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Abstract. Waste management is a widespread problem all across the world. Fly ash is one
of the wastes generated in a large amount, where disposal of fly ash by landfill takes up
agricultural lands and also causes serious problems in the respiratory system. Meanwhile,
fly ash contains high silica-alumina, so that it can be used as a raw material to synthesize
zeolite. In this work, fly ash from industrial synthesized into zeolite type NaP1, and the
effectiveness of furnace and acidic pretreatment was studied. The synthesis of class F fly
ash from Indonesia was subjected to a 36-hour hydrothermal reaction with sodium
hydroxide. Synthesized zeolite was characterized by X-ray diffractometry to obtain the
crystal structure of the zeolite, X-ray fluorescence to obtain the mineral composition, and
SEM to obtain morphological study XRF data shows that pretreatment of fly ash has no
significant effect on the content of fly ash itself, however, when fly ash was converted into
zeolites, the resulting zeolites had a higher crystallinity compared to fly ash without
pretreatment. It was found that the most effective pretreatment was when zeolite formed
from fly ash with acidic pretreatment using 20 wt% HCI at 80 oC for 2 hours.
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1. Introduction

Fly ash is a waste of coal combustion which formed from a mineral substance based on
silica-alumina [1]. Coal production worldwide is estimated at 780 million tonnes per year [2][3].
Moreover, Indonesia has a large amount of power plant producing fly ash as its by-product. Fly
ash contains amorphous alumina-silicate material, mainly quartz (SiO>), mullite
(3A1,03.2510,), hematite (Fe,Os), magnetite (Fe3;04), and more elements and their oxides in a
trace amount to several percentages [4][5]. Among all fly ash produced, the utilization of fly
ash is only about 25%, and the rest is disposed of as waste that causes environmental issues [6].
If untreated, fly ash waste must be isolated to avoid the movement of pollutants such as heavy
metals into agricultural or aquatic environments [7]. Therefore, the utilization of fly ash gets
more attention and becomes the most common waste studied [8].

Many studies have been conducted using fly ash as raw material, including using fly ash
as a raw material for zeolite synthesis [9][10], construction / industrial work [11], removal of
toxic metals [12], removing inorganic compounds [13], removing dyes [14], etc. In this work,
fly ash was synthesized into zeolite, and the effect of pretreatment on the resulting zeolite was
studied. Zeolitization of fly ash could be an ideal yet inexpensive method to utilize fly ash and
reduce its impact on the environment [3]. Zeolites are microporous, hydrated aluminosilicates
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structured into three-dimensional networks of tetrahedra TO4 (T = Si, Al) joined at the corners
by oxygen atoms [4], which, in its crystal structure, contain numerous channels and chambers
of different size that provides various sorption ion exchange and catalyst properties [6]. Previous
researchers have conducted several studied to synthesize zeolite from fly ash by hydrothermal
conversion with alkali solution study various parameters that alter configuration and properties
of zeolite [3][6][15]. This paper focuses on how pretreatment affects the properties of zeolite.
Zeolite synthesized from fly ash allows waste converted into high-value products of cations,
which have wide applications used as adsorbents, molecular sieves, wastewater treatment, and
many more [15][6]. There are additional measures here in this work that boost the characteristics
and quality of the zeolite compared to zeolite without any pretreatment. A previous study shows
that thermal stability and the behavior of the resulting zeolite are improved by acidic
pretreatment [5] while another study shows that furnace pretreatment increases the adsorption
capacity of synthesized zeolite [3]. This study compared the effect of those two pretreatments
by analyzing the characteristic of raw fly ash, zeolite synthesized with fusion pretreatment, and
zeolite synthesized with acidic pretreatment.

2. Method

2.1 Fly ash and reagents

The raw fly ash used in the experiment was obtained from PT Sinar Mas Argo Resources
and Technology (SMART Tbk), Indonesia. SMART Tbk is a leading agribusiness company
that focused on sustainable palm oil production. According to the American Society for
Testing and Materials (ASTM) C618, the fly ash used in this experiment is F type because the
sum of the major compound (SiO», Al,O3, and Fe;03) is over 70% and SOs less than 5%. The
reagent used in this research is sodium hydroxide (Merck, > 99%), hydrochloric acid 37%
with analytical purity.

2.2 Material characterization

The chemical compositions of fly ash and zeolite samples were determined using
Panalytical Epsilonl X-ray fluorescence spectroscopy (XRF). The X-ray diffractions (XRD)
analysis was conducted using Panalytical X Pert Pro MPD. The 26 range was from 5° to 40°
with Cu Kea radiation. The morphology analyses were performed using FEI Quanta 650
Scanning Electron Microscopy (SEM).

2.3 Preparation of zeolite

The amorphous SiO and Al,Oz in fly ash are used as silica and aluminum source for the
synthesis of zeolite. Fly ash was screened through a sieve shaker of 80 mesh size to remove
coarse particles and dried at 150 °C for 4 hours. For each type of zeolite, the following process
pretreatment were applied: 1) calcination process of fly ash at 850 °C for 2 hours, 2) treatment
with hydrochloric acid (20 wt% HCI) at 80 °C for 2 hr (solid/liquid ratio of 1:10). Both fly ash
with different pretreatment underwent a hydrothermal reaction: 10 gr of fly ash, 6 gr of NaOH,
and 45 ml of double-distilled water at 80 °C for 36 hours.



3. Results and Discussion
3.1 Zeolite Synthesis Condition

Three types of fly ash are used to determine the effect of pretreatment on the resulting
zeolite namely fly ash without pretreatment (FA), fly ash with furnace pretreatment (FA-1), and
fly ash with acidic pretreatment, so that there are three types of zeolite produced, namely zeolite
from fly ash without pretreatment (ZE), zeolite from fly ash with furnace pretreatment (ZE-1)
and zeolite from fly ash with acidic pretreatment (ZE-2). Both fly ash samples were screened
through an 80 mesh size sieve shaker and heated for 4 hours at 150 °C to extract the moisture
in the sample. All fly ash samples were screened through a sieve shaker of 80 mesh size and
heated at 150 °C for 4 hours to remove moisture contained in the sample. RFA sample obtained
by directly synthesizing the fly ash by a hydrothermal method in an autoclave at 80 °C for 36
hours, resulting ZE sample. FA-1 sample was obtained by providing furnace pretreatment at a
temperature of 650 °C for 2 hours, resulting in a light brown fly ash. The FA-1 sample was then
synthesized by the same hydrothermal method resulting in ZE-1 sample. The FA-1 sample was
then synthesized by the same hydrothermal method resulting in ZE-1 sample. Meanwhile, FA-
2 sample was pre-treated by reacting fly ash with 20% hydrochloric acid with a solid : liquid
ratio of 1:10 at 80 °C for 2 hours produces fly ash with a grey color that is lighter than RFA.
FA-2 was washed to a neutral pH and then synthesized by the same hydrothermal method
resulting in ZE-2 sample. In order to assess the effect of fly ash quality on the zeolite made, the
use of various starting materials was investigated. The hydrothermal process includes the
dissolution of fly ash in an alkaline solution and the synthesis by thermal treatment of zeolite
materials [17]. Formation of zeolite performed according to the following chemical reaction:

Fly ash + 3.3 mol dm NaOH 36 hr, 80°C > zeolite + residiuum

3.2 Characterization of Synthesized Zeolite

Table 1 shows the chemical composition and molar Si/Al ratio of all materials used in this
work. The main components of the three types of fly ashes were the oxide form of Si, Al, Fe
accounting for around 83% and there were no significant variations in compositions between
them. Meanwhile, there were significant differences between synthesized materials where ZE-
2 has the highest main component percentage. As a result of this composition, ZE-2 is classified
as a material with high silica and alumina content and low-level impurities [18]. The molar Si/Al
ratio of RFA, FA-1, FA-2, ZE, and ZE-1 was similar around 2.69 to 2.77. As shown in Table 1,
acidic pretreatment decreases the unwanted portion by a substantial amount. This influenced the
percentage of Si and Al, which are the key components of the zeolite formation. An increase in
wt% of Si and a decrease in wt% of Al led to an increase in molar Si/Al ratio to 4.83 which
could cause the resulting zeolite tends to have a high level of crystallinity.

Based on the key d-spacing dhkl = 6.21, 5.59, 4.53, 3.89, 3.76, 3.39, 3.12, 2.97, and 2.54
A, the presence of the ZE zeolitic phase in the reaction products was determined. On the basis
of the key d-spacing dhkl=6.17, 5.59, 4.53, 3.90, 3.77, 3.41, 3.11,2.99 and 2.54 A, the presence
of the ZE-1 zeolitic phase in the reaction products was calculated. Based on the key d-spacing
dhkl =6.17, 4.53, 3.90, 3.76, 3.12, 2.98, and 2.544 A the presence of the ZE-2 zeolitic phase in
the reaction products was determined. There were no significant differences between XRD
diffractogram of RFA, FA-1, and FA-2, each of them was composed of an amorphous phase
with a low quantity of crystalline (quartz and NaP1). The highest XRD intensities appear on
zeolite with acidic pretreatment suggested that acidic pretreatment is required to generate higher
crystallized zeolite. In the XRD patterns, the weak peaks of ZE-1 indicate the conversion from



the amorphous phase to the zeolite phase occurred. Formation of zeolite from fly ash without
any pretreatment results in a zeolite with lower XRD intensities.

Table 1. Chemical composition and molar ratio Si/Al of fly ash and synthesized zeolite

Parameter RFA 1 FA- ) FA- ZE 1 ZE- 5 ZE-
Al;O3 18.87 19.07 19.10 17.71 14.12 15.34
SiO, 52.21 51.93 52.01 47.68 39.02 74.02
P20s 1.20 1.21 1.20 1.03 0.90 1.09
SO3 1.38 1.45 1.46 1.15 0.70 0.00
Cl; 0.42 0.38 0.41 0.49 0.90 0.64
K20 1.04 1.03 1.02 0.46 0.73 0.68
CaO 9.94 10.01 9.98 11.22 14.83 1.52
TiO» 2.47 2.46 2.42 2.94 3.49 2.14
MnO 0.18 0.17 0.17 0.22 0.35 0.00
Fe,03 11.99 11.89 11.79 16.75 24.17 4.49
As;03 0.01 0.00 0.00 0.00 0.00 0.00
SrO 0.01 0.27 0.28 0.24 0.50 0.00
Ag.0 0.21 0.13 0.16 0.21 0.30 0.09
Total 99.93 100.00 100.00 100.10 100.01 100.01
Si/Al 2.77 2.72 2.72 2.69 2.76 4.83
SiO, + AlL,Oz + 83.07 82.89 82.90 82.14 77.31 93.85
Fe O3
ZE-2
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Figure 1. XRD patterns of fly ash and synthesized zeolite




The surface morphology of fly ash in Figure 2 suggested that amorphous aluminosilicate
spheres were the dominant morphological types occurring in the studied fly ash, while Figure 3
displayed structures of zeolite NaP1 type as previously reported in the literature.

Figure 2. SEM image for raw fly ash
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Figure 3. SEM image of zeolite with furnace pretreatment (left) and acidic pretreatment
(right).




4. Conclusion

Pretreatment of fly ash affects the properties of the zeolites produced. Furnace
pretreatment did not have a significant impact on both fly ash and the resulting zeolite. Zeolite
without pretreatment and zeolite with furnace pretreatment had similar properties and Si/Al ratio
although there was a slight difference in the morphology. Pretreatment using acid showed the
best result on the resulting zeolite, proven by affecting the ratio Si/Al of the resulting zeolite
reaching 4.83. The SEM image of the finest zeolite shows a sharp crystal structure and high
intensity peaks are seen in the XRD image. By lowering the trace, harmful, and unwanted
materials from the fly ash that is the key to high intensity in XRD, acidic pretreatment causes a
big weight reduction. For further research, it is suggested to test the effectiveness of the material
for application in waste water treatment.
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