adsorption process (min-1).

pesudo − second order: t
qt = 1

K2qe2 + 1
qe

 

  
                  

(7)

the pseudo-second order constant K2 (1/mg.1/
min) and equilibrium adsorbate concentration 
per gram of adsorbent (mg/g) qe can be derived 
empirically from the slope and y-axis of the t/qt 
line as a function of time.

Thermodynamic variables.
Analysis of crystal violet adsorption on (SnO2/

Fe2O3@RGO) was done using the following 
thermodynamic factors: Changes in the Gibbs free 
energy (∆G°), enthalpy (∆H°), and entropy. They 
were calculated using the following formulas.

  Kd = qe
Ce

 

  
                                                                           

(8)

 
∆𝐺𝐺° = -RTlnKd 

  
                                                           (9)

lnKd = ∆S° 
R − ∆H° 

R ∙ 1
T 

                                      
(10)

Ce is the equilibrium concentration for an 
ideal gas (R = 8.314 J/mol.K), Ce is the starting 
concentration (mg/L), T is the absolute temperature 
(K), Kc is the coefficient of distribution, and R is the 

ideal gas constant (mg./L).
The linear graph of lnKd vs 1/T in Fig. 12 shows 

how temperature affects the ternary composite’s 
ability to remove Crystal Violet dye throughout the 
adsorption process. Furthermore, Table 3 presents 
the correlation coefficients and estimated 
thermodynamic parameters. Gibbs free energy 
(ΔG°) = -1.7570 kJ.mol⁻¹ under constant reaction 
conditions, whereas entropy (ΔS°) and enthalpy 
(ΔH°) were found to be -42.4820 J/mol.K and 
-14.6592 KJ/mol, respectively. This suggests that 
within the temperature range under investigation, 
the adsorption of Crystal Violet dye onto the 
adsorbent surface occurred spontaneously. The 
data analysis clearly shows that spontaneous 
single-layer adsorption, which is a sign of chemical 
adsorption, and multi-layer adsorption, which is 
a sign of physical adsorption, took place during 
the procedure. This suggests that both physical 
and chemical interactions were involved in the 
adsorption of Crystal Violet dye onto the SnO₂-
Fe₂O₃@RGO surface. ΔG° normally ranges between 
0 and 20 kJ/mol for physical adsorption, whereas 
for combined chemical-physical adsorption, it falls 
between 20 and 80 kJ.mol⁻¹. Chemical adsorption 
alone is reported to exhibit values spanning 80 
to 400 kJ/mol for reaction enthalpy changes. 
According to some studies, ΔH° values for physical 
adsorption range up to 21 kJ/mol, for chemical-
physical adsorption they vary between 21 and 80 
kJ/mol, and for purely chemical adsorption they 
are reported between 80 and 200 kJ/mol. Negative 
ΔH° values and the observed decrease in Kd with 
rising temperature suggest that the adsorption 
of Crystal Violet dye on the ternary composite 
surface was exothermic[45,46,49]. The reduction 
in ΔG° values with increasing temperature further 
confirms that higher temperatures are unfavorable 
for the adsorption process. As the temperature 
rises, desorption occurs more readily, weakening 
the adsorption capacity. This reduction can be 
attributed to increased molecular motion at 
elevated temperatures, which disrupts the bonds 
and results in the release of Crystal Violet dye 
from the SnO₂-Fe₂O₃@RGO surface. The relatively 
low ΔS° values indicate no significant change in 

Dye 
 

Pseudo -First Order Pseud-Second Order  
k1 

(1/min) 
Qe 

(mg/g) R2 K2 
(1/mg.1/min) 

qe 
(mg/g) R2 

Crystal violet -0.00034 37.3484 0.97859 0.00206 55.30973 0.9969 
 

  

Table 2. Kinetics parameters for the adsorption of CV by ternary adsorbent composites.
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system entropy during the adsorption process. 
The negative ΔS° values suggest lower disorder 
at the interface of the liquid and solid phases 
during Crystal Violet dye adsorption. Conversely, 
an increase in disorder might occur when dye 
molecules are released from the solid adsorbent 
into the solution phase [50, 51].

Recovery and regeneration of spent adsorbents 
Cycling

The efficiency of regeneration was measured 
during five successive cycles, each beginning with 
an adsorption equilibration phase and ending with 
desorption. The adsorption studies were carried 
out with the following parameters: an adsorbent 
dose of 0.01 g, pH of 7, duration of 90 minutes, and 
temperature of 298 K. Following the adsorption 
procedure, the granules were washed with distilled 
water. After desorption, samples were collected 
using a pipette and spun at 180 rpm for 2 minutes 
using a Beckman Coulter J326XPI-IM-1 centrifuge. 
The final concentration was determined using 
a spectrophotometer. Cycling stability is an 

important feature to consider when assessing the 
potential of an adsorbent material. To evaluate 
the material’s regenerative capacity, five-cycle 
adsorption-desorption tests were performed. Fig. 
13 shows that as the number of cycles rose, the 
adsorption capacity gradually decreased. However, 
after five cycles, the adsorption capacity may have 
fallen to 55.4% of its original value. The ternary 
composite outperformed other materials in terms 
of adsorption stability, retaining its performance 
without considerable degradation. These results 
show the SnO2-Fe2O3@RGO composite’s great 
reusability and regeneration capabilities.

Comparison of crystal violet dye with other 
sorbents

The comparison of various adsorbents’ 
monolayer adsorption capabilities with the current 
work is shown in Table 4. The table indicates that 
the adsorbent has a higher adsorption capacity for 
crystal violet dye compared to other adsorbents. 
The SnO2-Fe2O3 @RGO material has the potential 
to remove harmful crystal violet dye from aqueous 

 

 

  

R² = 0.9242

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 0.0034

ln
kd

1/T(K)

Adsorbate ∆G (kJ/mol) ∆H (kJ/mol) ∆S (J/k.mol) 
SnO2-Fe2O3 @RGO -1.7570 -14.6592 -42.4820 

 
  

Table 3. Shows the thermodynamic functions of CV adsorption on ternary composites (SnO2-Fe2O3 @RGO) at 25°C. 

Fig. 12. Adsorption of CV to ternary composites (SnO2-Fe2O3 @RGO) as a function of lnXm versus inverted absolute temperature. 
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solutions and industrial waste.

CONCLUSION 
The equilibrium time for CV adsorption on 

the composite’s surface is ninety minutes. As 
the solution’s acidity function declines, the 
concentration of CV dye adsorbent on the 
adsorbent’s surface increases. It was discovered 

that the Freundlich isotherm model and the 
adsorption isotherms were compatible. The 
pseudo-second-order equation can be used to the 
kinetics of adsorption to explain the binding of dye 
to the adsorbent surface. With measured enthalpy 
(∆H) values below 40 kj/mol, the physical nature 
of the dyes’ adsorption on the composite surface 
is demonstrated. Given the existence of negative 
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Fig. 13. Reusability of SnO2-Fe2O3 @RGO for the removal of C.V dye from water for five runs.

Adsorbent qmax(mg. g-1) Reference 
MWCNTs/Mn0.8Zn0.2Fe2O4 nanoparticle 5 [52] 

Raw cassava peels powder -5.15 [53] 
Poly(benzofuran-co-arylacetic acid)-FA 25.10 [54] 

Activated Carbon/Fe3O4 35.31 [55] 
P(AAm-MA)/MMT 20.36 [56] 

PVA/PAA-hBN@PDA fiber 793.65 [57] 
ZrO2 @MnCO3 @CdCO3 nanocomposite 179.52 [58] 

Chitin-psyllium based aerogel 227.11 [54] 
SnO2/Fe2O3@RGO 51.2 Present study 

 

Table 4. Comparison of adsorption capacities of different adsorbents for crystal violet dye.
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free energy change (∆G) values, the adsorption of 
CV dye is a spontaneous process.
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