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Abstract — The use of a low-cost biosorbent prepared from Ipomoea pes-caprae stem for the adsorption of
Cd(Il) ions from aqueous solution at different contact times, biosorbent sizes, pH values, and initial Cd(Il)
ions concentration solution was investigated. The biosorbent was analyzed using Fourier-transform infrared
spectroscopy (FT-IR) to find important IR-active functional groups. A scanning electron microscope (SEM) was
used to examine the biosorbent morphology. The experimental results showed the highest Cd(Il) ions adsorption
was 29.513 mg/g under an optimal condition as initial Cd(II) ions concentration of 662.77 mg/L, 1 g dose,
80-min contact time, pH 5, 75 rpm of stirring speed, 1 atm, and 30 °C. Based on the optimal condition,
Cd(1l) ions' adsorption kinetics obeys the linearized pseudo-second-order kinetics (R?2 = 0.996), and the
adsorption capacity and rate attained was 44.444 mg/g and 0.097 g/mg. Min, respectively. Besides, the
adsorption isotherms were very well fitted by the linearized Langmuir isotherm model, and the monolayer
adsorption capacity and pore volume determined was 30.121 mg/g and 0.129 L/mg, respectively. These
results indicated the chemisorption nature.
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Introduction

The coastal area might be influenced by human activities, including marine transportation, offshore oil
production, urban, agricultural, and industrial processes. Pollutants such as heavy metals in the water will be
harmful to the otganism's life, which indirectly impacts human health. One type of heavy metal that is in the
waters and is toxic is the metal Cadmium. In coastal areas, Cadmium metal pollution mostly originates from
landfill and rainwater flow of by-product of mining, casting zinc, copper, or tin, which is widely used in various
industries, especially in electrode plates, painting, alloys (alloys), pigments, stabilizers in battery and plastic
factories (Rao ¢z al., 2010). Sea transportation activities, including ship repair activities, also contributed to Cd(II)
ions pollution of the coastal area (Dominggus, 2011). Cadmium toxicity can affect the human body, such as
vesicular trafficking, cytoskeleton, and cell wall reconstruction (Wan and Zhang, 2012).

Many methods can be applied to reduce the concentration of heavy metals in wastewater, such as mechanical
filtration, oxidation-reduction of chemical deposition, ion exchange, and adsorption. Among others, adsorption
is a promising method because the process is more effective, efficient, and cheaper (Dimple, 2014). Low-cost
bio sorbents had been proposed for Cd(II) ions adsorption, which were prepared from sawdust and rice husk
(Nabhar et al., 2018), corn cob (Mahmood-ul-Hassan ¢z a/., 2015), olive oil by-products (Anastopoulos ez al., 2015),
livestock waste (Zhang ¢t al., 2017) and by-products and waste from the forest (Cutillas-Barreiro ez /., 2010).
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Ipomoea pes-caprae, which is waste from the coastal forest, was used in bioaccumulation of Pb, Zn, As, Se,
Cr, and Ni, wherein the metal ions were expected to be bounded with its chemical compounds (Kozak ez 4/,
2015). The Ipomoea leaves and stem might be a promising biosorbent because several species of Ipomoea,
including Ipomoea pes-caprae, have functional groups of hydroxyl (O-H) such glycolipids (Hernandez-Catrlos ez
al., 1999), glycosides (Pareda-Mirinda ef a/., 2005, Rosas-Ramirez and Pereda-Miranda, 2013), sterols and ester
(C=0) such as isochlorogenic acids (Teramachi ez /., 2005, Batiga ez al., 2019). Therefore, it is necessary to utilize
it as a biosorbent since it has some functional groups to be active sites for Cd(II) ions adsorption.

The purpose of this study was to utilize biosorbent from Ipomea pes-caprae stem (BIPS) for the adsorption
of Cd(I) ions in an Aqueous Solution. The functional groups and physical morphology of the BIPS were
investigated using FTIR and SEM analyses. The effect of independent variables, i.e., contact time, the BIPS size,
pH, and initial aqueous Cd(ll) ions concentration on the BIPS adsorption capacity were investigated, and the
adsorption kinetics and adsorption isotherms were obtained.

Materials and Methods
Material

The Coastal Plant Ipomea Pes-Caprae Stems, which were taken from Peukan Bada area of Aceh Besar
District, was used as raw material to utilize the biosorbent. Ipomea Pes-Caprae stems were sliced small, then
washed thoroughly using tap water, dried in the oven at a temperature of 150 °C for 8 hours until the sliced
stems weigh being constant. The dried material was then crushed to powder. Biosorbent of Ipomea Pes-Caprae
Stems (BIPS) was then divided into 4 (four) sizes, namely: BIPS-A < 230 mesh, 230 < BIPS-B < 120 mesh, 120
< BIPS-C < 60 mesh, and BIPS-D > 60 mesh. Fourier transform infrared spectroscopy (FTIR, Shimadzu Type
FTIR-8400, Japan) was used to identify the functional groups of the BIPS. Scanning Electron Microscopy (SEM)
(Hitachi Type TM-3000, 500VA, 1 phase 50/60Hz, Japan) was used to investigate the physical morphology of
the BIPS.

Cd(NO3)2.4H20O (Sigma-Aldrich, 99%) and aquadest (distilled water) were used to prepare the Cd(ll) ions
aqueous solution. 1 (one) L of a stock Cd(II) ions aqueous solution was made with a concentration of 1000
mg/L. It was diluted according to predetermined Cd(II) ions concentration in the range of 5-650 mg/L which
was in the range of 5-1000 mg/L (Kurniawan et. al. 20006), but the real concentration obtained was to be 662.77;
255.34; 110.13; 51.26; 23.4 and 4.99 mg/L based on Atomic Absorption Spectroscopy (AAS) analysis.
Adsorption Experimental Method

A preliminary adsorption experiment in batch mode was conducted to obtain equilibrium time (Muslim ¢ a/,
2015). The BIPS-A was used because it was smallest size and expected to have higher adsorption capacity. The
BIPS-A and Cd(I) ions adsorption system consisted of 1 g of BIPS-A, 100 mL of Cd(II) ions solution at 662.77
mg/L. It was stitred at 75 rpm, 1 atm and 30 °C. The solution samples of 2-mL were taken at the contact time
of 0, 20, 40, 60, 80 min using variable volume pipettes. Based on the procedure in the previous study (Muslim,
2017), the samples were diluted with 10 mL of distilled water and shacked in 15-mL vial. The filtrate was then
separated by filtering using syringe filter, and then analyzed using the AAS.

Based on the preliminary adsorption experiment whereas equilibrium time was obtained, the effect of
independent variables were investigated. The experimental procedure of the design variable in the previous study
was taken into account (Muslim ¢z 4/, 2017a). The range of independent variables was 0—80 min of contact time,
biosorbent with vatious sizes, 4.99—662.77mg/L of initial aqueous Cd(Il) ions concentration, pH 3-5 with a
dose of 1 g at 1 atm and 30 °C. The Cd(Il) aqueous solution pH was adjusted by dropping NaOH and HCI
aqueous solution with the concentration at the range of 0.01-0.5 M prepared from the stock solutions (99% pure
from Aldrich); the solution pH was measured using Cobra3 Chem-Unit (PHYWE type 12153.00, Western
Germany). Adsorption capacity over contact time was obtained using Equation (1):

_ (G -Gy
q; = M, )

where Gy and C, (mg/L) are the aqueous Cd(II) ions concentration at the time of 0 and # (min), respectively; ¢; is
the adsorption capacity the time of 4 s (L) is as the solution volume (L); and 724¢ (g) is the biosorbent mass.
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Results
Functional groups of biosorbent

Figure 1 shows the transmission spectrum of the biosorbent. The strong band at 3530-3725 cm -1 of
wavenumber with the peak at 3631.96 cm -1 with the transmittance of 95.3% is associated to the O-H stretch
of hydroxyl group such as phenol compound, alcohol monomer and hydrogen (Lee ¢z a/., 2015). A band at 3780—
3015 cm -1, which has two peaks at 2920.23 and 2862.72 cm -1, is assigned to the C—H stretch of alkenes
(Chakravarty ez al., 2010), and the transmittance was 86.72% and 87.14%, respectively. A sharp band at 1730—
1735 cm -1 with a peak at 1734.01 cm -1 is assigned to the C=O stretch of carbonyls. There is the N-O
asymmetric stretching of nitro compounds at 1472—1557 cm -1 with two peaks at 1425.40 and 1510.29 cm -1 .
The last one is a wide band of C—N stretch at 902—1200 cm -1 is associated with aliphatic amines with two peaks
at 1012.83 and 1031.92 cm -1 (Chakravarty ef a/., 2010, Muslim 7 a/., 2017a).
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Figure 1. The FTIR spectra of the BIPS-A

Surface morphology of biosorbent

Physical morphology of the BIPS-A and BIPS-C by the SEM analysis are shown in Figures 2(a) and 2(b),
respectively. As can be seen in Figures 2(a) and 2(b), the pores on the biosorbent are uneven and irregular.
However, there are some differences between the two biosorbent due to the different size of both the BIPS-A
and BIPS-C. The BIPS-A has more opened and bigger pores, and there are more pores on the BIPS-A compared
to the BIPS-C.
Effect of contact time

The effect of contact time on the Cd(II) ions adsorption capacity of the biosorbent is shown in Figure 3(a).
The experiments wetre conducted under a condition as 1 g of biosorbent , 662.77mg/L of initial aqueous Cd(II)
ions concentration, pH 5, 1 atm and 30 °C. The adsorption capacity for the BIPS-A was 24.179, 23.591, 29.632
and 29.513 mg/g at 20, 40, 60 and 80 min, respectively. Meanwhile, it was 16.472, 22.198, 21.827 and 23.003
mg/g for the BIPS-B, and it was 2.409, 7.064, 19.482, and 19.202 mg/g for the BIPS-C, respectively. It increased
sharply in the first 20 min of contact time for the BIPS-A and BIP-B, and it increased gradually to reach an
equilibrium time of 80 min. However, adsorption capacity for the BIPS-C increased gradually in the beginning
40 min of contact time, and it inclined considerably until reaching the equilibrium time of 80 min.
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(a)
Figure 2. The SEM micrographs of (a) the BIPS-A and (b) the BIPS-C at 1500x magnification
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Figure 3. Effect of (a) contact time and (b) biosorbent size on adsorption capacity

Effect of biosorbent size

Figure 3(b) illustrates biosorbent BIPS-A, BIPS-B, BIPS-C, and BIPS-D presenting the size of less than 230
mesh (0.063 mm), in range of 230-120 mesh, in range of 120-60 mesh and more than 60 mesh, respectively with
the set dependent variables (1 g of dose, 662.77mg/L of initial aqueous Cd(II) ions concentration, pH 5, 1 atm
and 30 °C). As viewed in Figute 3(b), the adsorption capacity inclined significantly from 3.795 to 29.513 mg/g
by reducing the biosorbent size from D size to C size. It increased continuously to be 21.827 and 29.513 mg/g
for size B and A, respectively.
Effect of pH

Figure 4(a) shows a linear increase of adsorption capacity in the pH range of 3-5 with a maximum Cd(II) ions
being adsorbed by the BIPS-A at pH of 5 with the set dependent vatiables (1 g of BIPS-A, 662.77mg/L of initial
aqueous Cd(II) ions concentration, 1 atm, and 30 °C). The adsorption capacity was 26.349, 28.379, and 29.513
mg/g at pH of 3, 4, and 5, respectively.
Effect of initial Cd(II) ions concentration

Figure 4(b) demonstrations the adsorption capacity of BIPS-A over initial Cd(Il) concentration in the range
of 4.99-662.77 mg/L with the set dependent variables (1 g of BIPS-A, 662.77mg/L of initial aqueous Cd(II) ions
concentration, pH 5, 1 atm and 30 °C). It increased gradually from 0.498 to 2.339, 4.9650, and 9.893 mg/g at
4.99 to 23.41, 51.26, and 110.13, respectively. When initial Cd(II) ions concentration was changed to 255.34, it
increased a bit sharp to 23.014 mg/g, and it was back to increase gradually to 29.513 mg/g at 662.77 mg/L.
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Figure 6. Plots of linearized (a) Langmuir model and (b) Freundlich model for adsorption isotherm

Adsorption kinetic and isotherm

The linearized form of Lagergren and Ho models (Lagergren, 1989, Ho ez al., 1996) for adsorption kinetic
presenting the pseudo first-order (PFO) and pseudo second-order (PSO) kinetic, respectively, were used to
obtain the kinetic adsorption parameters, which can be expressed as Equations (2) and (3), respectively:
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whete ¢; and ¢. (mg/g) are adsorption capacity at time of #(min) and equilibrium time, respectively; and 4. (/min)
and Ay (g/ mg.min) are the PFO and PSO kinetic rate constants, respectively. All the adsorption kinetic values
were determined using the slope and intercept of Figures 5(a) and 5(b) (Muslim ¢ a/., 2017b).

To determine the adsorption isotherm parameters, linearized form of Langmuir and Freundlich models
(Langmuir, 1918, Freundlich, 1906) were taken into account to obtain the adsorption kinetic parameters, which
are Equations (4) and (5), respectively:

C__1 +iCe )
qe quL qm
1
logqg, = - logC, +log K, ®)

where ¢, (mg/g) is Langmuir monolayer adsotption capacity; Ki. (I./mg) and Kr (mg/g) denotes as Langmuir
constant of pore volume and Freundlich constant of adsorption capacity, tespectively; and 1/n denotes the
adsorption intensity. All the adsorption kinetic values were determined using the slope and intercept of Figures

6(a) and 5(b).

Discussions
Functional groups of biosorbent

The BIPS-A transmission spectrum only was analyzed by the FT-IR because this biosorbent showed
the highest adsorption capacity compared to other biosorbents, which will be highlighted in further
results. As highlighted in the FT-IR result, the biosorbent had some active functional groups, such as
hydroxyl group (O-H), glycolipids, and glycosides (Hernandez-Catlos ¢z al., 1999, Pareda-Mirinda ez a/., 2005,
Rosas-Ramirez and Pereda-Miranda, 2013). The biosorbent had also carbonyls (C=0), which would be
isochlorogenic acids (Teramachi ez 4/, 2005, Batiga ez al., 2019). These functional groups together with the other
ones such as alkenes (C—H), nitro compounds (N-O) and amines (C-N) on the surface of biosorbent,
should play an important role in the adsorption of Cd(II) ions onto the biosorbent.
Surface morphology of biosorbent

A comparison to the surface morphology BIPS-A, which had the highest adsorption capacity, has one
of biosorbents only, the BIPS-C, to be discussed. As highlighted in the results, the BIPS-A has more
opened and larger pores, and there are more pores on the BIPS-A compared to the BIPS-C. This result was
reasonable because crushing the biosorbent of BIPS-C to smaller size might break the BIPS-C surface including
the pores, and it might close the pores. This reason is because of collision, friction, impingement and sheatr,
resulting not only particle size reduction but also the porosity breakdown (Zorica ez al., 2019) and broken edger
of pores becoming closed pores (Lee ¢f al., 2019).
Effect of contact time

As viewed in Figure 3(a), the first 20-min contact time for the BIPS-A and BIP-B should be the initial stage
of Cd(ll) ions adsorption onto the biosorbent. The initial stage of adsorption is generally controlled by the
diffusion of adsorbate in the aqueous phase to the solid phase on the biosorbent. The same interpretation was
also reported for adsorption of Cu(ll) ions onto biosorbent prepared from Thevetia peruviana leaf powder
(Medhi ez al., 2020). Therefore, the adsorption capacity of BIPS-A and BIP-B increased sharply for the first
20min contact time. However, it was different for the BIPS-C because the biosorbent had less porosity, as
highlighted in the FTIR results, leading to less diffusion of adsorbate in the aqueous phase to the solid phase.

The biosorbent adsorption capacity increased slowly after 20-min contact time because of slow intraparticle
diffusion between Cd(Il) ions and the biosorbent. Cd(II) ions adsorption should be driven by the intraparticle
interactions, such as Van der Waals interaction, electrostatic attraction, and functional group bonds depending
on how strong intraparticle interactions are, as highlighted in the previous study (Matlina ez a/., 2020). Cd(I1I) ions
adsorption reached the equilibrium stage when the intraparticle interactions stopped, and the biosorbent
adsorption capacity remained steady for the rest of the contact time.
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Effect of biosorbent size

As highlighted previously, the biosorbent which had more porosity should have more diffusion of adsorbate
in the aqueous phase to the solid phase. Consequently, the BIPS-A (less than 0.063 mm) had the highest
adsorption capacity, the adsorption capacity of BIPS-B was higher than the BIPS-B and BIPS-C, and the BIPSC
had the smallest adsorption capacity. This finding was also reinforced by the previous study for lead ion
adsorption by sawdust biosorbent in a size range of 1.18-2.36 mm (Nnaji and Emefu, 2017). The adsorption of
Cd, Pb, and Cr ions by eucalyptus activate carbon in a size range of 0.063 to 1,2 mm (Gebretsadik ¢ a/., 2020)
with the maximum adsorption capacity at the size of 0.063 mm, which was the same size as the BIPS-A. These
results are reasonable because less size of adsorbent should be more surface area for the diffusion of heavy metal
ions on the adsorbent and inside of adsorbent pores (Karau ¢z a/, 1997, Liese and Hilterhaus, 2013).

Effect of pH

As discussed on the effect of biosorbent size wherein the BIPS-A showed the highest adsorption capacity
compatred to other biosorbents, then this section only highlighted the effect of pH on the BIPS-A adsorption
capacity. The binding of Cd(II) ions with functional groups showed in Figure 1 should be pHdependent. It
inclined lineatly with the increase of pH, and the highest adsorption capacity was found at pH 5. The reason for
this trend might be because lower pH created more hydrogen and hydronium ions to compete Cd(II) ions to be
adsorbed on the BIPS-A. These views were supported by previous studies (Lee and Davis, 2001, Luef ¢z 4/,
1991). In addition, the BIPS-A might become more positively charged, resulting in less attraction between Cd(1I)
ions and BIPS-A, leading to less adsorption (Aldov et al, 1995). However, Cd(Il) ions adsorption on some
adsorbents started decreasing from a pH of 6 (Givianrad ez a/., 2013).

Effect of initial Cd(II) ions concentration

This section considered the effect of initial Cd(II) ions concentration on the BIPS-A adsorption
capacity only because of the same reason highlighted in the previous discussion. In general, more
adsorbate presented in the solution should give more diffusion of adsorbate onto the adsorbent surface
and pores (Marlina e al., 2020). Therefore, the adsorption capacity of BIPS-A should increase with the
increase in initial Cd(II) ions concentration for the range of initial adsorbate. It has not been reaching a
saturation yet, because there should be not enough Cd(Il) ions to be occupied by active sites on the BIPS -
A even if the initial Cd(II) ions concentration was 662.77 mg/L. It is expected to remain neatly
unchanging and saturate for more adsorbate in the solution by increasing the initial concentration of
adsorbate (Liu e a/., 2014, Muslim e/ a/., 2017a).

Adsorption kinetic and isotherm

The effect of dependent variables was investigated in the previous discussion. As a result, the highest Cd(1I)
ions adsorption was 29.513 mg/g under an optimal condition as initial Cd(IT) ions concentration of 662.77 mg/L,
1 g dose of the BIPS-A, 80-min contact time, pH 5, 75 tpm of stirring speed, 1 atm, and 30 °C. Thetefore, a set
of data presenting the optimal condition was chosen for the adsorption kinetic study, which was presented in
Figure 3(a), particularly the BIPS-A data. As shown by the R? values in Figures 5(a) and 5(b), the gap between
Lagergren and Ho R? values is not large, which might indicate that the adsorption occurred because of were
adsorbed physicochemical interactions between the BIPS-A and Cd(II) ions. However, chemisorption might
control more Cd(Il) ions adsorption on the BIPS-A due to the PSO kinetic gave the better fitting (0.996) for
Cd(I) ions adsorption, which is supported by the previous studies (Wang ez al., 2007). Using the slope and
intercept of Figures 5(b), the adsorption capacity and rate were determined to be approximately 44.444 mg/g
and 0.097 g/mg—Min, respectively.

A set of data presenting the optimal condition was also selected for the adsorption isotherm study, which
was presented in Figure 4(b). As confirmed by the R2 values, the Langmuir isotherm was favorable (R? = 0.997)
for Cd(Il) ions adsorption by the BIPS-A with the monolayer adsorption capacity and pore volume being 30.121
mg/g and 0.129 L/mg, respectively. Expected in the FTIR discussion, the functional groups on the BIPS-A,
which are the O-H; C-H; C=0, and C-O stretches, would be the active sites for chemical adsorption taking place
in monolayer with each stretch. The binding energy for each functional group should be equal (Marlina ez a/.,
2020). The Langmuir isotherm should be reasonable as expected in the previous adsorption kinetics discussion,
whereas chemisorption might control more Cd(II) ions adsorption and a previous study (Muslim e# a/., 2017a).
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Conclusion

This study proposed biosorbent from Ipomoea pes-caprac stems (BIPS). The BIPS was prepared
economically by drying and grounding. Among the three types of BIPS, the BIPS-A (size being more than 230
mesh) showed the maximum Cd(II) ions adsorption capacity, which was also supported by the best
morphological characteristics analyzed using the SEM. Investigation on the adsorption over contact time,
adsorbent size, pH, and initial concentration on the Cd(Il) ions adsorption capacity of the BIPS resulted in an
optimum condition where the system set with 1 g of BIPS-A, 662.77mg/L of initial aqueous Cd(II) ions
concentration, pH 5, 1 atm and 30 o C, and the maximum adsorption capacity obtained was 29.513 mg/g. The
pseudo-second-order kinetics was more acceptable to present Cd(II) ions adsorption with the correlation
coefficient (R 2) of 0.996, and adsorption isotherm fitted very well Langmuir isotherm with the R 2 of 0.997.
These results confirmed chemical adsorption of Cd(II) ions might take place more on the biosorbent active sites
of OH; C-H; C=0, and C-O stretch.
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