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Abstract: Zeolites are aluminosilicate microporous crystals with intrinsic properties of acidity, high surface area, high thermal 

stability, and shape selectivity. Synthetic zeolite is engineered to obtain a better character than natural zeolite. High Silica synthetic 

zeolite is hydrophobic. It can interact with non-polar molecules. This study aims to determine the effect of hydrothermal time on the 

character of high silica Sodalite. The synthesis is preceded by a sodium aluminate solution reacted with sodium silicate at a Si/Al 

20 mole ratio. The gel was heated using the hydrothermal method in an autoclave at 200 °C for 12, 18, 24, and 48 hours. 

Furthermore, the hydrothermal product was neutralized, dried, and analyzed using X-ray Diffraction (XRD) and Fourier Transform 

InfraRed (FTIR). The FTIR analysis shows that all products of hydrothermal time variations have O-T-O bending vibration 

absorption at wavenumber 500-420 cm-1 and Single four-ring (S4R) at 650-500 cm-1. Internal asymmetric stretching vibrations of 

O-Si-O or O-Al-O at wavenumbers 1250-950 cm-1. Based on FTIR deconvolution, the increase in hydrothermal time causes the Si-

OH/Si-O-Si ratio to decrease, which indicates an increase in hydrophobicity. The XRD analysis showed that the hydrothermal time 

products of 12 and 18 hours were still amorphous, while the hydrothermal times of 24 and 48 produced crystalline products, but the 

intensity was still low. 
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1. INTRODUCTION  

Zeolite Sodalite (SOD) is a zeolite material obtained as a 

single crystal. Sodalite is an important host molecule for 

creating a simple periodic arrangement of various types of 

synthetic zeolites. Sodalite is not only a framework for zeolite 

A (LTA), but zeolite is a skeleton building unit for other types 

of zeolites. Sodalite is one of the ten types of framework 

CRCs (compound-related cancrinite and sodalite). The 

difference is the aluminosilicate framework, composition and 

distribution of components in the extra-framework [1]. 

In general, zeolites are divided into two, namely natural 

zeolites and synthetic zeolites. Natural zeolites usually 

contain K+, Na+, Ca2+, or Mg2+ cations, while synthetic 

zeolites usually only contain K+ or Na+ cations. In natural 

zeolites, the presence of water molecules in the pores and free 

oxides on the surface such as Al2O3, SiO2, CaO, MgO, Na2O, 

and K2O, can cover the pores or active sites of the zeolite to 

reduce adsorption. capacity and properties of zeolite catalysts. 

One type of synthetic zeolite is a zeolite with a high silica 

content, this type of zeolite absorbs non-polar molecules so it 

is very well used as an acid catalyst for hydrocarbons. The 

type of zeolite is Sodalite zeolite with high silica [2].  

Luo et al. [3] have researched he synthesis of Sodalite without 

a template, the method used is the hydrothermal method. The 

hydrothermal process was carried out at 100 °C for 18 hours. 

In this study, coal fly ash was used as a source of silica and 

alumina, while the FTIR, XRD and SEM characterizations 

were used. The results showed that Sodalite with high 

crystallinity at the crystallization time of 12 hours, SEM 

showed a change in morphology from fly ash to Sodalite 

which was initially in the form of fine and round particles and 

amorphous morphology to petals and the particle size was 

around 1μ. 

Mohiuddin et al. [4] synthesized zeolite by hydrothermal 

method using kaolin from Grahams City, South Africa, at 

hydrothermal time variations of 120, 150 and 190°C with time 

variations of 24, 48 and 96 hours. The results obtained 

indicate that temperature and time are very important for the 

formation of crystallinity, zeolite purity and optimal 

conditions are at 150°C and 48 hours. At 120 °C the gel 

mixture remains largely amorphous and at 190 °C the zeolite 

changes to a more stable phase such as quartz. Crystallization 

time was also shown to influence the physical properties of 

the zeolite, where the optimal temperature at 150°C and 48 

hours showed a hexagonal-shaped lump morphology with 

crystal sizes ranging between 1 and 5 m.  

The synthesis of sodalite from kaolinite using hydrothermal 

temperatures at 200 -800 °C for 5 minutes to 60 minutes has 

been carried out by Song et al. [5]. The results show that at 

high temperatures 700 °C – 800 °C the sodalite contain are 

higher. Hartanto et al. [6] used kaolin from Bangka, 

Indonesia, as a source of aluminium and silica in the synthesis 

of high-silica zeolite, without an organic template but using a 

seeding technique with variations in the H2O/SiO2 molar ratio 

15, 25, 30, and 35. The hydrothermal process was carried out 

at 175°C for 72 hours. In this study, it has been proven that 

kaolin from Bangka, Indonesia can be used as a source of 

aluminum and silica in zeolite synthesis without using an 

organic template, indicating that zeolite synthesis takes place 

optimally with a molar ratio of H2O/SiO2 30, has the largest 

crystallinity 59.44% and crystal size 3.795 μm. 

Sriatun et al. [7] have investigated the manufacture of zeolite 

from bagasse ash using the hydrothermal method at a 

temperature of 100 °C for 3 days. In this study, a high Si/Al 
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ratio (15 and 25) resulted in NaP1 type zeolite. In another 

study, sodalite with a high Si/Al 30 ratio also has been 

synthesized hydrothermally at a temperature of 200 °C for 24 

hours [8]. 

Wei et al. [9] have researched the effect of Si/Al ratio on acid 

site accessibility and catalytic performance in 2D and 3D MFI 

Zeolite. the method used is the hydrothermal method, at a 

temperature of 180 °C for 48 hours. Meanwhile, the ratio of 

Si/Al was varied with ratios of 15, 30, 50 and 87. The results 

showed that when the Si/Al ratio increased, the ratio of the 

number of strong acid sites decreased, while the average 

strength and accessibility of acid sites increased. 

Jiang et al. [10] conducted a study in which high silica zeolite 

synthesized from palygorskite (PAL), previously used PAL 

was prepared with acid as the source of silica and aluminium. 

The method used in this research is hydrothermal and using a 

template tetrapropylammonium bromide (TPABr), the 

hydrothermal process is carried out at 180 °C for 48 hours. 

The results showed that the high temperature and length of 

hydrothermal time were beneficial for the transformation of 

PAL into zeolite as well as increasing the crystallinity of the 

zeolite. High silica sodalites have also been successfully 

prepared using TPABr and CTABr templates bt the 

hydrothermal method at 200 °C for 24 hours [8]. Meanwhile,  

mesoporous sodalite has been prepared using inorganic salts 

by hydrothermal method at 90 °C for 36 hours [11]. Even 

hydroxy sodalite has been developed through the pore-

plugging hydrothermal (PPH) method [12]. 

Based on this background, this report examines the effect of 

hydrothermal time on the character of high silica Sodalite. 

2 METHODOLOGY 

Tool: Analytical balance Ohauss, Autoclave, Whatman 

42 filter paper, Teflon container, pH meter, hot plate 

JLabTech, magnetic stirrer, oven Shimadzu. X-Ray 

Diffraction (XRD) (Philip Analytical JOEL JDX-3530), 

Fourier Transform Infrared Spectroscopy (FTIR) (Shimadzu). 

Material: Aquadest, sodium silicate (Merck), Sodium 

hydroxide (Merck), Aluminum hydroxide (Merck, powder).  
 

Synthesis of high silica sodalite: Sodalite was 

synthesized by hydrothermal method with the Si/Al 20. First, 

NaOH was dissolved with aquabidest. After the NaOH 

dissolves, Al(OH)3 is added by heating until dissolved. Then 

sodium silicate solution was added. The mixing was carried 

out with a magnetic stirrer at room temperature. The result is 

an aluminosilicate gel which is then stirred to form a thick 

solution. The mixture was transferred to an autoclave and 

heated at a temperature of 200 °C for 12 hours, 18 hours, 24 

hours, and 48 hours. The product from the autoclave was 

filtered and washed with distilled water until neutral. The 

product as a white solid was dried at 90 °C for 2 hours. 

Product characterization  using X-ray Diffraction (XRD), and 

Fourier Transform Infra-Red (FTIR).  

3 RESULTS AND DISCUSSION 

3.1   Product Crystallinity  

 

Characterization using XRD instruments aims to 

identify the crystalline phase of the product and determine the 

type of mineral constituent. After the synthesis process, XRD 

identification results were obtained from samples of high 

silica Sodalite zeolite with a ratio of 20:1 at 200°C with time 

variations of 12 hours, 18 hours, 24 hours, and 48 hours. The 

results of the XRD diffractogram are shown in Figure 1. 

The diffractogram of the XRD test results in Figures 1 

shows that at the hydrothermal time variation of 12 hours and 

18 hours, no crystal peaks were formed, even though at 12 

hours 1 very low peak appeared sample was still amorphous. 

From the graph of the diffractogram, it can be seen that the 

crystallinity peak began to be seen at the 24-hour 

hydrothermal time variation and showed the most optimal 

crystal peak at the 48-hour hydrothermal time variation. This 

is in accordance with the research conducted by Mohiuddin, 

et al. [4], the results of the study show that hydrothermal time 

greatly affects the crystallinity and the resulting zeolite 

product. Hydrothermal time affects the occurrence of 

nucleation and crystallization of zeolite synthesis results. 

 

 
 

Fig. 1. Synthesized high silica sodalite XRD diffractogram at 

time variation S: Standard, A: 12 h, B: 18 h, C: 24 h, 

D: 48 h 

 

Based on Figure 1, the overall crystallinity of the 

synthesized High Silica Sodalite is still quite low. Therefore, 

to find out more about the types of zeolites, a manual 

qualitative analysis is needed. XRD of synthesized zeolite 

Sodalite was compared with XRD of standard zeolite Sodalite 

obtained from RRUFF ID R060436 at a diffraction angle of 

2θ = 14.1°; 24.5°; 31.9°; 35.1° and 43.2° which are typical 

peaks of Sodalite zeolite. The diffraction angle data of 

synthesized high silicate Sodalite and sodalite RRUFF ID 

R060436 are presented in Table 1. 

 

Table 1. The diffraction angle data of synthesized high 

silicate Sodalite 

Diffraction 

High silica sodalite Sodalite 

RRUFF 
12 18 24 48 

- - 14.05 14.28 14.1 

- - 24.37 24.70 24.5 
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angle (2θ) 

(°) 
- - 31.57 32.0 31.9 

- - 34.69 35.22 35.1 

- - 43.59 43.43 43.2 

 

The crystallinity of the synthesis product increased with 

increasing hydrothermal time. The hydrothermal process for 

48 hours produces high silica Sodalite synthesized with the 

best crystallinity. These data indicate that the longer the 

hydrothermal time is carried out, the better the energy and rate 

of formation of zeolite crystals. 

 

3.2. FTIR characterization results 

  Qualitatively, Infrared (IR) spectrophotometer 

characterization aims to identify the functional groups present 

in the synthesized high silica Sodalite zeolite and to determine 

the formation of the alumina silicate zeolite framework 

structure. In general, zeolites have a typical absorption region 

around the wave number 400-1400 cm-1 which refers to the 

fundamental vibration of the tetrahedral framework (Si and 

Al). Where these units are zeolite framework development 

units. The vibration of 400-1400 cm-1 also provides 

information about the composition and condition of the 

SiO44- or AlO45- tetrahedral in the synthetic zeolite [13]. The 

results of the IR spectra are shown in Figure 2. 

 

 
 

Fig. 2. FTIR spectra of synthesized high silica sodalite A: 12 

h, B: 18 h, C: 24 h, D: 48 h 

 

 Figure 2 shows strong absorption at wavenumbers 1027, 

1023, 1025, and 1019 cm-1, for 12 h, 18 h, 24 h, and 48 h 

respectively.  Strong absorption in this range is a 

characteristic of internal asymmetric stretching vibrations, 

namely the O-Si-O or O-Al-O asymmetric strain of the zeolite 

framework [14]. 

 The absorption band at wavenumbers 720, 715, 690 and 

720 cm-1 indicate the external symmetrical stretching of O-Si-

O or O-Al-O. The peak spectra in this region are typical peaks 

of zeolite which are sensitive to changes in structure and 

composition. zeolite framework [13]. The absorption at 

wavenumbers 454, 450, 450 and 459 cm-1 indicate a 

tetrahedral internal bond, namely bending vibrations of O-Si-

O or O-Al-O. Meanwhile, the peak at wavenumbers 597, 595, 

583 and 599 cm-1 indicate the external vibration of Single 4 

ring (S4R) in the zeolite framework structure. 

The absorption formed in the 3600-3100 cm-1 region is 

identical to the O-H bending vibration. The O-H group is 

owned by zeolite in the form of Si-OH as well as other groups 

that may still be left from the synthesis process. This can be 

strengthened by the absorption of 1670-1600 cm-1 which is 

the peak absorption of H2O. 

 Meanwhile, quantitative analysis of FTIR is used to 

determine the magnitude of the change in intensity and to 

determine the effect of functional groups. For this reason, the 

FTIR spectra were deconvoluted using the Fityk application 

program by comparing the area of a particular cluster. The 

area is calculated using the Gaussian method with the same 

HWHM value for each peak component. The graph of the 

processing results with the Fityk application can be seen in 

Figure 3. 

 

 
Fig.3. FTIR deconvolution of synthesized high silica sodalite  

           I: Si-OH area, II: Si-O-T area, III: Si-O or Al-O area 

 

 The ratio of Si-OH/Si-O-Si is equal to the area of Si-OH 

(deconvolution peak I) divided by the area of Si-O-T (peak 

deconvolution II). While for the deconvolution peak III is the 

peak of the bending vibration of the T-O group where Si-O or 

Al-O. The results of the calculation of the area are presented 

in Table 2. 

 

Table 2. The Si-OH and Si-O-Si deconvolution and                 

Si-OH/Si-O-Si ratio of high silica sodalite 

Hydrothermal 

Time (hours) 

Area 
Si-OH/Si-O-Si 

Ratio 

Si-OH Si-O-Si  

12  953.436 11267.7 0.084617 

18  878.454 11242.3 0.078138 

24  590.752 10955.8 0.053921 

48  542.109 11496.6 0.047154 
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 Table 2 shows the extension of the hydrothermal time, 

the ratio of Si-OH/Si-O-Si decreased. This means that the 

number of Si-OH groups is much less than the Si-O-Si groups 

in that time variation. The Si-OH group is easy to interact with 

water due to the presence of the –OH group. The more Si-OH 

groups formed, the more amorphous the phase is because it is 

more soluble in water. Meanwhile, the more Si-O-Si groups 

formed, the more the framework structure of the zeolite and it 

can be ascertained that the crystalline phase also increased. 

The results of the lowest Si-OH/Si-O-Si ratio are at 48 hours 

variation, this is directly proportional to the data obtained by 

XRD where 48 hours variation has the best crystallinity. 

 

4   CONCLUSIONS 

 

 Based on the description of the results and 

discussion, it can be concluded that the hydrothermal time 

greatly affects the crystallinity and structural properties of 

high silica sodalite. At a Si/Al ratio of 20 and a hydrothermal 

time range of 12 h, 18 h, 24 h, and 48 h and a temperature of 

200 °C, a hydrothermal time of 48 hours produced high silica 

Sodalite with the best crystallinity and hydrophobic 

properties, where this obtained the smallest of Si-OH/ Si-O-

Si ratio is 0.047. 
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