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High consumption of coal as a source of electrical energy in Indonesia has resulted in
piles of waste from coal burning, namely fly ash, which can damage the environment
and harm health. Fly ash contains main oxides, namely silica (SiO-) and alumina (Al>Os),
whose components are similar to zeolite, so they can be synthesized into zeolite-like
material (ZLM) which can be used as an adsorbent for heavy metal Ni?*. Therefore, this
research discussed the characterization of manganese-oxide-coated-zeolite (MOCZ)
from fly ash waste as a heavy metal adsorbent. The research procedure consisted of
preparation, purification, and activation stage of fly ash to obtain fly ash that is free from
impurities, the stage of making sodium silicate and sodium aluminate, and zeolite
synthesis. The resulting zeolite was then coated with manganese oxide to expand the
surface area of the zeolite and increase the ability of zeolite to adsorb heavy metal Ni?*.
The research results showed that fly ash waste that was coated with manganese oxide
can adsorb heavy metal Ni?*. The adsorption of the Ni?* metal ion solution by zeolite
with MOCZ modification is in line with the pseudo-second-order kinetic and Langmuir
isotherm.

Keywords: MOCZ; fly ash; heavy metal Ni?*

1. INTRODUCTION

Indonesian industries have grown rapidly from
year to year as shown by the increasing number of
industrial sectors emerging such as textiles, paper, food
processing, and other industries. The acceleration of
industrial growth causes not only positive impacts but
also negative impacts resulting from industrial processes,
such as environmental pollution by heavy metal ion
pollution. One of the heavy metals produced from this
industrial process is nickel (Ni). Some industries produce
waste that has a high nickel content, so it is necessary to
treat the waste first before it can be discharged into the
waters. One of the metal plating enterprises that produces
liquid waste from the heavy metal Ni to water is PT.
Wahana Kreasi Produk Kencana (PT WKHK)
Tangerang®. A study conducted by Wibowo et al. (2020)
revealed that the levels of Ni metal around Kendari Bay
which were analyzed using AAS instrumentation
showed high levels of Ni metal. The levels of Ni metal at
five locations, namely (T1) Pelabuhan Perikanan

Samudera (T2) Wisata Agribisnis Kendari (T3) Masjid
Al-Alam (T4) Kendari Beach (T5) Pelabuhan Nusantara
Kendari selected based on the number of community
activities, varied, respectively TI<T4<T3<T2<T5,
namely 0.047 mg/L; 0.052 mg/L; 0.063 mg/L; 0.068
mg/L; 0.073 mg/L2 Based on quality standards, the Ni
content in seawater is 0.05 mg/L referring to the Minister
of Environment Decree (MED) regulations so the levels
of Ni metal of T2, T3, T4, and T5 have exceeded the
threshold. This is due to high community activity so the
value of Ni metal from waste disposal increases. When
nickel compounds enter the food chain, these compounds
can cause humans and animals to experience consistent
nickel accumulation. Ni?* is a toxic waste found in
electroplating, zinc base castings, and storage battery
parts. Higher concentrations of nickel can cause bone,
nose, and lung cancer. One of the most common side
effects is dermatitis, such as using coins and jewelry.
Acute Ni?* poisoning causes headache, nausea, shortness
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of breath, dry cough, nausea, chest pressure, rapid
breathing, cyanosis, and extreme fatigue 2.

Other problems arise from coal production
processes as a source of electrical energy. This also raises
other problems because fly ash waste is still
underutilized and poses an environmental hazard if it is
carried into waters or blown by strong winds. According
to the data from the Ministry of Energy and Mineral
Resources (2021), the amount of coal consumed in 2021
reached 113 million tons which was used in the power
generation sector, giving rise to piles of coal waste in the
form of fly ash and bottom ash which are estimated at
11.3 million tons. in 2021. The fly ash waste produced
from coal combustion remains underutilized and is
simply piled up in industrial areas, resulting in
stockpiling which can damage the environment if it is
carried into waters. In addition, it is also dangerous for
the surroundings and can interfere with breathing if the
fly ash is blown away by strong winds because fly ash
contains high levels of metal oxides.

Fly ash contains 42.7% of silica (SiO2), 22.33%
of alumina (Al-Os), and 12.41% of iron oxide (Fe20s3).
High levels of silica and alumina components can be
used as zeolites by synthesizing them into materials that
have zeolite-like components or Zeolite Like Material
(ZLM) 3. Zeolite has a porous structure that can be used
as an adsorbent material for aquatic heavy metals
because it has a high cation exchange capacity and
surface absorption properties . Adsorptivity of
synthetic zeolite from fly ash as an adsorbent can absorb
99.04% of lead metal (Pb) (Ramadani et al., 2017)). The
absorption efficiency of zeolite adsorbents on Cr metal is
91.22% (Sobah et al., 2021). However, the presence of
impurities in the zeolite structure and its nature which is
not optimized by nature causes the zeolite to have a low
adsorption capacity ’. Therefore, modifications are
needed to increase the adsorption capacity of zeolite
against heavy metals. This modification aims to remove
impurities that block fly ash pores so that its absorption
capacity increases. One method that can be used to
modify zeolite is by coating metal oxide on the zeolite to
increase the efficiency of metal removal by the zeolite .
The metal oxide coating chosen to modify the zeolite in
this research is manganese oxide coating or manganese-
oxide-coated-zeolite (MOCZ).

MOCZ is a modified form where zeolite acts as
a manganese oxide support. MOCZ has been used as an
adsorbent for various heavy metal ions such as zZn%,
Cd?*, and Cu?* °. The surface morphology of zeolite
changes after chemical treatment with manganese oxide.
Manganese oxide has a high ability to reduce aquatic
heavy metals through a high oxidation capacity and a
coprecipitation process that can be used as a zeolite
modification®. Zeolite coated with manganese oxide has
a good ability to absorb metal ions in water, namely
80%>°. The absorption of metal ions is better in the zeolite
adsorbent coated with manganese oxide, namely

51.1394% than the zeolite adsorbent which can absorb
metal ions by 47.6074%.2 Based on this background, it
IS necessary to carry out research regarding the coating
of manganese oxide on synthetic zeolite from fly ash to
overcome the problem of heavy metal Ni pollution, as
well as overcome the problem of residual coal production
so it does not endanger the environment and the health
of the surrounding community.

2. RESEARCH METHOD

The equipment used in this study included
glassware, erlenmeyer, glass funnels, dropper pipette,
micropipette, spatula, watch glass, measuring flasks,
stirrer, desiccator, 100 mesh sieve, furnace, electric
heater, magnetic stirrer, autoclave, oven, Buchner
funnel, thermometer, stopwatch, digital balance,
Whatman paper No.42, and universal pH indicator.
Some of the materials used were fly ash, distilled water,
HCI 5M from HCI 37%, NaOH 6M, AI(OH)s, MnCl;
0,1M, KMnOQO4 0,1M, FeCl;.6H,0, and HNO3 65%. The
instrumentations used were a set of FTIR (Fourier
Transform Infrared Spectrophotometry) equipment from
Shimadzu, a set of XRF (X-Ray Fluorescence)
equipment, a set of XRD (X-Ray Diffraction) equipment
from Bruker D2 Phaser, and a set of AAS (Atomic
Absorption Spectrophotometry) equipment from The
Thermo Scientific iCE 3000 AA05202804 v1,30.

2.1 Preparation and Activation of Fly Ash

The preparation stage was carried out by
modifying the previous research ¢, The steps taken were
to take 100 grams of fly ash and then wash it with
distilled water. Next, the fly ash was dried in a desiccator
and oven at 100 °C for 3 h. The fly ash obtained was then
sieved using a 100-mesh sieve to uniformize the size and
characterized using XRF, XRD, and FTIR. Then, the fly
ash was activated in a furnace at a temperature of 600 °C
for 2 h. After the sample was cooled, mix 60 g of fly ash
with 200 mL of 5 M HCI for 4 hours. Then, the fly ash
was rinsed with distilled water until the pH was neutral,
then filtered and dried in an oven at 105 °C for 8 hours.
Characterizing was done by activating fly ash using XRD
and FTIR.

2.2 Synthesis of Sodium Silicate and Sodium
Aluminate

The prepared fly ash was then dissolved in 5 g in
50 mL of 6M NaOH and then heated at 90 °C for 2 h. In
the process of making sodium aluminate, 30 g of NaOH
was dissolved in 250 mL of distilled water and heated.
Then, 17 g of Al(OH)s was added to the NaOH solution
slowly while stirring until completely dissolved and
sodium aluminate was finally formed.
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2.3 Synthesis of Zeolite

The zeolite synthesis process was carried out by
adding sodium aluminate solution slowly to the sodium
silicate solution. Then the mixture was stirred for 4 hours
until a white gel was produced. The gel formed was then
put into an autoclave for 4 h at a temperature of 160 °C.
Then, the obtained solid was filtered and dried in the
oven for 2 h at a temperature of 105 °C. The resulting
zeolite was then characterized using XRF to determine
the content of metal compounds or oxides contained in
fly ash and to analyze the chemical composition and
concentration of elements contained in fly ash. After that,
the resulting zeolite was then characterized using XRD
to determine the type and mineral content and was
carried out using a Philips Xpert MPD XRD
diffractometer with operating conditions of 30 mA 40.0
Kv in the 26 range (5°-90°) and FTIR to determine its
functional groups using the KBr pellet method in the
infrared spectrum with a wave number of 4000-400 cm-
1

2.4 The process of Manganese-Oxide-Coated-
Zeolite

Manganese oxide coating on zeolite was carried
out by washing the zeolite with distilled water, then
filtering and drying it for 1 hour inan oven at 70 °C. Then
20 g of the prepared zeolite was mixed with 300 mL of
0.1M MnCI, solution and stirred for 5 h at 25 °C. Next,
the zeolite was washed with deionized water, then it was
filtered and dried for 1 hour in an oven at 70 °C. Then 10
g of the powder obtained was added with 100 mL of
0.1M KMnOg solution and stirred for 1 h. The zeolite that
had been coated with MnO, was then washed with
deionized water, then filtered, and dried for 1 h in an
ovenat 70 °C.

2.5 Adsorbent Characterization

The modified adsorbent was then characterized
using XRD, XRF, FTIR, and AAS. XRD instruments
were used to determine the type and mineral content
found in zeolites. XRF was used to analyze elements in
materials qualitatively and quantitatively. FTIR was used
to determine the functional groups of adsorbents. AAS
was used to determine the adsorption capacity that can
be absorbed by adsorbents against heavy metals as
pollutants.

2.6 Adsorption of Ni?* Heavy Metal lons by
MOCZ Modified Zeolite

A total of 15 mL of 10 ppm Ni*metal ion
solution was put into 5 250 mL Erlenmeyer flasks. Then
0.4 grams of MOCZ modified zeolite was added. After
that, the mixture was separated using a shaker at a speed
of 100 rpm and time variations of 30, 60, 90, 120, 150,
180, and 240 minutes respectively. The solution was

filtered and the filtrate was taken to measure the
absorbance with AAS.

2.7 Calculation of Crystal Size and

Crystallinity
. _ KA
Crystal size (D) = Bo0s 0
Information:
D = crystal size
K = shape factor of the crystal (0.9-1)
A = wavelength of X-rays (1.5406 A)
B = value of Full Width at Half Maximum
(FWHM) (rad)
0 = diffraction angle (degrees)
Crystal
CrySta”inity = Crystaalreal fraCtli&c;rrllorphous
area fraction area fraction
Information:

Crystal area fraction = B crystal x intensity
Amorphous area fraction = B amorphous x intensity
B =% (202 - 261)

3. RESULTS AND DISCUSSION
3.1 Preparation and activation of Fly Ash

In this research, the activation process was
carried out using two methods, namely physical and
chemical activation. Physical activation was carried out
using the hydrothermal method with a temperature
variation of 600 °C with a holding time of 2 h. The
hydrothermal process was done by inserting a mixture of
activated carbon that was still rich in air into a crucible
and heating it in a furnace. This activation was carried
out to ensure that the air and impurities trapped in the fly
ash pores evaporate. This resulted in purer fly ash and
the remaining carbon attached to the fly ash was also
burned.'*. The physical state of fly ash was brownish
after the activation process as shown in Figure 1.

The chemical activation process of fly ash was
done using a strong acid solution, namely HCI, to open
the pores by dissolving the solids (organic substances or
certain metal compounds) that closed the pores.
Chemical activation aimed to open the pores of fly ash.
This depended on the concentration of the activator
substance 15. The higher the activator concentration, the
more impurities in the form of organic and inorganic
substances dissolved and escaped from the surface of the
carbon pores, thereby causing an increase in absorption
capacity. After being activated for 4 hours, more metal
impurities were oxidized. The yellow color indicated that
oxidation occurred and that there were impurity metals
dissolved in HCI.
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Figure 1. Differences in results (a) Fly Ash before treatment (b) Fly Ash preparation (c) Fly Ash activation

HCI solvent is an acid that is very effective in
reducing impurities contained in solid waste and can
liberate metal compounds®. The use of HCI can reduce
the concentration of iron oxide and alkaline oxides in fly
ash. The reaction is as follows:

Fe203 ) + 6HCI iy — 2FeCls o + 3H20 ¢y
Al,O3 (5) + 6HCI (2.9 — 2AICl3 5 + 3H20

In the activation process, a reaction occurs
between the oxide compounds contained in fly ash and
HCI to produce AICI; and FeCls. This is because the CI-
ion has high electronegativity so this ion easily bonds
with cations with large valence such as Si** and AI**. CI
ions can bond more easily with Al ions because the
electronegativity value of the Al ion is smaller than the
electronegativity of the Si atom. The fly ash was then
washed with distilled water until it was in a neutral state.
The purpose of washing the fly ash with distilled water
was to free Cl ions in the fly ash framework and remove
organic impurities attached to the surface of the fly ash
17

3.2 Synthesis of Zeolite

Zeolite synthesis began with making sodium
silicate and making sodium aluminate. This sodium
silicate is the main source of silica which is used for
zeolite synthesis in the next stage. The reaction that
occurs is as follows:

SiO, Ok 2NaOH n— NasSiO3 nt H,O 10)

Sodium aluminate is the main source of
aluminum which is used for zeolite synthesis in the next
stage. The reaction that occurs is as follows:

Al(OH)3 ) + 2NaOH ¢y — Na,Al(OH)4

The sodium aluminate solution and sodium
silicate solution were mixed and stirred for 4 hours until
they became homogeneous and formed a white gel
(slurry). In alkaline conditions, meaning with a pH > 12,
Si ions formed in SisOg(OH)s* and AI(OH)s. These
formed silica and alumina polymers, where these ions
were elements that formed a zeolite*?.

The mixing results of sodium silicate and
sodium aluminum produced a white gel. Zeolite
synthesis was produced by reacting sodium silicate and
sodium aluminate. The NaOH used in zeolite synthesis
not only functioned as a reagent but also as a metalizer
(supporting material) and as a mineralizer. &
Mineralizers are used to speed up the crystallization
process by increasing its dissolving ability *°. Apart from
that, the use of NaOH in the synthesis of zeolites also
functioned as an activator during the melting process to
form water-soluble silicate and aluminate salts, which
then played a role in the formation of zeolites during the
hydrothermal process. 2°. Na* cations also played an
important role in zeolite formation. Na* ions can stabilize
the units forming the zeolite framework and are usually
required for zeolite formation under hydrothermal
conditions. The results of zeolite synthesis are shown in
Figure 2. The reactions that occur during melting are as
follows: 2

NaOH (aq) + A|2035|02 (aq) and NaZSiOS (aq) + NaAI(OH)4 (aq)

Figure 2. Zeolite Fly Ash from the Synthesis Process

The zeolite synthesis process was carried out
using the hydrothermal method to cause the
crystallization process and uniformize the crystal size.
Crystallization in this synthesis process occurred in the
transition process from the sol phase to the gel phase. At
the crystal formation stage, the amorphous gel
underwent a rearrangement of its structure which broke
down to form a more regular arrangement with heating,
so that an embryonic crystal nucleus can form. The
general zeolite formation reaction is as follows:
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Na,SiO3 @)t NaAl(OH)4 (aq) —
Nax[(AIOZ)y(S|O)z]hHZO (kristal)

(Zhely, 2012)
3.3 Characterization Results
331 FTIR
Fly ash preparation activated with HCI showed
an absorption band at a wavelength of 3446.94 cm™
shifted to 3419.94 cm™ which was the stretching
vibration of the O-H bond from Si—OH (silanol) caused
by H,O molecules adsorbed on the silica surface %. In
this case, the addition of HCI to activated fly ash caused
a decrease in the transmittance intensity in the FTIR
spectra because the acid could damage the structure of
the —OH group so that the bound water molecules were
released. 2 Then, the fly ash preparation showed an
absorption band at wave number 2923.25 cm™* which
was the C—H stretching vibration 2%, This showed that fly
ash still contained impurities, namely carbon bonds.
Meanwhile, in activated fly ash there was an absorption
band at wave number 2924.21 cm which indicated the
bending vibration of the -OH group from Si-OH. This
showed that activation with HCI was effective in
dissolving impurities in the form of C or carbon atoms
and other impurities ?°. Furthermore, in the fly ash
preparation, there was a C-H bending vibration at a wave
number of 1419.67 cm™. Then, in prepared fly ash there
was a wave number of 1109.12 cm™* and for activated fly
ash there was a wave number of 1065.72 cm™, namely
the presence of asymmetric stretching vibrations of the

siloxyl group (=Si-0) of siloxane (=Si—O- Si=). This
showed that the crystallinity in the fly ash structure
decreased. Then in activated fly ash, there was T-O
symmetry stretching vibration of Si-O-Si and Al-O-Si at
a wave number of 691.51 cm™. In the prepared fly ash
there were wave numbers of 435.93 cm™ and 420.5 cm
indicating the presence of T-O bending vibrations from
T=Fe or Al which indicated the presence of pore
structure and Fe impurities in the fly ash. Then, in
activated fly ash there were wave numbers of 449.43 cm-
L and 421.46 cm™ which indicated the presence of weak
siloxyl group bonds (=Si—O). This indicated that HCI
activation could weaken the interaction of siloxyl groups
(=Si-0) with impurities in the fly ash pores so that the
fly ash pores became cleaner and were reinforced by the
disappearance of the absorption band at the wave number
1419.67 cm™.

In the synthesized zeolite, there was absorption
at wave numbers 3636.94 and 3425.72 cm™ indicating
the presence of -OH groups from Si-OH or water
molecules. The -OH group of Si-OH appeared at wave
numbers 3019.69 and 2470.92 cm™ which indicated the
existence of asymmetric stretching vibrations -OH of Si-
OH. Meanwhile, the -OH group from Si-OH was also
proven by the absorption wave numbers of 1640.53 and
1446.67 cm™, which showed that there was a -OH
bending vibration from Si-OH. The appearance of
spectra at around 3019.69 cm™ and 1640.53 cm, which
showed stretching vibrations and bending vibrations of
water molecules in zeolite, was evidence of the
formation of zeolite through an alkaline hydrothermal
process %,

—(d) MOCZ
(c) Zeolite
= (b) Activaied FA
—— (a) Prepared FA
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Figure 3. The FTIR of Prepared Fly Ash, Activated Fly Ash, Zeolite, and MOCZ
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At lower frequencies, there was an absorption
band due to symmetric stretching vibrations of O-Si-O or
O-Al-O in the main building frame of the SiO4 and AlO,4
tetrahedral at wave numbers 664.51 — 867.04 cm™. One
of the characteristics of zeolite is that it is composed of
an interconnecting framework of 4 double rings (D4R)
which appears in the wave number range 600 — 550 cm"
! The result of the absorption wave number 565.17 cm™
is an indication of the existence of a double ring which is
a characteristic of the crystal structure zeolite A%’. The
absorption wave numbers 463.9 and 434 indicated the
presence of symmetrical bending vibrations of Si-O-Al.

In the zeolite coated with manganese oxide,
there was an absorption at wave number 3436.33 which
indicated the presence of O-H stretching and bending
vibrations in the manganese oxide structure. The
absorption band at 3200-1600 cm™ showed the presence
of bending vibrations which indicated the presence of -
OH groups from Si-OH or water molecules. In zeolite
with MOCZ maodification, absorption appeared at wave
numbers 991.45 cm? and 556.49 -658.72 cm?,
respectively, indicating the existence of asymmetric Si-
O-Si bending and stretching vibrations in SiO, tetrahedra
after coating with MnO and Mn-O vibrations of MnOG6-
octahedral on MnO2 on the zeolite surface %. The
absorption power appearing at wave numbers 427.25—

457.15 cm? indicated the existence of bending and
stretching vibrations of the O-Mn-O bond. The spectrum
and analysis results indicated that the zeolite coating
using manganese oxide was successful.

332 XRF

In this research, XRF analysis was carried out
for the chemical oxide composition of fly ash, zeolite,
and MOCZ which is shown in Table 1, and the
chemical element composition of fly ash, zeolite, and
MOCZ which is shown in Table 2.

According to the data in the American National
Standards published by American Standard Testing and
Material (ASTM) C618, fly ash is classified into three
classes based on differences in chemical composition,
namely type C fly ash, type F fly ash, and type N fly ash.
This class has minimum requirements for SiO2, Al,Os,
Fe,03, and CaO. In type C fly ash (minimum 50% SiO,
Al>,O3, and Fe;03), type F fly ash (minimum 70% SiO;,
Al;O3, and Fe;03), and type N fly ash (minimum 70%
SiO,, Al;O3, and Fe;0s). Table 1 shows that PLTU
Adipala fly ash is classified as type C, namely fly ash
containing more than 10% CaO and with a total content
of SiO,, Al,Oz, and Fe;0O; less than 70%, namely 13%
each; 3.8%; and 39.3%. Type C class fly ash is produced

Table 1. Composition of the Chemical Oxide content of Fly Ash, Zeolite, and MOCZ

Oxide Fly Ash (%omass) Zeolite (%omass) MOCZ (% mass)
SiO; 13 60.5 24.6
Al,O3 3.8 29 16
Fe;0s 39.3 0.13 -
CaO 37.3 1.3 -
K20 1.1 - -
TiO; 1.1 -
SO3 2.2 6 1.4
P20s 0.5 2.8 0.73
MnO 0.49 - 45.97
SrO 0.661 - -
ZrO, 0.064 0.04 0.03
BaO 0.32 - -

Table 2. Composition of the Chemical Element content of Fly Ash, Zeolite, and MOCZ

Element  Fly Ash (%omass)  Zeolite (Yomass) MOCZ (% mass)
Si 8.4 60.9 15.6
Al 2.6 25 11
Fe 44.1 0.29 -
Ca 38.7 2.8 -
K 13 - -
Ti 1 - -
S 1.2 6.4 0.77
P 0.3 3.4 0.49
Mn 0.59 - 57.82
Sr 0.941 - -
Zr 0.071 0.1 0.04
Ba 0.46 - -
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Figure 4. XRD spectrum

from burning lignite and subbituminious coal, and is
pozzolanic (it contains silica and alumina compounds)
and cementitious. Based on the XRF results, it is known
that the SiO; and Al,Os content in fly ash is quite large
allowing fly ash to be used as an adsorbent. The high
levels of these two components in fly ash mean that many
active centers on the surface of the solid can interact with
adsorbate, for example, metal ions. %,

Based on the XRF results in Table 1, it can be
seen that the SiO; content increased from 13% to 60.5%.
This is due to the activation treatment with HCI on fly
ash so that the metal impurities contained in fly ash are
reduced. This is in line with the previous research stating
that when fly ash is activated with an acid solution (HCI),
the Si-O bonds on the surface increase due to the
dissolution of impurities®. In addition, HCI solution can
reduce the CaO and Fe,Os content in fly ash.

Table 1 shows that the SiO, content decreased
from 60.5% to 24.6%, which indicates that the fly ash
structure was destroyed. Apart from that, after coating
with manganese oxide on the zeolite, it was seen that the
MnO content increased, from 0% to 45.97%. This means
that manganese oxide was successfully synthesized and
coated the fly ash *2.

3.3.3 XRD

The diffractogram spectrum in Figure 4 shows
that the highest intensity for fly ash appearing at an angle
of 20 = 26.63° was quartz (SiO) based on JCPDS No.
88-2302. Meanwhile, angles 20 = 37.52° and 42.98°
were the peaks for mullite which was formed from two
components, namely alumina and silica. ®. The X-ray

diffraction pattern of quartz and mullite material in fly
ash showed the presence of Si and Al elements®. The
XRD data in Figure 3 showed that the mineral
composition of fly ash changed in the diffractogram
before and after activation. This was indicated by the
disappearance of the peaks for mullite, namely at angles
20 = 37.52° and 42.98°. Based on 3* the chemical and
physical properties of zeolite and aluminum in fly ash
were activated under high temperatures, which converted
the crystalline mullite phase into amorphous
aluminosilicate.

Figure 4 shows a comparison of the XRD results
of fly ash with 5M activated fly ash, showing that there
was no significant difference in the peak shape produced.
The diffractogram of fly ash and 5M activated fly ash
showed the presence of 2 peaks at angles 20 respectively,
namely = 20.94° and 26.63°. These two peaks were
peaks for the mineral quartz or SiO based on JCPDS No.
88-2302. In non-modified zeolite, MOCZ showed that
the highest intensity appeared at an angle of 20 = 24.48°,
which was the peak for quartz or SiO, minerals based on
JCPDS No. 88-2302 *. The diffractogram of the
synthesized zeolite showed a peak at an angle of 20 =
14.04°; 24.48°; 34.84°; and 43.00° which was the typical
peak of zeolite-A.*®

The X-ray diffraction spectrum contained peaks
at 20 = 13.91 and 24.25 which indicated the presence of
mordenite (Al>Si10024.7H20). The peaks 26 = 31.51 and
34.59 showed the presence of a clinoptilolite (Si,
Al)36072.20H,0 peak. Furthermore, the oxide coating on
the zeolite surface, namely vernadite (dMnQO2), was at
the peak of 20 = 42.66 . This showed §-MnO2 with

Saputroetal. | 139



Jurnal Kimia Valensi, Vol 10 (1), May 2024, 133 - 144

significant deviation due to Mn-O and Si-O interactions.
This peak identified that the manganese oxide formed on
the sand surface was the 3-MnO2 polymorph (Chaudhry
et al., 2016). Based on the results of XRD analysis and
calculations, the crystal size and degree of crystallinity
were obtained which showed the difference between
non-MOCZ-modified zeolite and MOCZ-modified
zeolite. These results can be seen in Table 3.

Table 3. Crystallinity analysis of zeolite without
MOCZ modification and zeolite with MOCZ

modification
Samples Crystal size (nm)  Crystallinity (%0)
Zeolite 17.959 46
MOCZ 15.574 28

Table 3 shows that the crystal sizes in the
prepared fly ash, activated fly ash, zeolite, and MOCZ
samples were 17.3983; 18.1614; 17,959; and 15,574 nm.
The crystal size affected the adsorption capacity. The
smaller the crystal size, the greater the surface area of the
pores and constituent parts of the zeolite. The smallest
crystal size was in MOCZ, so the surface area of MOCZ
was larger. As the crystallinity increased, the crystal size
gradually became smaller, so the surface area increased
regularly as the crystal morphology changed. This can be
attributed to the greater number of micropores that can
be accessed at smaller crystal sizes (Luogang Wu, 2021).
Thus, this large surface area is effective for use as a
heavy metal adsorbent.

The degree of crystallinity of fly ash increased
after being activated by acid (HCI), namely from 13% to
13.5%. This is because the acid activation process can
increase crystallinity, acidity, and surface area.
Activation with acid can increase the purity of silica and
reduce impurities in fly ash. Therefore, acid treatment
can reduce the aluminum content of the fly ash
framework and can increase the acidity of the fly ash *.
Apart from that, the increase in the degree of crystallinity
is also caused by an increase in temperature which causes
the intensity of the crystalline phase to increase and the
amorphous phase to decrease. This shows an increase in
the crystallinity of hydrothermal products due to
increasing temperature .

The degree of crystallinity of MOCZ-modified
zeolite was smaller than the degree of crystallinity of

non-MOCZ-modified zeolite. The degree of crystallinity
decreased after being modified with manganese oxide
due to the tendency of manganese oxide to have
amorphous properties which caused the degree of
crystallinity to decrease’. In addition, reducing the
degree of SiO crystallinity can reduce metal levels in
waste samples even more. This is because the silica
reacted and dissolved in Mn2+, thus forming an
amorphous phase. This is in line with research where
MOCZ has a low level of crystallinity, the zeolite surface
sites are occupied by manganese oxide formed during the
coating process and result in a greater adsorption
capacity. 1% This is proportional to the open surface
fraction of the adsorbent. In this case, zeolite with an
amorphous phase (low degree of crystallinity) is more
effective as an adsorbent.°

3.4 Contact Time and Kinetic Model

The adsorbent and adsorbate were contacted
with adsorbent contact times of 60, 90, 120, 150, 180,
and 240 minutes. The research results showed that the
ability of zeolite with MOCZ modification to adsorb Ni?*
metal ions with variations in contact time was seen at the
180th minute, the adsorption capacity was 0.369 mg/g.
This shows that this time is the optimum contact time for
the modified zeolite which can absorb Ni?* metal ions
maximally. After 180 minutes, there was a decrease in
adsorption capacity because most of the adsorbent active
sites had bound Ni#* metal ions so changing time does
not change the adsorption capacity to be greater. The
achievement of the optimum time indicated that the
interaction between the metal ions and the active sites of
the adsorbent reached equilibrium.*

Because the main target is a metal in the form of
an ion (cation), the interaction is specific to the
interaction between charges'®. The attachment of metal
ions to a charged adsorbent has a specific interaction
caused by charge attraction. When an adsorbent has been
activated, metal ions attach to the adsorbent so that the
cations are bound to the active site which has a negative
charge due to charge attraction interactions. Adsorption
occurs electrostatically and deprotonates the hydroxyl
surface from the oxide support site which contains active
ions. Cations are absorbed on the surface of the adsorbent
support or the diffusion part of the double layer.

Table 4. Contact time MOCZ on the adsorption of Ni?* metal ions

Time (minutes) (Co) (mg/L) (Ce) (mg/L) (Q) (mg/g)  (adsorption efficiency) (%0)
30 10.0891 5.3426 0.177 47.04
60 10.0891 4.6579 0.203 53.8
90 10.0891 2.7606 0.207 72.6
120 10.0891 1.3729 0.326 86.3
150 10.0891 0.7357 0350 92.7
180 10.0891 0.2465 0.369 97.5
240 10.0891 1.0669 0.338 89.4
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Table 5. Ni?* metal ion adsorption kinetic model

Kinetic Models Equation R? k (minute!)  Co(mg/L) Qe (mg/g)
First order y =-0.0118x + 1.8866  0.6144 0.0118 6.5969 -
Second order y =0.0071x + 0.1187 0.1292 0.0071 8.4245 -
Pseudo 1 y =-0.0045x - 1.7991 0.0566 0.0045 - 0.1654
Pseudo 2 y = 2.315x + 109.83 0.9599 0.0488 - 0.4319

Table 4 shows that there was an increase in
adsorption efficiency from an initial time of 0 minutes to
optimum absorption up to a contact time of 180 minutes
and then decreased at 240 minutes. At a contact time of
up to 180 minutes, the number of Ni?* metal ions
adsorbed increased and reached optimum at a contact
time of 180 minutes. This happened because the longer
the interaction time between the adsorbent and Ni%*
metal ions, the more collisions that occur, the more Ni%*
metal ions can be adsorbed. At a contact time of less than
180 minutes, the active site was not filled with Ni2* metal
ions so that the Ni?* metal ions could be adsorbed quickly
and after a contact time of 180 minutes, the graph tended
to decrease until 240 minutes. The decrease in adsorption
of Ni?* metal ions was indicated due to desorption or
release from the adsorbent which was caused by the
weak interaction that occurred between Ni?* metal ions
and the adsorbent to bind to the surface of the adsorbent.
The optimum contact time was achieved at 180 minutes
with an adsorption percentage of 97.5%. This
phenomenon occurred when the optimum contact time
was reached. The adsorbent experienced too much
desorption due to the active sites available on the surface
of the adsorbent decreasing because the metal ion
solution formed a new layer on the surface of the
adsorbent so that it covered the adsorbent layer. So when
the optimum contact time was exceeded, the adsorption
power decreased.*

The reaction kinetic models used in this research
are pseudo-order one and pseudo-order two. It can be
concluded that the appropriate reaction order for the
adsorption of Ni?* metal ion solutions by zeolite with
MOCZ modification is pseudo reaction order 2. In Table
4, the linear equations of the pseudo-first-order model
and the pseudo-second-order is In (ge-gt) = -0.0045t -
1.7991 and t/Qt = 2.315t + 109.83 with the correlation
coefficient (R?) in the pseudo-first-order and pseudo-
second-order models respectively being 0.0566 and 0,
9599. The results of the data analysis show that the
adsorption of the Ni?* metal ion solution by zeolite with
MOCZ modification is in line with the pseudo-second-
order kinetic model because the correlation coefficient
(R?) value is close to 1. This is in line with research by
Irannajad (2017) showing that the zeolite material with
modified manganese oxide (MCOZeo) used to adsorb
the elements Co?*, Ni%*, and Pb?* follows the Ho & Mc
Key adsorption kinetic mechanism or pseudo-second-
order Kinetics.

3.5 Adsorption Isotherm

The adsorption study shows that the Langmuir
adsorption isotherm has an R? value of 0.9859, while the
Freundlich isotherm adsorption has an R? value of
0.8348. Therefore, the results of the data analysis showed
that the adsorption of Ni?* metal ions with zeolite with
MOCZ modification followed the Langmuir isotherm
equation because the correlation coefficient (R?) value
was close to 1. The Ni?* metal ion adsorption isotherm
pattern has the equation y = 5.7781x - 2.4719 so it can be
seen that the price of a was 0.1730 and b was 2.3384.
Determination of Langmuir and Freundlich constant
values is based on contact time variation data.

” (a)

(6)

-0.45 4

-0.50

logQ

-0.70 o

log Ce

Figure 6. Adsorption isotherm graph (a) Langmuir (b)
Freundlich of Ni?* metal ions

Table 6. Adsorption Isotherms

Adsorption
Isotherm Constant Value (mg/g)
Langmuir a 0.1730
g b 23384
. K 6.8359
Freundlich 0 3.8402

In the process of adsorption of Ni?* ions using
MOCZ, when Ni** ions entered the water, then the
adsorption process occurred and there was an interaction
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Figure 7. Reaction mechanism of MOCZ with Ni ions

of Ni%* ions bound to MOCZ which was preceded by the
release of two hydrogen ions “%. This caused Ni?* ions to
be adsorbed and bound to MOCZ so that their
concentration in the water was reduced.

CONCLUSIONS

Based on the discussion, the smaller the crystal
size, the larger the surface area of MOCZ which is
brown, and its adsorption ability increases, so the results
of MOCZ characterization from fly ash waste, as shown
by the results of FTIR and XRD characterization, can be
used as an adsorbent for the heavy metal Ni?*. This is
reinforced by the results of the influence of the contact
time of the MOCZ adsorbent on the adsorption efficiency
of the heavy metal Ni?*, namely that the longer the
contact time of the zeolite with the heavy metal Ni?*, the
greater the adsorption efficiency of the heavy metal Ni?*
produced.
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