Environment and Natural Resources Journal 2023; 21(1): 67-77

Preparation of C-based Magnetic Materials from Fruit Peel and
Hydrochar using Snake Fruit (Salacca zalacca) Peel as Adsorbents for
the Removal of Malachite Green Dye

Mauizatul Hasanah'?, Alfan Wijaya?, Fitri Suryani Arsyad?, Risfidian Mohadi?, and Aldes Lesbani?3*

!Department of Pharmacy, School of Pharmacy Bhakti Pertiwi, JI. Ariodillah 111 No. 22A, Palembang 30128,

South Sumatera, Indonesia

2Research Center of Inorganic Materials and Coordination Complexes, Faculty of Mathematics and Natural Sciences,
Sriwijaya University, JI. Padang Salasa No. 524 Ilir Barat 1, Palembang 30139, South Sumatera, Indonesia
3Doctoral Program, Faculty of Mathematics and Natural Sciences, Sriwijaya University, JI. Padang Selasa No. 524 Ilir Barat 1,

Palembang 30139, Indonesia

ARTICLE INFO

ABSTRACT

Received: 6 Sep 2022

Received in revised: 7 Nov 2022
Accepted: 10 Nov 2022

Published online: 23 Nov 2022
DOI: 10.32526/ennrj/21/202200192

Keywords:

Hydrothermal treatment/ Snake
fruit peel/ Hydrochar/ Magnetic
material/ Adsorption/ Malachite
green dye

* Corresponding author:
E-mail:
aldesleshani@pps.unsri.ac.id

In this study, fruit peel-based magnetic (M-Sp) and hydrochar-based magnetic
(M-HSp) materials were successfully synthesized by hydrothermal and
magnetization treatments. Characterization using X-ray diffraction, Fourier-
transform infrared spectroscopy, vibrating sample magnetometry, and scanning
electron microscopy-energy dispersive spectroscopy confirmed their successful
synthesis. The materials were applied as adsorbents for the removal of malachite
green (MG) dye. Equilibrium adsorption occurred at 90 min according to the PSO
kinetic model, and the adsorption followed the Langmuir isotherm. The
adsorption capacity of the materials was improved by the hydrothermal and
magnetic treatments compared to that of the untreated initial material. The
adsorption capacities of M-Sp and M-HSp were 69.444 and 88.889 mg/g,
respectively. The M-Sp and M-HSp adsorbents could be reused for up to four
regeneration cycles compared to the three cycles for the initial material. The
adsorption mechanism of MG dye by the M-Sp and M-HSp adsorbents was
suggested to occur via hydrogen bond, electrostatic, m-m, and physical
interactions. The magnetic materials prepared in this study had a high adsorption
capacity and adsorbent reusability, rendering them promising for use in dye

removal and to facilitate separation between adsorbents and adsorbates.

1. INTRODUCTION

Snake fruit (Salacca zalacca) is a tropical fruit
found in Southeast Asia; it is known by the name
“Salak” in Indonesia (Zubaidah et al., 2018). Snake fruit
peel (Sp) is an easily obtainable biomass produced
from agricultural waste. As it has no market value, it
has rarely been investigated and has not been widely
utilized warranting further study (Yvonne et al., 2018).
Previous research (Azizah and Fatimah, 2020)
(Rahmayanti et al., 2022) utilizing Sp as an adsorbent
to remove dyes and heavy metals reported fairly high
adsorption capacity. Thus, Sp has many advantages in
that it can be easily obtained and has good adsorption
capabilities, rendering it promising for application as an

adsorbent to eliminate waste water or organic
pollutants.

The adsorption ability of Sp can be enhanced by
hydrothermal treatment to obtain hydrochar. Hydrochar
has been widely used as an effective adsorbent to
remove dye pollutants with a high adsorption capacity
(Haris et al., 2022; Hasanah et al., 2022). One of the
most studied dye pollutants is malachite green (MG),
which is a cationic dye and widely used in the textile,
leather, and other industries; it is considered an organic
pollutant in wastewater. It has been reported that the
MG dye has many adverse effects on humans upon
exposure owing to its high toxicity, teratogenicity,
carcinogenicity and mutagenicity (Mohadi et al., 2022;
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Wu et al., 2022; Qiao et al., 2022). In addition, MG dye
can irritate the respiratory tract, affect digestion, and
cause skin problems such as rashes or swelling, as well
as permanent damage to the eyes from contact (Das et
al., 2021). MG dye also blocks the transmission of light,
which can adversely affect the growth of aquatic
organisms (Wang et al., 2022). Therefore, it is
necessary to investigate methods for the removal of this
dye. The adsorption method has been extensively
advocated by researchers for the removal of dye
pollutants owing to its simple process, low cost, and
high removal efficiency (Karthi et al., 2022; Gajera et
al., 2022; Algadami et al., 2018; Dil et al., 2018).

Research conducted in recent years has
particularly focused on the development of magnetic
materials based on carbon to separate adsorbents from
adsorbates at the end of the adsorption process
(Cojocaru et al., 2019). Magnetic materials are also
widely used in the removal of dye pollutants, both as
adsorbents and as photocatalysts. Magnetic materials
used in the removal of dye pollutants include
carbon-based materials such as chitosan-magnetic
FesOad/activated carbon nanocomposites that adsorb
cationic and anionic dyes (Kaveh and Bagherzadeh,
2022), a chitosan-based magnetic material that could
adsorb acid orange 7 dye with an adsorption capacity
of 97 mg/g (Cojocaru et al.,, 2019), a magnetic
cellulose-based ionic liquid that could adsorb MG and
Congo Red dyes with adsorption capacities of 1,299.3
mg/g and 1,068.1 mg/g, respectively (Ling et al.,
2022), a superb natural magnetic material that could
adsorb crystal violet dye with an adsorption capacity
of 117 mg/g (Sanad et al., 2021), and a biochar-based
magnetic material that could adsorb rhodamine B and
MG dyes with adsorption capacities of 334.89 mg/g
and 576.73 mg/g, respectively (Cheng et al., 2022).
Thus, carbon-based magnetic materials are promising
novel adsorbents to remove dye pollutants.

In this study, Sp (from Salacca zalacca) which
has rarely been employed in related studies was
subjected to hydrothermal and magnetization
treatments to improve its properties. The obtained
materials were analyzed using X-ray diffraction
(XRD), Fourier-transform infrared spectroscopy (FT-
IR), vibrating sample magnetometer (VSM), and
scanning electron microscopy with energy dispersive
spectroscopy (SEM-EDS). The materials were then
applied as adsorbents to remove MG dye and study the
effect of the pH pzc, contact time, as well as study the
adsorption isotherm, adsorption thermodynamics, and
regeneration ability.
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2. METHODOLOGY
2.1 Chemicals and instrumentation

The Sp used in this study was sourced from
Palembang, South Sumatera, Indonesia. The chemicals
used included ortho-phosphoric acid (HsPOas; Merck,
Germany), iron(lll) chloride (FeCls; Sigma Aldrich,
Germany), iron(ll) sulfate heptahydrate (FeSO4-7H-0;
Smart Lab, Indonesia), ammonia solution (NH3
25%; Merck, Germany), hydrochloric acid (HCI,
Mallinckrodt LabGuard, France), sodium hydroxide
(NaOH; Merck, Germany), and sodium chloride
(NaCl; Merck, Germany). The MG powder (cationic
dye) was obtained from a textile factory in Palembang,
South Sumatera, Indonesia (its chemical structure is
shown in Figure 1). Distilled water was purchased
from Brataco Inc., Indonesia. The material was
characterized using a Rigaku Miniflex-600 X-ray
diffractometer (Japan), Shimadzu Prestige-21 FTIR
spectrophotometer (Japan), OXFORD VSM1.2H
vibrating sample magnetometer (England), and Quanta
650 SEM-EDS apparatus (England). Absorbance
measurements of the dye solution were conducted using
(UV) visible Biobase spectrophotometer UV BK-
1800PC (China).

Figure 1. Chemical structure of malachite green dyes

2.2 Preparation of hydrochar from Sp

The thoroughly washed Sp was dried in the sun,
ground until smooth, and filtered using a 40 mesh-
sized sieve. Hydrochar from the snake fruit peel (HSp)
was produced through hydrothermal carbonization
treatment, which was carried out by adding as much as
2 g Sp powder to 50 mL of H3PO4. The solution was
placed in a hydrothermal stainless steel-autoclave
(volume: 100 mL), then placed in the oven for 6 h at
150°C (Catlioglu et al., 2020). The mixture was
subsequently filtered and washed using distilled water,
and then dried in the oven for 6 h at 110°C. The initial
and obtained materials were characterized using XRD,
FTIR, and SEM-EDS analyses.
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2.3 Preparation of fruit peel-based magnetic
material (M-Sp)

FeCl; (0.004 mol) and FeSO4- 7H,0 (0.003 mol)
were each dissolved in 3 mL of distilled water and the
solution was mixed using a stirrer for 3 h. Ammonia
(3.5 mL of 25% solution) was then slowly dripped into
the mixture. Subsequently, 1 g of Sp was added and
stirred for 30 min. The mixture was then placed in a
hydrothermal stainless-steel autoclave for 3 h at
150°C. Next, it was filtered and washed using distilled
water, and dried in the oven at 100°C. The material
was characterized using XRD, FTIR, VSM, and SEM-
EDS analyses.

2.4 Preparation of hydrochar-based magnetic
material (M-HSp)

FeCls (0.004 mol) and FeSO4-7H20 (0.003 mol)
were each dissolved in 25 mL of distilled water, and the
solution was mixed and stirred using a stirrer for 3 h.
Ammonia (3.5 mL of 25% solution) was then slowly
dripped into the mixture, after which 1 g of the HSp was
added and stirred for 30 min. Subsequently the mixture
was placed in hydrothermal stainless-steel autoclave for
3 h at 150°C. It was then filtered and washed using
distilled water, and then dried in the oven at 100°C. The
obtained material was characterized using XRD, FTIR,
VSM, and SEM-EDS analyses.

2.5 Adsorption process and regeneration ability
Adsorption was performed by considering
several parameters, including the pH pzc, contact time,
concentration, and temperature. The pH pzc was
determined by varying the pH of the NaCl solution, and
then adding 0.02 g of the material to the solution and
stirring for 24 h, after which the final pH of the solution
was measured. The effect of the contact time for the
adsorption of MG dye was measured by varying the
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Figure 2. Materials of Sp (a), HSp (b), M-Sp (c), and M-HSp (d)
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contact time during adsorption. As much as 0.02 g of
the adsorbent was added to an Erlenmeyer flask
containing 20 mL of the dye solution at a concentration
of 50 mg/L. The mixture was stirred, following which
the absorbance of the filtrate was measured using a UV-
visible spectrophotometer for the specified time
variation. The effects of the concentration and
temperature were determined by varying these
parameters during adsorption. As much as 0.02 g of the
adsorbent was added to an Erlenmeyer flask containing
20 mL of the dye solution for a specified concentration
variation and stirred for 60 min at the specified
temperature; subsequently, the absorbance of the
filtrate was measured. The regeneration ability of the
adsorbent was determined by performing adsorption-
desorption cycles, where the latter process was
performed to remove the adsorbate from the adsorbent.
For this, 0.1 of the adsorbent was added to the dye
solution at a concentration of 50 mg/L. The mixture
stirred for 2 h, and the absorbance of the filtrate was
measured. Desorption was carried out using an
ultrasonic system with a water bath. The adsorbent that
subjected to desorption was dried and reused in the
subsequent adsorption process.

3. RESULTS AND DISCUSSION

The initial material (Sp), and the prepared
hydrochar and magnetic materials are shown in Figure
2. The initial material changes in color to black in HSp
due to the hydrothermal carbonization treatment,
while it changes to brown in the magnetic material,
indicating the presence of iron. Figures 2(c) and 2(d),
show the testing procedure for the magnetic material
using an external magnet, confirming its successful
preparation. The data in Table 1 show that the yield
weight of the resulting material reaches 70-90%.

(b)
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Figure 2. Materials of Sp (a), HSp (b), M-Sp (c), and M-HSp (d) (cont.)

Table 1. Percent yield weight of materials

Materials Yield weight (%)
HSp 90.455
M-Sp 99.703
M-HSp 72.068

The XRD patterns of Sp, HSp, M-Sp, and M-
HSp are shown in Figure 3. The patterns for Sp and
HSp show diffraction peaks at 26~=20° (002)
indicating that these materials are amorphous with a
low crystallinity (Venkatesan et al., 2022). The
diffraction peaks of M-Sp and M-HSp are located at
26~=20° (002), indicating the presence of the initial
material; and peaks are also found at 26~=30° (311),
35° (400), and 65° (440), originating from Magnetite
(Chekalil et al., 2019).
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Figure 3. Diffraction patterns of Sp (a), HSp (b), M-Sp (c), and M-
HSp (d)

The FT-IR spectra of Sp, HSp, M-Sp, and M-
HSp are shown in Figure 4. The peak at 3,425 cm™ is

70

assigned to the O-H bond from the phenolic hydroxyl
group, while the peaks at 2,924, 1,630, and 1,003
cm? correspond to the C-H, C=C, and C-O functional
groups, respectively. The spectra of the M-Sp and M-
HSp materials show a peak at 560 cm™?, indicating the
presence of the Fe-O bond. The magnetic curves of M-
Sp and M-HSp were measured using VSM and are
shown in Figure 5; both materials are paramagnetic
with magnetizations of 17.69 emu/g and 5.65 emu/g,
respectively. The hysteresis curve is at the null
position, implying that M-Sp and M-HSp are
superparamagnetic.

Transmittance (%)

1
(a) !
’\i//\\/\_/\/\/\/

T

T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm’' )

Figure 4. FT-IR Spectrum of Sp (a), HSp (b), M-Sp (c), and M-
HSp (d)

The SEM-EDS results are shown in Figure 6
and Table 2. Figure 2 shows that the materials forms
aggregates and is heterogeneous. Hsp and M-Hsp
exhibit a smoother morphology than Sp and M-Sp.
Table 2 show the EDS data with percentages of the C,
O, and Fe atoms. HSp has a higher C content than Sp
due to hydrothermal carbonization. This proves the
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success of the hydrothermal carbonization treatment ~ materials; M-Sp has a higher Fe content than M-Hsp.
carried out in this study. M-Sp and M-HSp exhibit Fe  This is reflected in the magnetization of M-Sp, which
content due to the magnetization process in the is higher than that of M-HSp.
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Figure 5. Magnetization curve
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Figure 6. SEM images of Sp (a), Hsp (b), M-Sp (c), and M-Hsp (d)
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Table 2. EDS data of materials

Materials Weight (%)

C O Fe
Sp 55.9 328 -
HSp 68 26.3 -
M-Sp 17.7 316 46.9
M-HSp 18.2 34.6 36.4

The results of the pH pzc measurements are
shown in Figure 7. The pH pzc of the materials is
approximately in the range of 4.5-5.9. This implies
that for this pH range, the material surfaces are neutral
and carry zero charge, enabling optimal adsorption
without the influence of positive or negative charges.
The pH pzc of each material was evaluated for the
adsorption of MG dye. The adsorption Kinetic
parameters are shown in Figure 8 and Table 3. The
equilibrium adsorption of MG dye occurs at 90 min.
Table 3 shows that the adsorption kinetics follow the
PSO model, with a linear regression coefficient (R?)
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close to 1. The kinetic rate of the PSO model is lower
than of the PFO model, indicating that the reaction
proceeds faster with the former model.
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Figure 8. Adsorption kinetic models and equilibrium condition of Sp (a), HSp (b), M-Sp (c), and M-HSp (d)
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Table 3. Adsorption kinetic parameters

Adsorbents Initial concentration  Qeexperiment PFO PSO
(mg/L) (mg/g) Qecac (Mglg)  R? k1 Qecac(Mglg)  R? k2
Sp 10.586 8.496 13.813 0.944  0.037 11.364 0.963  0.0017
HSp 10.586 9.785 22.930 0.926  0.044 16.155 0.900  0.0006
M-Sp 10.586 8.726 12.272 0.969  0.033 13.158 0.934  0.0010
M-HSp 10.586 9.867 13.868 0.971  0.030 15.337 0.937  0.0008
The adsorption isotherm models are shown in  mg/g, respectively. Based on isotherm data, the

Figure 9 and Table 4, and indicate that the increasing
temperature causes an increase in the adsorption

concentration.

The adsorption capacity of the

materials is enhanced by the hydrothermal and
magnetic treatments compared to that of the initial
material. The adsorption capacities of Sp, HSp, M-Sp,
and M-HSp are 66.667, 86.957, 69.444, and 88.889
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73




Hasanah M et al. / Environment and Natural Resources Journal 2023; 21(1): 67-77

Table 4. Adsorption isotherm parameters

Adsorbents Adsorption Adsorption T (K)
isotherm constant 30°C 40°C 50°C 60°C 70°C
Sp Langmuir Qmax 59.524 60.976 62.112 65.359 66.667
kL 0.239 0.281 0.338 0.371 0.514
R? 0.996 0.998 0.998 0.997 0.998
Freundlich n 8.078 7.862 8.439 7.905 8.110
kF 33.963 35.099 37.575 38.833 41.295
R? 0.870 0.939 0.935 0.859 0.863
HSp Langmuir Qmax 86.957 67.568 71.429 76.336 80.645
kL 0.477 0.712 0.654 0.630 0.639
R? 0.999 0.999 0.998 0.996 0.994
Freundlich n 3.709 3.719 3.610 3.674 3.897
kF 23.281 24.820 25.598 28.379 32.240
R? 0.858 0.882 0.936 0.992 0.995
M-Sp Langmuir Qmax 63.291 64.103 64.516 68.966 69.444
kL 0.138 0.198 0.278 0.240 0.319
R? 0.992 0.990 0.997 0.999 0.999
Freundlich n 4.785 5.848 6.549 5.705 6.094
kF 24.826 30.444 34.096 33.281 36.249
R? 0.894 0.816 0,909 0.967 0.924
M-HSp Langmuir Qmax 70.922 74.627 76.336 77.519 88.889
kL 0.716 0.558 0.697 0.921 1.103
R? 0.999 0.998 0.996 0.997 0.998
Freundlich n 4.026 3.561 3.970 4.444 5.048
kF 27.983 26.309 30.740 34.898 39.967
R? 0.991 0.958 0.999 0.999 0.996
Table 5. Adsorption thermodynamic parameters
Adsorbents Concentration (mg/L) T (K) Qe (Mg/g) AH (kJ/mol) AS (J/mol. K) AG (kJ/mol)
Sp 101.185 303 54.926 6.990 0.024 -0.389
mg/L 313 56.481 -0.633
323 58.111 -0.876
333 60.889 -1.120
343 62.704 -1.363
HSp 101.185 303 62.296 13.070 0.047 -1.091
mg/L 313 64.926 -1.559
323 67.778 -2.026
333 71.592 -2.494
343 75.555 -2.961
M-Sp 101.185 303 54.704 8.186 0.045 -5.436
mg/L 313 57.285 -5.886
323 58.926 -6.335
333 62.259 -6.785
343 63.815 -7.234
M-HSp 101.185 303 67.370 9.714 0.038 -1.716
mg/L 313 70.111 -2.093
323 72.000 -2.470
333 73.889 -2.847
343 77.074 -3.224

74



Hasanah M et al. / Environment and Natural Resources Journal 2023; 21(1): 67-77

The regeneration ability of the material in
Figure 10 shows that the initial material (Sp) can only
be used for three regeneration cycles, while the
materials subjected to the hydrothermal and magnetic
treatments can be used for four regeneration cycles.
Table 6 lists the adsorption capacities for reported
magnetic materials. The table shows that the magnetic
material prepared in this study has a higher adsorption
capacity, rendering it promising for dye removal.
Figure 11 illustrates the possible adsorption
mechanism of MG dye by M-Sp and M-HSp,
involving hydrogen bond, electrostatic, m-n, and
physical interactions. It shows that the adsorption
process of MG dye involves not only physical
interactions, but also chemical interactions.
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Figure 10. Regeneration ability of materials

Table 6. Comparison of several adsorbents on the adsorption of MG

Adsorbents Adsorption capacity Equilibriumtime  References

(mg/g) (minutes)
FesOs@chitosan@ZI1F-8 3.282 40 Zadvarzi et al. (2021)
Polyaniline—nickel ferrite magnetic nanocomposite 4.09 210 Patil and Shrivastava (2015)
Magnetic CuFe204 nano-adsorbent 22 30 Vergis et al. (2018)
Sodium alginate-coated FesO4 nanoparticles 47.84 20 Mohammadi et al. (2014)
Magnetic GO/Fe304 59 90 Lietal. (2021)
Magnetic litchi pericarps 70.42 60 Zheng et al. (2015)
Cobalt ferrite silica magnetic nanocomposite 75.5 40 Amiri et al. (2017)
Magnetic reduced graphene oxide nanocomposite 77.15 20 Sadegh et al. (2021)
Magnetic chitosan-DES nanoparticles 87.72 120 Sadiq et al. (2021)
M-Sp 69.444 90 This work
M-HSp 88.889 90 This work
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Figure 11. Plausible adsorption mechanism of MG by M-Sp and M-HSp
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4. CONCLUSION

In this study, fruit-peel-based magnetic
materials (M-Sp and M-HSp) were successfully
synthesized by hydrothermal and magnetization
treatments. The materials were used as adsorbents for
the removal of MG dye. Equilibrium adsorption
occurred at 90 min; the adsorption kinetics followed
the PSO model and the adsorption isotherm fitted well
to the Langmuir isotherm. The adsorption capacities
of M-Sp and M-HSp were 69.444 and 88.889 mg/g,
respectively. The adsorbent reusabilities of M-Sp and
M-HSp were high, and both materials could be reused
for up to four regeneration cycles compared to the
three cycles for the untreated initial material. The
adsorption mechanism of MG by M-Sp and M-HSp
was suggested to involve hydrogen bonds,
electrostatic, n-w, and physical interactions.
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