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 Abstract. Fly ash from Mae Moh Power plant, Lampang Province, Thailand was used in a study on 
synthesis of Na-x hydrate zeolite under various conditions by using fusion method prior to incubation.
Optimal condition for synthesis of Na-x hydrate zeolite (FAU) with a maximum value of cation exchange 
capacity was fly ash/amorphous silica ratio of 7:3. The suitable weight ratio of mixture of fly ash and 
amorphous silica/caustic soda  was 1:1. Then, the mixtures were fused at 823 K for 1 h. The fusion products 
were mixed with distilled water 100 ml and left at 343 K for 24 h to generate Na-x hydrate zeolite product. 
The as-synthesized zeolite was characterized by means of X-ray diffraction, infrared spectroscopy and 
scanning electron microscopy. Cation exchange capacity of the Na-x hydrate zeolite was also determined by 
using ammonium acetate method. The results showed that the addition of amorphous silica from RHA 
provided Na-x hydrate zeolite (FAU) phase. The infrared spectra data showed the strong band near 1000 cm-1 
to both Si-O-Si and Si-O-Al asymmetric stretching modes. Moreover, SEM revealed the octahedral crystal of 
Na-x hydrate zeolite and CEC was 360 meq/100g. 
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1. Introduction 
Fly ash is one of the by-products produced from the process of coal burning. Electricity generating using 

coal as the energy source is the main industry which produces fly ash as its major solid waste. Majority of 
the fly ash is dumped or used in low-valued methods such as using as a land-fill material, soil improvement, 
road base, land reclamation, raw material for producing cement[1]. The main components of the fly ash 
(about 80 %) are amorphous aluminosilicate glasses, which have great similarities with the raw materials 
typically used in the manufacture of zeolite[2].  Zeolites can be obtained from sodium silicate, silica gel, 
silicic acid, aqueous colloidal silica sols and reactive amorphous solid silica[3]. Therefore, rice has been one 
of the most important agricultural products of Thailand since ancient time. It was cultivated not only for 
domestic consumption but also for export. Consequently, several million tons of rice husk, which can be 
considered as agricultural waste, is obtained every year. It was found that when rice husk is burnt, the 
resulting black ash contains silica. The presence of silica ash causes a  number of environmental problems 
related to pollution and disposal[4]. Because of high amount of silica in rice husk ash (RHA), it was used as 
an alternative source of silica to preparation of nanosilica powder from rice husk ash by precipitation 
method[5]. The purpose of this study was to synthesize Na-x zeolite (FAU) from fly ash and amorphous 
silica from rice husk ash by fusion with caustic soda prior to incubation. 

2. Experimental 

2.1. Materials 
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The fly ash from Mae Moh Power plant, Lampang Province was used as raw material and iron oxide 
impurity was removed by magnetic separation. The raw materials were characterized by X-ray fluorescence 
spectrometer (XRF: Megix Pro MUA/USEP T84005, Philips), X-ray diffractometer (X’ Pert MPD, Philips), 
particle size analyzers (Mastersizer S), specific surface area (BET: Quanta Chrome Autosorp-1) and cation 
exchange capacity CEC, respectively.  

2.2. Synthesis amorphous silica powder from rice husk ash 
Fifty grams of RHA samples from brick factory were stirred in 250 ml of 2.5 N caustic soda solutions. 

RHA was heated in a covered 500 ml Erlenmeyer flask for 3 h. The solution was filtered and the residue was 
washed with 100 ml boiling water. The filtrate was allowed to cool down to room temperature and then 
added 5 N sulfuric acid with constant stirring until pH 2 and then added ammonium hydroxide until pH 8.5 
left for 3.5 h. 

The filtrate was dried at 393 K for 12 h and silica powder was investigated by FTIR, XRF, XRD, particle 
size analyzer (Mastersizer S) and specific surface area (BET), respectively.  

2.3. Synthesis of zeolite 
The fly ash after removed iron oxide was mixed with amorphous silica in the weight ratio of 7:3. The 

mixture was synthesized by fusion method with caustic soda (97 %, Carlo Erba). For fusion step, sufficient 
amount of the fly ash was mixed with appropriate amounts of caustic soda in fly ash/caustic soda weight 
varied ratio of 1:1, 1:1.2, 1:1.4 and 1:1.6. The resultant mixture then fused in a muffle furnace at 823 K for 1 
h in air atmosphere. The heating rate of 278 K/min was applied to elevate the temperature from ambient to 
823 K. The fusion product was ground and mixed with 100 ml distilled water, followed by vigorous shaking 
in a shaking water bath at room temperature for 3 h. It was then kept at around 343 K for 24 h. The solid 
crystalline product was recovered by filtration and washed until the filtrate pH was 10-11. The synthesis 
products were oven dried at 393 K, 12 h. The products were characterized by means of X-ray diffraction 
technique and furrier transform infrared spectroscopy. Morphology of the crystalline product was examined 
by mean of scanning electron microscopy using a JSM-5910: JEOL. Cation exchange capacity (CEC) value 
was also determined using a modified ammonium acetate method. 

3. Results and discussion 

3.1. Raw materials  
The chemical composition of fly ash and fly ash after removed iron oxide by magnetic separation is 

shown in Table 1.  
Table 1 Chemical composition of as-received fly ash and fly ash after removed iron oxide (wt%)

 Components 
expressed  
as oxides 

Fly ash  
as-received

(wt%) 

Fly ash after 
removed 

Fe2O3 
(wt%) 

SiO2 35.43 35.95 
Al2O3 22.82 22.52 
Fe2O3 11.47 4.01 
CaO 20.89 23.47 
K2O 2.12 2.50 
SO3 6.76 6.98 
TiO2 0.41 0.44 
Mn2O3 0.09 0.12 
SiO2/Al2O3 1.55 1.60 
Particle size (mm) 37.05 8.25 
Specific surface area
(m2/g) 

2.32 19.69 

CEC (meq/100 g) 5.30 7.50 
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Fig. 1. X-ray diffractogram of fly ash obtained from Mae Moh Power Plant, Lampang Province.

Fly ash sample after removed iron oxide presented the lowest amount of iron oxide content as shown in 
Table 1. The total amount of SiO2 and Al2O3 are 35.95 and 22.52 wt%, respectively. Fly ash was slightly low 
in SiO2 content. The significant amount of Si and Al in amorphous phases makes of fly ash could be used as 
a source material for synthesis of zeolite and it was confirmed by Figure 1. The fly ash may contain an 
amorphous aluminosilicate and silicate such as Al6Si2O13, Al2O3SiO2.CaSiO3, AlK(SiO3)2[6]. 

3.2. Properties of silica from rice husk ash 
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Fig. 2. Infrared spectrum of silica produced from RHA.                                      Fig. 3. Diffractogram of silica from RHA.                           

The major chemical groups presented in silica were identified by the FTIR spectra and shown in    Figure 
2. The broad band between 2800 and 3750 cm-1 was due to silinol OH groups and adsorbed water. The 
predominant absorbance peak at 1320 cm-1 was due to siloxane bonds (Si-O-Si). The peaks between 1200 
and 700 cm-1 are attributed to vibration modes of the gel network[7]. IR spectrums were not clearly show the 
difference between pure silica. The characteristic and position of peaks are identical.  Figure 3 showed strong 
broad peaks of pure silica are centered range on å 22-23° (2ɗ), which are in keeping with the strong broad 
peak of a characteristic of amorphous SiO2[8]. The result showed that pure silica is in an amorphous state. 

Table 2 Specification of amorphous silica from rice husk ash 

Component expressed as oxide Silica from Rice Husk Ash 

% SiO2 
96 

Amorphous silica 
Particle size (mm) Agglomerate size ~189.73 
Specific surface area (m2/g) 138.74 

3.3. Zeolite synthesis from fly ash 
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Fig. 4. X-ray diffractograms of fly ash after removed 
iron oxide and mixed with caustic soda in the weight 
ratio of (a)1:1, (b)1:1.2, (c)1:1.4, (d)1:1.6 (Synthesis 
conditions 70 ºC, 24 h) 

 
 

* Na-x = Na-x hydrate zeolite (FAU) 
Fig. 5. X-ray diffractograms of fly ash after removed 
iron oxide/amorphous silica ratio of 7:3 and mixed 
with caustic soda in the weight ratio of (a)1:1, (b)1:1.2, 
(c)1:1.4, (d)1:1.6  (Synthesis condition 70 ºC, 24 h) 

Figure 4 displays XRD patterns of fly ash after removed iron oxide and mixed with caustic soda in 
different  weight ratios. Figure 4 (a) and (b) show the amorphous phase of aluminosilicate. However, Figure 
4 (c) and (d) illustrate the crystalline phase of aluminosilicate due to caustic soda present reacted with silicon 
and aluminium in fly ash during fusion. Then, the soluble of silicate and aluminate salts formed 
aluminosilicate gel during incubation method.  The crystalline phase of aluminosilicate could be produced 
Na-x hydrate zeolite phase after left it in the suitable temperature and time. From the experimental results, it 
can explain that the silica content in fly ash has not enough to form Na-x hydrate zeolite phase after 
incubated at 70 ºC for 24 h.  On the other hand, Na-x hydrate zeolite phase displays in Figure 5 (a-d) due to 
the addition of silica content from RHA. However, the forming of Na-x hydrate zeolite does not depend on 
the silica content but also rely on the amount of caustic soda in the mixture.  It can be explained that the high 
amount of caustic soda will give high dissolubility of aluminium and silica and may not form Na-x hydrate 
zeolite phase[9]. 

3.4. Characterizations of zeolite  
The specific surface area and cation exchange capacity (CEC) of the synthesized Na-x hydrate zeolite are 

232.73 m2/g and 360 meq/100g, respectively.   
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Fig 6. Infrared spectrum of the synthesized Na-x hydrate zeolite. 
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The spectrum of Na–x hydrate zeolite illustrates the presence of absorptions at 458, 559, 666, 746, 974, 
and 1647 cm-1. The 974 cm-1 band is due to the Si–O–Al antisymmetric stretching vibration mode of T–O 
bonds, (where T = Si or Al) [10-12]. The band at 746 cm-1 is due to the S4R T–O–T symmetric stretching, 
while the absorption at 559 cm-1 is attributed to the D6R T–O–T symmetric stretching. The two bands at 666 
and 458 are assigned to the Si–O–Al symmetric stretching and S4R symmetric bending modes, respectively. 

 (a)                  (b) 
Fig 7. SEM micrographs of (a) fly ash after removed iron oxide and (b) Na-x hydrate zeolite obtained from fly ash after 

removed iron oxide/amorphous silica ratio of 7:3. 

Figure 7 (a) shows the morphology of aluminosilicate phase and Na-x hydrate zeolite crystalline displays 
the octahedral shape and it was confirmed by Tanaka[13].  SEM micrographs were strongly supported by 
XRD diffractograms in Figure (5) and it can be concluded that the amorphous silica content from RHA assist 
to generate the formation of Na-x hydrate zeolite. 

4. Conclusions  
The optimal condition for synthesis of Na-x hydrate zeolite (FAU) with a maximum value of cation 

exchange capacity was fly ash/amorphous silica ratio of 7:3. The suitable weight ratio of mixture of fly ash 
and amorphous silica was 1:1. The infrared spectra data showed the strong band near 1000 cm-1 to both Si-O-
Si and Si-O-Al asymmetric stretching modes. Furthermore, SEM showed the octahedral crystal of Na-x 
hydrate zeolite and CEC was 360 meq/100g. 
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