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Abstract

Keywords

This research converts agricultural waste Longan (Dimocarpus longan) Peel is used in the adsorption process to reduce cationic
dyes rhodamine-B and malachite green contaminants from aqueous solution. Longan (Dimocarpus longan) Peel was characterized
by FT-IR, analysis XRD, SEM, BET, and TG-DTA. The characterization results show that Longan (Dimocarpus longan) Peel contains
cellulose compounds and has a specific surface area 17.175 m#/g, with this Longan (Dimocarpus longan) Peel has the potential as a
bio adsorbent. The adsorption capacity is proven by adsorption capacity (Q,,) shows that the bioadsorbent adsorption of malachite
green has a large adsorption capacity of 182.64 mg/g, while the adsorption capacity of rhodamine-B (Q,,) reaches 52.557 mg/g and
this bioadsorbent longan (Dimocarpus longan) peel is effective the adsorption was stable until the third cycle.

Bioadsorbent, Longan, Malachite Green, Rhodamine-B, Adsorption

Received: 14 October 2021, Accepted: 24 January 2022

https://fdoi.org/10.26654/5t1.2022.7.1.115

1. INTRODUCTION

Water is the most important resource and is needed by humans,
living things, and plants. Water is essential for life on earth and
accounts for up to 70.9% ( Tariq et al., 2020). However, many
industries are growing rapidly nowadays, so many industries
directly dispose of their waste into the environment without
treating it first (Karthikeyan and Meenakshi, 2020). Finally,
it can pollute water which can affect human life, living things,
and the environment. Globally, environmental pollution is an
important problem, especially in developing countries. About
10,000 synthetic dyes are discharged into the environment
directly (Fang el al,, 2021). Among other waste pollutants,

textile dye pollutants have become the main contaminants.

This textile dye is very dangerous because it is carcinogenic
(Al et al., 2020), toxic (Ting et al., 2021), exhibits teratogenic
effects, and can aftect photosynthesis in water bodies. The
dyes that are widely used in indusiry are malachite green and
rhodamine B, which are cationic dyes that are very soluble
in water so they are considered dangerous and cause cancer
(Cheng et al., 2018), respiratory disease kidney failure, and
are ecotoxicologically threatening the environment (Kumari
et al,, 2020). Malachite green is a commonly used dye and its
molecular structure is shown in Figure la, while rhodium b its

molecular structure is shown in Figure 1h.
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Figure 1. Chemical Structure of Malachite Green (a) and
Rhodamine-B (b)

Therefore, the removal of dyes [rom textile waste is a major
concern of researchers around the world. Conventional meth-
ods such as chemical coprecipitation (Mamat et al., 2018), floc-
culation, coagulation, precipitation, membrane hltration, degra-
dation by microorganisms, and adsorption methods (Ahined
et al., 2020; Normah et al., 2021; Qu et al., 2019). Among
all the methods, the adsorption process is found to be useful
and common because it is cost-effective, easy to operate, and
highly eflicient (Fang et al,, 2021). Recently, the application
of bioadsorbents for pollutant adsorption has developed as an
interesting research area. The high-performance adsorption
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materials mainly include activated carbon, nano metal oxide,
graphene (Alam and Al Rivami, 2018), zeolite, pulp, and bioad-
sothent (Ma et al., 2021). Bioadsorbents have been widely used
because of their environmentally friendly matenals, low oper-
ating costs, thermal stability, higher cation exchange capacity,
casy regeneration, and larger surface area. In addition, utiliz-
ing low-cost materials, namely agricultural waste. Agriculiural
waste bioadsorbents that are often used include sawdust, rice
husks, walnut shells, longan peel, rambutan peel, duku peel,
amarindus indica fruit shells (Vasu, 2007), langsat (Lansium
domesticum) shell (Kurniawati et al., 2021), corn cob (Ismail
ct al., 2018), Napier grass stem (Tongpoothorn et al., 2019)
and langsat shell (Kurniawaty, 2019), orange peel, banana peel
(Yonika, 2021), and lemon peel. The dye waste as an adsorbent
will interact and enter bound to the pores of the adsorbent so
that the waste after the adsorption process will reduce pollutant
levels.

lsmail e al. (2018) reported that corn cobs activated with
sulfuric acid had an adsorption capacity of up to 98% for mala-
chite green adsorption. Tarig et al. (2020) reported rhodamine-
B can be degraded using the photo-Fenton process (homoge-
neous photocatalysis) was reached to be 86% at optimal pH=3
and degraded to 98%. Cellulose bioadsorbent made from
Napier grass stalks to remove malachite green from this game.
Napier grass stems showed that the maximum adsorption ca-
pacity reached 82.27 mg/g within 90 minutes. Based on the
research of Kurniawati et al. (202 1) the metals Cd(I1) and Ph(II)
which were adsorbed using longan seeds and peel produced op-
timal conditions used for Cd (pH 5) and Pb (pH 3). The results
showed that the absorption of Pb metal ions for longan peel
and longan seeds reached 42.14% and 57.07%, and Cd metal
ions for seeds and longan shells reach 68.11% and 64.77%. The
potential of langsat shell powder (Lansium domesticum) to adsorh
rhodamine-B with an adsorption capacity of 12.3743 mg/g
(Adella and Kurniawati , 2020).

Waste is longan peel can be used as an environmentally
friendly adsorbent. Longan is a Sapindaceae plant shown in
Figure 2, it has been commercially cultivated in many areas
such as China, Taiwan, Vietnam, Thailand, especially Indone-
sia. This fruit has a sweet taste and has positive benelits for
health. Longan peel contains active compounds such as pheno-
lic acids, polysaccharides, and flavonoids so longan peel has the
potential to be a low-cost heavy metal bioadsorbent (Ralima-
nian et al., 2018). The abundance of The active site ol the main
component of longan skin is what allows longan skin to have an
excellent ability to remove pollutants from aqueous solutions
(Wang et al,, 2010h). Longan (Dimocarpus longan) peel contains
gallic acid (C;H;O;), flavone glycosides, and hydroxynamic
with the main content of flavones in the form of quercetin and
kaempferol (Albo et al., 2021). The compounds contained in
it contain various functional groups that can interact directly
with the adsorbate used, so longan peel is good to use as an
adsorbent (Chen et al., 2017).

In this study, the peel of longan (Dimocarpus longan) was
prepared into a bioadsorbent and used as an adsorbent of mala-
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Figure 2. Indonesian Longan (Dimacarpus longan)

chite green and rhodamine-B from aqueous solutions. Factors
aflecting the effectiveness of adsorption were studied through
the selectivity of the dye mixture, the effect of pH, adsorption
contact time, initial concentration, and adsorption temperature
as well as the adsorbent regeneration process.

2. EXPERIMENTAL SECTION

2.1 Chemicals and Instrumentations

Chemicals such as hydrochloric acid, acetone, hydroxylamine

chloride, ethanol, ethylene diamine tetraacetate (EDTA), sodium
hydroxide, malachite green, rhodamine-B (Merck and Sigma

Aldrich). Water was obtained from using Purite® ion exchange

water purification process. The bioadsorbent of longan (Dimo-

carpus {ongan) was obtained from the local logan at Palembang,

South Sumatera, Indonesia.

Characterization of bioadsorbent longa@Dimocarpus lon-
gan) was performed using FTIR Shighadzu Prestige-21 using
KBr pellet and scanning sample at 200-4000 em™". Surface
area analysis was performed using the BET Nova 400e Om-
nisorp apparatus. The sample was evacuated under liquid ni-
trogen before analysis. The morphology of bioadsorbent was
measured using (SEM) SU 8000 series following analysis of the
composition of bioadsorbent using EDX. Analysis of thermal
was conducted using Thermogravimetry-Differential Thermal
Analysis (TG-DTA) Shimadzu DTG-60H. The structure of
bioadsorbent was analyzed using XRD Rigaku-6000. The con-
centration of dyes was analyzed using a Biobase BK-1800 PG
spectrophotometer. Malachite green and rhodamine-B were
analyzed at 617 nm and 554 nm, respectively.
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2.2 Preparation of Bioadsorbent and Characterization
Bioadsorbent of longan (Dimocarpus longan) was prepared prior
used for bioadsorbent of malachite green and rhodamine-B.
Longan (Dimocarpus longan) shell was @8hed with ethanol and
water, respectively for several times and dried at 110°C for
several days. Longan (Dimocarpus longan) shell was grounded
by mortar until passed through a 100 mm sieve. Characteri-
zation of longan (Dimocarpus longan) shell was performed by
FTIR spectroscopy, surface area measurement, thermal analy-
sis, morphology and composition analysis by SEM-EDX, and
structure analysis by XRD.

2.3 Adsorption Experiment

q“ﬁral factors of adsorption were investigated such as the
ellect of pH, eflect of adsorption time, effect ol concentration
of cationic dyes, and temperature. The desorption process and
regeneration of bioadsorbent were also studied.

The effect of pH was studied through variation of pH of
adsorption medium at 2-10 and the amount of adsorbed by
analyzed. Adsorption time was studied by variation of ad-
sorption time at 5-200 mfiffutes with constant stirring on the
batch adsorption system. Adsorption of malachite green and
rhodamine-B using various initial concentrations and temper-
ature was studied af@f0, 40, 50, and 60°C with a concentration
of dyes was 50-85 mg/L for malachite green and 5-12 mg/L
for rhodamine-B.

Desorption of dyes on bioadsorbent was performed using
various reagents such as water, hot water, EDTA, hydroxy-
lamine chloride, ether, ethanol, acetone, hydrochloric acid,
and sodium hydroxide. The highest desorption reagent will be
used for the regeneration process. Regeneration was conducted
3 times after adsorption of dyes using the same sample from
the fresh, hrst, and second adsorption process.

3. RESULTS AND DISCUSSION

The FT-IR spectrum of longan (Dimocarpus longan) is shown in
Figure 3. It can be seen that logan (Dimocarpus longan) appears
a significant and wide peak at the wavenumber of 3438 em™!
which corresponds to the —=OH stretching vibration. According
to Shaikhiev et al. (2022); Nor et al. (2015) the wave number
at 2931 em™! can be associated with C=H vibrations in both
the —=CHy and —CHy functional groups (MWang et al., 2010z;
Zhang et al,, 2016). The wavenumbers 2337 em™ charac-
teristic peaks of C=C and 1627 cm™! can be attributed to the
vibrations of the C=0 group ol the aromatic ring. In addition,
the wavenumber at 1230 cm™" can be associated with C—C
with C=0 stretching, and 1056 em™! have a peak associated
with the vibration of the G=0 group. Vibrations that appear in
the FT-IR spectrum of longan (Dimocarpus longan) indicate that
logan i contains cellulose, hemicellulose, and lignin (Ikhitiari
et al., 2015; Kaykhaii et al., 2018).

The bioadsorbent longan (Dimocarpus longan) was analyzed
using the nitrogen adsorption-desorption analysis shown in
Figure 4. Figure | shows that the isotherm pattern in Figure 4
shows that the material follows the type IV, isotherm model.

© 2022 The Authors.
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Figure 3. FTIR Spectrum of Logan (Dimocarpus longan)

Type IV isotherm indicates that the formation of multilayer
and hysteresis phenomenon occurs (Brame and Griggs, 2010).
Hysteresis is a material that has non-uniform pores so that
adsorption-desorption does not overlap and there is a difference
between nitrogen adsorption and desorption. According to
Moller and Pich (2017), the type IV isotherm shows hysteresis
with mesopore material with a size of 2-50 nm. Hysteresis on
bioadsorbent longan (Dimocarpus longan) belongs to type H2.
In type H2, this wide loop has a heterogeneous pore structure
with sizes ranging from 2-6 nm and more than 10 nm in size.
Thus, adsorption-desorption differences oceur because they
have heterogeneous sizes due to the blockage of smaller pores
with a pore shape like a pile of paper with looser gaps (Grabi
et al., 2021).
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Figure 4. Ny [sotherm Adsorption-Desorption of Longan
(Dimocarpus longan)

The BET analysis data are presented in Table 1. Table 1
shows that the surface area of Bioadsorbent longan (Dimocarpus
longan) is 17.175 m?/g with a pore volume of 0.02 em®/gand a
pore diameter of 12.33 nm. At lower temperatures, the bioad-
sorbent exhibits a relatively small surface area, due to insufh-
cient carbonization. This indicates that the obtained carbon-
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containing almost no finite pore framework. The temperature
of the bioadsorbent preparation greatly affects the number of
pores because the eracking process can control the number of
pores due to the cracking of the carbon basalt structural sheet
from the carbon particle basalt structural sheet (Kalak et al,,

2021).

Table 1. BET Analysis of Logan (Dimocarpus longan)

Pore diameter

{nm)
12.33

Pore volume
{em®/g)

.02

Surface area

(ll]gf}:)
17.175

Bioadsorbent

Longan

Analysis of TG-DTA longan (Dimocarpus longan) from Fig-
ure 5. The differential thermal analyzer (DTA) method can be
seen in black graphs to detect any thermal changes associated
with exothermic or endothermic chemical events or reactions.
This event can be seen in the form of a differential thermogram
as maximum and minimum peaks. The maximum peak indi-
cates an exothermic event where heat will be released by the
sample. Figure 5 shows the results of the analysis of longan (Di-
mocarpus longan) with the appearance ol an endothermic peak
indicating a water loss of 100°C. The exothermic peak between
320°C and 500°C appears to be related to the decomposition
of functional groups with lower stability ol longan material
(Dimocarpus longan) where the decomposition of cellulose and
lignin occurs.

Table 2. Comparison of Surface Area Properties of Several
Bioadsorbent

Surface Area

Bioadsorbent (/) References
Aphanothece sp. (1.571 (Satya et al, 2020)
Aloe Vera powder 138 (Moosy et al, 2016)
Sugarcane Bagasse 0.59491 (Privanto et al., 2021)
Banana peel .42 (Kusrini e al
Pineapple peel 1.899 (Pathak et al., 2
Orange Peel 2.14 (Pathak e al., 2015)
Longan
17.175 This Research

(Dimocarpus longan)

It can be seen that Table 2 shows that Longan (Dimecarpus
longan) has a larger surface area compared to other bioadsor-
bents, this strongly supports the potential and ability of Longan
(Dimocarpus longan) as an adsorbent to remove dyes and metals
in waste,

Figure G shows the results of SEM analysis with the sur-
face morphology of the longan peel (Dimocarpus longan) at a
magnification of 100 m. In Figure G(a) it can be seen that the
cavities found on the surface of the bioadsorbent peel of the
longan (Dimocarpus longan) fruit with morphology form aggre-
gates of non-uniform size on the surface. The composition
of the bioadsorbent longan (Dimecarpus longan) can be seen in
Figure 6i(b). Based on Figure Gi(b) above, shows that the highest
pereentage of composition mass is carbon. According to Chang
and Li (2019 longan (Dimocarpus longan) can bind to adsorbate
due to the presence of active groups in the form of hydroxide

© 2022 The Authors.
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Figure 5. TG-DTA Profile of Longan (Dimocarpus longan)

(-OH), amine (-NH) aldehyde (-COH), and carboxyl (-COQ)
which can interact with the adsorbate and according to Lesian
(2019) results from FTIR of longan (Dimocarpus longan) peel
according to the composition of the SEM results.

Figure 6. Surface Mormphology and Composition of Longan
(Dimocarpus longan)

Figure 7 shows the X-ray diffractogram pattern for the
bioadsorbent longan (Dimocarpus longan). Figure 7 shows a
wide peak with a diffraction angle ol 23.05° with a diflraction
plane (002) indicating that the longan bioadsorbent (Dimocarpus
longan) has low crystallinity, indicating the characteristics of’
amorphous cellulose compounds due to the influence of lignin
and hemicellulose (Oliveira o al.,, 2010). Characterization
with X-Ray Diffraction (XRD) can be used as supporting data
to determine the diffraction angle of the bioadsorbent from
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longan (Dimocarpus longan).
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Figure 7. XRD Pattern of Logan (Dimocarpus longan)

The adsorption selectivity was carried out g\ mixing two
dyes, namely malachite green (MG) and rhodamine-B (Rh-B),
with a concentration of 8 mg/L and added bifldsorbent and
the maximum wavelength of the mixture was measured using
a UV-Vis spectrophotometer from 540 to 700. The results of
these measurements are presented in Figure 8. The adsorption
selectivity of the mixed dyes was analyzed from changes in the
concentration of the adsorbed which were increasing during the
adsorption process from 0, 15, 30, 60 to 90 minutes and carried
out at variations of pH 4, 7, and 9. Figure 8 shows the results
of adsorption selectivity at pH 4 on MG dye with an initial
concentration of 8.31 mg/g rambutan peel became 4.11 mg/g,
initial concentration of Rh-B dye 9.19 mg/g became 2.56
mg/g. The condition of pH 7 in the initial concentration of
MG dye was 10.96 mg/g to 6.37 mg/g, the initial concentration
of Rh-B dye was 10.42 mg/g to 3.21 mg/g. The condition of
pH 9 on the initial concentration of MG dye was 9.16 mg/g
to 3.37 mg/g, the initial concentration of Rh-B dye was 10.12
mg/g to 5.1 mg/g. A drastic decrease occurred at minute
120 with different pH conditions. It can be concluded that
the selective dye for bioadsorbent is MG dye at alkaline pH
(pH=9). After knowing the most selective dye, then proceed
with the regeneration adsorption process isotherm adsorption
and thermodynamic adsorption.

Measurement of the optimum pH for adsorption of mala-
chite green dye to longan (Dimocarpus longan) bioadsorbent was
carried out using variations of pH 2, 3,4, 5,6, 7, 8, 9, 10,
and 11 with malachite green and rhodamine-B. The malachite
green solution which has been adjustedfb pH is then shaken
for 120 minutes then its absorbance is measured using a UV-
Vis spectrophotometer. The optimum pH of malachite green
against longan (Dimocarpus longan) bioadsorbent can be seen in
Figure 9(a) and the optimum pH for rhodamine-B is shown in
Figure 9(b).

Based on Figure 9, obtained the optimum pH ol malachite
green dye is found at pH 6 and rhodamine-B is found at pH 4.
pH has a direct influence on the mechanism of dye adsorption
by the adsorbent. Figure Y(a) shows that there is an increase

© 2022 The Authors.
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Figure 8. UV-Vis Spectrum of Dyes Mixtures After
Adsorption at Several Times

in the adsorbed conecentration with an increase in pH of 2-6
and the maximum is in the range of pH 6. However, there is a
decrease in the adsorbed concentration when the pH reaches
an alkaline pH. Moghadam et al. (2013) reported that when at
acidic pH the surface of the adsorbent will experience protona-
tion and act as a positive charge, but at alkaline pH, hydroxide
ions (OH ™) will cause the exchange of Na* ions [rom the NaOH
solution so that the active site on the adsorbent cannot interact
with the adsorbent. dyes so that at alkaline pH the number of
ions adsorbed decreases.

The effect of variations in the time of bioadsorbent longan
(Dimocarpus longan) on malachite green and rhodamine-B can
be seen in Figure 10. Figure 10 shows that for dyes the adsorp-
tion (Qﬂ ibrium time reaches 100 minutes. The data obtained
were calculated using pseudo-first-order (PFO) and pseudo-
second-order (PSO) kinetic model equations according to the
literature (Juleanti et al., 2021). Ad@@ption kinetics data on
variations in adsorption contact time are shown in Table 3.

Based on the kinetic datain Table 3 shows that the linear re-
gression value (R%) in the calculation of the pseudo-hirst-order
kinetic model (PFO) tends to be closer to the value 1 compared
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Table 3. Kinetic Model for Adsorption of Malachite Green and Rhodamine-B on Longan (Dimocarpus longan)

Initial Concentration  Qe,,y PFO PSO
Dyes (mg/L) (mg/g)  Qecyy, Qecu, ;
(mg/g) R2 ky (mg/g) R? kg
MG 25 4.857  4.843 0997 0.023 7.138  0.737 0.001
50 6.536 9480 0.785 0.035 0.514 (0.866 3.415
55 8.679  9.554 0805 0.035 9416 0.998 0.006
65 11.898 13.210 0.775 11489 0.059 0.235 4.509
Rh-B 4 1.178 1.049 0931 0.035 1.284 0.997 0.051
5 1.465 1.697  0.850 0.035 1.637 0.988 0.029
6 1.835 9.016 0.928 28.949 32581 0.743 9.458
7 2.170 1566 0939 0.024 33.333 0471 9.988
80
T (a)
=)
E6o
2
£ a0
4
m
@ 20
a
0 —
0123 4567 8 91112
pH
3
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?
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2
g 4
&
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Figure 9. Effect of Various pH Adsorption of Malachite Green
And Rhodamine-B on Longan (Dimocarpus longan)

to the pseuf@-first-order (PFO) kinetic model, it can be con-
cluded that the adsorption of malachite green and rhodamine-
B tends to follow the pseudo-first-order (PFO) equation for
the bioadsorbent. Table 8 shows that the adsorbed concentra-
tion at equilibrium (experimental test) is directly proportional
to the concentration used. According to Onder et al. (2020)
the pseudo-first order (PFO) kinetic model indicates that ad-
sorption tends to oceur by physisorption with the adsorption
equilibrium rate affecting only the adsorbent or adsorbate.
Figure 11 shows that as the adsorption temperature in-
creases, it will cause an increase in the adsorbate adsorbed for
cach dye. The higher the concentration used, the more the
adsorbed malachite green and rhodamine-B dyes will increase.
Data on the effect of concentration and temperature on adsorp-
tion using bioadsorbents will then be used to determine the

© 2022 The Authors.
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Figure 10. Effect of Adsorption Time Malachite Green (a);
Rhodamin-B (b)

adsorption isotherm model using the Langmuir and Freundlich
equation according to the literature (VWijaya et al., 2021). Lang-
muir and Freundlich’s isotherm calculation of the data is shown
in Table 4.

According to Zubair et al. (2018) Freundlich isotherm
model assumes that the adsorbent surface is heterogeneous
and supports multilayer adsorption and an adsorption pro-
cess that occurs by physical (Wijaya et al., 2021), while the
Langmuir isotherm assumes that adsorption occurs by the for-
mation of a monolayer on the adsorbent surface that does
al: have interactions between adsorbate molecules (Mishira
el al., 2020). The data in Table 4 shows that the Langmuir
adsorption isotherm equation model has a linear regression
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Figure 11. Thermodynamic Parameter Adsorption Malachite

Green (a); Rhodamin-B (b) on Longan (Dimocarpus longan)

Table 4. [sotherm Parameter Adsorption of Malachite Green
and Rhodamine-B on Longan (Dimocarpus longan)

-I-"[T][J. 31{““" ] S0l l]"[‘ll "\l ].'IlJl'[JI.HJll
Dives (k) Langmuir Freundlich
Q. K R? 1 Ky R?
MG an 1.820  0.027 0,964 0.114 1428 0.984
40 1111 0.014 0928 L5371 #3725 0.909
50 158 0.02 0.93 L7489 5336 0.949
G 1826 0.0860 0,926 2204 9091 0.93
Rh-13 30 (LG86 0.286  0.861 0.138 2295 0.859
10 0656 0.293 0.77 0211 83254 0.813
50 a8.03 .08 0.832 L3l5  3637  0.931
GO 5256 0,137 0.863 1138 4017 0.89

value (R%) which tends to be closer to the value 1 than the
Freundlich adsorption isotherm equation for malachite green
and rhodamine-B. Based on Table 4 the value of adsorption
capacity (Q),,) shows that the bioadsorbent adsorption of mala-
chite green has a large adsorption capacity of 182.64 mg/g,
while rhodamine-B reaches 52.557 mg/g.

Furthermore, the thermodynamic parameters provide data
on the (AG), (AH), and (AS) which are calculated according to
the literature (Biesinger § 1 il,, 2011). The adsorption thermo-
dynamic data are shown mn Table 5.

Table 5 shows the results of the calculation of negative
adsorption values for AG on each adsorbent. AG its value in-
creased with increasing adsorption temperature reaching a AG
value ranging from -0.190- to -1.923 k]/mol. A negative value
for AG indicates that the MB adsorption process takes place
spontaneously (Leshani et al,, 2021) and the adsorption used
in the adsorption process is better at high temperatures. The
AH value showed a range of 27.495 k]/mol (MG) and 23.066

k] /mol (Rh-B) which was related to the tendeney ol malachite

© 2022 The Authors.
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and rhodamine-B adsorption to occur by physical adsorption
and a positive AH value indicated that MB adsorption was en-
dothermic (Biesinger et al,, 2011). The value of AS is positive,
this is related to the irregularity of the particles during the ad-
sorption process which increases due to the interaction between
solid in the form of adsorbent-liquid in the form of malachite
green and rhodamine-B adsorbate (Dang et al,, 2020; Neolaka
et al., 2020) .

(6)

Desorption Amount (%)

% i.-J_._I_I_L IJ

LSS S

& o

CELESES P

Figure 12. Desorption Process of Malachite Green (a) and
rhodamine-B (b)

It can be seen in Figure 12 that the most suitable solvent
for desorption of malachite green and rhodamine-B dyes using
a bioadsorbent is acetone. Acetone solvent was able to release
12.08% malachite green and 2.5% rhodamine-B in the desorp-
tion process compared to other solvents. This shows that the
mteraction like dissolves like indicates and oceurs between the
dye adsorbate and the bioadsorbent from longan (Dimocarpus

longan).
100 1 o0
@ (b)
L LU
1] &0
w i
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Figure 13. Cycling Bioadsorbent After Adsorption of Malachite
Green (a) and Rhodamine-B (b)
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Figure 13 shows the adsorption ability with repeated use.
bioasorbent has adsorption capacity for the malachite green of
96.05% in the first cycle, its ability also decreased to 89.42%
in the second cyde and the third cycle to 87.26%. The result
of regeneration of rhodamine-B adsorption in the first cycle
was 95.25%, the second cycle decreased to 10.13%. Zn/Al-He
reached the first cycle of 94.13%, the second cycle of 90.54%,
the third eycle of 89.73%, the fourth cycle of 84.21%, the
fifth cycle of 80.12%, the sixth cycle of 78.33%, and the last
is 78.11%. Bioadsorbent on longan (Dimocarpus longan) ex-
perienced an insignificant decrease. Based on these data, the
bioadsorbent longan (Dimocarpus longan) has adsorption capac-
ity with a regeneration cycle of up to a third.
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Table 5. Thermodynamic Parameter Adsorption of Malachite Green and Rhodamine-B on Longan (Dimoecarpus longan)

Dye oncentration T (K) Q.(mg/g) AH (k]/mol) AS (J/mol.K) AG (k]/mol)
303 44.000 -0.190
i 313 50.286 N -0.768
333 63.079 -1.923
303 9.083 -0.090
313 9.186 -1.181
333 10.619 -3.365

The FT-IR spectrum in Figure 14 shows longan (Dimocar-
pus longan) before being adsorbed and after being adsorbed with
the adsorbate. Figure 14 shows that there is a wavelength shift
that is carried out by adsorption which will detect the functional
group of the compound. the dye adsorption process is influ-
enced by the number of functional groups, types of functional
groups, interaction processes, adsorbent chemistry (Grabi et al,,
2021). The results of the FT-IR spectrum can be seen in Fig-
ure 14 showing the appearance of a peak at the wavenumber
of 2854 em™! because it has been in contact with the adsor-
bate. After treatment, strain vibrations of the S—0 and 5=0
dye groups were observed at 1056 em™! and 1249 em™!. In
addition, the bands at 1872 em™! and 1842 cm™! came from
the vibrations of amine groups from dye molecules. Thus, the
FT-IR spectrum shows the displacement of certain functional
groups and the appearance of functional groups from the dye
on the surface of the bioadsorbent. The shift of peaks shows
the interaction between rhodamine-B and malachite green dye
ions with the surface of the bioadsorbent. The interaction can
not only be seen in the shift of peaks but also seen from the
intensity of each peak (Krishni et al., 2014).

W wm m Bw o me Bme oW W
Wenenarisar e

Figure 14. Spectrum FT-1R Before Adsorption (a), After
Adsorption Malachite Green (b), After Adsorption
Rhodamine-B (c) on Longan (Dimocarpus longan)

© 2022 The Authors.

4. CONCLUSIONS

This study investigated waste longan (Dimocarpus longan) which
was developed as a bioadsorbent to remove cationic dyes from
aqueous solutions. adsorption capacity ((),,) shows that the
bioadsorbent adsorption of malachite green has a large adsorp-
tion capacity of 182.64 mg/g, while the adsorption capacity of
rhodamine-B ((),,) reaches 52.557 mg/g and this bioadsorbent
longan (Dimocarpus longan) peel is effective the adsorption was
stable until the third cycle.
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