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Abstract
The present work reports an efficient removal of a cationic dye, methylene blue (MB), and an anionic dye, methyl orange 
(MO) dye from an aqueous solution using graphene oxide (GO)–based nanocomposite as an adsorbent. GO was investigated 
as a potential nano-reinforcing filler in starch/poly(vinyl alcohol) (PVA) biopolymer matrix. Bio-nanocomposite based on 
starch/PVA matrix and GO were prepared by an aqueous casting method. The fabricated nanocomposites were characterized 
using FT-IR, XRD, Raman, TEM, FE-SEM, tensile study, Brunauer–Emmett–Teller (BET) method, Barrett–Joyner–Halenda 
(BJH) method, zeta potential, and swelling study. The effect of the various compositions of GO nanofiller in the starch/
PVA matrix was highlighted and the impact of GO nanosheets on the properties of the nanocomposites was revealed. The 
results demonstrated that the starch/PVA matrix with 3 g of GO was found to be the optimal concentration of GO. Batch 
adsorption experiments were conducted to optimize the operational factors, including adsorbent dosage, pH, and contact 
time, which were systematically investigated. The kinetics of adsorption followed a pseudo-second-order model, while the 
Langmuir isotherm model described the equilibrium adsorption capacity. The prepared nanocomposite exhibited a maximum 
monolayer adsorption capacity of 382 mg g−1 for MB dye and 293.3 mg g−1 for MO dye. Based on the calculated thermo-
dynamic parameters for the adsorption of MB (∆H° = − 16.37 kJ mol−1, ∆S° = − 37.99 J K−1 mol−1 and ∆G° from − 4.39 
to − 5.13 kJ mol−1) and MO (∆H° = − 13.72 kJ mol−1, ∆S° = − 31.78 J K−1 mol−1 and ∆G° from − 3.72 to − 4.39 kJ mol−1) 
dyes onto the nanocomposite material was feasible, exothermic, and spontaneous. A plausible adsorption mechanism was 
proposed, involving electrostatic attraction, H-bonding, and π-π interactions, which collectively governed the adsorption 
process. The nanocomposite showed good stability and reusability up to five cycles for the uptake of MB and MO dyes. 
These findings confirmed the effectiveness of the proposed approach to produce bionanocomposite with enhanced proper-
ties, which may be used in water purification technology.
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1  Introduction

Dye effluents pose significant environmental and health risks 
due to their genotoxic and carcinogenic nature [1, 2]. These 
dyes contain poorly biodegradable impurities, which not 
only harm the ecological environment but also have detri-
mental effects on human health [3, 4]. Methylene blue is a 

cationic dye that finds its application in color fiber, inks and 
highlighters, packaging materials, paints, textiles, asbestos 
content measurement, and paper products [5]. Methyl orange 
is an anionic dye used in printing, food, textile, scientific 
research, and pharmaceutical industries [6]. Both dyes are 
toxic colorants and because of their aromatic ring, degrada-
tion is difficult [7]. These dyes can cause dangerous effects 
such as gene mutation, cancer, and skin allergies [8, 9]. To 
address these issues and create a safer environment, various 
techniques have been proposed for dye removal, including 
photocatalysis [10, 11], biological treatment [12], chemi-
cal oxidation [13], membrane separation [14], and adsorp-
tion [15]. Among these methods, adsorption stands out as 
an inexpensive, easy-to-perform, and efficient technique for 
dye removal [16].
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Materials with ease in availability and low cost are pre-
ferred for this purpose. In this context, starch is considered 
a significant material for adsorption. Starch, a low-cost, 
abundant, renewable, and biodegradable natural polymer, 
has been widely used to construct effective composites with 
GO [17]. However, the poor mechanical properties of starch 
have limited its applicability. To enhance its characteristics, 
starch is often combined with other compounds, such as 
biodegradable synthetic polymer polyvinyl alcohol (PVA) 
[18]. PVA, known for its non-toxicity, water solubility, and 
good chemical and thermal stability, provides a biocompat-
ible microenvironment when combined with starch. The use 
of starch and PVA in the nanocomposite formulation aligns 
with sustainability goals and reduces the reliance on non-
renewable resources [19, 20]. The incorporation of starch 
and PVA into the Graphene oxide based-nanocomposite can 
improve the overall performance of the material.

Carbon-based nanomaterials, such as graphene oxide 
(GO), have gained attention as superior adsorbents in aque-
ous solutions for isolating organic dye pollutants [21]. GO 
is an oxygen-rich carbonaceous material with excellent 
mechanical properties and a large specific surface area, 
making it suitable for environmental remediation without 
interfering with ecological processes [22]. As it is well 
known, GO is synthesized dominantly via the chemical oxi-
dation of natural graphite even though there are few reports 
on alternative electrochemical oxidation [23]. One com-
monly used method for synthesizing graphene oxide is the 
modified Hummers method [24], which is an adaptation of 
the original Hummers method [25]. This method enables 
better control over the degree of oxidation and enhances 
the efficiency in producing graphene oxide with functional 
groups on its surface. The oxidation process introduces vari-
ous functional moieties, such as hydroxyl (–OH), carboxyl 
(–COOH), and ether (–C–O–C) groups, onto the graphitic 
layers of GO [26, 27]. These functional groups act as active 
sites for efficiently removing dye contaminants from aqueous 
environments. Recently, there has been growing interest in 
GO-based nanocomposites, which offer the ability to tailor 
their properties for specific applications [28]. GO, as a rein-
forcing filler, can be incorporated into the composite by vari-
ous supramolecular interactions including hydrogen bond-
ing, electrostatic interaction, coordination, and π–π stacking. 
The extended layered structure of GO with large surface area 
and hydrophilic polar groups can increase swelling property, 
mechanical strength, and adsorption ability of the nanocom-
posite [29]. GO-based nanocomposites with good dispersion 
and interfacial bonding can prevent the aggregation of GO 
nanosheets, leading to composites with superior properties 
compared to their individual components [30, 31].

Research in the field of adsorption has predominantly 
focused on investigating the isotherm, kinetic, and thermo-
dynamic aspects of the adsorption process to gain insights 

into the mechanism by which dye molecules are adsorbed 
onto different adsorbents. According to the literature, to 
explore the appropriate adsorbent, several notable studies 
have been published in this regard. Alamri et al. success-
fully grafted thiol (–SH) and sulfonic acid (–SO3H) groups 
onto Titanosilicate (TS) for dioxane cleanup. These adsor-
bents well obeyed the Langmuir adsorption isotherm and 
pseudo-second order model when removing dioxane from 
polluted environments [32]. Fakhry et al. used phase inver-
sion technique to immobilized Myriophyllum spicatum L. 
onto polyacrylonitrile/polyvinylpyrrolidone (PAN/PVP) 
hybrid beads, resulting in a porous structure with a posi-
tive impact from PVP incorporation. The fabricated beads 
exhibited high adsorption capacity (217 mg g−1) for Safra-
nin O dye, following the Langmuir isotherm model, and 
showed promising reusability, making them suitable for 
cost-effective wastewater treatment in the textile industry 
[33]. Nassar et al. presented the synthesis of pure sphere-
like spinel CoMn2O4 nanostructures and their application as 
an adsorbent for the removal of Reactive Black 5 dye from 
aqueous solutions [34]. The synthesized adsorbent exhibits 
high adsorption capacity, stability, and reusability, and fol-
lows pseudo-second-order kinetics and Langmuir isotherm 
model for adsorption.

Herein, we introduce GO as a nanofiller in the starch/PVA 
polymer matrix to prevent the aggregation of GO and fully 
exploit its adsorption capabilities. We assess the adsorption 
performance of the starch/PVA/GO (SPGO) nanocomposite 
for the removal of the cationic dye MB and the anionic dye 
MO from aqueous solutions. The Langmuir and Freundlich 
adsorption models were used to describe the equilibrium 
isotherm. Two simplified kinetic models including pseudo-
first-order and pseudo-second-order equations were used 
to investigate the adsorption process. The novel aspect of 
our study lies in investigating the adsorption potential of 
the SPGO nanocomposite, which combines the advantages 
of GO, starch, and PVA, offering a promising solution for 
effective dye removal.

2 � Materials and methods

2.1 � Materials

Graphite powder, sodium nitrate (NaNO3), sulphuric acid 
(H2SO4), potassium permanganate (KMnO4), 30% hydrogen 
peroxide (H2O2), hydrochloric acid (HCl) and ethanol was 
supplied by Sigma-Aldrich. Starch (MW = 828.718) and Pol-
yvinyl alcohol (MW = 85,000–124,000 g mol−1 with 88% of 
degree of hydrolysis) was purchased from Spectrochemicals 
Pvt Ltd., Mumbai, India. Dye for adsorption studies includ-
ing methylene blue (MB, C16H18ClN3S) and methyl orange 
(MO, C14H14N3NaO3S) was supplied by Sigma-Aldrich). All 
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aqueous solutions were prepared with de-ionized water (DI 
water). All chemicals used were of analytical grade.

2.2 � Synthesis of graphene oxide nanosheets (GO)

Graphene oxide (GO) was synthesized by a modified Hum-
mers method [24]. Sulfuric acid was mixed with phosphoric 
acid with a 9:1 volume ratio, the mixture was stirred for 
10 min. Graphite powder was then added to the mixture 
while stirring. Potassium permanganate was slowly added 
to the solution mixture and left to stir for 6 h until the color 
changed to dark green. 0.675 mL of hydrogen peroxide was 
slowly added producing an exothermic reaction and the reac-
tion was left to stir for several minutes. The reaction tem-
perature was lowered to room temperature (~ 25 °C) and then 
the solution was centrifuged and the precipitate was washed 
by a mixture of HCl and distilled water several times. The 
produced GO powder was set to dry in a drying oven at 
90 °C for 24 h (Scheme 1).

2.3 � Fabrication of starch/poly(vinyl alcohol)/
graphene oxide nanocomposite (SPGO)

The fabrication of GO-based nanocomposite containing 
starch and PVA was prepared by the solution casting method 
[17, 19]. Starch (2 g) was dissolved in 100 mL deionized 
water and stirred for 1 h at 95 °C to induce starch gelatiniza-
tion. PVA (2 g) was prepared in 100 mL deionized water and 
stirred for 1 h at 90 °C. Then the starch solution and the PVA 
solution were mixed in the volume ratio of 3:1 and stirred for 
1 h at room temperature followed by sonication for 30 min. 

To 100 mL starch/PVA blend solution, various proportions 
of GO nanofiller (1 g, 3 g, and 5 g) were added individually 
followed by sonication for 2 h. The obtained homogenous 
dispersions were cast onto Teflon plates and dried at 35 °C 
for approximately 72 h. While using Teflon plate additional 
processing steps have been carried out including sonication 
for 1 h additionally in the same conditions and complete 
drying for at least 1 week prior to the demolding process 
to produce bubble-free materials and further ensure proper 
bonding between the nanocomposites. The dried nanocom-
posites were peeled from the casting surface and kept in a 
desiccator at room temperature until further use. The sam-
ples were coded as SPGO0 (polymer matrix) and the nano-
composites with GO (1 g, 3 g, and 5 g) as SPGO1, SPGO3, 
and SPGO5 respectively (Scheme 2).

2.4 � Characterizations of starch/poly(vinyl alcohol)/
graphene oxide nanocomposite

2.4.1 � Fourier transform infrared spectroscopy (FTIR)

Fourier-transform infrared spectrometer (FTIR, Nicolet-560) 
(USA) was used to characterize the chemical structure of the 
prepared materials. Each transmission mode was developed 
with a resolution of 4 cm−1 and a range of 4000–400 cm−1.

2.4.2 � X‑ray diffraction analysis (XRD)

An X-ray diffractometer (SmartLab, Rigaku Corporation 
International Marketing Division, Japan) was used to ana-
lyze the diffraction patterns of the prepared materials. 

Scheme 1.   Synthesis of graphene oxide nanosheet
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XRD graphs were recorded at a 20° min−1 scanning speed 
in 10° ≤ 2θ ≤ 90° intervals for qualitative analysis. The 
wavelength of CuKα radiation was 1.540 Å. The d-spac-
ing was evaluated by Bragg’s law [35]:

where n is the order of reflection, � is the wavelength of the 
X-ray, d is the characteristic spacing between crystal planes 
of a given specimen and � is the angle formed between the 
incident beam and that of the normal to the lattice plane.

2.4.3 � Raman spectroscopy

Confocal Raman Spectroscopy/Imaging, Alpha300R, 
WITec GmbH Germany, was used to study the structural 
defects of the prepared materials at an excitation wave-
length of 532 nm.

(1)d =
n�

2����

2.4.4 � Transmission electron microscopy (TEM)

Transmission electron microscope (TEM) (model Philips 
CM 200) was used to investigate the morphology of graph-
ite powder and graphene oxide nanosheets (GO). A droplet 
of diluted suspension of graphite and GO were deposited 
on the surface of a clean copper grid and dried at room 
temperature.

2.4.5 � Field emission scanning electron microscopy 
(FE‑SEM)

A field emission scanning electron microscope (FESEM), 
Quattro S, FEI Company of USA (S.E.A) PTE LTD, Sin-
gapore, was used to examine the surface morphology of 
the prepared materials.

Scheme 2.   Fabrication of starch/poly(vinyl alcohol)/graphene oxide nanocomposite (SPGO)
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2.4.6 � Mechanical study

Mechanical properties such as tensile strength (TS) and per-
centage of elongation at break (EB) were carried out for 
the as-prepared materials using MTS Criterion 5 kN testing 
Machine according to ASTM D-638-2010 with a crosshead 
speed of 50 mm min−1. The measurements were done at 
25 °C. Sample dimensions were 4 mm × 10 mm. This experi-
ment was performed in triplicates and data were expressed 
as the means of triplicate counts.

2.4.7 � BET analysis

The Brunauer–Emmett–Teller (BET) specific surface area 
and Barrett–Joyner–Halenda (BJH) pore volume of the 
material were determined based on N2 adsorption–desorp-
tion tests performed by BET Surface area analyzer, BEL-
Sorp Max, Microtrac, BEL Corp, Japan.

2.4.8 � Zeta potential

The surface charge of the prepared materials was determined 
using Zeta potential analyzer, Microtrac, Inc., USA, under 
varying pH.

2.4.9 � Swelling study

The equilibrium swelling behavior of the prepared materials 
was evaluated by immersing a known weight of the mate-
rial in DI water at pH 7. The materials were equilibrated in 
an incubator shaker at 37 °C and taken out from the solu-
tion after 24 h. The excess surface water was removed using 
a wet filter paper to obtain the weight of swollen material 
(Ww). The prepared materials were then dried overnight in 
an oven at 60 °C and the dry weight (Wd) was determined. 
The swelling ratio was determined according to the equa-
tion [36]:

2.5 � Adsorption study

Batch adsorption experiments were carried out in conical 
flasks, where SPGO3 (1–8 mg dosage for MB and 1–4 mg 
dosage for MO) was added to 25 mL of dye the solution 
(5–300 mg L−1 for MB and 10–200 mg L−1 for MO) at 
pH ranging from 3 to 11. The pH values of the solutions 
were adjusted by adding 0.1 M HCl and 0.1 M NaOH 
solutions. The solutions were agitated under 150 rpm in 
a temperature-controlled shaker at 298, 308 and 318 K. 

(2)Swellingratio(%) =
Ww −Wd

Wd

× 100%

The adsorption kinetic experiments were studied at various 
time intervals from 10 to 180 min. The concentration of 
dye at different time intervals was determined by UV–Vis 
spectrometer (JAZ, Ocean optics, USA) by measuring their 
absorbance at λmax of MB (664 nm) and MO (464 nm). 
Adsorption capacity (qe) and removal efficiency (R) were 
calculated using the following equations:

where qe is the adsorption capacity (mg g−1), C0 and Ce are 
the initial and equilibrium concentrations of selected dyes 
(mg L−1), respectively, V is the volume of the solution (L), 
and m is the mass of the adsorbent (g).

To investigate the effect of ionic strength, a series 
of solutions with varying concentrations of KCl, NaCl, 
CaCl2, and MgCl2 were added to the flask containing 
adsorbent (6 mg dosage for MB and 10 mg dosage for 
MO) and adsorbate (V = 25 mL, C = 30 mg L−1 for MB 
and MO dyes) at 298 K.

2.6 � Reusability studies

After adsorption of dyes, to separate the dye-loaded 
SPGO3 nanocomposite, 0.1 M HCl solution was used as 
a desorption medium for MB, and 0.1 M NaOH solution 
was used as a desorption medium for MO. After centrif-
ugation, the separated SPGO3 nanocomposite was then 
washed with water and ethanol, in sequence. The nano-
composite was then dried at 35 °C for 72 h and used for 
the subsequent adsorption–desorption experiments. The 
desorbed dye concentrations were quantified by UV–vis-
ible spectroscopy. The adsorption capacity (qe) of SPGO3 
nanocomposite was calculated using Eq. (3).

2.7 � Statistical analysis

Each batch adsorption experiment was performed thrice 
and the obtained results were presented as average ± SD 
(standard deviation). The maximum errors were less than 
5%.

(3)qe =

(

C
0
− Ce

)

V

m

(4)R =
C
0
− Ce

C
0

× 100%
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3 � Results and discussion

3.1 � Characterizations of starch/poly(vinyl alcohol)/
graphene oxide nanocomposite

3.1.1 � Fourier transform infrared spectroscopy (FT‑IR)

The functional groups and chemical bonding in graphite, 
pristine GO, SPGO0 polymer blend, and SPGO1, SPGO3, 
and SPGO5 nanocomposites were validated by FT-IR 
spectroscopy as shown in Fig. 1a. The findings showed 
that while GO supported the existence of diverse oxygen-
containing functional groups on its surface, graphite did 
not show typical peaks of functional groups on its surface. 
This demonstrated that the conversion of graphite to GO 

was successful. The stretching vibration of –OH was rep-
resented by a distinctive broadband in the GO spectra, 
located at approximately 3360 cm−1 [37, 38]. The stretch-
ing vibrations of C=O, aromatic C=C, C–O–C, and C–O 
were assigned to the absorption bands at 1730  cm−1, 
1597 cm−1, 1250 cm−1, and 1150 cm−1, respectively [39]. 
These vibrations revealed the characteristic signatures 
of oxygen-containing functional groups on the GO sur-
face. The presence of functional groups in GO promotes 
its hydrophilic character and facilitates its dispersion in 
water [40]. This property plays an important role in the 
adsorption of dyes and heavy metals from an aqueous solu-
tion. The distinctive peak for the SPGO0 polymer blend 
at 3257 cm−1 and 2938 cm−1 corresponds to the stretch-
ing vibrations of –OH and –CH2, respectively. Between 
1330 cm−1 and 1000 cm−1, the stretching vibrations of 
the C–O in the C–O–H and C–O–C groups were noticed. 
This confirmed strong interaction and miscibility between 
starch/PVA polymer matrix. In SPGO1, SPGO3, and 
SPGO5 nanocomposites, the –OH stretching frequency in 
GO decreased from 3360 cm−1 to 3285 cm−1, 3278 cm−1, 
and 3299 cm−1, respectively. The intermolecular hydro-
gen bonding between the GO nanofiller and the starch/
PVA polymer matrix was responsible for the shift in the 
–OH band to a lower vibrational frequency (Fig. 1b). This 
association increases the molecular level dispersion of GO 
nanofiller in the starch/PVA polymer matrix. Additionally, 
in SPGO1, SPGO3, and SPGO5 nanocomposites, the C–O 
stretching frequency in GO was changed from 1150 cm−1 
to 1076 cm−1, 1079 cm−1, and 1074 cm−1, respectively. 
The changes in the spectra of SPGO nanocomposites to 
GO suggested the presence of strong interactions between 
GO nanofiller and starch/PVA polymer matrix.

Fig. 1   a FTIR spectra of Graphite, GO, SPGO0 polymer matrix 
and SPGO nanocomposites and b Intermolecular hydrogen bonding 
existed in SPGO nanocomposites

Fig. 2   XRD pattern of Graphite, GO and SPGO nanocomposites
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3.1.2 � X‑ray diffraction (XRD)

To study the degree of exfoliation, interlayer distance (evalu-
ated by Bragg’s law), and dispersion of GO in the SPGO 
nanocomposites, X-ray diffraction analysis was performed 
and the results were shown in Fig. 2. The diffraction pattern 
of the graphite revealed a single sharp peak at 2θ = 26.2° 
corresponding to the indices of (002) plane of highly organ-
ized layer structure exhibiting an interlayer spacing of 
0.34 nm. The diffraction peak detected at 2θ = 8.9° could be 
attributed to GO displaying an interlayer spacing of 0.99 nm. 
The increase in the interlayer spacing of GO when compared 
to graphite might be attributed to the oxidation of graphite 
to GO, where the oxidation intercalates abundant oxygen-
containing functional groups in the interlayer of graphite 
[40]. The increased interlayer distance in GO nanosheets 
was also correlated with the enhancement in the adsorption 
behavior of SPGO nanocomposites.

The diffraction pattern of the SPGO nanocomposites 
clearly explained that the degree of dispersion varied with 
the amount of incorporation of GO nanosheets in the starch/
PVA matrix. In the SPGO0 polymer blend, the crystallinity 
of PVA decreased on blending with starch. This indicated 
that strong interaction exists due to the hydrogen bond-
ing between the hydroxyl groups of starch and PVA [19]. 
In SPGO1, SPGO3 and SPGO5 nanocomposites charac-
teristic peaks appeared around 19.8°, 20.06°, and 20.91° 
with d-spacing 0.45, 0.44, and 0.42 nm, respectively. The 
absence of characteristic diffraction peak of GO in SPGO1 
and SPGO3 indicated that most of the GO nanosheets were 
dispersed homogeneously within the polymer matrix. This 
could be related to the intermolecular hydrogen bonding in 
the nanocomposites, confirmed by FT-IR. But in SPGO5 
nanocomposite, the characteristic peak of GO reappeared, 
but with less intensity. This could be attributed to the layer 
stacking of GO sheets in the starch/PVA matrix which leads 
to poor dispersion [35]. The stacking of GO sheets directly 
affected the nanocomposite property which was reflected 
in tensile strength results. Hence XRD result showed good 
compatibility and optimal dispersibility with SPGO3 
nanocomposite.

3.1.3 � Raman spectroscopy

The structural information of Graphite, pristine GO, SPGO1, 
SPGO3, and SPGO5 nanocomposites were obtained using 
Raman spectroscopic technique, shown in Fig.  3. The 
Raman spectra of graphite, GO, and SPGO nanocompos-
ites exhibited characteristic D and G bands at approximately 
1350 cm−1 and 1580 cm−1 respectively. The D band was 
associated with the stretching vibration of sp3 carbon atoms 
causing defects and disorder of GO, while the G band was 
due to the stretching vibration of sp2 carbon atoms in a 

graphitic 2D hexagonal lattice [41]. It was observed that the 
D band of GO was broader and more intense than graph-
ite, which indicated that symmetry was distorted in GO 
because of the introduction of functional groups. Therefore, 
the defects caused in GO were due to the presence of func-
tional groups on the surface of GO. The relative intensities 
of the D and G bands (ID/IG) could be correlated to the ratio 
between the sp3 and sp2 carbon atoms and therefore used to 
estimate the defects in the graphene layers [42]. The increase 
in ID/IG ratio from 0.08 for graphite to 0.9 for GO served as 
a measure of disorder and inclusion of oxygen-containing 
functional groups within the carbon–carbon lattice.

The successful incorporation of GO nanosheets in the 
starch/PVA matrix was confirmed by the ID/IG ratio of SPGO 
nanocomposites. The ID/IG ratio was slightly enhanced in 
all the SPGO nanocomposites compared with that of GO, 
indicating more structural defects of GO sheets [43] due to 
the formation of chemical bonds between GO and starch/
PVA matrix. Graphite revealed an intense 2D peak due to 
its layered structure. It was noticed that in the spectra of 
GO and SPGO nanocomposites, the 2D bands were single 
broad peaks indexed around 2700 cm−1, except graphite. 
The number of layers of graphene sheets and their relative 
orientations affect the 2D band. In the case of SPGO5 nano-
composite, a wider 2D band suggested that aggregation in 
several layers of graphene oxide occurred [44].

3.1.4 � Transmission electron microscopy (TEM)

TEM images provide direct evidence for the morphol-
ogy and degree of exfoliation of graphite and GO which 
were shown in Fig. 4. Tightly stacked layered structure 
of the graphitized framework was clearly observed in 
the high-magnification image of raw graphite (Fig. 4a). 

Fig. 3   Raman spectra of Graphite, GO and SPGO nanocomposites
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After oxidation, the obtained GO nanosheets appeared 
to be transparent giving sheet-like morphology with dis-
tinct folding. This indicated that a high degree of exfo-
liation was achieved. Good transparency also suggested 
the presence of few-layered GO (Fig. 4b). The selected-
area electron diffraction (SAED) (Fig. 4c) of GO showed 

two visible concentric rings. The first ring corresponds to 
(1100) plane and the second corresponds to (1120) plane 
[39], which could be explained by the presence of func-
tional groups on the surface of GO that modified the dif-
fraction pattern.

Fig. 4   TEM micrographs 
of a graphite powder, b GO 
nanosheets and c SAED pattern 
of GO nanosheets

Fig. 5   FE-SEM images of 
a SPGO0 polymer matrix, 
b SPGO1, c SPGO3 and d 
SPGO5 nanocomposites
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3.1.5 � Field emission scanning electron microscopy (FESEM)

FESEM analysis was performed to study the surface mor-
phology of SPGO0 polymer blend, SPGO1, SPGO3, and 
SPGO5 nanocomposites and the corresponding micro-
graphs were represented in Fig. 5a–d. The SPGO0 blend 
showed a smooth and homogeneous morphology, sug-
gesting a homogeneous phase construction through strong 
inter- and intra-molecular hydrogen bonding. After the 
addition of GO nanofiller, the differences in the morphol-
ogy of SPGO1, SPGO3, and SPGO5 nanocomposites were 
explained by the hydrophilic functional groups of GO 
which facilitate a strong interaction and better dispersion 
between the GO nanofiller and starch/PVA polymer matrix. 
In the case of SPGO5 nanocomposite, a few agglomerations 
were observed due to the tendency of GO to agglomerate 
at higher concentrations [45]. In addition, FESEM images 

of all SPGO nanocomposites showed a rough surface after 
the incorporation of GO. The GO nanofiller provides active 
adsorption sites in SPGO material which significantly attract 
more target pollutants and accordingly improved the rate of 
adsorption and adsorption capacities in theory [46].

3.1.6 � Mechanical property

Mechanical properties such as tensile strength (TS) and 
percentage elongation at break (EB %) of SPGO0, SPGO1, 
SPGO3, and SPGO5 nanocomposites were tested and the 
results are shown in Fig. 6a, b. A good adsorbent must 
be mechanically stable when handling. SPGO0 polymer 
blend showed higher EB and lower TS. The increase in TS 
of SPGO1, SPGO3, and SPGO5 exhibited the reinforcing 
effect of GO nanosheets. This could be due to the forma-
tion of a more bonded network that was generated by the 
addition of GO nanosheets within the starch/PVA matrix 
[40]. The TS of SPGO3 increased as compared to SPGO1 
due to greater integration of GO nanosheets with the starch/
PVA polymer matrix. The homogeneous dispersion of GO 
nanosheets in the starch/PVA matrix, as well as favourable 
interfacial interactions, contributed to the enhanced TS of 
SPGO3 nanocomposite. Because of the greater concentra-
tion of GO in SPGO5, TS decreased due to the aggregation 
of GO nanosheets [35]. The incorporation of GO nanosheets, 
on the other hand, decreased the EB by limiting the nano-
composite's elongation by producing a stronger network in 
the starch/PVA matrix [47]. According to the findings, good 
mechanical integrity was obtained with SPGO3.

3.1.7 � BET analysis

The N2 adsorption–desorption isotherms were employed 
and the corresponding pore size distribution curves obtained 
using the BJH method are shown in Fig. 7a, b, respectively. 
The isotherm belonged to type IV and the hysteresis loop 
indicated that SPGO3 possessed the presence of mesopores 
[48]. The estimated mesopore size for SPGO3 nanocompos-
ite was 3.5. nm, as shown in Fig. 7b, demonstrating a homo-
geneous pore size distribution. The BET specific surface 
area of SPGO3 nanocomposite was found to be 96.6 m2 g−1. 
The calculated surface area was attributed to the presence 
of GO nanosheets in the material. The high specific surface 
area and mesoporous feature of SPGO3 nanocomposite, 
therefore, provided more adsorption sites.

3.1.8 � Zeta potential

The surface charges of pure GO and SPGO3 nanocom-
posite were determined as zeta potential of the nanocom-
posite for the pH range of 2–12 and the results are shown 
in Fig. 8. The results from the figure explained that the 

Fig. 6   a Tensile strength of SPGO0 polymer matrix and SPGO nano-
composites and b elongation at break of SPGO0 polymer and SPGO 
nanocomposites
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surface charge of the adsorbent was affected to a great 
extent by the solution pH. The SPGO3 nanocomposite 
exhibited high densities of negative charge compared to 
pure GO in alkaline pH. This was ascribed to the pres-
ence of oxygen-containing functional groups of GO and 
the hydroxyl groups on the polymeric chain, making the 
surface of SPGO3 negatively charged in alkaline pH. The 
point of zero charge (pHpzc) is the pH at which the sur-
face charge of the adsorbent becomes zero. It is negatively 
charged at pH > pHpzc and positively charged at pH < pHpzc 
[31]. This study showed that pHpzc = 5.8 for SPGO3 and 
pHpzc = 4.5 for GO. From the zeta potential analysis, it was 
expected that the negative surface charge of SPGO3 will 
be favorable for electrostatic attraction with that of the 
pollutant. Hence the zeta potential values to the pH will be 
useful in establishing a plausible adsorption mechanism.

3.1.9 � Swelling study

The tendency of a nanocomposite to swell is a critical 
aspect in determining its suitability for adsorption applica-
tions. The swelling capacity of the SPGO0 blend and the 
formulated SPGO nanocomposites were shown in Table 1. 
The water uptake nature is mainly due to the presence 
of hydrophilic groups such as hydroxylic (–OH), carbox-
ylic (–COOH), etc. which are present in the nanocompos-
ite network [49]. The greater the number of hydrophilic 
groups in a nanocomposite, the greater the swelling. The 
hydrophilic functional groups of GO, starch, and PVA 
were involved in the swelling of SPGO nanocomposites. In 
SPGO0 (devoid of GO nanofiller), the swelling ratio was 
found to be 238%. When GO was introduced into SPGO1, 
SPGO3 and SPGO5 nanocomposites, the swelling ratio 
was increased to 994%, 1086% and 903%, respectively. 
The greater swelling ability in nanocomposite was attrib-
uted to the better quantity and availability of polar func-
tional groups contributed by the GO nanofiller. The sample 
with the highest degree of swelling will have the highest 
surface area/volume ratio [50]. The higher swelling capac-
ity of SPGO3 nanocomposite may be related to the more 
hydrophilic nature of this material.

Fig. 7   a N2 adsorption–desorption isotherms of SPGO3 nanocompos-
ite and b pore size distributions of SPGO3 nanocomposite

Fig. 8   Zeta potential of GO and SPGO3 nanocomposite at different 
pH

Table 1   Swelling study Nanocomposite Swelling 
ratio (%)

SPGO0 237
SPGO1 994
SPGO3 1086
SPGO5 903
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3.2 � Optimization of operational factors 
on the adsorption

The amount of GO loadings anchored on the surface of the 
starch/PVA matrix plays an important role in determining 
the property of an adsorbent. From the characterization 
techniques, it was observed that GO tends to agglomerate 
at higher concentrations. This tendency reduces the acces-
sibility of adsorption sites on GO. The SPGO3 nanocom-
posite showed optimal dispersibility of GO nanofiller and 
also due to the presence of GO component endowed the 
SPGO3 nanocomposite with a large surface area. Therefore, 
we chose SPGO3 nanocomposite as the nano adsorbent to 
further investigate the removal of dye pollutants from an 

aqueous solution. Methylene blue (MB) and methyl orange 
(MO) were chosen as model organic dyes.

3.2.1 � Effect of pH

The pH level plays a crucial role in influencing the proto-
nation of functional groups and, consequently, the surface 
potential of the SPGO3 nanocomposite [51]. To investigate 
the impact of pH on the removal efficiency and adsorption 
capacity of the SPGO3 nanocomposite, the experiments was 
conducted and presented the results in Fig. 9a, b. Addition-
ally, the effect of pH can be understood by considering the 
point of zero charge (pHpzc) value, which was determined 
through zeta potential measurements [31]. From Fig. 8, 
the pHpzc of the SPGO3 nanocomposite was found to be 
5.8. Below pH 5.8, the surface of SPGO3 carried a positive 
charge, while above pH 5.8, the surface of SPGO3 exhibited 
a negative charge. In aqueous solutions, the dyes methylene 
blue (MB) and methyl orange (MO) existed in cationic and 
anionic forms, respectively. From Fig. 9a, b, it was clear that 
the highest removal efficiency (98%) for MB was achieved 
at a solution pH of 8. On the other hand, increasing the 
pH beyond this point did not lead to a further increase in 
adsorption capacity. This observation suggests that as the 
solution pH gradually increased, the hydroxyl and carboxyl 
functional groups on SPGO3 became deprotonated. Con-
sequently, cationic MB molecules were able to bind to the 
negatively charged surface of the SPGO3 nanocomposite 
through electrostatic attraction. Therefore, the negative sur-
face charge of the adsorbent played a significant role in the 
removal of MB dye. For the anionic dye, MO, the maximum 
removal efficiency (94%) was attained at a solution pH of 5. 
Similar to MB, increasing the pH beyond this point did not 
enhance the adsorption capacity. This finding indicates that 
at lower pH levels, the functional groups on SPGO3 were 
protonated, which increased the adsorption of the anionic 
dye. Thus, pH 8 and pH 5 were determined as the optimum 
pH values for the adsorption of MB and MO, respectively, 
in all subsequent experiments.

3.2.2 � Effect of adsorbent dosage

The effect of adsorbent dosage on MB and MO removal by 
SPGO3 nanocomposite was investigated and its influence 
on removal efficiency and adsorption capacity are shown 
in Fig. 10a, b, respectively. It was observed that adsorption 
capacity decreased significantly by increasing the adsorp-
tion dosage from 1 to 14 mg which may be attributed to 
the splitting effect of flux or concentration gradient between 
dye molecules and adsorbent [52]. On the other hand, 
the removal efficiency increased as the adsorbent dosage 
increased, which was due to the greater availability of active 
sites on the surface of SPGO3, thus making it easier for the 

Fig. 9   Effect of pH on a Removal of MB and MO dye by SPGO3 
nanocomposite and b Adsorption capacity for SPGO3 nanocomposite 
(c0 = 30 mg L−1; V = 25 mL; temperature was 298 K). Error bar = SD 
(n = 2)
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dye molecules to enter into the adsorption sites of SPGO3. 
After a certain point, further increase in dosage resulted in 
no significant change in removal efficiency. This indicated 
that higher dosage resulted in saturation of active adsorp-
tion sites which in turn inhibited further adsorption of dyes 
[48]. It was noticed from the results that removal efficiency 
attained equilibrium at 94% for MB corresponding to 6 mg 
of SPGO3 dosage and 93% for MO with reference to 10 mg 
of SPGO3 dosage. Therefore, the optimal adsorbent dosage 
was fixed at 6 mg for MB and 10 mg for MO in all further 
experiments.

3.2.3 � Effect of contact time

The effect of contact time on the adsorption of MB and 
MO on the surface of SPGO3 was investigated and its 

influence on removal efficiency and adsorption capac-
ity are shown in Fig. 11a, b, respectively. The removal 
efficiency and adsorption capacity increased significantly 
with increasing contact time was attributed to the pres-
ence of a large number of vacant sites on the adsorbent 
and more available time for the dyes to interact with the 
vacant sites of the adsorbent. As the adsorption proceeds 
further, the vacant sites on the surface of SPGO3 became 
saturated at equilibrium [53]. It was apparent from the 
figure that, the adsorption of MB and MO on the surface 
of SPGO3 increased with an increase in time and reached 
equilibrium at 120 min and 150 min, with approximately 
94% and 93% of dye adsorption, respectively. There-
fore, the optimal time for adsorption of MB and MO was 
selected as 120 min and 150 min, respectively, in all fur-
ther experiments.

Fig. 10   Effect of adsorbent dosage on a Removal of MB and MO dye 
by SPGO3 nanocomposite and b Adsorption capacity for SPGO3 
nanocomposite (c0 = 30 mg L−1; V = 25 mL; temperature was 298 K). 
Error bar = SD (n = 2)

Fig. 11   Effect of contact time on a removal of MB and MO dye by 
SPGO3 nanocomposite and b adsorption capacity for SPGO3 nano-
composite (c0 = 30  mg  L−1; V = 25  mL; temperature was 298  K). 
Error bar = SD (n = 2)
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3.3 � Adsorption kinetics

A kinetic study was carried out to understand the rate-deter-
mining step and plausible mechanism of the adsorption pro-
cess with the help of various kinetic models. Two kinetic 
models such as pseudo-first-order and pseudo-second-order 
were used to analyze the data from batch experiments. The 
pseudo-first-order model is based on the assumption that the 

adsorption rate is proportional to the quantity of vacant sites. 
The pseudo-second-order model describes that the adsorp-
tion rate is proportional to the square of vacant sites, and 
chemisorption is the rate-controlling step. The integrated 
forms of pseudo-first-order and pseudo-second-order equa-
tions are as follows [54]:

where, qe and qt are the amount of dye adsorbed (mg g−1) at 
equilibrium and at time, t (min), respectively, k1 and k2 are 
the rate constant for pseudo-first-order (min−1) and pseudo-
second-order (g mg−1 min−1) adsorption, respectively.

The linear fitting results of the kinetic data were shown in 
Fig. 12a, b, and the relevant calculated results are presented 
in Table 2. As shown in Table 2, the regression (R2) values 
of pseudo-second-order adsorption kinetics of the dyes are 
closer to unity than pseudo-first-order model. The experi-
mentally observed adsorption capacities for MB, 120 mg g−1 
and MO, 69.5 mg g−1 appeared to be closer to that of the 
calculated values for MB, 124 mg g−1 and MO, 73 mg g−1 
obtained from Eq. 7 which suggests that pseudo-second-
order model was appropriate for describing the adsorption 
process. Thus according to pseudo-second-order assump-
tion, the adsorption of MB and MO dye on SPGO3 is based 
on chemisorption as the rate-controlling step which involves 
the exchange or sharing of electrons between the adsorbate 
and the adsorbent by valence forces [55].

3.4 � Adsorption isotherms and thermodynamics

To study the nature of interactions between the adsorbate 
and adsorbent as well the distribution of adsorbate between 
the liquid and solid phases at the equilibrium state during the 
adsorption process, adsorption isotherm experiments were 
conducted at different temperatures. Two mathematical rela-
tions such as Langmuir [56] and Freundlich [57] isotherm 
models were used and the best fit was found to define the 
adsorption process at 298 K, 308 K, and 318 K. Langmuir 
adsorption isotherm describe monolayer adsorption and the 
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Fig. 12   a Pseudo-first-order kinetics, b pseudo-second-order kinet-
ics for adsorption of MB (C0 = 30 mg  L−1, pH 8, m/V = 0.24 g  L−1, 
temperature was 298  K) and MO (C0 = 30  mg  L−1, pH 5, 
m/V = 0.4 g L−1, temperature was 298 K) on SPGO3 nanocomposite

Table 2   Kinetic parameters 
of pseudo-first-order and 
pseudo-second-order models for 
adsorption of MB and MO dyes 
by SPGO3 nanocomposite

Dye Pseudo-first-order model Pseudo-second-order model

qe (exp) K1 (min−1) qe (cal) R2 K2 qe (cal) R2

(mg g−1) (mg g−1) (mg min g−1) (mg g−1)

MB 120 0.0137 85 0.8793 0.0007 124 0.9985
MO 69.5 0.0119 31 0.9736 0.0019 73 0.9995
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adsorption points being distributed uniformly among the 
surface of the adsorbent. The adsorbent-adsorbate interac-
tion is believed to be sufficiently strong. Langmuir adsorp-
tion isotherm is expressed as:

where qe and ce are the equilibrium adsorption capacity 
(mg L−1) and equilibrium concentration (mg L−1), respec-
tively. qm is the maximum adsorption capacity (mg g−1) and 
KL (L mg−1) is the rate constant of Langmuir adsorption 
isotherm.

Freundlich adsorption isotherm is an empirical rela-
tionship used to describe heterogeneous adsorption of the 
adsorbates at the surface of the adsorbents, resulting to a 
multilayer coverage. Freundlich adsorption isotherm is 
expressed as:

where KF and n are Freundlich constants reflecting the 
adsorption capacity and adsorption intensity, respectively. 
The parameter ‘n’ reveals whether the adsorption is chemical 
(n < 1) or physical (n > 1) in nature.

The results of the isotherm models are presented in 
Figs. 13 and 14 and the calculated parameters are listed 
in Table 3. The correlation coefficient (R2) of Langmuir 
adsorption model for MB (0.967, 0.965, and 0.975) and 
MO (0.984, 0.988, and 0.985) at 298 K, 308 K, and 318 K, 
respectively, yielded more satisfactory results to describe the 

(7)
Ce

qe
=

1

qmKL

+
Ce

qm

(8)lnqe = lnKF +
1

n
lnce

adsorption process. The maximum adsorption capacity cal-
culated from Langmuir model for MB was 382 mg g−1 and 
MO was 293.3 mg g−1 at 298 K. Moreover, the parameter 
KL of Langmuir model and n of Freundlich model were both 
lower than 1, which suggested adsorption was favorable and 
chemical in nature.

To study the influence of temperature on the adsorption 
process, an adsorption experiment was performed at 298 k, 
308 K, and 318 K. Thermodynamic parameters such as 
Gibbs free energy change (∆G°), enthalpy change (∆H°), 
and entropy change (∆S°) were determined to gain insights 
in the nature and feasibility of the adsorption process of 
SPGO3 nanocomposite using the following equations:

where R (8.314 J mol−1 K−1) is gas constant, T (K) is the 
absolute temperature and Kc is a dimensionless thermody-
namic equilibrium constant [58, 59] based on Eq. (11). The 
calculated thermodynamic parameters are listed in Table 4. 
The negative values of ∆G° indicated spontaneous nature 
of the adsorption of MB and MO dye onto SPGO3 nano-
composite. The negative ∆H° values suggested exothermic 
nature of adsorption process and the negative values of ∆S° 
described that dye molecules were orderly adsorbed onto the 
surface of SPGO3 nanocomposite.
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Fig. 13   Langmuir and Freundlich adsorption isotherm fit of MB 
(5–300  mg  L−1, pH 8, m/V = 0.24  g  L−1, temperature was 298  K, 
308 K and 318 K, and contact time was 120 min) on SPGO3 nano-
composite

Fig. 14   Langmuir and Freundlich adsorption isotherm fit of MO 
(C0 = 10–200 mg L−1, pH 5, m/V = 0.4 g L−1, temperature was 298 K, 
308 K and 318 K, contact time was 150 min) on SPGO3 nanocom-
posite
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3.5 � Effect of ionic strength

The variation of adsorption capacity of MB and MO dyes in 
presence of K+, Na+, Ca2+, and Mg2+ are shown in Fig. 15. 
The effect of ionic strength on MB and MO adsorption 
onto SPGO3 nanocomposite was investigated using differ-
ent concentrations of KCl, NaCl, CaCl2, and MgCl2 as the 
ionic medium. As a consequence of the addition of salts, 
the generated ionic environment may amplify the shielding 
of the charge of the dye molecules, which decreases the rate 
of adsorption [60]. It was seen that the adsorption capac-
ity of SPGO3 nanocomposite declined with an increase in 
salt concentrations from 50 to 300 mg L−1. The decrease 
in adsorption capacity may be ascribed to the neutraliza-
tion of the surface charge of the SPGO3 nanocomposite by 
electrolyte ions that compete with MB and MO dye mol-
ecules for adsorption on the surface of the nanocomposite. 
However, the decline in adsorption capacity was still accept-
able compared to the high removal efficiency of SPGO3 
nanocomposite.

3.6 � Adsorption mechanism

FT-IR spectroscopy was used to study the interactions 
between MB and MO dye molecules with the surface of 
SPGO3 nanocomposite. The spectra of SPGO3 nanocom-
posite and dye-loaded nanocomposites such as SPGO3-MB 
and SPGO3-MO were shown in Fig. 16a. The band associ-
ated with the stretching vibrations of O–H bonds is located 
at 3360 cm−1 in SPGO3 nanocomposite became weak in 
the dye-loaded nanocomposites. This suggested that the 
hydroxyl groups on the surface of SPGO3 nanocomposite 
were involved in the dye adsorption process. Moreover, 

lone pair of nitrogen atoms in MB and MO dye molecules 
participate in intermolecular H-bonding with the hydroxyl 
groups on the surface of SPGO3 nanocomposite [61]. The 
intensity of the band related to the stretching vibration of 
C=O bond also decreased in dye-loaded nanocomposites 

Table 3   Adsorption isotherm 
parameters for adsorption of 
MB and MO dyes onto SPGO3 
nanocomposite

Dye Temperature 
(K)

Langmuir isotherm Freundlich isotherm

qm (mg g−1) KL (L mg−1) R2 KF 1/n R2

MB 298 382 0.076 0.967 105 0.219 0.933
308 377.4 0.063 0.965 73 0.290 0.970
318 328 0.059 0.975 62 0.293 0.973

MO 298 293.3 0.134 0.984 72 0.285 0.950
308 292 0.103 0.988 44.7 0.423 0.956
318 290 0.090 0.985 42 0.426 0.958

Table 4   Thermodynamic parameters for adsorption of MB and MO 
dyes onto SPGO3 nanocomposite

Dye ∆H° ∆S° ∆G° (KJ mol−1)

(KJ mol−1) (J K−1 mol−1) 298 K 308 K 318 K

MB − 16.37 − 37.99 − 5.13 − 4.48 − 4.39
MO − 13.72 − 31.78 − 4.39 − 3.69 − 3.72

Fig. 15   Effect of ionic strength on adsorption of a MB 
(C0 = 30 mg L−1, pH 8, m = 6 mg, V = 25 mL, temperature was 298 K 
and contact time was 120  min) and b MO (C0 = 30  mg  L−1, pH 5, 
m = 10 mg, V = 25 mL, temperature was 298 K and contact time was 
150 min)
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indicating that the carbonyl groups take part in electrostatic 
attraction with the dye molecules [60]. In the SPGO3 nano-
composite, the band related to the C–C stretching vibration 
in the aromatic ring was located around 1460 cm−1. The 
intensity of this band decreased in the dye loaded SPGO3 
nanocomposites suggesting the existence of Π-Π interaction 
between the aromatic skeleton of the SPGO3 adsorbent and 
the aromatic backbone of MB and MO dye molecules [5, 
62]. Since the FT-IR spectra showed characteristic shifts 
in the bands of O–H, C=O and aromatic C–C stretching, 
we can consider the corresponding locations as possible 
adsorption sites. Hence, the synergic effects of electrostatic 
attraction, H-bonding and Π–Π interaction explained the 
substantial adsorption of MB and MO dye pollutants on the 
surface of SPGO3 nanocomposite (Fig. 16b).

3.7 � Desorption

The potential for regeneration and reusability of an 
adsorbent is considered for its suitability in commercial 
applications from an ecological and economic point of 
view. Therefore, to separate the dye-loaded SPGO3 nano-
composite, 0.1 M HCl solution was used as a desorption 
medium for MB, and 0.1 M NaOH solution was used as 
a desorption medium for MO. After centrifugation, the 
separated SPGO3 nanocomposite was then washed with 
water and ethanol, in sequence. The nanocomposite was 
then dried at 35 °C for 72 h and used for the subsequent 
adsorption–desorption experiments [59]. As shown in 
Fig. 17, after five times of adsorption–desorption experi-
ments, SPGO3 nanocomposite still exhibited acceptable 

Fig. 16   a FT-IR spectra of 
SPGO3 nanocomposite, 
SPGO3-MB loaded nanocom-
posite and SPGO3-MO loaded 
nanocomposite and b possible 
interactions between the SPGO3 
adsorbent and the dye pollutants



545Journal of Umm Al-Qura University for Applied Sciences (2023) 9:529–547	

1 3

adsorption capacities for MB and MO dyes with low 
decline.

4 � Conclusions

In the present study, GO was introduced as a nanofiller into 
the starch/PVA polymer matrix to fabricate an efficient 
adsorbent for the removal of cationic and anionic dyes from 
the aqueous solution. Due to the incorporation of GO into 
the starch/PVA matrix, aggregation of GO was prevented, 
thereby, the performance of SPGO nanocomposites had been 
greatly improved. The bonds between the GO and starch/
PVA polymer included inter- and intra-molecular hydro-
gen bonds which made these nanocomposites mechanically 
stronger. The morphological studies showed that GO was 
homogeneously impregnated onto starch/PVA matrix. The 
SPGO3 nanocomposite was found to be an effective adsor-
bent for the removal of MB and MO dyes from the aqueous 
solution and aided to achieve good adsorption capacity. The 
SPGO3 nano adsorbent offered a high specific surface area, 
large pore-size and variable charges on the surface facilitated 
more active sites for adsorption of pollutants. The kinetic 
study exhibited that pseudo-second-order model was suitable 
to explain the adsorption behaviour of SPGO3 nano adsor-
bent and hence the rate-controlling step could be a chem-
isorption process. The Langmuir model provided a better 
correlation with the experimental data suggesting monolayer 
adsorption. The calculated thermodynamic parameters such 
as ∆G and ∆H indicated the adsorption process was spon-
taneous and exothermic, respectively. The mechanism of 

adsorption was explained based on the synergic effect of 
electrostatic attraction (based on the surface charge of nano 
adsorbent), H-bonding (due to the presence of hydrophilic 
functional groups) and Π-Π interactions (due to the interac-
tions between the aromatic skeleton of SPGO3 nano adsor-
bent and the aromatic planar dye molecules. These interac-
tions were also validated by FT-IR spectroscopy. The effect 
of ionic strength on the adsorption capacity of MB and MO 
dyes in the presence of K+, Na+, Ca2+, and Mg2+ slightly 
declined which indicated the nature of electrostatic force 
for the adsorption process. Therefore, the fabricated SPGO3 
nano adsorbent is a promising candidate for the removal of 
dyes from an aqueous solution.
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