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ABSTRACT

The adsorption process of nitrate from an aqueous solution by using activated Gamalama
volcanic ash was investigated. Gamalama volcanic ash (VA) was activated with HNO3 2M. The
effect of adsorbent mass and initial nitrate concentration on nitrate adsorption were observed in
this study. The adsorption process was conducted using a various mass of adsorbent (19,2 g, 4
g, 6 g, and 8 g), various initial concentrations of nitrate (20 mg/L, 30 mg/L,40 mg/L, 50 mg/L, and
60 mg/L). The increasing of adsorbent mass decreased the adsorption capacity was observed. It
was also found that the increase in initial concentration increased the adsorption capacity. The
highest nitrate adsorption capacity showed by 1 gram adsorbent for 0.167 mg/g, and at nitrate
initial concentration 80 mg/L, for 1.831 mg/g. Adsorption isotherm of nitrate on activated VA was
determined and figured. These isotherms were modelled according to Freundlich and Langmuir
adsorption isotherm.
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) ) cancer [3]. Various human activities, such as
Nitrate anions are naturally formed ) ) - )
) ) ) intensive use of fertilizers, can increase
from the nitrogen cycle. This concentration )
) ] ] ] nitrate levels [4].
can be increased by increasing nitrate-based .
) ) ) Methods to overcome the anions
industrial waste, animal manure, household ) )
_ ) _ nitrate pollution have been developed, such
waste, and agricultural waste. Nitrate anions ] ]
o as ion exchange methods, reverse osmosis,
are the main nitrogen source needed by ) _ )
) ] ) ) chemical methods, biological methods, and
plants and animals to synthesize amino acids ) _
) ) adsorption [1], [2]. However, the adsorption
and proteins. However, it can endanger the )
) ) ) method is often used because the cost
environment and health if the concentration
. o required is relatively low, does not give side
exceeds the maximum limit. For the _
) ) o effects such as toxic substances, and can
environment, it causes eutrophication of _ o
) ) separate cation and anion in wastewater [5].
water bodies [1], [2]. For humans, increased
) ] ) o Many adsorbents can be used to remove
nitrate concentrations in drinking water lead
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nitrate from water, such as activated carbon,
zeolite, fly ash, or volcanic ash.

Research on nitrate adsorption has
been developed using various adsorbents to
date. Several studies of nitrate adsorption by
different adsorbents had been reported. It
was [6] who reported nitrate removal by using
carbon activated with an adsorption capacity
of nitrate was 0.38 mmol/g. Using zeolite
modified to remove nitrate from water, [7]
reported that the zeolite modified chitosan
has an adsorption capacity of 0.74 mmol/g.

However, carbon adsorbents and
natural materials (zeolite and clay) to be
applied in the city of Ternate have obstacles
because it is highly cost to use activated
carbon in Ternate City. For natural material
adsorbents (zeolite and clay), information on
the existence of these natural materials is still
challenging to obtain, so its application will be
hard to do. Therefore, we need an adsorbent
that is readily available, cost-effective (low-
cost adsorbent), and is a natural resource in
the city of Ternate. Besides that, several
researchers have also reported the
effectiveness and efficiency of using volcanic
dust as an adsorbent for various pollutants in
water. Based on this, it can be said that
Gamalama volcanic ash has promising
potential to be applied as a novel adsorbent
to remove nitrate from water. This research
will examine the truth of this potential.

Mount Gamalama is one of the active
volcanoes in North Maluku. Gamalama
eruptions can produce tons of volcanic ash
that is a natural material thrown into the air.
Gamalama volcanic ash had been
characterized, and FTIR data report that it

has many functional groups of the mineral

silica and confirmed the presence of albite,
cristoballite, and coesite by XRD results [7].
The existence of silica minerals shows that
the volcanic ash could be used as an
adsorbent for nitrate. Based on this,
Gamalama VA was chosen as an adsorbent
to remove nitrate from water. The ability of
Gamalama volcanic ash as a nitrate
adsorbent has not been previously reported.
This study will be the rationale for developing
various applications of Gamalama volcanic
ash as a natural adsorbent to remove

pollutants in water.

METHODS

1. Materials

This study uses Gamalama volcanic
ash, HNOs, NaNOs, CHClIs, water.

2. Procedure
a. Adsorbent Preparation

The volcanic ash collected from the
Gamalama eruption was crushed and then
sieved using a 45 mesh sieve. 25 g of natural
volcanic dust was mixed with 150 mL of 2 M
HNO3 solution. The mixture was stirred for 3
hours. After that, it was filtered and dried in a
heating oven at 150°C for 2 hours, then
crushed to obtain HNOs 2 M activated

volcanic ash.

b. Nitrate adsorption

Each1g,2g, 44,6, and 8 g of acid-
activated volcanic ash is put into 50 mL
Erlenmeyer, 25 mL 5 ppm nitrate solution is
added and homogenized by stirring using a
magnetic stirrer at a constant speed for 30
minutes at room temperature. The solution

mixture was filtered, and the filtrate was


https://doi.org/10.1016/j.jhazmat.2006.10.062
https://doi.org/10.14233/ajchem.2017.20620
https://doi.org/10.14233/ajchem.2017.20620

JKPK (JURNAL KIMIA DAN PENDIDIKAN KIMIA), Vol.6, No. 1, 2021, pp. 23-28 25

analyzed with a UV - Vis spectrophotometer
at 200 nm and 275 nm wavelengths. To figure
out the effect of initial nitrate concentration,
the adsorption process was carried out using
various nitrate initial concentrations. The
nitrate solution was prepared from 1.37 g of
NaNOz powder dissolved in 1000 mL water.
From this solution it was diluted to produce

nitrate solution in various concentrations.

RESULTS AND DISCUSSION

1. FTIR Characterization
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Figure 1. Gamalama Volcanic Ash FTIR
Spectra

Infrared characterization results in
Figure 1 show that the volcanic ash activated
nitric acid having absorption peaks at wave
numbers 3670.54 cm?; 1867.09 cm¥;
1199.72 cmt; 935.48 cm!; 800.48 cmL. The
Absorption peak shows Si-OH bonds or Al-
OH stretching vibration at 3670.54 cm- [9].
Peak 1867.09 cm absorption from OH of
water [10]. Peak 1199.72 cm™ shows the
stretching of Si-O-Si [11]. Asymmetric
stretching Si-O-Si showed at 935.48 cm™,
800.48 cm! shows the symmetric vibration of
Si-O-Si [12]. Based on the results of FTIR

characterization, it can be assumed that in
Gamalama volcanic ash, there are minerals
composed of silica and alumina frameworks.
This statement will then be verified using
XRD pattern data, which will identify the types

of minerals in the Gamalama volcanic ash.
2. XRD Characterization

Based on an XRD analysis conducted
by [7], it is known that the type of minerals in
Gamalama volcanic ash that is quartz,
cristobalite, kaolinite-smectite and albite.
Peaks at 26 = 22,0145° (d = 4,03) ; 30,3588°
(d = 2,94) ; 35,7163° (d = 2,51), indicate
cristobalite (JCPDS 11-695A). Peaks at 26 =
26,5080° (d = 3,35) showed the existence of
guartz in VA (JCPDS 5-0490). Peaks at 26 =
25,1761° (d = 3,53) ; 29,1288° (d = 3,06) for
coesite (JCPDS 14-654), peak at 20 =
24,5651° (d = 3,62) indicate kaolinite-
smectite. The highest intensity peak at 26 =
27,9451° (d = 3,18) is indicate the existence
of albite (JCPDS 10-393).
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Figure 2. Diffractogram of Gamalama Volcanic
ash, A (Albite); Cr (Cristobalite); Q
(Quartz); C (Coesite).
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3. The effect of adsorbent mass

Figure 3 shows that the nitrate

adsorption capacity  increases  with
decreasing mass of volcanic ash. The use of
1 gram adsorbent indicates the highest
adsorption capacity (0.173 mg/g). The
adsorption capacity Continued to decrease
as the amount of adsorbent increased until
0.018 mg / g was reached for 8 grams of
adsorbent mass. The aggregation of the
adsorbent probably causes this decrease.
The same phenomena were reported [13].
The higher adsorbent dosage decreased the
adsorption capacity. The higher dosage of
adsorbent can cause adsorbent aggregation,
which decreased the total surface area and
caused the adsorption process to become

less effective.
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Figure 3. Effect of adsorbent mass on nitrate
adsorption

4. The effect of initial nitrate concentration

Figure 4 showed that the higher initial
concentration of nitrate caused the increase
of adsorption capacity. The adsorption
capacity continued to increase from 0.872;
1.143; 1.524; 1.67; and 1.83, for nitrate initial
concentration 41.83 mg/L; 52.81 mg/L; 68.19

mg/L; 74.17 mg/L; 80.66 mg/L, respectively.
The more particles nitrate in solution causes
the increase of nitrate adsorption capacity on
Gamalama volcanic ash. The adsorption
capacity increases with the increasing initial
[8][14]. The
adsorption pattern shows a relatively high

concentration of nitrate

affinity between the nitrate ion and adsorbent
in lower nitrate concentration, and then it
becomes relatively low when interacting with

a higher concentration of nitrates [8][15].
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Figure 4. initial concentration of nitrate
caused the increase of adsorption
capacity

5. Adsorption Isotherm
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Figure 5. Langmuir Isotherm
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Figure 6. Freundlich Isotherm

This study used Langmuir isotherm
(Figure 5) and Freundlich isotherm (Figure
6). to determine the type of adsorption
between the adsorbent and the adsorbate.
Data obtained from the adsorption isotherm
data calculation variation of the initial
concentration of nitrate. Parameters are
used by both the adsorption isotherm

shown in Table 1.

Table 1 Langmuir and Freudlich Isotherm Data

Isotherm gm (Mg/g) b (L/mg) n (g/L) Kt (mg/g) E (KJ/mol) R?

Langmuir 0.015 1.766x10° - - 43.035 0.9392

Freundlich - - 11.98 7.024 - 0.9675
Table 1 shows that the adsorption of of electrostatic interaction between

nitrate by the volcanic ash following the pattern
of the Freundlich and Langmuir isotherm.
Langmuir adsorption isotherm occurs on the
monolayer adsorption and homogeneous
surface. The correlation coefficient (R?)
Freundlich isotherm is closer to 1 than the
correlation coefficient of Langmuir isotherm.
This suggests that the adsorption occurs in a
heterogeneous surface and is caused by
physical interaction with an adsorption
capacity of 7.024 mg/g. Besides physical
interactions, nitrate adsorption on volcanic ash
is also possibly caused by chemical interaction
from the adsorption energy, which is
calculated by Langmuir isotherm obtained at
43.035 kJ / mol. The chemical adsorption
probably due to the electrostatic interaction
between silanol/aluminol as the active sites of
Gamalama Volcanic Ash and nitrate. The
silanol (Si-OH) and aluminol (Al-OH) after acid
activation and in an aqueous system could be
formed a positive charge [1]. This positive
charge can have electrostatic interaction with

the negative charge of nitrate. The possibility

Gamalama volcanic ash and nitrate is shown

in figure 7, developed from [1].
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Figure 7. Electrostatic Interaction Between
Gamalama Volcanic Ash and Nitrate

CONCLUSION

Based on the results of this study, it
can be concluded that the mass of the
adsorbent acid-activated Gamalama Volcanic
ash and initial nitrate concentration affect the
adsorption capacity of nitrate. The increase of
mass adsorbent is decreased the adsorption
capacity due to the aggregation effect.
Contrarily, the increase of initial nitrate

concentration increases the adsorption
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capacity. The isotherm adsorption calculation

figured out that the

interaction between

Gamalama volcanic ash and nitrate is physical

and chemical. Based on Freundlich isotherm,

the adsorption capacity of Gamalama Volcanic

ash on nitrate is 7.024 mg/g.
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