JURNAL RENAVASA PROSES

VOLUME 16, NUMBER 1, 2022, 19-24

RESEARCH ARTICLE

7
\

Adsorption study of mango peel activated carbon as iron removal for

batik waste industry

Agung Nugroho”, Nur Layli Amanah?, Revo Gilang Firdaus®

1Department of Chemical Engineering, Universitas Pertamina, JL. Teuku Nyak Arief, Simprug, Kebayoran Lama, Jakarta 12220,

Indonesia

2Department of Materials Science and Engineering, National Taiwan University of Science and Technology, Taipei 10672, Taiwan

Received 27 September 2021; revised 8 November 2021; accepted 12 January 2022

N

(2 e

72

OBJECTIVES The purpose of this study was to determine the
optimum process variation in absorbing heavy metal ion Fe
contained in batik waste. METHODS Four variation meth-
ods of activated carbon synthesis were explored to deter-
mine the most suitable method of AC synthesis. RESULTS
FTIR showed that the functional groups in mango peel were
visible for all variations of the process, namely hydroxyl (-
OH) derived from cellulose and hemicellulose and carboxyl
(-COOH) derived from pectin. The adsorption study showed
that the most suitable isotherm for all process variations
was Langmuir with an R? value of 0.9999 for the MPAC-4
sample. The adsorption mechanism is physisorption with
a value of E < 8 kJ/mol based on the D-R isotherm and has
the largest adsorption capacity of Qmax = 8.2 mg/g. CONCLU-
SIONS The results showed that the sample synthesized us-
ing a combination physical-chemical-physical process was
the best process variation resulting in percentage removal of
Fe?* 0f 84.81%.

IKEYWORDS batik waste; adsorption; activated carbon; iron
waste; mango peel

1. INTRODUCTION

Currently, the batik industry in Indonesia has grown very
rapidly. Various household-scale businesses (home indus-
try) and even large-scale businesses continue to grow. On
the other hand, the waste generated from the batik-making
process also has an impact on the environment. The batik li-
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quid waste will be carried away by water in the manufactur-
ing process. There are four steps in the batik-making process,
namely mordanting, coloring, fixation, and cleaning. These
processes use mainly heavy metals precursors such as iron
which are carried as dangerous substances in the wastewa-
ter stream.

Conventional methods for removing heavy metals from
industrial effluents include chemical precipitation, reverse
osmosis, electrodialysis, coagulation, etc (Barakat 2011; Gu-
natilake 2015). Adsorption is one of the most promising me-
thods for heavy metal removal as it offers cost-effectiveness,
simplicity, high removal efficiencies, availability of the num-
ber of adsorbents, and is environment friendly. Adsorbents
such as silica and activated carbon can be used in the heavy
metal removal of wastewater (Khan et al. 2020; Sheth et al.
2021). Activated carbon is one of the most efficient ad-
sorbents for the removal of wide variety of contaminants
present in the aquatic environment. Utilization of agricul-
tural waste by-products such as sugarcane bagasse (Mohan
and Singh 2002), coconut husk (Tan et al. 1993), rice husk (Aj-
mal et al. 2003), sawdust (Kadirvelu et al. 2003), etc., as a pre-
cursor to synthesis activated carbon, have been investigated
by various researchers.

In Indonesia, mango is one of the most familiar horti-
cultural commodities because it can be processed in various
forms. In the mango processing industry, mango peel (which
contributes to 7-24% of total weight) is dumped as waste
(Ghosh et al. 2019) This can cause environmental problems
especially related to land use for disposal. Mango peel con-
tains many polymer compounds that have functional groups
such as pectin and cellulose(Correia et al. 2018). This poly-
mer can increase the possibility of mango peel as a carbon
source that can be converted into activated carbon (Ghosh
et al. 2019) which can be utilized further to adsorb heavy
metal waste such as Fe?* which is large presence in batik in-
dustrial waste.

In this research, an adsorption study of Fe2* metal ions
dissolved in water was carried out using activated carbon
synthesized from mango peel (Budiyanto et al. 2018). More-
over, the adsorption process of mango peel-activated carbon
was modeled using the Freundlich, Langmuir, and Dubinin-
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TABLE 1. Variation of the activation process and the resulting yield.

DOI 10.22146/jrekpros.69404

No. Sample name Activation process Yield (%)
1 MPAC-1 Physical (700°C, 1 h) 24.5
2 MPAC-2 Chemical (immersed in H,S0,4 1 M for 24 h) - Physical (700°C, 1 h) 31.4
3 MPAC-3 Chemical (immersed in H,S04 1 M for 24 h) - Physical (300°C, 1 h) 62.8
4 MPAC-4 Physical (300°C, 0.5 h) - Chemical (immersed in H,SO, 1 M for 24 h) - Physical (700°C, 0.5 h) 40.5

Radushkevich isotherm method to determine the adsorption
mechanism that occurred. The parameters used in this study
were process variations and variations in the concentration
of Fe?* metal ions and batik waste. The sample solution was
analyzed using the Atomic Absorption Spectroscopy (AAS) to
determine the amount of Fe?* ions in the solution before and
after adsorption. Meanwhile, the activated carbon samples
will be analyzed using FTIR to identify the functional groups
of activated carbon.

2. RESEARCH METHODOLOGY
2.1 Activated carbon raw materials

Many required materials to produce MPAC, which covers
mango peels as a base material, adsorbates Fe?* ion which
derives from FeSO,4 crystals as a model solution and distilled
water for all solutions. On another side, HySO,4 is used forim-
mersed some samples in Table 1. Also, argon is a gas atmo-
sphere used during the heating process.

2.2 Adsorbate (Fe?*s)

Fe?* ion used as model solution which derives from FeSO,
crystals and also using the distilled water to prepare all solu-
tions Fe?*. FeSO, crystals were dissolved in distilled water to
make water samples with concentrations of 2,4, and 6 ppm of
Fe?*. As a comparison, wastewater of the batik home indus-
try from Pekalongan, Central Java was analyzed by Atomic Ab-
sorption Spectroscopy (AAS) to determine its Fe?* content.

2.3 Preparation of activated carbon

Mango peel, as the raw material, is dried at 100°C for 24
hours. Before the activation procedure, dried mango peel is
grounded and sieved to get the uniform size to 100 mesh. Pro-
cess variation is carried out by utilizing the combination of
physical and chemical activation based on Table 1. For the
physical process, the heating rate is 10°C per minute. While
chemical activation is done by immersing the sample in 1M
H,S0,4 solution and stirring for 24 hours. After the physical
and or chemical activation, the sample was dried for 1 hour
at a temperature of 100°C.

2.4 Batch adsorption experiment

A total of 40 mL of adsorbate with a concentration of 2 ppm,
4 ppm, 6 ppm, and batik waste were contacted with each ad-
sorbent. Each sample was put into the incubator shaker at a
speed of 150 rpm for 2 hours at room temperature. After the
contacting process is complete, filtering is done using a vac-
uum filtration system. The obtained filtrate was analyzed us-
ing AAS to determine the final concentration of Fe (Ce). The
final concentration obtained will be used to determine the re-
moval percentage and maximum adsorption capacity.

The amount of Fe concentration absorbed by activated
carbon (adsorbent) per initial Fe concentration can be calcu-
lated using Equation 1.

%Removal = (C"C;CE) x100% @

0

where C, is the initial concentration of Fe?* ions in solution
and C, is the final concentration of Fe?* ions in solution.

The maximum adsorption capacity of an adsorbent at a
certain adsorbent volume and mass can be calculated using
Equation 2.
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FIGURE 1. FTIR spectrum of MP, MPAC-1, MPAC-2, MPAC-3, and MPAC-4. (a)
Full spectrum and (b) zoom view of 500-1500 cm™t.
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FIGURE 2. Fitting of adsorption isotherm model of Langmuir (a), Freundlich (b), and Dubinin-Radushkevich (c) from the various sample.

where g, is the maximum adsorption capacity. C, is the ini-
tial concentration of Fe?* ions in solution, C is the final con-
centration of Fe?* ions in solution, while V is the volume of
the solution, and W is the mass of the adsorbent.

2.5 Absorbent and batik waste characterization

The carbon results from the four process variations were
characterized using Fourier Transform Infrared Spec-
troscopy (FTIR, Nicolet iS5) with the KBr pellet method to
know the functional group contained in each sample. While
Atomic Absorption Spectroscopy (AAS, NovAA 300) was
used to determine the Fe?* concentration before and after
the adsorption process.

3. RESULTS AND DISCUSSION

3.1 Activation of mango peel

Mango peel that has been dried and mashed, undergoes ac-
tivation of various combination processes as shown in Table
1. All four variations of the process produce a black and dry
adsorbent. Orozco et al. (2014) mention that during the acti-
vation process of fruit waste, there was a decomposition of
pectin at 172°C, hemicellulose at 180-270°C, and cellulose at
270-370 °C, and lignin at 385-585°C (Orozco et al. 2014). Thus,
activation at 700°C will result in a lower carbon yield com-
pared with activation at other lower temperatures. From the
four variations of the process, it turns out that there is no
ash formation due to the use of argon gas atmosphere dur-
ing heating from a temperature of 200°C. The use of argon

is carried out to avoid the presence of oxygen in the sample
which will then form ash. The entire sample of the four vari-
ations of this process produces carbon sufficiently pure and
canbe seenin Table 1.

3.2 FTIR analysis

FTIR analysis is carried out to determine the available func-
tional groups. The four main spectra generated from the
wavelengths of 500 cm™ to 4000 cm™ are shown in Figure 1.
The FTIR results of mango peel and activated mango peel in
several variations. Overall, the results obtained have almost
the same spectrum. The absorbance value of hydroxyl on the
mango peel shows the number 3424 cm™. Other bonds in
mango skin showed C=0 stretching at 1739 cm, and a wave-
length at 1619 cmlindicates the presence of aromatic C=C ab-
sorption on the phenyl ring (Wang et al. 2012), C-H (stretch,
symmetrical, asymmetrical) at 2924 cm™, and several other
functional groups. In addition, there is also a carboxyl spec-
trumwhich is presented as deprotonated and allows bending
of C-H bonds to form at a wavelength of 1380 cm™® (Desalegn
et al. 2019). From several wave absorptions above, there is a
wave disappearance in the activated mango peel. This disap-
pearance occurs at a wave number of 1619 cm™ (Rajeshkan-
nan et al. 2011). The wave number indicates a stretched C=0
hydroxyl bond (Igbal et al. 2009). This stretching may be due
to changes in counter ions associated with carboxylate and
hydroxylate anions and suggests that carboxyl and hydroxyl
groups are major contributors to metal ion absorption (Fiol
etal.2006).

TABLE 2. Equations of the Langmuir, Freundlich, and Dubinin-Raduskevich isotherm models.

Isotherm Sample General equation Equation R2
Langmuir a 1/Q. = 1/Qy + 1/QiKLC. 1/Q. = 0.164 4 0147 /c, 0.9987
b 1/Q. = 0.0348 + 0.1265/c, 0.9987
C 1/Q. = 0.0498 + 0.1234/c, 0.9993
d 1/Q. = 0.0318 + 0.1212/c, 0.9999
Freundlich a log Q. = log Ky + (1/n) log C, log Q. = 0.4904 + 0.5853 log C, 0.9959
b log Q. = 0.8752 4+ 0.5495log C, 0.9765
C log Q. = 0.8082 + 0.5696 log C, 0.9928
d log Q. = 0.9161 + 0.5635log C, 0.9856
Dubinin-Raduskevich a InQ, = InQ,; — Kpge? InQ, = 1.4925 — 8.996510 — 8¢2 0.9788
b In Q, = 1.897 — 3.203510 — 8¢2 0.9983
C InQ, = 1.794 — 3.839710 — 8¢? 0.9918
d InQ, = 1.8676 — 3.009110 — 8¢2 0.9996
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TABLE 3. Calculated parameter of each sample using adsorption Isotherm Model of Langmuir, Freundlich, and Dubinin-Raduskevich.

Sample name L (R?) F (R2) D-R (R2) R, (dimensionless) Qmax (Mg/g) E (kJ/mol)
MPAC-1 0.9987 0.9959 0.9788 0.3617 6.9090 2.357
MPAC-2 0.9987 0.9765 0.9983 0.1208 7.9022 3.950
MPAC-3 0.9993 0.9928 0.9486 0.1678 8.1028 3.608
MPAC-4 0.9999 0.9856 0.9996 0.1160 8.2526 4.076

3.3 Adsorption modeling testing

The importance of the optimum contact time in influencing
the maximum adsorption power of one absorbent. The two-
hour contact time was chosen according to previous stud-
ies, which mention that the equilibrium condition reaches af-
ter 2 h (Abdel Salam et al. 2011). With this condition, we can
model the isotherm according to Langmuir, Freundlich, and
Dubinin-Radushkevich (D-R) isotherm.

Among the three adsorption isotherm models that have
been presented in Figure 2 which is presented equation be-
low in Table 2, the Langmuir isotherm model is the ideal one
to use in the four sample variations. This is evidenced by the
R? value which is close to one, which is worth 0.9987; 0.9987;
0.9993; and 0.9999. This shows that the monolayer adsorp-
tion process on Langmuir adsorbent has not been able to de-
termine the adsorption mechanism.

Also accompanied by the variable R (separating fac-
tor/equilibrium factor) is shown by the following Equation 4.

1 1 1
. @
Qe Qo QoKrCe
1
R=1ixc @

where Cq (mg/ L) is the initial concentration and Ky, (L / mg)
is the Langmuir constant which corresponds to the adsorp-
tion energy. The results of the complete calculation of Ry,

TABLE 4. Percent Removal (%) obtained from each sample.

Sample Initial Equilibrium % removal
name concentration (C,) concentration (Ce)
MPAC-1 2 0.35 82.50
0.93 76.75
1.77 70.50
7.77*% 2.52 67.56
MPAC-2 2 0.09 95.50
0.24 94.00
0.60 90.00
7.77* 1.22 84.29
MPAC-3 2 0.12 94.00
0.34 91.50
0.74 87.67
7.77*% 1.52 80.43
MPAC-4 2 0.08 96.00
0.22 94.50
0.52 91.33
7.77*F 1.18 84.81

Qmax, and Energy are shown in Table 3, with an explana-
tion of the Ry values in the range O to 1 which indicates the
isotherm form is unfavorable (R;, > 1), linear (Ry, = 1), favor-
able (0 <Ry, <1) or irreversible (R;, = 0) (Meroufel et al., 2013).
In this study, the R value was obtained from 0.1 to 0.36 (fa-
vorable), which means that the adsorption process went well.
The Ry, value is 011, so the MPAC-4 sample is considered to
have a stronger bond to the Fe metal ion than the other three
samples. Whereas in terms of Qmay, it can be seen that MPAC-
4 has a maximum adsorption capacity of 8.25 mg/ g which
means it is greater than the variation of processes 1, 2, or 3.
In addition, Langmuir’s constant is obtained by relating the
intercept and Qmax with values of 0.88; 3.63; 2.48; and 3.81.

Table 3 which shows the equation of the D-R line shows
the variable E (energy) and the type of adsorption mecha-
nism that occurs. The E (energy of D-R isotherm) number ob-
tained in all samples is less than 8 k]/mol, where this number
shows that the adsorption mechanism that occurs is physi-
cal/physical adsorption (non-specific). Caused by the inter-
action between hydroxyl and carboxyl because the energy
they have is not strong enough to cause chemical bonds. Ph-
ysisorption occurs between the element carbon against the
adsorbate (iron) and the element oxygen against the adsor-
bate (iron) due to differences in electronegativity. In addition,
the high surface area due to the activation process that has
been carried out provides an opportunity for the adsorbate
to be absorbed (entrapment) so that Van der Waals forces oc-
cur more frequently. The physisorption that occurs is not too
weak because the bond that occurs between the adsorbate
and the adsorbent is only one layer (monolayer) so that the
functional groups on the adsorbent are concentrated to bind
to the adsorbate in a single layer.

3.4 Removal percentage

Overall, the process variation from MPAC-1 to MPAC-4 pro-
vides the percentage removal which continues to decrease as
the initial ion concentration increases. This is all evidenced
in the percent removal listed in Table 4. This condition shows
that the ability of the adsorbent is not able to absorb the ad-
sorbate in increasing abundance. The adsorbent will experi-
ence saturation in the adsorption process or in other words
the adsorbent will no longer be able to absorb the adsorbate.
The cause is the adsorbent pores that have been filled by the
adsorbate (closed) so that the adsorbate is left in the solution
around the adsorbent.

In the MPAC-1 sample (Table 4), the adsorption ability of
Fe metal ions is the lowest compared to the other three sam-
ples. The reason is the activation process which only relies
on physical activation so there are still many impurities in
the skin of the mango fruit that is not dissolved by chemi-
cal agents. Meanwhile, MPAC-2 and MPAC-3 samples have
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the adsorption ability exceed MPAC-1 samples due to the ad-
dition of functional groups during chemical activation with
the emergence of new functional groups that will be needed
during the adsorption process. However, MPAC-4 sample ob-
tained the best percentage removal among the other three
samples, namely 96%, 94.5%, 91.33%, and 84.81%, or in other
words, it has the best adsorption ability of Fe ions. The reason
isthatwhenburningat 300 °C, some compounds decompose
and are followed by chemical activation to clean impurities
and clogged pores by utilizing the properties of the H,SO,4
dehydrating agent. In addition, there is an activation pro-
cess carried out when burning at 700°C causes an increase
in surface area with the complete decomposition of the com-
pound. The more open pores will provide an opportunity for
the adsorbate to diffuse into the adsorbent pores. This pro-
vides an opportunity for the adsorbent to interact with ion
exchange and/or other interactions with metal ion Fe. The
MPAC-4 adsorbent results indicate that the adsorption pro-
cess of Fe metal ion in batik waste leaves 1.18 ppm, which can
be categorized as environmentally friendly batik waste.

4. CONCLUSIONS

In this study, it can be concluded that activated mango peel
(MP) can be used as an adsorbent to absorb Fe metal ions.
Of the various processes tested, the MPAC-4 sample was
the best process variation, with physical activation of 300°C,
followed by chemical activation, then physical activation of
700°C, with the reason that the best removal percentages
were 96%, 94.5%, 91.33% , and 84.81% for the initial Feion con-
centration 12, 4, 6, and batik waste, as evidenced by the ab-
sorption of Fe metal ions in batik waste that meets Ministry
of Environment and Forestry standards, so that it can be dis-
posed of to the environment, which is <5 ppm. Determina-
tion of the most appropriate isotherm model is the Langmuir
isotherm model (monolayer) with physical adsorption mech-
anism.

5. NOTATION

List of notation:

Cy = initial concentration of Fe?* in solution, mg/L or ppm
C, =final concentration of Fe?* in solution, mg/L or ppm
V =volume of the solution, L

W =mass of the adsorbent,g

de = maximum adsorption capacity, mg/g

Ky = Langmuir constant

Ry, = separation factor
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