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Abstract: The hydrothermal synthesis method is one of the successful methods for transforming kaolin 

into sodalite with various parameters considered. The variation of alkalinity source of 2-3 Molarity of 

sodium hydroxide and crystallization time (12-16 hours) was considered an important parameter that 

influences the formation of sodalite. It is reported in this research that the process of synthesizing 

sodalite to transform into an amorphous stage (Metakaolinization phase) began with beneficiation of 

kaolin to remove the impurities and calcination by 6500C for four hours. The synthesis was done through 

an aging process (400C, 24 hours), and the crystallization temperature was 1000C. The kaolin was 

characterized by XRD, FESEM, FTIR, PSA, TGA, followed with metakaolin by XRD, FESEM, FTIR, 

and the end-product by XRD, FESEM, FTIR, and PSA. The crystallinity percentage of sodalite slightly 

increased by increasing the molarity and crystallization time, but quartz remains in the end-product. 
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1. Introduction 

Sodalite [SOD] can be identified as an idealized zeolite framework [1]. Sodalite is a 

microporous crystalline tectosilicate with a general composition of Na8[AlSiO4]6[x]2, where x 

is the guest anion monovalent [2]. Sodalite (Na8[(Al6Si6O24)] Cl2) has a three-dimensional 

structure of a "cage"[3] that can naturally contain halogen salts. Sodalite can be natural or 

synthetic, much like zeolite. To explore their crystal chemistry and properties, synthetic 

counterparts are manufactured on an industrial scale for specific uses or prepared in a 

laboratory [1,2]. For purposes of definition, another part of the zeolite community excludes 

sodalites from the class of zeolite-type structures. SOD has a framework density of 16.7 T/1000 

Å3 and is thus an open framework since it comprises only 4- and 6-rings. The zeolite group 

usually finds zeolites only open frameworks with an n-rings aperture of n > 6 [4] as a "semi-

condensed" tetrahedral framework structure. Despite the classification problem, sodalite 

[SOD] belongs to a class of crystalline microporous tetrahedral network structures that span a 

3D framework enclosing void of at least 2.5Å diameters [5]. From Linus Pauling's seminal 
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work on the X-ray structure determination of the mineral sodalite [6], the structural details of 

sodalite have been known for about 75 years. 

To produce a range of materials with specific and industrially attractive properties, 

sodalites can be modified. Hydrosodalite, Na6[AlSiO4]6.8H2O, [7,8] with anion at the center of 

the cage substituted by water molecules is a sodalite alteration. Therefore, only three sodium 

ions per cage are required to counterbalance the charge on the aluminosilicate structure. The 

cubic structure of hydrosodalite is a =8.9 Å. The structure and properties of various cation-

exchanged hydrosodalites (Li, K, Mg, Ca) prepared with the appropriate metal nitrate by ion 

exchange of Na6[AlSiO4]6.8H2O [9] have been investigated. SOD has a cubic structure 

containing only β-cages consisting of eight alternating AlO4 and SiO4 tetrahedra 6-membered 

rings and six 4-membered rings; the free dimension of the inscribed β-cage sphere is 6.6 Å, 

and access to the cage is ~2.2 Å [10] through the 6-membered ring window (channel). 

For its potential application, sodalite has attracted considerable attention, such as 

optical material [11], waste management [12], hydrogen separation [13], and catalyst support 

[14]. Natural sodalite mainly holds chloride anions in the cages, but they can be substituted 

with other minerals in the sodalite group representing end-member compositions, such as 

sulfate, sulfide, hydroxide, trisulfur, etc. Some natural mineral materials have been used for 

sodalite synthesis. For example, by the solid transformation of Al2O3 pillared clay in the 

alkaline solution, nano-sized sodalite crystal was obtained [15-16], perlite [17] was 

transformed by the alkaline hydrothermal method into a micro-sized sodalite crystal or sphere. 

Among other sources of sodalite natural mineral material, kaolin material containing 

predominantly kaolinite appears to be a more promising substance for sodalite synthesis 

because it consists of high Si, Al as the key sources of zeolite synthesis; is cheap and also easy 

to be obtained in Malaysia. 

Kaolinite has its chemical formula, Al2Si2O5(OH)4. Other minerals can exist in 

kaolinite, such as quartz, illite, mica, feldspar, and other impurities [18]. The bonded SiO4 

tetrahedral sheet and bonded Al(OH)4 octahedral sheet construct the structure of kaolinite, 

which means that the octahedral and tetrahedral sheets are in repeated stacking orders [19]. 

Kaolinite has a crystal tri-clinic system and a layer of 7.13 Å units. The bonding is weak 

between the units, but the bonding is strong between the repeating units. Kaolin clay is very 

easy to spread in [20] since it has a low heat conductivity hydrophilic feature and a pH scale is 

between t 4-9. When undergoing the process of metakaolinization, the features of kaolin cause 

it to be very reactive. Metakaolinazation is a mechanism where the hydroxyl group is lost, and 

a chemical transition occurs while the kaolin is heated at a certain temperature level. 

Calcination rearranges the octahedral layer to the tetrahedral layer [21]. The temperature and 

time of calcination differ, and this step makes the layer of arrangement very unstable. A 

temperature of between 550-600 ° C is normally selected, and the process becomes more stable 

before 900 ° C, but at 1050 ° C [22], the mullite process will occur. The factors for checking 

the suitability of kaolin to be transformed into zeolite [22] are the location and geological 

phenomena of kaolin. Usually, the hydrothermal technique is used for sodalite, hydrosodalite, 

and zeolite synthesis.  

Hydrothermal synthesis, which is the mild critical reaction and the supercritical 

reaction, can be divided into two categories. The temperature from 100 ° C to 240 ° C is used 

for the mild critical reaction, while the supercritical reaction can exceed 1000 ° C. Zeolitic 

products are typically synthesized by alkali activation of an aluminosilicate, and the phase of 

the compound is highly influenced by the processing conditions used. The following processing 
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conditions have been shown to support hydrosodalite over the formation of other zeolitic 

phases: synthesis time between 24 and 72 h [23]; solid: liquid ratios > 5 [24]; NaOH solution 

concentrations > 3 M and synthesis temperatures between 150 and 200 ° C [25]. Hydrothermal 

synthesis is by far the most commonly used method [25], while more complex methods of two-

step synthesis involving alkaline pre-fusion at elevated temperatures have also been used [26]. 

It is also normal for calcining kaolinite to form metakaolin by heating above 600 ° C in order 

to improve reactivity prior to synthesis [27]. Synthesis routes typically use an excess amount 

of NaOH solution, even for hydrosodalite that prefers low solid: liquid ratios [23], which makes 

them incompatible for extrusion processing. This technique is often used for ceramic 

production. Given that both calcination and mid-temperature synthesis involve an additional 

heating step, a low-temperature synthesis route without thermal pre-treatment could be 

desirable for energy reduction and practicality. Previously, the proportion of stages of the 

kaolinite reaction with sodium hydroxide was investigated in relation to the nature of the 

kaolinite used [28] or the addition of different volumes of activating solution at the given pH 

[29]. Although proof of concept for non-hydrothermal synthesis has been shown by Heller-

Kallai and Lapides[30], a systematic understanding of the reaction has not previously been 

established for these conditions. A lower temperature and atmospheric synthesis path will make 

processing cheaper and consume less energy. 

In this study, sodalite was synthesized from low-grade Johor kaolin with a Molarity of 

NaOH, 2-3, and 12-16 hours of crystallization time at 100°C temperature. They were 

characterized from kaolin, metakaolin, and sodalite using XRD, FESEM, FTIR, TGA to see 

the transformation from kaolin to sodalite. 

2. Materials and Methods 

2.1. Material. 

At Jemaluang, Mersing, Johor, a Johor kaolin sample was obtained. The raw kaolin 

collection site was the venue where the mining operations took place. The raw material of 

kaolin needs a pre-treatment process because of the greater lumpy size condition. The lump-

size kaolin must be extracted by crushing and grinding. A ball milling machine is used for 

crushing the lump-size kaolin during this process. The beneficiation process will further treat 

the crushed kaolin. The primary purpose of the raw material undergoing beneficiation was to 

increase and improve kaolin's physical and chemical properties. 3 kg of crushed kaolin was 

soaked in a 15-liter container which contained 10 liters of distilled water for one week. The 

soaked kaolin was regularly mixed. The positive result of the gain was that, after stirring, the 

kaolin would settle. The floating soil was decanted along with the supernatant, and all solid 

particles were collected by handpicking during decantation. The continuation of this approach 

has ensured that no solid layer at the bottom of the container existed. The fine particles 

suspended in water were dried for one day at room temperature and then sifted using a 63-

micron mesh. The sieve particles were then kept for 12 hours in a drying oven. The kaolin raw 

material collected from the recipient phase was subsequently analyzed and distinguished by 

physical and chemical components. The Qre company was responsible for providing the 

sodium hydroxide. 
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2.2. Synthesis procedure. 

The kaolin was placed in the crucible for the metakaolin process and heated for 4 hours 

in the oven at a temperature of 650 °C [31]. Approximately 3 g of metakaolin was weighted 

and steadily combined in a beaker with the 2 M 60 mL NaOH dilution solution. The work of 

Chandrasekhar and Pramada [32] was the basis of the composition of the prepared reaction 

mixture. The mixture was stirred for 24 hours at 40 °C for the aging process. The mixture was 

mixed in an enclosed place to avoid evaporation. After aging, the solution for the crystallization 

process was instantly moved to the 100mL Teflon line autoclave. 100 °C temperature was 

chosen for the crystallization process with different interval times (12 hr and 16 hr). Next, on 

a cold-water plate, the mixture will quickly cool down. At the end of the procedure, the 

supernatant was collected and washed until the pH was below 10. In the end, the last solid 

remains were dried in the oven at 60 °C for 12 hours. Figure 1 shows the illustration of the 

hydrothermal method. 

 
Figure 1. Illustration of the hydrothermal method.  

2.3. Characterization methods. 

The particle size analyzer by Mavern Mastersizer 2000 was used to measure the particle 

size of raw kaolin and synthesized zeolite. The characterization and phase material of all 

samples for this study used advanced XRD Bruker D8 with a 40 kV scaled copper tube. 

Diffraction is the principal technique for characterizing zeolite. The sample was made up of 

powder. The angle selected for the diffraction of the sample was 2θ = 10-90 °. The powder was 

prepared at room temperature, and it was placed in the holder, making it smooth. The usage of 

XRD is usually meant to determine the presence of crystalline zeolite [33]. The XRD appeared 

as the unit cell parameter of the zeolite [34]. A special software (Xpert High score) and Rietveld 

fitting were used for the structural evaluation of the sample. For regulated atmospheres such as 

air and oxygen, TGA is a method of calculating changes in the weighted sample as a function 

of temperature and time. The TGA has many applications, including calculating thermal 

material and the moisture content of a material. For the purpose of this study, TGA analyzed 

the material composition and thermal stability of raw kaolin at room temperature until 1000 oC 

with a heating rate of 10 oC/min using nitrogen gas. The FTIR usage strategy is similar to XRD. 

FTIR calculated the vibration related to the external tetrahedral linkage and internal stretching 

of the tetrahedral structure. FTIR is widely used to classify chemical compounds. FTIR was 

conducted in the 400-4000 cm-1 range. Using FTIR, the power association of raw kaolin, 

metakaolin, and zeolite was investigated. Field emission scanning electron microscopy 

(FESEM) provided elementary and topographical information with unlimited depth at 

magnifications of 10x to 300 000x. A smoother image and less electrostatically blurred image 

will be created by FESEM compared to SEM. 
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3. Results and Discussion 

3.1. Particle size analysis (PSA) of kaolin. 

After the beneficiation process, the dried kaolin sample was acquired for further 

analysis, and a 63 μm mesh was used to sieve the sample. The particle size test was conducted 

three times with a 7 percent adsorption rate for each scan. The average produced will be 

improved, and more precise outcomes can be obtained. For Johor kaolin, the mean diameter 

reported at the end of the result was 712±0.2 nm, as shown in Figure 2. The finding is tallied 

with Yahaya et al., [35], with a scale of 0.4-0.75 μm for the kaolin. 

 
Figure 2. Particle size analysis of kaolin. 

3.2. X-ray diffraction analysis (XRD) analysis of kaolin. 

The findings of the mineralogical review of X-ray diffractogram (XRD) for Johor 

kaolin were consistent with those obtained by Chin et al. [36]. There may be variations in 

kaolin's percentage and mineral content due to the different areas of origin, albeit in the same 

state. In addition, the method of kaolin beneficiation provided a stronger outcome for further 

processing of kaolin into sodalite. A sharp plateau at 2θ=26.645 for Johor kaolin is perfectly 

suggested for the quartz process with ICSD pattern number 98-001-7535, as shown in Figure 

3. While the peak of kaolinite 1A appeared at 2θ= 12.402 and 24.952, referring to ICSD pattern 

number 98-001-2946.  

  

Figure 3.  XRD analysis of kaolin. 
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In kaolin samples, a relative similarity in peak positions was found, as seen in Table 1. 

For the reasons reported by Johor kaolin, the high percentage of quartz against kaolinite 

obtained from the XRD study is not far from the predicted percentage [37]. The geological 

composition of Johor kaolin, on the other hand, was dominated by metasediments from the 

early years of earth change [38], a repetitive series of mainly argillaceous rocks of very fine-

grained materials. In addition, the presence of kaolinite makes it possible to transform it into 

sodalite under the hydrothermal method. 

Table 1. Position, peak intensity, miller indices, and phase analysis of Johor kaolin. 

No h k l 2 theta Intensity (a.u) Element 

1 0 0 1 12.402 2791 Kaolinite 1A 

2 0 1 0 19.89 1204 Kaolinite 1A 

3 0 1 0 20.870 6703 Quartz 

4 0 0 2 24.952 1302 Kaolinite 1A 

5 0 1 1 26.645 21059 Quartz 

6 2 1 2 38.558 516 Kaolinite 1A 

7 1 1 0 36.565 1868 Quartz 

8 0 2 0 42.475 1111 Quartz 

9 2 1 3 45.668 372 Kaolinite 1A 

10 1 1 2 50.148 2244 Quartz 

3.3. Field emission scanning electron microscopy (FESEM) analysis. 

Johor Kaolin's FESEM photos are shown in Figure 4. The typical structure of kaolinite 

was demonstrated in the FESEM photo. The raw kaolin clay revealed a layered crystalline 

morphology from the images that confirmed early studies by Ariffin et al. [38], Belviso et al. 

[39], and Baioumy [40] on kaolin Malaysia variation in mineralogy. Further micrograph 

analysis found embedded irregular platelets and poorly defined flakes containing sub-rounded 

particles in all samples. 

 

Figure 4. FESEM image of kaolin. 

As seen in Figure 5, the findings were further confirmed on an EDX analyzer, 

demonstrating the presence of Si, Al, and O in the Johor kaolin sample as extreme peaks. More 

notably, in the Johor kaolin range, a moderately high Si peak with a much higher peak was 

found in both spectra. This finding substantiates, as shown in Figure 2, the result mentioned in 

the XRD diffractogram. The presence of Si indicates the silica content of the two clays of 
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kaolin [41]. The highest recorded peak was attributed to the formation marked by a high 

quantity of quartz in the Johor kaolin. 

 

 

 

Element 
Atomic (%) 

Johor Kaolin 

O 71.76 

Al 8.13 

Si 20.10 

Figure 5. EDX analysis of kaolin. 

The kaolin samples were collected from a secondary geological deposit formed in the 

presence of water due to alterations of aluminosilicate rocks [42]. There was a strong market 

for the presence of crystalline silica, better known as quartz, used in refractories and ceramic 

ware because it was a silica glass in its amorphous state [43]. On the contrary, the presence of 

quartz was a major drawback for the application of kaolin in the synthesis of zeolite, sodalite, 

and hydrosodalite, especially at a high percentage.  

3.4. Fourier Transform Infrared Spectroscopy (FTIR) analysis. 

The FTIR spectrum of the kaolin sample for Johor is shown in Figure 6. The spectrum 

300-1300 cm-1 band region of kaolin clay was devoted to the molecular structure of kaolinite 

[44,45]. According to Kovo and Holmes [46], the starting Al-O bending mode was 

approximately 800 cm-1, equipped with the Johor kaolin vibration and bending mode. The Si-

O stretching was described at 460 to 700 cm-1, possibly the same as a previous study, which 

observed a sharp peak at 698 cm-1 as Si-O [47]. Furthermore, Kovo and Holmes [46] identified 

the bands as Si-O stretching at 700 cm-1 and 1033 cm-1 while bands are located between 3610 

and 3695 cm-1 due to hydroxyl groups [44]. However, the bands representing the Johor kaolin 

hydroxyl groups are 3615 to 3692 cm -1, suggesting the hydrophilicity property of most kaolin 

[44]. 

It has been proposed that the band of 1156 cm-1 is most likely to be from asymmetrical 

stretching vibration and symmetrical vibration of the Al-O-Si groups, respectively, based on 

previous studies [47]. At 700 to 800 cm-1, the vibrational bands were assigned to Si-O 

stretching, which corresponds to quartz, which was very small and diffused. This refers to the 

coincidence of the various forms of silicate molecular motions arising from different silicate 

minerals [48]. 

3.5. Thermogravimetric (TGA) analysis. 

The TGA result for Johor kaolin is shown in Figure 7, which revealed that the kaolin 

samples were completely dried since there were no signs of hydration or preliminary stage 

dryness in the TGA curve. It was observed again in weight instead. This likely weight gain is 
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probably not due to interaction with the furnace wall [49]. Still, it may be due to the reaction 

of the gaseous substances in the purge gas or to the possible adsorption of kaolin, the gaseous 

material in the sample. 

 

Figure 6. FTIR analysis of kaolin. 

The original weight dropped by 1.4 percent in Johor kaolin, as the temperature rose to 

342.63 oC. The decomposition and loss of crystallization water were apparent as the heating 

temperature increased. The crystallization water varied mainly from the "pore water" typically 

lost at the drying point. Chemically mixed, crystallizing water formed an essential unit of the 

crystal structure of the kaolin. Johari et al. [50] suggested that kaolin crystallization water can 

only be impacted by temperatures above 400 oC. The loss of crystallization water was induced 

at approximately 450 °C, as seen in the Johor kaolin thermograms, signaling the beginning of 

the dehydroxylation reaction. When the heating temperature was raised to 525.88 oC, a 

different weight reduction was reported, with a 6.1 percent weight reduction in Johor kaolin 

due to the structural loss of the hydroxyl group presented in the kaolinite layers, in conjunction 

with Kubiliute and Kaminskas [51]. 

From the TGA curve of the kaolin study, a dehydroxylation reaction of around 650 to 

700 oC seemed to have been accomplished. If the heat temperature increases, a further 

occurrence that may lead to an exothermic reaction is predicted to occur, although this work is 

limited to the reaction that could lead to metakaolin (dehydroxylation). The substantial weight 

reduction in Johor kaolin, which occurred at 684.7 °C, suggested that the mineral kaolinite 

decomposed into free alumina, silica, and water [51]. Johor Kaolin had a weight loss of 8.1 

percent at this point. The findings of the TGA study were close to those of other kaolin clay 

studies [50, 52] but were fundamentally distinct from those [53] where dehydroxylation at 500 
oC was achieved due to variations in the mineralogical composition of the examined kaolin. 

TGA research has specifically shown the weight shifts that characterized the occurrence of a 

chemical reaction. 
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Figure 7. TGA analysis of kaolin. 

3.6. Metakaolinization. 

As seen in Figure 8, the result indicated the XRD analysis of the effect of the kaolin 

sample's metakaolinization on 650 °C over a 240-minute duration with pure kaolin. For the 

treatment with 650 oC, the obtained X-ray diffraction pattern showed a transition of kaolin to 

amorphous SiO2 due to a decrease in peak strength of kaolinite at 2θ = 24.952 for the kaolin. 

For this kaolin, the absence of kaolinite peak at 2θ= 12.402 and 24.952 positions showed that 

calcination is sufficient at this parameter. A major amorphization with significant removal of 

the kaolinite peaks and a notable presence of the amorphous SiO2 phases were also seen. This 

development was consistent with the results of Shafiq et al. [54], Kovo [55], and Feltrin et al., 

[56] and may simply be due to the differences in the quality, composition, and geological 

formation of kaolin materials. 

 
Figure 8. XRD analysis of kaolin and metakaolin. 
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Figure 9. Fesem image of metakaolin. 

Figure 9 showed a highly disordered metakaolin, characterized by a sheet-like 

morphology and a highly disordered and amorphous structure formed by calcination treatment. 

This finding was consistent with other research studies [57-60]. 

 
Figure 10. Comparison of FTIR analysis for kaolin and metakaolin. 

From the FTIR result shown in Figure 10, the broad bands of the kaolin emerged from 

an exposure period of 240 minutes, which was not previously seen and is located at around 790 

cm -1. This was assigned to the Al-O bond in Al2O3, suggesting the creation of free alumina 

and the conversion with tetrahedral coordination of octahedral-coordinated Al to Al [61]. At 

1085cm-1, there was another wide shoulder that was delegated in SiO2 to stretching bonds. In 

metakaolin Johor, the broad shoulder peak was seen as the low percentages of quartz highly 

consisted of Johor kaolin reflecting Si-O bonds. Again, this suggested the formation of free 

silica, as reported by Brindley et al. [62]. The 470 cm-1 bands have also been assigned to the 

4-coordinated Al-O stretching in a metakaolinite structure [63]. The obtained bands typically 

showed the conversion of kaolinite to metakaolinite at 650 °C after vigorous heating. 
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3.7. Zeolite Synthesis. 

3.7.1. X-ray diffraction analysis (XRD) analysis. 

The XRD result for the step quantification of synthesis kaolin with the same aging time, 

but the difference in molarity and crystallization time is shown in Figure 11. While, Figure 12 

shows the different XRD analysis patterns for kaolin, metakaolin, and synthesis kaolin. Despite 

the same aging period used for kaolin, there was a different percentage of sodalite formation. 

From the XRD result in Figure 11, there was no percentage formation of sodalite using 2 M 

NaOH and 12 hours of crystallization time. However, by increasing the molarity and 

crystallization time, sodalite and quartz are formed at 3 M NaOH, sodium hydroxide with 

crystallization time of 12 and 16 hours, which was 28.8 % sodalite and 29.5% sodalite, 

respectively. 

The stirring process successfully improved the consistency of the gel mixture and 

altered the formation of zeolite phases [46] during the aging phase. This can be explained by 

the fact that the aging operation has created enough nuclei that allowed for enormous crystal 

growth of other phases at the cost of zeolite A, leading to a situation described as a standard 

zeolite crystal routine [64,65]. 

  

  
Figure 11. The comparison of XRD analysis for kaolin synthesis (a) 2M NaOH, 12-hour crystallization time; 

(b) 2M NaOH, 16-hour crystallization time; (c) 3M NaOH, 12-hour crystallization time; (d) 3M NaOH, 16-hour 

crystallization time. 

(a) (b) 

(c) (d) 
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Figure 12.  Different X-ray diffractograms (a) kaolin; (b) metakaolin; (c) 2M NaOH, 12-hour crystallization 

time; (d) 2M NaOH, 16-hour crystallization time; (e) 3M NaOH, 12-hour crystallization time; (f) 3M NaOH, 

16-hour crystallization time. 

The forming of sodalite fitting to ICSD No 98-003-5795 was initiated during the 2 M 

16-hour crystallization process. The percentage of formation of sodalite was increased by 

increasing the molarity of NaOH and crystallization time. But, unfortunately, though the NaOH 

molarity and crystallization time was raised, the hydrothermal process used to turn kaolin into 

a strong adsorbent failed to turn the complete sodalite layer. This result indicated that 

differentiating the synthesis time contributed to the development of distinct types and purity of 

zeolite [66-69]. This effect also occurred because zeolite and sodalite were thermodynamically 

metastable steps in such a way that the synthesis mechanism was overpowered by the Ostwald 

phase rule of successive reactions. The earlier statement that zeolites are thermodynamically 

metastable phases was supported by this discovery, which was attributable to the substitution 

of phases at various crystallization times [70,71]. The variations in the composition of the raw 

kaolin, however, contributed significantly to this loss. Table 2 shows the different crystallinity 

percentages of sodalite formation on different crystallization times but the same molarity 

during the hydrothermal process. The result showed that the crystallinity percentage of sodalite 

was lower, under 50%, as the percentage of sodalite in XRD analysis was low.  

Table 2. Different crystallinity percentages of different molarity NaOH and crystallization time for Johor 

kaolin. 

Kaolin 

Reaction Parameter 
Crystallinity (%) 

Aging Molarity Crystallization time 

24 hours 3M 12hr 43.86 

24 hours 3M 16hr 44.72 

3.7.2. Fourier Transform Infrared Spectroscopy (FTIR) analysis. 

Figure 13 displays the FT-IR spectrum of the starting materials and the synthesized 

products obtained after hydrothermal treatment with alkaline solutions. With reaction time, the 

typical vibration bands of the starting materials have disappeared. In general, the characteristic 

bands of the transmittance change starting materials to lower wavenumbers suggested that, as 

stated in other tests, there was more Al replacement in tetrahedral sites of the silica matrix with 

NaOH acting as a structure modifier. As seen in (Figure 13), the absorption bands of the 

synthesis products displayed the typical SOD asymmetric and symmetric vibration bands in 
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the 1200-400 cm-1 region. Barnes et al. [72,73] summarized that the recorded assignments of 

vibrations for SOD should happen during this time. In the SOD system, the transmittance of 

the Si-O-Al asymmetric stretch consisted of a single band at 960 cm-1, [2] but this analysis 

recorded only the bands at 960 corresponding’s to SOD. The presence of a mixture of SOD 

and CAN in the as-synthesized products is indicated by several bands in the 750- 650 cm-1 

region. The bands in area 500-420 cm-1 are aligned with the Si-O and Al-O internal tetrahedron 

vibrations of the zeotypes. As proposed in previous research, the area 800-400 cm-1 can be 

known as the fingerprint region of zeolite LTA, SOD, and CAN [74,75]. An example of the 

degree of crystallinity of the synthesis products is the FT-IR peak distance. 

 
Figure 13. FTIR analysis of kaolin, metakaolin, and synthesis sodalite. 

3.7.3. Field emission scanning electron microscopy (FESEM) analysis. 

The analysis of FESEM was conducted to provide knowledge about the morphology of 

crystals and the process of crystal growth. The following morphologies in the as-synthesized 

sodalite have been observed using kaolinite as a starting material. There was no well-developed 

sodalite in the overall picture by FESEM analysis. Note that there was a spherical aggregate of 

SOD on the metakaolinite surface that has grown out. Figure 14(i), which involved 2 M NaOH 

and 12 hours of crystallization time, did not show sodalite formation and little formation on 

concrenite. There was a slight amount of sodalite that developed on the surface of metakaolinite 

in Figure 14 (ii).  Figure 14 (iii) and (iv) demonstrate the rise in SOD attachment to residual 

metakaolinite on stable spherical crystallites. There were no needle-like SOD crystals found. 

The literature also found various forms of SOD morphologies [48] where the morphology was 

determined by many influences, such as NaOH concentration, anion form, Si / Al ratio, and 

salinity. By a thorough transformation of zeolite A [76,77], a combination of cancrinite and 

sodalite was obtained. There are also have been recognized that at higher crystallization 

temperatures and/or after longer heating times, zeolite A was substituted by hydroxy-sodalite 

[78].  
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Figure 14. FESEM image of synthesis sodalite (i) 2M NaOH, 12 Hour crystallization time; (ii) 2M NaOH, 16 

Hour crystallization time; (iii) 3M NaOH, 12 Hour crystallization time; (iv) 3M NaOH, 16 Hour crystallization 

time. 

4. Conclusions 

The ability of the SOD formation synthesized using low-grade kaolinite and 

metakaolinite as starting materials and NaOH as the triggering agent through hydrothermal 

treatment was investigated. The formation, however, was considered as reasonably ineffective 

by complete sodalite transformation, taking into account that the occurrence of SOD 

distinguished the region of synthesis products as a metastatic process. Metakaolinite and 

sodalite were the major phases obtained during the synthesis process. The synthesis materials 

heavily controlled the starting material, considering that metakaolinite is a more reactive phase 

than kaolinite. The reaction between the starting kaolinite and metakaolinite and alkaline 

solutions involved two main chemical processes: dissolution of the starting materials and 

crystallization. In order to illustrate the sequence of phase crystallization, future science should 

consider conducting further experiments under well-optimized.  
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