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Adsorption of Crystal Violet with Magnetic Graphene Oxide Nano Adsorbent
Synthesized from Schima wallichii Wood
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* Corresponding author: Abstract: The textile industry continues to experience production developments to reach
a target for the country's economic development. The increase in production leads to an
increase in the amount of waste generated. Dyes such as crystal violet (CV) in textile

wastewater are toxic and difficult to remove by conventional treatment. Adsorption with
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environment because it has various advantages. Magnetic graphene oxide (GO-Fe;0.) as
a006E adsorbent has been widely studied because it has a large surface area, strong
chemical bonds and is easily separated from the aqueous phase. Puspa (Schima wallichii)
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wood has the potential to be used as a natural source of graphite. The characterization of
the adsorbent was tested with FTIR, SEM-EDS, and BET. The equilibrium time for the
adsorption process was 20 min, while the optimum adsorbent dose was 0.04 g. Adsorption
isotherm and kinetics analysis showed that CV adsorption using MGO followed
Langmuir and pseudo-second-order models, respectively. Thermodynamic studies
displayed that the CV adsorption was endothermic and spontaneous. The results of this
study suggested that the adsorption of CV using GO-Fe;O4 nano adsorbent from S.
wallichii wood proceeds by chemisorption and physisorption.

Keywords: adsorption; crystal violet; dyes; nano adsorbent; wastewater

m INTRODUCTION hazardous chemicals,

Organic  compounds,
g . . o detergents, and dyes are all present in the wastewater
The textile industry is a labor-intensive industry that 8 Y o P ]
. generated by the textile industry. Therefore, the textile
is a large source of employment and one of the oldest L . o .
. .. _ _ ... , enterprise is one of the biggest polluting industrial
industries in Indonesia. The Indonesian authorities . . .
wastes. Dyes are poisonous to microorganisms and

objective is to increase the cost of national textile and
garment exports to USD 75 billion by 2030. Although the
textile sector is a rapidly growing sector in the economy,

relatively resistant to light and heat. Dyes cannot be

effortlessly eliminated through regular treatment

because of their complicated structure and artificial

the main problem is the facet outcomes of the industry. origin. Crystal violet (CV) is one of the most widely used

Textile production processes are portrayed by long dyes in the textile industry. The presence of this

process cycles that generate large amounts of waste and ¢ bstance in water can cause many types of diseases,

consume large amounts of resources such as water, fuel,
and various chemicals. The major environmental issues
related to the textile enterprise are usually related to the
pollution of water bodies caused by the disposal of
untreated sewage [1].

such as skin, eye and respiratory system irritation and
CV is also toxic to the reproductive and nervous systems
[2]. Therefore, treatment is needed to degrade CV
pollutants in wastewater before being discharged into
water bodies.
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The most common techniques used for removing
dye-containing wastewater are chemical precipitation
sulfate-based
ozone/peroxide/Fenton/UV-based advanced oxidation

using  lime/ferrous coagulant and
processes (AOPs) [3-4], using the physical and biological
treatment and or a combination thereof [5]. Treatment
combinations of ozone-based AOPs applied both as pre-
treatment and as post-treatment of activated sludge
systems are reported to show high performance in
removing dyes from textile wastewater [6-7]. Among these
methods, adsorption is the most broadly used technique
for dye removal due to its great efficiency, simple design,
easy handling, and comparatively low cost [8].

Currently, the development of adsorbents based on
than

conventional sorbents due to their high surface area,

nanostructured materials is more attractive
excellent mechanical and thermal strength, extensive
amount of active sites, and low diffusion resistance within
the particles [9]. Graphene oxide (GO) nanomaterial,
which is the result of the synthesis of graphite, is one of
GO has

advantages, including its large surface area and strong

the carbon-based nanomaterials. several
chemical bonds [10]. However, the separation of GO from
water samples is difficult. So, it must be functionalized or
combined with other materials. This affects the low
recyclability value of the sorbent and GO residues can
become secondary contaminants if they cannot be
completely separated [11]. One of the nano-particle
composites that have been used and can be easily
separated from the sample water by an external magnetic
field without long centrifugation or filtration is iron oxide
(Fe;04) magnetic nanoparticles to form GO-Fe;Oy [12].
Previous studies have reported that the synthesis of
GO-Fe;0, still uses fabricated graphite as a source
substance, but the use of graphite from natural sources is
still very little developed [8]. One of the natural sources
that have the potential as a source of adsorbent material is
Puspa wood (Schima wallichii). Puspa is a plant that is
widely spread in Indonesia and used as a construction
material. There was already a report that researched
Puspa seeds into activated carbon [13], but there has been
no research that uses Puspa wood as a source of biomass.

In this study, the of GO-Fe;0,
nanomaterial from Puspa wood as a source of natural

synthesis

graphite for dye adsorption was carried out. The
optimization parameters to be studied were contact time
and adsorbent dose. In addition, the characteristics,
isotherms, kinetics, thermodynamics, and reusability
will also be displayed.

m EXPERIMENTAL SECTION
Materials

The materials used in this research were 80%
sodium hydroxide (NaOH, Merck Millipore; for
analysis), sodium nitrate (NaNO;, Merck Millipore; for
analysis), potassium permanganate (KMnO,, Merck
Millipore; for analysis), 37% hydrogen peroxide (H,O,,
Merck Smart Lab; analytical reagent) solution, 97%
sulfuric acid (H,SOs, Merck Smart Lab; analytical
reagent) solution, 5% hydrogen chloride (HCl, Merck
Millipore; for analysis) solution, iron(III) chloride
hexahydrate (FeCls-6H,O, Meck Schuchardt; anhydrous
for synthesis) and iron(II) sulfate heptahydrate
(FeSO4+7H,O, Merck Millipore; for analysis) which
obtained from the Water Quality Laboratory, Bandung
Institute of Technology. Puspa wood (Schima wallichii)
sample (Fig. 1) was taken from Bandung City, West Java,
Indonesia.

Procedure

Preparation of graphene oxide-magnetic nano
adsorbent

The Puspa wood was cut into small pieces, washed
with distilled water and dried in an oven at 105 °C for 24 h

Fig 1. Schima wallichii sample and pyrolysis process
preparation
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to reduce the moisture content. Afterward, Puspa wood
went through a pyrolysis process at 400 °C for 30 min in
a furnace. The carbon products were then pulverized with
a high-energy ball mill to reduce the graphite to nano size
(8,14].

The synthesis of GO was done using Hummer’s
method with modification [10]. A 5 g of carbon nano size
was added in 95% H,SO, (115 mL) and NaNO; (2.5 g). In
addition, the mixture was set in an ice bath (< 10 °C) while
stirring for 1 h. Afterward, 15 g of KMnO, was gradually
added over 2h, and the temperature was kept under
control below 10°C. Then the temperature of the
suspension was raised to 35 °C for half an hour while still
stirring, then 230 mL of distilled water was added and left
for 15 min. Finally, 700 mL of distilled water and 10 mL
of 37% H,O, were added to terminate the oxidation. The
mixture was then centrifuged and rinsed several times
with 5% HCI solution and distilled water and then
followed by drying for 24 h in the oven at 105 °C.

The procedure for making magnetic graphene oxide
(MGO) was using the co-precipitation procedure [8]. A
0.6 g of GO was sonicated in 50 mL of deionized water
over 15 min. A 100 mL solution containing FeSO,-7H,O
(0.656g) and FeCl»-6H,O (1.181g) was mixed
continuously for 30 min at 40 °C. The dispersed GO
solution was then put into the Fe(II)/Fe(III) mixture and
mixed for 30 min. The solution was adjusted to pH 10
with 50% NaOH and left for 30 min. The product was
then separated magnetically, cleaned with deionized
and dried at 105°C for 24h. MGO nano
adsorbents that have been made are characterized to

water,

determine the characteristics of the adsorbents made. The
characterization tests used were scanning electron
microscope-energy dispersive X-ray spectroscopy (SEM-
EDS), Fourier transform infrared (FTIR), and Brunauer,
Emmet, and Teller (BET) [3,8,15].

Adsorption experiment

The experiment of this research was carried out by
batch adsorption method. The variables used were
contact time and adsorbent dose. The independent
variables used were contact time of 0-120 min and

adsorbents dose of 10-50 mg. Measurement of CV
concentrations after each experiment was carried out
with a UV-vis spectrophotometer at a wavelength of
580 nm. The
percentage were calculated using Eq. (1) and (2);

adsorption capacity and removal

Cy—C,)V
g~ (CozCV 0
m
CO_Ce><
R(%) = =2 100 )

o
where Q. is adsorption capacity (mg/g), C, is CV initial
(mg/L), C. is CV
concentration (mg/L), V is solution volume (L), and m

concentration equilibrium
is adsorbent dose (mg). The isotherms model used were
the Freundlich and Langmuir isotherms. The kinetic
models used were pseudo-first-order (PFO) and pseudo-
second-order (PSO) models. The thermodynamic
adsorption parameters were calculated at different
temperatures (298, 303, 313 and 323 K). OriginPro
2022b and Microsoft Excel were used to analyze the
adsorption isotherms, kinetics, and thermodynamics.

m RESULTS AND DISCUSSION
SEM-EDS Characterization

SEM-EDS testing on GO and GO-Fe;O4 nano
adsorbents was carried out to determine the surface
morphology of the adsorbents and the elements that
compose them. The test results for the GO and MGO
samples are presented in Fig. 2. The surface morphology
of the adsorbent appears to have a fairly high level of
ripple so that the surface area becomes larger. This
surface area is very useful for CV attachment media,
which can improve its adsorption performance. GO
adsorbents have several main elements, namely carbon
(C) and oxygen (O), with a ratio of % C:O atoms of
66.97:32.15. This confirms the success of the graphite
oxidation process in the presence of oxygenated
functional groups in GO. Meanwhile, EDS testing on the
MGO sample showed that there were magnetic
nanoparticle elements in GO with several dominant
elements, namely carbon (C), oxygen (O), and iron (Fe),
with a % atom ratio of 41.14:41.11:16.32.
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Fig 2. SEM-EDS data of (a) GO and (b) MGO

FTIR Characterization

The test of GO and GO-Fe;O, adsorbents using
FTIR is to identify what functional groups are present in
the adsorbent material. The characterization of the
adsorbent before the adsorption process using FTIR was
observed with a wavelength of 500-4000 cm™" where in
the range of wavenumbers it can be seen the characteristics
of the vibrational absorption of functional groups
possessed by GO and GO-Fe;O4 materials. Each chemical
functional group has its frequency [8]. The absorbance
peak value in the 2000-4000 cm™ spectrum, as shown in
Fig. 3, looks lower than the 500-2000 cm ™' spectrum peak.
This explains that the functional groups in the spectrum
are relatively few compared to other spectra.

Based on the FTIR spectrum of GO, information
was obtained on the presence of stretching vibrations of
the hydroxyl (-OH) functional group shown by the wave
peak at 3217.46 cm™'. The wide peak in this region is a
characteristic of ~-OH that undergoes the formation of
hydrogen bonds. The vibration peak at 2011.17 cm™" was
the property of the carbonyl or carboxyl group. Moreover,
the C=C aromatic characteristic of Puspa wood, which
was not completely oxidized, is indicated by wavenumber
1556.24 cm™. The peaks of 1373.03 and 1111.60 cm™

— MGO
—GO

529.04
>

Absorbance

1564.47
1373.03
1556.24

3217.46 1111.60

2011.17

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig 3. FTIR test results

belong to the C-O-C (epoxy) and C-O (alkoxy) strain
vibrations, respectively [16]. These results prove that
natural graphite from Puspa wood was effectively
oxidized to GO, as indicated by the existence of plentiful
oxygen-containing functional groups on the adsorbent
structure.

In the spectrum of the MGO nano adsorbent, it is
seen that there is a peak at 3238.04 cm™', which shows
the characteristics of ~-OH group. The width of the peak
in this vibrational region is a feature of ~-OH group that
undergoes hydrogen bonding. Vibration at 1564.47 cm™
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indicates stretching vibration properties of the C=C
group. FTIR analysis can also provide strong clues about
the formation of C-O-Fe coordination bonds between
GO and Fe;O,. This is evident from the Fe-O stretching
at 529.04 cm™,
confirming the successful loading of Fe;O; on the GO

vibrations on Fe;O; nanoparticles

surface. Fe(II) and Fe(IlI) on Fe;O, nanoparticles
interacted in coordination chemical bonds with carbonyl
and -OH groups on the GO surface [17].

BET Characterization

BET analysis was used to identify the surface
characteristics of the adsorbent related to the surface area,
pore volume, and pore diameter. The BET test results for
GO and MGO are shown in Table 1. Based on the test
results, the specific surface area of GO and MGO were
3.7806 and 12.8831 m*/g, respectively. The area of the
adsorbent is related to the physical strength of the
adsorbent material, where the larger the area, the more
micropores there will be, thereby inhibiting the adsorption
of large molecules. Theoretically, the specific surface area
of the GO monolayer should be slightly below 2,630 m?/g,
but the specific surface area of GO, according to the
literature, is often much smaller. Esmaeili et al. [18]
mentioned that in practice, the specific surface area of GO
is in the range of 2 to 1,000 m*/g. This is much smaller
than the theory, primarily due to the drying process that
causes particle stacking. As known, GO can be exfoliated
perfectly and dispersed evenly in water. Thus, measuring
the surface area directly in water can prevent GO from
agglomerating [19].

The average pore diameters of GO and MGO
adsorbents were 4.2782 and 3.1518 nm, which, based on
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50 10
0 v T 0
0 50 100 150
Time (min)

Removal (%)

17

the classification of pore types by IUPAC, were in the
mesopore (2-50 nm) group. The larger pore diameter of
GO than MGO can be attributed to the addition of Fe in
the GO structure, which reduces the pore size of the
adsorbent [20]. The size of the diameter of the adsorbent
then needs to be compared with the diameter of CV to
determine the size comparison. According to Cotoruelo
et al. [21], the diameter of CV molecule is 1.4 nm. Based
on the comparison of the pore diameter of the adsorbent
and the size of the molecule, it can be seen that CV
molecules can enter the pores of MGO nano adsorbents.

Effect of Contact Time

Contact time is a very influential variable because
it determines how long the adsorption process takes. The
contact time variable was also used to determine the
equilibrium time of the adsorption and to understand
the adsorption kinetics. The contact time variable test is
also used to improve processing quality and find ways to
save processing costs. The % removal and adsorption
capacity of MGO nano adsorbent is illustrated in Fig. 4.

The test for the contact time variable was carried
out with an adsorbent mass of 0.0206 g, initial pH 4.91
and initial CV concentration of 50 mg/L (300 mL). The
initial pH value was obtained from distilled water
available in the laboratory. The entire series of studies
used the same average pH value of distilled water.

Table 1. BET test results

Characteristics Unit GO MGO
Specific surface area m’/g 3.7806 12.8831
Total pore volume cc/g  0.0099  0.0244
Average pore diameter nm  4.2782  3.1518
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£ 200 4 30 S
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100 A1 4
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0 T T T 0
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Fig 4. Effect of contact time and adsorbent dose on CV adsorption
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The adsorption reaction was conditioned at room
temperature (26 +1°C) with 120 rpm stirring. The
adsorption process was carried out by varying the contact
time from 5 to 120 min to determine the adsorption
equilibrium time. Separation of adsorbent and adsorbate
was carried out using an external magnet for each
sampling. The adsorbate that has been separated from the
adsorbent is measured using a UV-vis spectrophotometer
at a wavelength of 580 nm and calculated by the
calibration curve that has been made.

results showed that CV was adsorbed on the MGO
surfaces linearly over a contact time of 5-20 min. The
graph of the effect of contact time shows a slight decrease
in the concentration of adsorbates adsorbed on the
adsorbent. This is due to the monolayer GO structure so
that the bound adsorbate is more easily separated than the
multilayer adsorbent structure [22]. Based on these
results, the equilibrium time for both adsorbents is
20 min.

Effect of Adsorbent Dose

The adsorbent dose is a significant factor affecting
the adsorption process. The mass of GO and GO-Fe;O4
adsorbent in the range of 10-50 mg was used to remove
CV, as shown in Fig. 4. This parameter test used a 300 mL
CV solution (50 mg/L) at room temperature (25 £ 1 °C)
and 20 min of equilibrium time. The adsorption process
used stirring at 120 rpm. The % removal and adsorption
capacity of MGO nano adsorbent is illustrated in Fig. 4.

The efficiency of CV removal increased with
increasing the dose of adsorbent used, whereas in GO
adsorbent, the efficiency increased from 33.63 + 0.82% at
10 mg to 83.58 £ 0.11% at 50 mg adsorbent. Meanwhile,
the removal efficiency with MGO adsorbent increased
from 27.03 £0.22 to 50.44 + 0.48%. These results are
inversely proportional to the observations on adsorption
capacity. In the adsorption process with 10 mg GO
adsorbent, the adsorption capacity obtained was 517.07 +
35 mg/g. Meanwhile, the capacity of adsorption at 50 mg
adsorbent dose was 264.26 + 3.66 mg/g. In the adsorption
process using GO-Fe;O, adsorbent, the adsorption
capacity obtained decreased from 375.89 + 6.2 mg/g at a
dose of 10 mg to 145.73 + 1.62 mg/g at a dose of 50 mg.

This phenomenon can be explained by the fact that
the addition of the adsorbent mass will enhance the
surface area, thereby increasing the number of
adsorption sites that exist; this is similar to other studies
[23-24]. The increase in surface area and adsorption sites
will increase the efficiency of CV removal. However, the
quantity of unsaturated adsorption sites will rise,
thereby reducing the capacity of adsorption. This is
because the more adsorbents used will also increase the
possibility of aggregation between adsorbent particles
[25].

Adsorption Isotherm

The adsorption isotherm is used to analyze the
interactions between the adsorbate and the adsorbent.
This is also related to the adsorption mechanism that
occurs. Based on Cigeroglu et al. [26] research, the
process of adsorption of dye to the surface of the GO
adsorbent occurs physically. Meanwhile, according to
Shoushtarian et al. [25], the adsorption of dye onto the
surface of the GO adsorbent occurs chemically. Fig. 5
shows the Langmuir and Freundlich nonlinear isotherm
models for the adsorption of CV using MGO nano
adsorbent. Based on the experimental results, the
interactions that occur between the adsorbate and the
and Freundlich
isotherms, whose parameter values are shown in Table
2.

adsorbent using the Langmuir

Isotherm analysis was carried out at equilibrium
time, specifically after 20 min of the adsorption process.
The Langmuir isotherm assumes the adsorption of the
adsorbate monolayer onto the adsorbent surface with a
limited range of similar sites and the same energy sites.
The Freundlich isotherm assumes that the adsorbent
surface is heterogeneous, so the adsorption occurs in a
multilayer. This isotherm model also defines the
exponential distribution of the active surface of the

Table 2. Adsorption isotherms parameters

Langmuir Freundlich
Qm (mg/g) 2212940 1/n  0.2812
K. (L/mg) 0.2218 K¢ 69.0633
R? 0.9658 R’ 0.9489
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Fig 5. Plots of Langmuir and Freundlich isotherm models
for the adsorption of CV into MGO nano adsorbent

adsorbent [27-29]. Adsorption isotherm analysis with the
Freundlich model to analyze the assumption that the
adsorption process is not limited to one layer or
chemisorption.

The correlation coefficient (R*) of the Langmuir
isotherm model is higher than the Freundlich isotherm.
Therefore, the Langmuir model is better at describing the
adsorption process of CV dye on MGO nano adsorbent.
This indicates that the CV dye was adsorbed on the MGO
monolayer surface with a maximum adsorption capacity
of 221.2940 mg/g. The 1/n value, which is smaller than 1,
equal to 0.2812, indicates the possible conditions during
adsorption [3,30].

Adsorption Kinetics

Adsorption kinetics was studied to identify the
adsorption mechanism in the adsorption process by
studying the relationship between adsorption capacity
and contact time. Adsorption kinetics is influenced by
several factors, such as diffusion rate, mass transfer,
adsorption rate and dynamic equilibrium [31]. Fig. 6
shows the pseudo-first-order (PFO) and pseudo-second-
order (PSO) nonlinear plots. The various kinetics
parameters were calculated, as shown in Table 3.

The value of the determination coefficient (R?) of the
PSO is known to be higher than PFO. Furthermore, the
value of the adsorption capacity calculated by the PSO
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Fig 6. Plots of PFO and PSO nonlinear models for the
adsorption of CV into MGO nano adsorbent

Table 3. Adsorption kinetics parameters
PFO PSO

Q. (mg/g) 159.4960 Q. (mg/g) 171.9390
K, (1/min) 0.1040 K;(1/mg min) 0.0048
R? 0.9968 R? 0.9989

kinetic model is closer to the value of the adsorption
capacity of the experimental results. These findings
stated that the adsorption of CV cationic dye follows
PSO kinetic model. This result is also in accordance with
several previous studies that reported the suitability of
PSO kinetics with the adsorption of cationic dyes on
GO-based nano adsorbents [32].

Adsorption Thermodynamics

The thermodynamic parameters of CV dye
pollutant adsorption on the surface of MGO nano
adsorbent include Gibbs free energy changes (AG®),
enthalpy (AH®), and entropy (AS°) were identified in
different temperatures (298, 303, 313 and 323 K). The
internal energy and orientation changes occurring
during the adsorption of CV dye with MGO nano
adsorbent were studied using equilibrium time. The
thermodynamic plotting and parameter values are
shown in Fig. 7 and Table 4, respectively. AG® is the
energy required for the reaction process, in this case, the
adsorption process. The value of AG® on MGO nano
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Fig 7. Thermodynamic plot of CV removal

Table 4. Thermodynamic parameters of CV removal
Temperature (K) AG® AS° AH°

298 -3.0630
303 —-3.4420
0.0758 19.5096
313 —4.1990
323 -4.9560

adsorbent was in the range of —20 to 0 kJ/mol, which
indicates that the adsorption process that occurs is
physical adsorption [33]. It also suggests that the
adsorption process takes place spontaneously. The AS°
value close to 0 indicates low irregularity on the surface of
the MGO nano adsorbent during the adsorption process.
Meanwhile, a positive AH® value indicates that the
adsorption process that occurs is an endothermic process.

m CONCLUSION

Magnetic graphene oxide (MGO) nano adsorbent
has been successfully synthesized from Puspa wood
(Schima wallichii). The optimum conditions for crystal
violet (CV) dye adsorption using MGO nano adsorbent
could be received at 0.04 g adsorbent dose and a contact
time of 20 min. Adsorption kinetics analysis showed that
CV dye adsorption using MGO followed a pseudo-
second-order. Meanwhile, according to the adsorption
isotherm, CV dye adsorption using MGO follows the
Langmuir isotherm model. Therefore, it can be assumed
that CV adsorption using MGO occurred through
chemisorption. Furthermore, based on thermodynamic
studies, it can be discovered that the CV adsorption
process using MGO nano adsorbent was controlled not
only by chemisorption but also by physisorption. The
adsorption process takes place spontaneously and

endothermic. The use of non-fabricated materials as a
source of graphite to synthesize MGO has good
prospects in the future.
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