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Abstract

Heavy metal toxicity was an important issue for the environment and human health. Global
ecological and public health concerns related to environmental pollution by these metals have
been increasing. A new low-cost adsorbent-based of sugar palm (Arenga pinnata) fruit peel
immobilized Ca-alginate bead was used for the adsorption of Cr(VI) ions in an aqueous solution.
Sugar palm fruit peel is used as an adsorbent because it contains of hydroxyl, carbonyl,
aldehyde and carboxyl groups, where they can play a role in the adsorption of metal ions. In
this study, sugar palm fruit peel waste was immobilized using a Ca-alginate bead to increase
adsorption capacity and improve mechanical strength in an aqueous solution. The
immobilization improves its mechanical strength, size, rigidity, porosity characteristics, and
resistance to environmental restraints. The adsorbent-based sugar palm fruit peel immobilized
Ca-alginate bead was characterized by FTIR and SEM-EDX. The effect of pH, contact time, and
metal ion concentration on adsorption capacity were studied by batch method. The result
showed that optimum pH was pH 2 with an adsorption capacity of 0.3539 mg/g, the contact
time was 75 minutes with an adsorption capacity of 0.4131 mg/g and concentration at 10 to

150 mg/L with adsorption capacity was 13.1519 mg/g.

Keywords: Adsorption, sugar palm (Arrenga pinnata) fruit peel, immobilization, Ca-alginate,

Cr(VI) ions.

1. Introduction

Heavy metals are classified as hazardous
substances in the aquatic environment (Gupta
et al., 2013). One of the dangerous heavy
metals is chromium Cr(VI). Both, chromium
and its compounds are toxic metals introduced
into natural water from various industrial
wastes (Ablouh et al., 2019). The Cr(VI) ion is
very active and its highly toxic power will work
as a barrier to enzyme work in physiological or
metabolic processes of the body (Jang et al.,
2020). In the metabolic process, Cr(VI) ions
will inhibit the work of the benzopyrene
hydroxylase enzyme that causes a change in
cell growth. The cells will grow wild which, is
known as cancer (Castro-Castro et al., 2020).
Moreover, Cr(VI) ion could cause lung cancer,
skin cancer, anemia, mutagenic and
carcinogenic effects. (Alothman et al., 2013).
Generally, the majority of sources are textile
dyeing, electroplating, leather tanning, and
metal finishing industries, which cause severe
environmental and public health problems.
The presence of Cr(VI) in waters is
conceivable removed through various
methods like as electrolysis (Wan et al.,
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2019), chemical precipitation, membrane
processes, filtration, co-precipitation, reverse
osmosis, ion exchange, and adsorption
processes (Peng and Guo, 2020). Adsorption
is one of the methods that are quite effective
for removing Cr(VI) ions, due to the
adsorption process is much more effective and
versatile for removing chromium which solves
the problem of sludge disposal and made the
system more economically viable, and low-
cost adsorbents are used (Cherdchoo et al.,
2019). The adsorption method based on the
interactions between metal ions and functional
groups present on the surface of the
adsorbent for removal of metal ions (Lyu et
al., 2017) .

In this study, the sugar palm (Arenga pinnata)
fruit peel (SPFP) was used as an adsorbent for
Cr(VI) metal ion. Arenga pinnata fruit
consumed was core of the seed (endosperm).
While peel of fruit will become waste if not
used and pollute the air, water, and soil
environment. This sugar palm fruit peel waste
is usually only used as raw material for
producing compost, and as a substitute for
charcoal briquettes. Sugar palm fruit peel
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waste is used as an adsorbent because it
contains active compounds such as
carbohydrates, proteins, fats that can play a
role in the adsorption of metal ions (Chaidir
et al., 2015). The sugar palm fruit peel
contains functional groups -OH, C-H, and
COO- serves as a place for adsorption of Cr(VI)
metal ions. The utilization of SPFP waste is an
effective way to reduce the level of pollution
of the aquatics environment. In this study, the
SPFP waste is immobilized in Ca-alginate to
increase the mechanical strength, adsorption
capacity, and cell stability in the adsorption
process, which can be used sustainably.
Immobilization is a method that is applied to
place organelles and cells into a buffer in the
form of a membrane or matrix chemically and
physically. Alginate acid is a copolymer of two
monomer units, 1,4-linked-b-D-mannuronic
and a-Lguluronic acids containing carboxylic
groups acting as an active site for the binding
of metal (Gokila et al., 2017). The binding of
inorganic ions to the alginate acid makes it
able to show a number of properties and
makes it a perfect choice for the use of various
applications. Alginate is a natural
polysaccharide that is abundantly found in the
cell walls of all species of brown algae and
plays a role in maintaining cell structure. This
research aims to immobilization of sugar palm

fruit peel with Ca-alginate as Cr(VI) ion
adsorption in an aqueous solution. SPFP
immobilized Ca-alginate has been

characterized by FTIR and SEM-EDX.

2. Methodology
2.1. Materials

The materials used in this study were sugar
palm fruit peel, distilled water, NaOH pro
analysis (Merck), HNOs pro analysis (Merck),
CaCl, pro analysis (Merck), K;Cr,O; pro
analysis (Merck), Na-alginate pro analysis.
The equipment used in this study were a set
of peeler, 150 mesh sieve, hot plate, magnetic
stirrer, pH meter, oven type TR 30/R7,
analytical balance, pH meter, thermometer,
funnel, filter paper, glass ware, dropper,
aluminum foil, Fourier Transform Infra-Red
(FT-IR), Spectrophotometer type Perkin Elmer

Frontier, Atomic Absorption Spectropho-
tometer (AAS) Type Shimadzu AA 7000, and
Scanning Electron Microscopy  Energy

Dispersive X-ray (SEM-EDX) Type Hitachi.
2.2. Preparation of Stock Solution
The Cr(V) stock solution was prepared by

dissolving 2.707 g KyCr;07 was dried at 105
°C for two hoursin a 1000 mL volumetric flask
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with deionized water to form a stock solution
of Cr(VI) with concentration 1000 mg/L. Our
experimental solution is prepared at 50, 100,
and 125 mg/L with serial dilutions of stock
solution of 250 mL.

2.3. Sample Preparation

The raw material used in this study was sugar
palm (Arenga pinnata) fruit peel (SPFP). The
SPFP was taken from Setiris village, Muaro
Jambi District, Province of Jambi. The SPFP
was cut into small pieces then washed with
water to remove impurities that are still
attached and aerated in room temperature,
and then dried in an oven at a temperature of
100°C and 1latm for 2 hours until the dried
SPFP mass being constant. Then, dried SPFP
was grounded to powder, mashed using a
peeler and filtered using a 150 mesh sieve.
The SPFP powder was soaked in 4% NaOH
solution in a ratio of 1:10 (m/v). The mixture
was stirred for 2 hours at a speed of 100 rpm
and then allowed to leave for 24 hours. The
SPFP powder was washed with distilled water
until the pH neutral and then filtered. Then
dried in an oven at 100°C until dry, then
pulverized again with a mortar and sieved
using a 150 mesh sieve.

2.4. The SPFP immobilized Ca-alginate.

The SPFP  immobilization  process is
accomplished by dissolving 2.0 g of Na-
alginate in 100 ml of distilled water, heated at
60°C with constant stirring until homogeneous
for 4 hour, cooled at room temperature. Then,
2.0 g of SPFP was added in sodium alginate
solution and homogenized for 2 hours. The
mixed solution of Na-alginate and SPFP was
dropped into 250 ml of CaCl; solution using
syringe. The granules completed formed in 24
hour, it was called bead. Bead washed using
distilled water and dried at room temperature.
Bead SPFP immobilized Ca-alginate kept at
temperature 4 °C.

2.5. Characterization of Adsorbent SPFP
immobilized Ca-alginate.

The adsorbent characterization were
characterized using FT-IR instrument to see
functional groups, SEM-EDX to determine the
surface morphology of adsorbent before and
after adsorption of Cr(VI) ions. The FTIR
spectra of adsorbent were recorded in
PerkinElmer FT-IR Spectrometer in the
wavenumber range of 400-4000 cm. The
morphology, structure and element of
adsorbent were examined with SEM-EDX
(Hitachi). Cr(VI) ion concentration in solution
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analysis using Atomic Adsorption
Spectroscopy (AAS-Shimadzu AA 700).

2.6. Adsorption Experimental

The solution stock of Cr(VI) ions 1000 mg/L
was prepared by dissolving 5.56 g of
Cr207.5H;0 in distilled water. The batch
adsorption experiment conducted in 250 mL
conical flash with 100 mL of standard solution
using shaker. The Adsorbent 0.1 g was added
into these solution and shaker for 30 minute.
After reaching adsorption equilibrium, the
solution was filtered and filtrate was analysis
using AAS. The Cr(VI adsorption capacity at
equilibrium is calculated by Equation 1.

Qe = Co-Ce. V
m

(1)

where, Qe is adsorption capacity, C, (mg/L)
and Ce (mg/L) are the initial and equilibrium
concentration of Cr(VI), respectively, V is
volume of solution, m is mass of adsorbent.

Variable in adsorption are pH, contact time
and concentration Cr(VI) ion. The effect of pH
on the adsorption of Cr(VI) by bead SPFP
immobilized Ca-alginated was studied in a pH
range of 1.0-7. The pH of 100 mL solution
Cr(VI) 10 mg/L was adjusted to the required
pH value using appropriate concentrations of
0,1 M HNOs or 0,1 M NaOH solution.

The effect of contact time on Cr(VI) adsorption
determined in 30; 45; 60; 75; 105 and 120
minute were chosen with 10 mg/L Cr(VI) ion
concentration, 0.1g adsorbent doses and pH
value optimum. The mixture was
homogenized using a shaker which was then
filtered through filter paper and filtrate
analysis using AAS. The adsorption isotherm
experiments were carried out by adding 0.1 g
adsorbent to 100 mL solution with initial
Cr(VI) various concentrations of 10; 25; 50;
75; 100; 125; and 150 mg/L. pH values were
controlled at 2.0 and the suspensions were
shaken for 1 hour at 25°C.

3. Results and Discussion

3.3. Activation of Adsorbent

The activation biomaterial process aims to
remove impurities, open pores and activate
functional groups on the surface to activate
the surface. In this study activation of SPFF
has been carried out with 4% NaOH as an
activator is because NaOH can remove the
lignin contained in cellulose and decompose
mineral salts contained in the adsorbent so
that it will form -COOH and -OH functional
groups on the adsorbent. The OH™ ion from
NaOH will break the bond from the basic
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structure of lignin, while the Na* ion will bind
to the lignin to form sodium phenolate. This is
due to NaOH being optimal for pulping in
plants other than wood such as palm skin
fiber. Lignin is removed because it can
interfere with the ion transfer process to the
active site of the adsorbent.

After the activation process, the adsorbent
was allowed to leave for 24 hours to maximize
the activation process. The longer the
activation process, the more mineral salts are
lost so that the functional groups formed on
the adsorbent will be better. The longer the
activation time, the more maximal the pores
will form. The adsorbent was then filtered and
washed using distilled water till reach neutral
pH, to dissolve the lignin compounds that
could interfere with the adsorption process.
Furthermore, the adsorbent was dried at a
temperature of

70 °C to increase the porosity of the cell wall
on the surface of the adsorbent. The dried
adsorbent was crushed with a mortar pestle
which was then sieved with a size of 150
mesh.

2

Figure 1. Sur palm fruit (A) and sugar palm fruit

peel dry (B).
3.4. SPFP Immobilized in Ca-Alginate

In this research, SPFP immobilized in Ca-
alginate was obtained by providing Calcium
ion in the form of CaCl, solution. The initial
stage was carried out, 2 g of SPFP mixed into
100 ml of Na-alginate, then dripped into a
CaCl, solution to form beads. The CacCl;
solution diffuses into the Na-alginate solution
so that cross-linking occurs between calcium
and alginate ions quickly. Ca?* ions were
cross-linked with carboxylate anions (-COQO")
of alginate and ion exchange occurs between
Na* and Ca?*. After the beads were formed in
the CaCl; solution, they were left for 24 h to
maximize bead formation. This adsorbent
SPFP immobilized Ca-alginate has advantages
in increasing of adsorption capacity, stability
mechanical strength, strong aggregates, and
facilitating the separation of the adsorbent
from the solution.
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3.5. Characterization Of Adsorbent

The FTIR spectra of SPFP Ca-alginate bead are
shown in Figure 2. Adsorbent that could affect
the adsorption of metal ions. Functional
groups like carboxyl and hydroxyl generally
are used as a place for metal ions to interact
so that absorption occurs (Jafari and Senobari,
2012). The FTIR spectra showed that the
presence in Figure 2a.

Table 1. Functional groups contained in the

adsorbent.
Functional  Sugar palm fruit peel Adsorbent
Groups
Before Immobilized Ca-
immobilized alginate
(cm™) (cm™)
O-H 3321.36 3456.37
C-H 2908.11 2917.91
C=0 1618.48 1593.45
CH2 1408.17 1425.51
Cc-0 1029.27 1069.52
C-H 774.69

The peak at 3321.36 cm™! and 3855.58 cm!
assigned -OH stretching. The peak at wave
number 2908.11 cm! assigned -C-H
(aldehyde) stretching. The peak at 1618.48
cm! is the strain vibration of the -C=0 bond.
Figure 2(b) showed peak at wave number
1593.45 cm-! showed the presence of a -C=0
stretching. The peak at 1029.27 cm! is
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indicated of -C-O stretching, but the resulting
peak has the same -OH functional group at
wave number 3456.37 cm! and wave number
2917.91 cm! also indicates occurrence of -C-
H bond (Table 1). The peak at 1593 cm is
indicated -C=0 stretching. This is in
accordance to previous research (Chaidir et
al., 2015) that at 3423.57 cm! there is —OH
functional group and carboxylate group.

The morphology of SPFP immobilized Ca-
alginate bead image showed in Figure 3. The

SEM analysis measurement of SPFP
immobilized Ca-alginate bead with
magnifications of 1000x; 5000x; 10,000x;

and 20,000x.

The morphology of SPFP immobilized Ca-
alginate showed in Figure 3. In the SEM results
with a magnification of 200x, Figure 3(a)
showed an irregular surface of the Ca-alginate
immobilized adsorbent, this is following the
previous research (Chaidir et al., 2015)
accomplished SEM analysis using the same
adsorbent as the results of the surface shape
of the adsorbent irregularly by forming lumps
at 200x magnification. Based on the SEM, it
can be seen in Figure 3(b) with 1000x
magnification which shows the surface of the
Ca-alginate immobilized adsorbent with an
irregular structure.
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Figure 1. Spectra FTIR of (a) SPFP and (b) SPFP immobilized Ca-alginate.
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Figure 2. FE-SEM image of the SPFP immobilized adsorbent (a) 200x, (b) 1000x (c) 10,000x and (d) 20,000x
magnification.
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Figure 3. EDX Ca-alginate immobilized adsorbent.

In another hand of the adsorbent, it seems
that the adsorbent had bound to Ca-alginate
polymer with a shape resembling small white
balls and the presence of long-chain Ca-
alginate polymer on the surface of the
adsorbent. In Figures 3(c) and 3(d) with a
magnification of 10,000x and 20,000x, white
clumps indicated that bonding formed
between the adsorbent and Ca-alginate after
the immobilization process due to the
carbonyl group (COO") of the alginate
interacting with the groups contained in the
adsorbent. The success of the immobilized
Ca-alginate adsorbent confirmed from the
EDX spectrums, whichever provides
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information about the elements present in the
adsorbent.

The main principle of EDX is that X-rays from
the SEM results are fired at the analyzed
sample, which then appears at a peak that will
represent the sample elements. From the
results obtained, Ca-alginate immobilized
adsorbent can apply as an adsorbent which is
indicated by the composition of the general
constituent elements, namely C, N, O, Na, and
Ca. The elemental composition of Ca-alginate
immobilized adsorbent which has been
analyzed by EDX.
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Table 2. EDX Ca-alginate immobilized adsorbent.

Element Mass % Atom %
C 7.32 11.04
N 4.37 5.66
(0] 62.23 70.49
Na 1.65 1.30
Cl 5.23 2.67
Ca 18.57 8.40
Mg 0.51 0.38
K 0.12 0.06

The highest elemental composition in the
adsorbent is element O = 62.23%, atomic
mass 70.49%; C = 7.32% atomic mass
11.04% and Ca = 18.57% atomic mass
8.40%. Elements C and O are the main
components in cellulose materials. Cellulose
can be utilized for the adsorption process. The
element Ca indicates the presence of the
constituent elements of Calcium Cloride. The
high percentage of Ca element indicates that
the immobilization of Ca-alginate with SPFP
has been successfully synthesized.

3.6. Standard Calibration Curve of
Cr(VI) Ion Solution

The standard calibration curve for Cr(VI) ion
solution is to determine the linear relationship
between absorbance and concentration. This
standard calibration curve was obtained from
a standard solution of Cr(VI) ions with four
different concentrations, 4 mg/L; 6 mg/L; 8
mg/L, and 10 mg/L. Based on the calibration
curve, a linear regression was obtained, y =
1.127x + 1.102 with a value of r2 = 0.993. It
seems expressed as a good coefficient of
determination because it was close to 1.

6 -
5 .
3 4
s
5 3]
e 2 S
< y=1,127x + 1,102
1 R?=0,993
0 T T )
4 6 8 10

Concentration (mg/L)

Figure 4. Standard calibration curve of Cr(VI) ion
solution.

From the calibration curve results obtained, it
seems that the higher the concentration of
solution, the greater absorbance produced.
Unfortunately, the higher concentration in line

with the more Cr(VI) ions will be in the
solution following more Cr(VI) ions are
adsorbed. From the calibration curve result, it
can be seen that the absorbance is directly
proportional to the concentration of the
solution.

3.7. Effect of pH on Ions
Adsorption

Cr(VI)

The acidity of the medium affects the
competition of the hydrogen ions and metal
ions for the active sites on adsorbent.
Variations in pH were conducted to determine
the optimum pH conditions in the adsorption
process using SPFP immobilized Ca-alginate.
Variations in pH will result in changes in the
distribution of charge on the adsorbent and
adsorbate, this occurred because of the
protonation and de-protonation reactions of
functional groups. Determination of the pH
effect was carried out with several variations
pH of 1, 2, 3, 4, 5, 6, and 7 stirred for 30
minutes with a mass of 0.1 g of SPFP
immobilized Ca-alginate with 10 mg/L Cr(VI)
solution. The large concentrations used in the
initial test process can cause agglomeration or
lumps in the solution so that the adsorption
process will not occur optimally. Based on the
graph, the optimum adsorption capacity
obtained was at pH 2 of 0.354 mg/g. At low
pH the functional group is protonated and
increased the electrostatic attraction between
the negative Cr(VI) ion (anion) and group on
the adsorbent (cation) H* ion (Zhao et al.,
2020).
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Figure 5. Effect of pH on adsorption capacity
Cr(VI) ion.

Decreasing pH will open the carboxyl
functional group and carries a negative charge
which causes metal ions to be adsorbed. At a
higher pH, the number of metal ions will
decrease due to competition between
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negatively charged Cr(VI) ions and OH- ions
so that the adsorption process will decrease.
The lower the pH (acid) used, the more
absorbent will absorb the adsorbent, while at
high pH (alkaline), less adsorbent will be
absorbed.

The results obtained in this research are in
line with previous studies (Utama et al., 2016)
that the optimum pH in the absorption of
Cr(VI) ions is at pH 2. Cr(VI) ions have
different shapes depending on the pH of the
solution. At pH 1-6 Cr ions have the form
Cr,07%7, HCrO#, Cr3z010?", Crs013%" with HCrO*
being the most dominating form, but with
increasing pH of the solution, the dominant
ion forms are Cr.0;> and CrO42(Castro-
Castro et al., 2020). With a decrease in pH,
the amino, phosphate, and carboxyl
functional groups will open and carry a
negative charge so that metal ions will be
adsorbed (Kanamarlapudi et al., 2018).

3.8. Effect of Contact Time on Cr(VI)
Ion Adsorption

The contact time was carried out to determine
the optimum time required for the
immobilized adsorbent maximum adsorption
metal ion. The optimum time is the time
required to reach equilibrium when the active
site of the adsorbent has metal ions that are
maximally bound and (Gorzin and Bahri Rasht
Abadi, 2018) when after equilibrium occurs,
the bond between the surface-active side of
the adsorbent and metal ions will weaken so
that it occurs desorption process . In this
study, the time contact was varied from 30;
45; 60; 75; 105; and 120 minutes with pH 2
as the optimum pH and Figure showed at
Figure 7. it is known that the maximum
adsorption capacity at a contact time of 75
minutes is 0.413 mg/g. The optimum time
contact for the adsorption of Cr(VI) ions is 20
minutes with an adsorption efficiency of 70%.
The adsorption capacity of Cr(VI) ion
continued to increase from the initial time of
30 minutes to optimum time of 75 minutes,
then continued decreased. This is doe to the
active site group on the adsorbent are
released again during the shaker process
which causes unstable bonds so that
adsorption was not optimal (Jang et al.,
2020).

In addition, it can happen due to the
saturation effect of the solution which will
reduce the adsorption of adsorbent molecules
that have bound all metal ions so that there is
no empty active site to bind metal ions
remaining in the solution. The longer the time
contact, the longer the collision time between
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the adsorbent and metal ions so that the
adsorption will be maximum. While the
decrease in adsorption after equilibrium can
occur due to the desorption process so that a
reversible adsorption process occurs (Gokila
et al., 2017).
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Figure 6. Effect of contact time on adsorption

capacity Cr(VI).

3.9. Effect of Concentration on Cr(VI)
Ion Adsorption

The higher the metal ions concentration, the
adsorption will increase (Isniani et al.,2013).
This is due to more and more metal ions will
bind to the functional groups on the
adsorbent. In this research, various
concentrations of 10 mg/L; 25 mg/L; 50
mg/L; 75 mg/L; 100 mg/L; 125 mg/L, and
150 mg/L were carried out using pH 2 with a
time contact of 75 minutes. As shown in
Figure 8, the optimum concentration of Cr(VI)
metal ion was 125 mg/L with adsorption
capacity was 11.991 mg/g. The initial
concentration solution was carried out in the
range of 10-150 mg/L. As the concentration
of the solution increases, the adsorption
capacity increases. This is due to the driving
force of the ions to the surface adsorbent until
it reaches an equilibrium state. After reaching
an equilibrium state, increasing the
concentration does not increase the
adsorption capacity, this is because the
surface of the adsorbent is saturated with the
adsorbed ions (Mondal and Chakraborty,
2020).

The effect of Cr(VI) ion concentration on
adsorption capacity showed the maximum
concentration at 150 mg/L with a adsorption
capacity was 13.152 mg/g. This is according
to research (Zein et al., 2014) that the greater
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ions concentration, the greater driving force
ions towards the surface of adsorbent so that
the adsorption capacity increases. The higher
of concentration adsorption capacity will
increase directly proportional to the
concentration of Cr(VI) metal ions because
the greater concentration, electrostatic force
interaction between Cr(VI) ions and active site
group of adsorbent will increase (Gorzin and
Bahri Rasht Abadi, 2018)
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Figure 7. The Effect of Cr(VI) ion concentration
on adsorption capacity.

4. Conclusion

The sugar palm (Arenga pinnata) fruit peel
immobilized Ca-alginate has been effectively
adsorption of Cr(VI) ion in aqueous solution.
The SPFP biomaterial contains of hydroxyl,
carbonyl, aldehyde and carboxyl groups in the
FTIR result showed that the adsorbent can be
used for the adsorption process of Cr(VI)
metal ions. SEM EDX characterization showed
that adsorbent has wide pores as a place of
adsorption and there are elements of C, N, O
and Ca which are common elemental
compositions found in adsorbents for the
adsorption process. Some variable adsorption
metal ions such as pH optimum at pH 2 with
a contact time of 75 minutes and an optimum
concentration of 150 mg/L with an optimum
capacity of Cr(VI) ion was 13.152 mg/g. The

present adsorbent could be used for
adsorption of metal ions from aqueous
solution.

References

Ablouh, E.H., Hanani, Z., Eladlani, N., Rhazi,
M., Taourirte, M., 2019. Chitosan
microspheres/sodium alginate hybrid
beads: An efficient green adsorbent for
heavy metals removal from aqueous
solutions. Sustain. Environ. Res. 1, 1-
11. https://doi.org/10.1186/s42834-
019-0004-9

42

Alothman, Z.A., Naushad, M., Ali, R., 2013.
Kinetic , equilibrium isotherm and
thermodynamic studies of Cr ( VI )
adsorption onto low-cost adsorbent
developed from peanut shell activated
with  phosphoric acid 3351-3365.
https://doi.org/10.1007/s11356-012-
1259-4

Castro-Castro, J.D., Macias-Quiroga, I.F.,

Giraldo-Gémez, G.1., Sanabria-

Gonzalez, N.R., 2020. Adsorption of

Cr(VI) in Aqueous Solution Using a

Surfactant-Modified  Bentonite.  Sci.

World J. 2020. https://doi.org/10.1155

/2020/3628163

Chaidir, Z., Sari, P.N., Zein, R., Munaf, E.,
2015. Research Article Calcium alginate
immobilized sugar palm fruit ( Arenga
pinnata Merr ) Shell for the removal of Pb
(Il )and Cd (Il ) ions 7, 965-972.

Cherdchoo, w., Nithettham, S,
Charoenpanich, J., 2019. Removal of
Cr(VI) from synthetic wastewater by
adsorption onto coffee ground and mixed
waste tea. Chemosphere 221, 758-767.
https://doi.org/10.1016/
j.chemosphere.2019.01.100

Gokila, S., Gomathi, T., Sudha, P.N., Anil, S.,
2017. Removal of the heavy metal ion
chromiuim(VI) using Chitosan and
Alginate nanocomposites. Int. J. Biol.
Macromol. 104, 1459-1468.
https://doi.org/10.1016/j.ijbiomac.2017
.05.117

Gorzin, F., Bahri Rasht Abadi, M.M., 2018.
Adsorption of Cr(VI) from aqueous
solution by adsorbent prepared from
paper mill sludge: Kinetics and
thermodynamics studies. Adsorpt. Sci.
Technol. 36, 149-169. https://doi.org/
10.1177/0263617416686976

Gupta, V.K., Pathania, D., Agarwal, S., 2013.
Removal of Cr ( VI ) onto Ficus carica
biosorbent from water 2632-2644.
https://doi.org/10.1007/s11356-01211
1176-6

Jafari, N., Senobari, Z., 2012. Removal of Pb
(II) ions from aqueous solutions by
Cladophora rivularis (Linnaeus) hoek.
Sci. World J. 2012. https://doi.org/10.
1100/2012/793606

Jang, E.H., Pack, S.P., Kim, I., Chung, S.,
2020. A systematic study of hexavalent



Intan Lestari et al. / Jurnal Rekayasa Kimia dan Lingkungan, Vol. 17, No. 1, January - June 2022

chromium adsorption and removal from
aqueous environments using chemically
functionalized amorphous and
mesoporous silica nanoparticles. Sci.
Rep. 10, 1-20. https://doi.org/10.
1038/s41598-020-61505-1

Kanamarlapudi, S.L.R.K., Chintalpudi, V.K.,
Muddada, S., 2018. Application of
Biosorption for Removal of Heavy Metals
from Wastewater. Biosorption.
https://doi.org/10.5772/intechopen.773
15

Lyu, H., Tang, J., Huang, Y., Gai, L., Zeng,

E.Y., Liber, K., Gong, Y., 2017. Removal

of hexavalent chromium from aqueous

solutions by a novel biochar supported
nanoscale iron sulfide composite. Chem.

Eng. J. 322, 516-524. https://doi.org/

10. 1016/j.cej.2017.04.058

Mondal, N.K., Chakraborty, S., 2020.
Adsorption of Cr(VI) from aqueous
solution on graphene oxide (GO)
prepared from graphite: equilibrium,
kinetic and thermodynamic studies.
Appl. Water Sci. 10, 1-10. https://
doi.org/10.1007/s13201-020-1142-2

Peng, H., Guo, J., 2020. Removal of chromium
from wastewater by membrane filtration,
chemical precipi-tation, ion exchange,
adsorption electrocoagulation, electro-
chemical reduction, electrodialysis,
electrode-ionization, photocatalysis and

43

nanotechnology: a review. Environ.
Chem. Lett. 18, 2055-2068. https:
//doi.org /10.1007/ s10311- 020-01058-
X

Utama, S., Kristianto, H., Andreas, A., 2016.
Adsorpsi Ion Logam Kromium Cr(VI)
Menggunakan Karbon Aktif dari Bahan
Baku Kulit Salak. Pros. Semin. Nas. Tek.
Kim. “Kejuangan” Yogyakarta, 1-6.

Wan, Z., Cho, D.W., Tsang, D.C.W., Li, M.,
Sun, T., Verpoort, F., 2019. Concurrent

adsorption and micro-electrolysis of
Cr(VI) by nanoscale zerovalent
iron/biochar/Ca-alginate composite.
Environ. Pollut. 247, 410-420.
https://doi.org/10.1016/j.envpol.2019.
01.047

Zein, R., Hidayat, D.A., Elfia, M., Nazarudin,
N., 2014. Sugar palm Arenga pinnata
Merr ( Magnoliophyta ) fruit shell as
biomaterial to remove Cr ( III ), Cr ( VI
), Cd (II ) and Zn ( II ) from aqueous
solution. J. Water Supply Res. Technol.
63, 553-559, https://doi.org/10.
2166/aqua.2014.120

Zhao, Y., Zhan, L., Xue, Z., Yusef, K.K., Hu,
H., Wu, M., 2020. Adsorption of Cu (II)
and Cd (II) from Wastewater by Sodium

Alginate Modified Materials. J. Chem.
2020. https://doi.org/10. 1155/2020/
5496712



