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Abstract 
 

Silica and alumina were extracted from coal fly ash (CFA) using a reflux method 

with an alkaline solution. The resulting coal fly ash extract (CFAE) served as the 

primary material for synthesizing zeolites through a hydrothermal method at 

150°C, with variations in crystallization time (ranging from 10 to 120 hours) and 

aging time (ranging from 0 to 24 hours). Hence, this study aims to utilize CFA 

waste to synthesize zeolite without adding external silica and alumina while 

evaluating the optimal crystallization and aging time synthesis conditions using 

the hydrothermal method. XRF characterization revealed increased alumina 

and silica composition in CFAE, from 16.7669% and 30.8462% to 42.04% and 

53.42%, respectively. Analysis of FTIR spectra showed characteristic absorptions 

indicative of zeolite structures, while XRD data analysis confirmed the presence 

of zeolite ZK-14 (SOD) phase in all synthesized samples. The %yield, crystallinity, 

and particle size of the synthesized materials were significantly influenced by 

variations in crystallization and aging times. %Yield showed slight variation, with 

the highest achieved at 48 hours of crystallization time (37.83%). Crystallinity 

increased with prolonged crystallization time, peaking at 72 hours (50.73%), while 

particle size reached its maximum at 120 hours (23.82 nm). Aging time exhibited 

an inverse relationship with crystallinity and particle size but did not affect %yield. 

Overall, longer crystallization times led to higher %yield, crystallinity, and larger 

particle size in the synthesized zeolite materials. 
 

Keywords: Aging time, coal fly ash, crystallization time, silica and alumina source, 

synthesis zeolite 
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1.0 INTRODUCTION 
 

Coal fly ash (CFA) is a byproduct of coal combustion 

generated in every Coal-Fired Power Plant. CFA is 

considered hazardous waste that can pollute the 

environment if released without proper handling. It 

contains heavy metals such as Pb, Cd, Cr, Co, Cu, 

and others, contaminating the soil, water, and air 

and posing risks to human health through the food 

chain. There is a possibility that fly ash may contain 

heavy metals up to 10 times more than coal itself [1]. 

According to Luo and colleagues [2], the 

composition of fly ash in bituminous coal is 

predominantly composed of SiO2, ranging from 

approximately 20-60 wt%, and Al2O3, approximately 

5-35 wt%, along with various metal oxides such as 

Fe2O3, CaO, MgO, Na2O, SO3, and other metal 

oxides. Direct utilization of CFA is commonly 

employed in the construction industry to produce 

cement and concrete, including bricks and blocks. 

Additionally, it serves as an additional functional 

material for synthesizing geopolymers and zeolites. On 
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the other hand, indirect utilization tends to focus on 

extracting valuable elements or compounds present in 

CFA through metallurgical processes such as the 

separation of magnetite, alumina, and titanium 

fractions [3]. 
In a study by Ndlovu [4], silica and alumina were 

successfully extracted from CFA and subsequently 

utilized in synthesizing zeolite ZSM-5, faujasite, and 

geopolymers. The process began by extracting 

alumina using concentrated H2SO4 in a digestion 

vessel. The residue obtained from the alumina 

extraction was then subjected to further extraction of 

the remaining silica using a reflux system with NaOH 

solvent. This extraction process successfully yielded 

88.03% alumina and 85.74% silica. Therefore, CFA holds 

great potential as an alternative material for zeolite 

synthesis. 

In several studies, CFA has been utilized as an 

additional source of silica and alumina for synthesizing 

zeolite under various conditions. Various methods 

have been employed for zeolite synthesis, including 

the sol-gel method [5, 6], co-precipitation [7], 

microwave-assisted [8, 9], and hydrothermal methods 

[10,11,8,12,13]. The hydrothermal method is the most 

widely used among these methods and remains 

prevalent to date. Its advantages include reducing 

particle agglomeration, producing relatively uniform 

crystal sizes, and generating homogeneous crystals at 

relatively low temperatures (below 150°C). 

Additionally, the hydrothermal method is favored for its 

cost-effectiveness, mass efficiency, high purity of the 

resulting products, easy reaction control based on 

stoichiometric ratios, scalability to industrial levels, 

environmental friendliness, and sufficient accessibility 

for controlling complex size distribution, shape, and 

chemical composition [14]. 

Various types of zeolites have been successfully 

synthesized using CFA as a source of silica and 

alumina without the addition of pure alumina and 

silica. Typically, the zeolite types formed have an 

intermediate silica (Si/Al ratio of 2-5), such as zeolites 

with CHA, FAU, and SOD framework structures [15]. In 

a study conducted by Aldahri and colleagues [16], 

zeolites were synthesized from CFA as a source of 

alumina and silica using a simple hydrothermal 

method. The resulting zeolite was identified as Na-P 

zeolite with an SOD framework structure. Similar results 

were obtained by Liu and colleagues [17], who 

synthesized zeolites from CFA as a source of alumina 

and silica using a hydrothermal method. The zeolites 

obtained were Na-P zeolite (GIS), sodalite, and zeolite-

X, all of which had SOD framework structures. 

Several factors, including the use of structure-

directing templates, aging time, and crystallization 

time, influence the synthesis process of zeolite. 

Structure-directing templates play a crucial role in 

directing the pore size of the synthesized zeolite 

structure. Commonly used organic templates include 

tetrapropylammonium hydroxide (TPAOH) and 

tetrapropylammonium bromide (TPABr) as micro-pore 

structure directors [18] and Cetyltrimethylammonium 

bromide (CTAB) as a meso-pore structure director [19]. 

Aging time also affects the formation of zeolite 

crystallites. During the aging process, the formation of 

primary zeolite precursors occurs. The longer the aging 

time, the greater the number of primary zeolite 

precursors formed, leading to increased aggregates 

transforming into larger particles [20].  

Hydrothermal time also influences the structure 

formed, including surface area, crystal size, and 

crystallinity. Longer crystallization times enhance 

crystallinity by increasing nucleation and crystal 

growth rates. This, in turn, leads to improved 

crystallinity. Furthermore, prolonged crystallization 

times decrease the aluminosilicate composition [21]. 

Although the hydrothermal method offers several 

advantages, it requires an extended processing time, 

particularly during the crystallization and aging 

phases. Different materials necessitate varying 

durations to reach their optimal conditions. Therefore, 

this study will utilize CFA waste as the primary source of 

silica and alumina for synthesizing zeolite through the 

hydrothermal method, with an emphasis on 

determining the optimal crystallization and aging 

times. 
 

 

2.0 METHODOLOGY 
 

2.1 Materials 
 

The main materials used in this study are CFA waste 

obtained from PT. DSSP Power Plant in South Sumatra, 

Indonesia. Additionally, chemicals such as 32% 

hydrochloric acid (HCl) from KDP, sodium hydroxide 

(NaOH), TPABr, CTAB, and deionized water are utilized 

in the research.  

 

2.2 Coal Fly Ash Preparations (CFAP) 
 

The CFA is homogenized by sieving it through a 200-

mesh sieve. 250 grams of CFA are mixed with 500 mL 

of deionized water using a magnetic stirrer for 6 hours 

at room temperature. Subsequently, the mixture is 

filtered and dried at 110°C. The dried CFA is then 

subjected to calcination at 700°C for 3 hours. 

 

2.3 Extraction of Silica and Alumina from Coal Fly Ash 

(CFAE) 
 

The CFA extraction process follows and modifies the 

method conducted by Ndlovu; CFA prepared in 

advance is refluxed with 4M NaOH in a 1:5 ratio at 80-

90°C for 4 hours. The refluxed mixture is then filtered, 

cooled, and the obtained filtrate undergoes pH 

checking. The pH is neutralized (pH 8-10) using HCl [22, 

23]. The resulting precipitate or gel is allowed to stand 

for 3 days, followed by separation and drying at 80°C 

until completely dry. 

 

2.4 Synthesis Zeolite Process 
 

The synthesis process refers to and modifies the 

research conducted by Wang and colleagues [24] 

using a molar ratio of 40 SiO2: 20 Al2O3: 20 NaOH: 10 
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TPABr: 4 CTAB: 7000 H2O. The synthesis process begins 

by dissolving NaOH in water and slowly adding CFAE 

at a temperature of 80-90°C. Subsequently, TPABr 

and CTAB are poured in alternately, with each 

addition spaced 10 minutes apart during stirring. The 

mixture is stirred until a white colloidal solution is 

formed. The mixture is then aged for 6, 12, 24 hours, 

and without aging. After aging, the mixture is 

transferred to an autoclave for the hydrothermal 

process and crystallization for 10, 24, 48, 72, and 120 

hours at 150°C. The crystals obtained after 

hydrothermal process are washed to neutral pH, 

centrifuged at 3500 rpm for 20 minutes, dried at 

120°C, and calcinated at 550°C for 6 hours [24, 25]. 

 

2.5 Characterization 

 

The CFAP and CFAE products were characterized 

using X-ray fluorescence (XRF) to ascertain the 

elemental composition. The synthesized zeolite 

underwent analysis through Fourier Transform Infrared 

(FTIR) and X-ray diffraction (XRD). FTIR analysis, 

performed with a PerkinElmer Spectrum IR 10.7.2, was 

employed to confirm the successful formation of 

zeolite. The interpretation of functional groups within 

the 400-4000 cm⁻¹ wavelength range validated 

zeolite formation. XRD analysis, conducted on a 

Bruker-binary V4 instrument using Cu K-α radiations at 

a scanning rate of 1°/minute (10 mA, 30 kV), 

provided insights into crystalline properties. The 

analysis spanned a 2θ range of 5°-80°, enabling the 

identification of crystal phases and mineral types, 

referencing databases such as the Inorganic Crystal 

Structure Database (ICSD), Crystallography Open 

Database (COD), and International Zeolites 

Association (IZA). Additionally, XRD analysis facilitated 

the determination of crystallinity and the average 

crystal diameter of the synthesized zeolite, utilizing 

the Debye-Scherrer equation 
 

 

3.0 RESULT AND DISCUSSION 
 

3.1 Characterization of CFAE 

 

The XRF characterization in Table 1 reveals that CFAP 

contains four dominant compounds: SiO2 (30.8462%), 

Fe2O3 (19.5270%), Al2O3 (16.7669%), and CaO 

(16.7443%). Additionally, minor compounds such as 

MgO (7.8544%) and SO3 (4.3685%) are present, with 

other compounds accounting for less than 1%. Based 

on the SiO2, Al2O3, and Fe2O3 content in CFAP, it is 

evident that the fly ash originates from the 

combustion of bituminous coal [2].  

Furthermore, in CFAE, two dominant compounds, 

silica, and alumina, confirm the success of the 

extraction process. The silica extract shows a 

remarkable increase of 73.16%, from 30.862% to 

53.42%, and alumina exhibits a significant increase of 

150%, from 16.8669% to 42.04%, compared to the pre-

extraction percentages. There is a decrease in other 

dominant compounds, such as Fe2O3 (0.43%) and 

CaO (0.29%), the disappearance of MgO and SO3, 

and other compounds below 0.1%. Moreover, some 

minor compounds show an increase, including P2O5 

(1.76%) and K2O (1.48%). 

This research outperforms the alumina and silica 

extraction from CFA conducted by Missegue and 

colleagues [26], showing a more substantial increase 

of approximately 10% for SiO2 and less than 10% for 

Al2O3. This study also reduces impurities exceeding 

1%, such as Fe2O3 and CaO, to less than 0.5%. 
 

Table 1 XRF analysis of materials 

 

Compounds CFAP (%) CFAE (%) 

SiO2 30.8462 53.42 

Al2O3 16.7669 42.04 

Fe2O3 19.5270 0.43 

CaO 16.7443 0.29 

MgO 7.8544 - 

SO3 4.3685 - 

P2O5 0.6530 1.76 

Cl 0.098 0.03 

K2O 0.6761 1.48 

Na2O 0.2906 - 

Sc2O3 0.0762 - 

TiO2 0.8094 - 

V2O5 0.0366 0.11 

Cr2O3 0.0392 0.02 

MnO 0.7384 0.03 

ZnO 0.0219 - 

Rb2O 0.0097 0.02 

SrO 0.3518 0.05 

ZrO2 0.0436 - 

NiO 0.0127 - 

Y2O2 0.0130 - 

Ta2O5 0.0224 - 

 

 

3.2 Effect of Crystallization Time on Zeolite 

Synthesized 

 

Figure 1 shows the FT-IR spectra results for the 

crystallization time influence over 10, 24, 48, 72, and 

120 hours. Upon analysis of the FT-IR spectra above, 

sharp absorptions with strong intensity are observed 

at wavenumbers 991.40 (10h), 990.76 (24h), 982.15 

(48h), (72h), and 990.45 cm⁻¹ (120h). In this range 

(950-1250 cm⁻¹), these absorptions are identified as 

the asymmetric internal stretching vibrations of the T-

O-T bonds in the tetrahedral building units TO4 

(T=Si/Al) throughout the zeolite framework [27, 28]. 

The absorption band vibrations within the 950-

1250 cm⁻¹ range are highly sensitive to changes in 

the Si/Al molar ratio. Therefore, variations in the 

distributed molar ratio within the zeolite framework 

structure will shift the direction of the resulting 

vibrations. The detection of vibrations at the 

wavenumber 983 cm⁻¹ indicates the presence of a 

Sodalite (SOD) or Gismondine (GIS) framework 

structure in the synthesized zeolite [29]. 
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Figure 1 Spectra FT-IR of zeolites synthesized at various 

crystallization time 

 

 

Specific peaks with sharp absorption and 

sufficiently strong intensity are also detected within 

the range of 650-720 cm-1 at wavenumbers 713.95 

(10h), 661.96; 698.14 (24h), 661.93; 698.32 (48h), 

661.90; 697.98 (72h), and 662.55; 700.03 cm-1 (120h). 

Within this range, these absorptions are identified as 

internal stretching vibrations of symmetric T-O-T bonds 

in the tetrahedral building units TO4 [27]. Furthermore, 

sharp absorptions with sufficiently strong intensity are 

also detected within the range of 420-500 cm-1 at 

wavenumbers 455.22 (10h), 429.70 (24h), 430.36 (48h), 

430.76 (72 h), and 430.61 (120h). These specific peaks 

are identified as vibrations of bending T-O bond [30, 

31]. 

Within the range of 500-650 cm-1, there is a weak 

intensity peak at wavenumbers 563.88 (10h), 563.61 

(24h), 550.20 (48h), 547.14 (72h), and 563.65 cm-1 

(120h). This specific peak represents the vibration of 

external T-O bonds in the zeolite building unit, 

referring to the 4 or 6-membered ring units (D4R or 

D6R) [28, 31].  Additionally, absorptions with very 

weak intensity are detected in the range of 1400-

1467 cm-1 at wavenumbers 1450.16 (24h), 1450.56 

(48h), 1450.06 (72h), and 1449.98 cm-1 (120h). These 

specific absorptions represent vibrations of Na-T 

bonds in the zeolite framework [32]. 

In addition to absorptions in the fingerprint region 

(400-1500 cm-1), weak absorptions are also detected 

in the main region. Within the range of 1646-1655 cm-

1, an absorption with weak intensity is detected at 

wavenumbers 1652.92 (10h), 1653.12 (24h), 1653.06 

(48h), 1652.66 (72h), and 1653.21 cm-1 (120h). The 

absorption at this specific peak is identified as water 

molecules (H-O-H) trapped within the zeolite 

channels [28, 31]. Furthermore, absorptions with 

broad peaks and low intensity in the range of 3300-

3600 cm-1 at wavenumbers 3452.48 (10h), 3557.5 

(24h), 3502.57 (48h), 3497.34 (72h), and 3578.52 cm-1 

(120 hours). These absorptions are identified as 

stretching vibrations of hydroxyl groups (-OH) from 

silanol groups (Si-OH) located at the ends of the 

zeolite framework [30, 32]. 
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Figure 2 XRD patterns of zeolites synthesized at various 

crystallization time 

 

 

Figure 2 shows the XRD pattern from the synthesis 

variations with crystallization times of 10, 24, 48, 72, 

and 120 hours at 2θ angles ranging from 5-80°. Based 

on Figure 2, it is evident that all diffractograms exhibit 

a high degree of similarity, indicating good 

crystallinity except for the diffractogram at the 10-

hour crystallization time. In the 10-hour sample, only 

specific low-intensity peaks are observed at 2θ 

degrees of 13.9° and 24.19°. Furthermore, in the 24-

hour sample, specific peaks with dominant intensity 

are observed at 2θ degrees of 13.9°, 24.19°, 34.4°, 

42.68°, and weak intensity at 51.78°, 57.97°, and 

69.18°. 

A nearly identical diffractogram is also detected 

in the 48-hour sample. Specific peaks are identified 

at 2θ degrees of 13.9°, 24.20°, 34.40°, 42.63°, along 

with weak intensities at 18.5°, 27.45°, 51.78°, 57.76°, 

58°, and 69.19°. In the 72-hour sample, specific peaks 

with dominant intensity are observed at 2θ degrees 

of 13.88°, 24.17°, 34.11°, 42.62°, along with weak 

intensities at 18.58°, 27.34°, 51.77°, 57.97°, and 69.10°. 

Finally, in the last sample of 120 hours, specific peaks 
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are obtained at 2θ degrees of 13.92°, 24.25°, 34.45°, 

42.5°, along with weak intensities at 51.83° and 58.05°. 

All zeolite products obtained at each 

crystallization time variation exhibit identical peaks at 

13.9° and 24°, along with additional supporting peaks 

at 34° and 42°. Based on the analysis using X'pert 

Highscore Plus software, these highest peaks indicate 

that the formed zeolite phase is Zeolite ZK-14 with an 

SOD framework. This conclusion is supported by 

references such as ICSD 201587 and COD 96-152-

9731. Additionally, there is another phase at peaks 

18.5°, 27.45° (48h) and 18.58°, 27.34° (72h), identified 

as the SiO2 phase. These findings are further 

validated by referencing the IZA database, as shown 

in Table 2.  

 

Table 2 Interpretation of zeolites synthesized at crystallization time effect based on the IZA database 

 

IZA Database Crystallization time (Hours) 

SOD Framework 10h 24h 48h 72h 120h 

2q° r.i (%) 2q° r.i (%) 2q° r.i (%) 2q° r.i (%) 2q° r.i (%) 2q° r.i (%) 

13.95 100 13.9 100 13.9 100 13.9 100 13.88 100 13.92 100 

- - - - - - 18.5 5.59 18.58 8.66 - - 

24.29 41.82 24.19 78.45 24.21 79.38 24.20 84.94 24.17 83.23 24.25 65.89 

- - - - - - 27.45 5.41 27.34 12.52 - - 

34.63 11.5 - - 34.4 20.21 34.40 17.19 34.11 16.9 34.45 11.71 

42.75 4.74 - - 42.68 19.5 42.63 25.65 42.62 20.69 42.5 15.38 

51.96 9.3 - - 51.78 7.85 51.76 8.86 51.77 7.73 51.83 15.19 

- - - - 57.97 6.31 58 9.64 57.97 9.37 58.05 5.13 

69.4 6.18 - - 69.18 5.18 69.19 6.43 69.10 5.31 69.27 2.91 
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Figure 3 The effect of crystallization time on %yield, 

crystallinity, and average crystal diameter in zeolite 

synthesized 

 

 

The variation in hydrothermal time during synthesis 

significantly impacts the %yield and crystallinity level of 

the produced zeolite. Based on the diffraction patterns 

in Figure 2, the zeolite synthesis with a 10-hour 

crystallization time has a crystallinity phase of only 6.25%, 

predominantly amorphous, with a %yield of 19.44%. 

Subsequently, at a 24-hour, the crystallinity increases 

significantly to 31.08% with a %yield of 19.16%. The 

crystallinity at 48, 72, and 120 hours increases to 43.96%, 

50.73%, and 49.52%, respectively. The %yield also 

increases to 37.83% at 48 hours and 36.69% at 72 hours. 

However, there is a slight decrease in %yield at 120 

hours, reaching 28.94%. The average crystal diameter 

sequentially obtained is 8.74, 20.46, 18.69, 20.57, and 

23.82 nm. 

Based on Figure 3, it can be observed that an 

increase in crystallization time during synthesis will also 

increase the crystallinity and average particle size of the 

zeolite product, as well as the %yield of zeolite 

obtained. From 24 to 72 hours, the product's crystallinity 

increases gradually and significantly, reaching its 

highest at 72 hours with a crystallinity of 50.73% and 

reaching the highest %yield at 48 hours, 37.83%. This is in 

line with the study conducted by Sun and colleagues 

[33], stating that increased crystallization time leads to 

more complete crystal growth. Although there is a slight 

decrease in crystallinity at 120 hours, it is not significant. 

There is a considerable increase in crystal diameter from 

10 hours to 24 hours, but afterward, there is no 

significant change, and it tends to remain constant. The 

120-hour crystallization time is the optimum duration for 

producing the largest average crystal size, 23.82 nm. 

The absence of further significant changes or 

improvements indicates that the synthesis conditions 

have reached the optimal state for each parameter. 

The longer the crystallization time, the clearer the 

formation of zeolite crystals, with specific peaks 

appearing more prominently and forming a 

predominantly single zeolite phase with minimal 

amorphous content. This is because the growth of 

crystals during crystallization increases the density of the 

formed zeolite crystals, leading to the emergence of 

specific peaks with high intensity [34]. Figure 2 

substantiates that the XRD pattern at 120 hours of 

crystallization time exhibits sharper, cleaner peaks and 

no visible amorphous phase compared to other 

diffraction patterns. 
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3.3 Effect of Aging Time on Zeolite Synthesized 

 

The FT-IR spectra in Figure 4 represent the spectra of 

the synthesized zeolite under the influence of aging 

time variations for 0, 6, 12, and 24 hours.  
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Figure 4 Spectra FT-IR of zeolites synthesized at various aging 

times 

 

 

The generated FT-IR spectra appear almost 

identical and closely resemble the spectra produced 

under the influence of hydrothermal time at specific 

wavenumber ranges. In the wavenumber range of 

950-1250 cm-1, there is a sharp absorption with strong 

intensity at 982.15 (without aging), 965.80 (6h), 982.87 

(12h), and 1033.17 cm-1 (24h). This absorption is 

identified as the asymmetric stretching vibration of 

the T-O-T bonds in the tetrahedral building unit of the 

zeolite TO4. These results closely resemble the spectra 

obtained for zeolite synthesis under the influence of 

hydrothermal time, and the absorption peak in the 

wavenumber range of 950-1250 cm-1 approximates 

the literature value of 983 cm-1, which identifies it as a 

zeolite with a SOD or GIS framework [30]. 

 

Furthermore, in the wavenumber range of 650-720 

cm-1, there is a specific and sharp absorption with 

fairly strong intensity detected at 698.31 (without 

aging), 697.65 (6h), 704.82 (12h), and 723.70 cm-1 

(24h). The absorption at this specific peak is indicated 

as the symmetric vibration of the T-O-T bonds in the 

tetrahedral building unit of the zeolite TO4. Another 

sharp absorption with strong intensity is also detected 

in the wavenumber range of 420-500 cm-1, 

specifically at 430.36 (without aging), 430.63 (6h), 

439.40 (12h), and 463.44 cm-1 (24h). In this absorption, 

it can be identified as the bending vibration of the T-

O bonds [27]. 

In the wavenumber range of 500-650 cm-1, a 

reasonably sharp absorption with weak intensity is 

detected at 550.20 and 622.92 (without aging), 

596.54 (6h), and 596.95 cm-1 (12h). However, no 

absorption is detected at the 24-hour aging period in 

this wavenumber range. Absorption in this 

wavenumber range indicates the vibration of double 

rings (D4R or D6R) in the zeolite structure [27]. 

According to the research by Jatarit and coworkers 

[35], the absorption detected at a wavenumber 

close to 567 cm-1 can be identified as the vibration of 

the double-ring unit 6 (D6R). Meanwhile, according 

to Król and coworkers [36], the absorption detected 

at a wavenumber close to 592 cm-1 indicates the 

vibration of the double-ring unit 4 (D4R). 

Subsequently, in the wavenumber range of 1400-

1467 cm-1, only a weak intensity absorption is 

detected under the condition without aging, 

specifically at 1450.56 cm-1. This absorption indicates 

the vibration of the Na-T bond. Then, in the 

wavenumber range of 3300-3600 cm-1, a broad and 

weak intensity absorption is detected at 3502.27 

(without aging), 3502.16 (6h), 3488.84 (12h), and 

3451.71 cm-1 (24h). The absorption in this 

wavenumber range represents the stretching 

vibration of the -OH groups in the silanol Si-OH [30, 

32].  

The specific peaks identified in the synthesis results 

for various aging times are almost identical to those 

obtained for various hydrothermal times. Detecting 

particular peaks in the fingerprint region, namely in 

the ranges of 950-1250, 650-720, and 500-650 cm-1, 

confirms the formation of the zeolite framework 

structure in the synthesis results. The consistency 

between the zeolite synthesis results under 

hydrothermal and aging conditions indicates the 

production of zeolites with a SOD framework structure 

in both cases. 
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Table 3 Interpretation of zeolites synthesized at aging time effect based on the IZA database 

 

IZA Database Aging time (hours) 

SOD Framework 0h 6h 12h 24h 

2q° r.i (%) 2q° r.i (%) 2q° r.i (%) 2q° r.i (%) 2q° r.i (%) 

13.95 100 13.9 100 
13.43 76.35 

13.37 100 
- - 

13.88 100 - - 

- - 18.5 5.59 18.58 36.1 18.59 44.83 - - 

- - - - 22.93 56.52 22.94 57.35 - - 

24.29 41.82 24.20 84.94 24.16 73.85 - - - - 

- - 27.45 5.41 27.23 28.71 - - - - 

- - - - 29.60 36.52 29.55 58 - - 

34.63 11.5 34.40 17.19 - - - - - - 

42.75 4.74 42.63 25.65 42.55 21.82 - - - - 
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Figure 5 XRD patterns of zeolites synthesized at various aging 

times 

 

 

Figure 5 shows the XRD patterns of all samples with 

varying aging times, namely 0, 6, 12, and 24 hours, at 

2θ angles in the range of 5-80°. The zeolite synthesis 

product, without aging, produces a diffractogram 

with excellent crystallinity and minimal amorphous 

phase. Dominant peaks with strong intensity are 

observed at 2θ angles of 13.9°, 24.20°, 34.40°, 42.63°, 

along with weak intensity peaks at 18.5°, 27.45°, 

51.76°, and 69.19°. Similarly, nearly identical peaks 

are detected in the synthesis results with a 6-hour 

aging time, with dominant peaks at 2θ angles of 

13.88°, 18.58°, 22.93°, 24.16°, 27.23°, 29.60°, and 

42.55°, exhibiting fairly strong intensity. However, the 

diffractogram obtained after 12 hours of aging 

produces less satisfactory results and exhibits an 

amorphous phase. Nevertheless, some weak intensity 

peaks are detected at 2θ angles of 13.37°, 18.59°, 

22.94°, and 29.55°. In contrast to other 

diffractograms, the diffractogram at a 24-hour aging 

time does not yield specific peaks and maintains an 

amorphous phase. This indicates the presence of 

incomplete aluminosilicate precursors in the 

crystallization stage. 
Based on the analysis results using X'pert 

Highscore Plus software, the diffraction pattern of the 

sample without aging is identified as Zeolite ZK-14 

with a SOD framework. This interpretation is supported 

by the ICSD 201587 and COD 96-152-9731 as 

reference databases. The IZA database further 

substantiates this finding in Table 3. 
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Figure 6 The effect of aging time on %yield, crystallinity, and 

average crystal diameter in zeolite synthesized 

 

 

The difference in aging time during the synthesis 

process significantly influences the crystallinity of the 

zeolite product. Still, it does not have a pronounced 

effect on the percentage of the product (%yield) 

generated. The synthesis process without aging with 

a hydrothermal time of 24 hours yields a good %yield 

and crystallinity, namely 37.83% and 43.96%, 

respectively. Under the same conditions with a 6-hour 

aging time, the %yield is 41.99%, and the crystallinity is 
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35.85%. Subsequently, at 12 hours of aging, the %yield 

is 37.16%, and the crystallinity decreases to 20.12%. 

Meanwhile, with a 24-hour aging time, the %yield is 

41.44%, and no crystalline phase is detected. 

Figure 6 shows that under the same synthesis 

conditions (48 hours of hydrothermal time, T=150°C) 

with different aging times, the %yield of the resulting 

product does not significantly impact. However, it 

significantly influences crystallinity and the average 

crystal diameter. The longer the aging time under the 

same hydrothermal conditions, the lower the 

crystallinity and average crystal diameter. 

This is supported by the diffraction patterns in 

Figure 5, indicating that a longer aging time results in 

an increased amorphous phase and a decrease in 

the specific peaks detected from crystals. The 

formation of a zeolite framework structure occurs 

when nucleation takes place in the gel during aging. 

The crystal growth rate will decrease during aging, 

and the nucleation rate will increase to form the 

zeolite framework [37]. In addition to reduced 

crystallinity, the crystal diameter does not tend to 

increase with longer aging times. The growth of 

crystallinity and crystal diameter will always be 

directly proportional, as both are influenced by the 

same factor: the crystal growth rate. 

If not supported by an optimum crystallization 

time, the formed crystals will have low crystallinity or 

may only create an amorphous phase [31]. This is 

evidenced by the diffraction pattern in Figure 5, 

which shows that the 24-hour aging time with a 48-

hour crystallization time is insufficient to form a stable 

crystalline phase of zeolite. Moreover, the aging 

process is crucial as it determines the initial phase of 

the zeolite framework that will be formed [31]. 

 

 

4.0 CONCLUSION 

 
Silica and Alumina, extracted from CFA, have been 

successfully used as the main materials for 

synthesizing zeolite. The composition obtained is 

42.04% Al2O3 and 53.42% SiO2, compared to the initial 

values of 16.76% Al2O3 and 30.84% SiO2. Utilizing these 

materials, zeolite ZK-14 with a SOD framework 

structure has been successfully synthesized, as 

confirmed by FTIR and XRD analyses. The variation in 

hydrothermal and aging times significantly influences 

the resulting zeolite crystals. Longer crystallization 

times lead to increased %yield, crystallinity, and 

crystal diameter due to the influence of crystal 

growth rates during the crystallization process. 

However, prolonged aging times, without a 

corresponding increase in crystallization time, may 

decrease crystallinity and crystal diameter, tending 

to remain in the amorphous phase. This is attributed 

to the prolonged nucleation formation period, 

leading to numerous amorphous aluminosilicate ions 

forming. 
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