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Abstract: The use of high calcium fly ash probably can cause some negative effect to concrete. 
Therefore, an attempt for high calcium fly ash utilization would be one of challenged topic for waste 
management in Thailand. In this paper, the synthesis of faujasite zeolite from high calcium fly ash 
(FA) mixed with amorphous silica (AS) from rice husk ash and metakaolinite (MK) was carried out in 
this study. The study focused on the effect of SiO2/Al2O3 ratios of FA, AS and MK in the range of 3-5, 
on the faujasite zeolite formation. In addition, effects of the NaOH/(FA:AS) and NaOH/(FA:AS:MK) 
ratio (So/S), crystallization temperature and time which were varied as 1-1.6, 343-373 K and 6-96 h, 
respectively. The fusion followed by incubation methods were used for the synthesis. Faujasite zeolite 
was obtained at So/S of 1.0, 343 K of crystallization temperature and 24 h of crystallization time. The 
SiO2/Al2O3 ratios of 3.71 and 3.25 generated the faujasite formation containing 360 and 420 meq 100g-

1 of cation exchange capacity, respectively. Specific surface areas were 233 and 398 m2g-1, 
respectively. 
 
Key words: high calcium fly ash, faujasite zeolite, cation exchange capacity, silica, metakaolinite,   
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INTRODUCTION 

 
In the northern part of Thailand, Mae Moh power plant produces lignite fly ash (FA) approximately 3 

million tons yearly (Jaturapitakkul et al., 1999). The most successful applications of FA nowadays are in 
concrete as cementing supplementary and in cement manufacturing as one of starting materials. In addition, the 
utilization of FA has been well-accepted for zeolite synthesis (Fotovat et al., 2009). Recently, calcium content 
of FA from the Mae Moh power plant has slightly changed from approximately 10% to higher than 20% 
assigned in class C fly ash. The use of high calcium FA probably can cause some negative effect to concrete. 
Therefore, an attempt for high calcium FA utilization would be one of challenged topic for waste management 
in Thailand. Znang et al., 2011 synthesized zeolite from low calcium and high calcium fly ashes from Yonnan 
Power Plant by fusion with sodium hydroxide prior to hydrothermal reaction. The zeolites produced from low 
calcium and high calcium fly ashes were faujasite and gismodine, which contained cation exchange capacity 
(CEC) of 279 and 69 meq 100 g-1, respectively. (Barrer, 1982; Juan et al., 2007) reported the presence of 
calcium in fly ash inhibited zeolite crystallization by the formation of calcium silicate.  

Moreover, calcium ions in Ca-compound could be leached out that hindered the ion exchange of 
ammonium with the exchangeable Ca2+ in the zeolite. Thus, to obtain high ammonium uptake zeolite, low 
calcium (Class F) fly ash is preferable. Calcium removal from FA by acid leaching is possible but due to the 
cost and difficulty of the process, this would be less considered (Miyake et al., 2002; Somerset et al., 2005). 
Only a few works has been carried out on the conversion of fly ash into zeolite by fusion prior to incubation 
method. Shigemoto et al., 1992 developed fusion prior to hydrothermal treatment to synthesize low silica NaX-
type zeolite from FA. In the case, Na-alkaline fused from FA, which can be simply mixed to the highly active 
sodium aluminate and silicate formations. It was readily dissolved which can be transformed to zeolite phase. 
The fusion prior to hydrothermal method was discovered a low silica, X-type zeolite formation (Ojha et al., 
2004). The sodium aluminate added to FA after fusion also induced zeolite formation (Kazemian et al., 2010). 
In most cases, zeolites were synthesized from FA via a hydrothermal treatment (Inada et al., 2005; Lorgouilloux 
et al., 2010), in the same way from traditional amorphous silica and alumina from commercial grade sources. 
The treatment temperature generally ranged from 353 to 473 K and the synthesis was most often performed at 
autogenous pressures. For the fusion method, it has been carried out around 773-873 K prior to the hydrothermal 
method (Molina and Poole, 2004; El-Naggar et al., 2008). Many attempts have been made to develop zeolite 
based fertilizers with slow release property. However, zeolites as fertilizer metrics suffer from low nutrient 
holding capacity in spite of their high CEC.  

For example, natural zeolites containing CEC of 200 meq 100 g-1, only hold 3% N content (Park and 
Komarneni, 1997, 1998; Park et al., 2001). Faujasite has been considered in this study for fertilizer releasing 
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utilization. In this study, faujasite was synthesized using different sources of silica (rice husk ash and 
metakaolinite) together with high calcium FA as main starting materials. With such blending, the stoichiometry 
of SiO2 to Al2O3 can be increased and calcium can be decreased to obtain the proper condition for zeolite 
synthesis. To this respect, SiO2/Al2O3 of starting materials would be modified leading to a cost saving process 
due to industrial waste utilization, reports on faujasite from high calcium fly ash are limited.  

In addition, this paper reported the satisfactory result in using fusion method prior to incubation method to 
synthesize faujasite zeolite from high calcium FA. The synthesized products were characterized in terms of 
mineralogical composition using XRD and FTIR, microstructures using SEM, specific surface area by BET and 
cation exchange capacity (CEC). The synthesis of the high cation exchange capacity (CEC) and discrete micro 
porosity from high calcium fly ash obtained from the Mae Moh power plant are expected to exert beneficial 
effects on soil environment.  
 

MATERIALS AND METHODS 
 
Starting Materials:  
Fly Ash (FA):  

The fly ash (FA) from the Mae Moh power plant in Lampang province was used as raw material. Iron oxide 
impurity in fly ash was removed by magnetic separation. Then, prior to using, FA was ground by a ball mill for 
24 h. 
 
Synthesis of Silica (AS) From Rice Husk Ash (RHA):  

Fifty grams of RHA from brick factory (in Chiangmai province) were stirred in 250 ml of 2.5 N sodium 
hydroxide solution (Merck, analytical reagents). 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 cooled down 
to room temperature and then added with 5 N sulfuric acid (Merck, analytical reagents) until pH 2. Ammonium 
hydroxide (J.T. Baker, analytical reagents) was also added in the filtrate after that to obtain pH 8.5. The filtrate 
was left for 3.5 h at room temperature before going to be dried at 393 K for 12 h. After drying, white silica 
powder was obtained and investigated by Fourier transformed infrared spectrometry (FTIR: Perkin Elmer, 
Spectrum GX). 
 
 Narathiwat Kaolinite (NK): Kaolinite sample from Narathiwat province was calcined in the furnace at 1173 K 
with a uniform gradation giving a soaking period for 1 h. With calcination process, the kaolinite sample was 
transformed to metakaolinite and then ground by a ball mill for 24 h. The metakaolinite sample was used as 
starting material for the zeolite synthesis. 
 
Characterization of Starting Materials:  

The chemical compositions and mineralogical compositions, mean particle size and specific surface areas of 
FA, AS, and MK were characterized by X-ray fluorescence spectrometer (XRF: Megix Pro MUA/USEP 
T84005, Philips), X-ray diffractometer (X’ Pert MPD, Philips), Laser-diffraction particle size analyzers 
(Mastersizer S), Brunauer-Emmett-Teller (BET: Quanta Chrome Autosorp-1), Cation exchange capacity (CEC) 
and Scanning electron microscope (SEM: JSM-5910: JEOL), respectively. 
 
Experimental Procedure:  

The synthesis of zeolite materials was performed by the fusion prior to incubation method. For fusion step, 
sufficient amount of 10 g fly ash was mixed with appropriate amounts of sodium hydroxide different in the 
weight ratio of 1.0, 1.2, 1.4 and 1.6. The resultant mixture was 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 
cooled fusion product was ground and mixed with 100 ml of distilled water and followed by vigorous shaking 
water bath at room temperature for 3 h. After aging for 24 h, slurry was subjected to incubation crystallization in 
closed water bath as shown in Figure 1. The solid crystalline product was recovered by filtration and washed by 
distilled water until the filtrate pH was 10-11. The synthesis products were dried in an electric oven at 393 K for 
12 h. The experimental conditions are summarized in Table 1. 
 
Characterization:  

The crystalline of the final zeolitic products was studied by X-ray diffraction (X’ Pert MPD, Philips 
operating in Bragg-Brentano geometry with Cu K radiation (40 kV and 35 mA). Data collection was carried 
out in the 2 range 5-70, with a step size of 0.02 and scan step time 0.5 Sec. Phase identification was made by 
searching the ICDD powder diffraction file database, with the help of JCPDS (Joint Committee on Power 
Diffraction Standards) files for inorganic compounds. The products were determined cation exchange capacity 
(CEC) by the ammonium acetate saturation method and morphology by scanning electron microscope (SEM). A 
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high quality zeolite was identified by Fourier transformed infrared spectrometry. The specific surface area and 
pore size distribution were determined by nitrogen adsorption method (BET).  
 

RESULTS AND DISCUSSIONS 
 

Characterization of Starting Materials:  
The chemical compositions of FA, FA after removed iron oxide by magnetic separation, AS from RHA and 

MK are shown in Table 2. Chemical compositions of FA sample after iron oxide removal are shown in Table 2. 
Fe in a form of magnetite can behave as inert material and obstruct the crystallization of zeolite (Juan et al., 
2007). The total amount of SiO2 and Al2O3 are 35.95 and 22.52 wt.%, respectively. Calcium oxide was found in 
relatively high amounts which can reversely affect zeolite quality as calcium ions competed with sodium cations 
to occupy the active sites in zeolite frameworks (Barrer, 1982). SiO2/Al2O3 ratio is one of the most important 
parameters for zeolite synthesis. Silica from RHA is shown in Table 2. The total amount of SiO2 and other 
chemical are 98.63 wt.% and 1.37 wt.%, respectively. Chemical constituents of MK analyzed by XRF are show 
in Table 2. It was found that the main components of MK are Al2O3 and SiO2 incorporating with Fe2O3, TiO2, 
K2O and P2O5 as minor phases.  

Figure 2(a) shows of XRD pattern of FA from the Mae Moh power plant after iron oxide removal. The 
hump peak noticed in the pattern indicatesd the presence of amorphous materials, which are likely to be a glassy 
portion which was amorphous aluminosilicate and silicate. On the other hand, Figure 2(b) shows the strong 
broad peaks of pure silica which are  centered range on ≈ 22-23° (2θ), which corresponded to characteristic of 
amorphous SiO2 (Jo et al., 2007). Figure 2(c) shows XRD patterns of as-received and calcined MK samples. 
Non-calcined MK consisted of kaolinite as main phase incorporating with illite and quartz as minor phases. 
Calined MK composed of amorphous metakaolinite with 1173 K calcinations. Kaolinite was still found after 
1173 K calcinations. In addition, the remaining peaks in the diffraction pattern was due to inert phases such 
quartz and illite. 

Figure 3(a) shows a typical image of the micro-spherical FA particles incorporating with other irregular FA 
micro-particles. Figure 3(b) shows SEM micrograph of agglomerated nano-silica obtained from re-precipitation 
of rice husk ash. Morphology of metakaolinite was shown in Fig. 3(c) corresponding to the its origin that 
contained sheet particles. 
 
Characterization of AS from RHA by FTIR:  

The major chemical groups presented in silica were identified by the FTIR spectra and shown in Fig. 4. 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 (Kalaphathy et al., 2000). IR spectrums were not clearly show 
the difference between pure silica from standard chemicals and silica from RHA. The characteristic and position 
of peaks are identical.  
 
Synthesis Of Faujasite Zeolite Using The Fusion Prior To Incubation Method: 
Effects of AS from RHA and ratio of NaOH/(FA:AS):  

Figure 5 shows the intensity of crystalline faujasite zeolite diffraction peaks tend to decrease but 
significantly broader in the case of the addition of AS from RHA. The highest faujasite zeolite and cation 
exchange capacity value were achieved at FA:AS in the weight ratio of 7:3 when compared with FA:AS in the 
ratio of 5:5 which mixed with NaOH in the weight ratio of 1.0 as relative shown in Fig. 6. However, the 
increasing of NaOH did not have any effect on the faujasite zeolite. The increasing weight ratio of NaOH of 1.2 
shows the completely amorphous phase. On the other hand, the increasing the weight ratio of NaOH from 1.4 to 
1.6 gave the both phases of faujasite and unnamed zeolites. It can be explained that the increase of NaOH may 
dissolve calcium oxide from FA and some impurities from the reactants. It may behave as an inert material for 
zeolite synthesis. Through the formation of calcium silicate, Ca-compounds could also act as a zeolite synthesis 
inhibitor (Znang et al., 2011). 
 
Effect Of Crystallization Temperatures:  

The effect of temperature showed clearly evidence in Fig. 7. At the temperatures of 363 K and 373 K, the 
main products were unnamed zeolite. Only well crystallized faujasite zeolite was observed at 343 K, which 
coincides with the highest CEC value. On the other hand, CEC values decline at the temperatures of 363 K and 
373 K, respectively as shown in Fig. 8 and it corresponded to the results of Wang and Lin, 2009. It can be 
explained that the alumina dissolution rate was faster than silicon at the beginning of the process. The 
dissolution of silicon is favored by an increase in temperature (Molina and Poole, 2004). The same observation 
was made at 343 K with a SiO2/Al2O3 ratio is enough to enhance faujasite zeolite. As the temperature 
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increasing, the proportion of silicon species tend to enhance and the changing the SiO2/Al2O3 ratio enriched to 
favored unnamed zeolite.  

The faujasite zeolite from the mixture of FA and AS in the ratio of 7:3 at 343 K for 24 h was revealed 
octahedral shape crystal of faujisite zeolite and partially contained flaky on the surface as shown in Fig. 9 (a). 
The flaky on surface structure of faujasite zeolite correspond to its lower degree of crystallinity as shown in Fig. 
9 (b). From the EDS in Fig. 9 (c), the octahedral shape of faujaste phase showed low calcium oxide in the 
weight percent of 2.28. On the other hand, the EDS in Fig. 9(d) showed high calcium oxide content in the 
weight percent of 10.22 and it corresponded the calcium oxide was found to be present in relatively high 
amounts which affect zeolite synthesis, as calcium completed with sodium cation to occupy the active sites of 
the formed zeolite (Barrer, 1982). It was noticed that the major unnamed zeolites were formed at 363 and 373 K 
for 24 h, respectively. The unnamed zeolite was irregular in the shape and revealed non successful zeolite as 
shown in Figure 9 (e)-(f) and similarity result that obtained by Yang and Yang, 1998. They found that the type 
of zeolites were formed mainly gismodine and unnamed zeolite at the operating temperatures on the range of 
363-523 K, at reaction time of 24 h. Consequently, EDS in Fig. 9 (g)-(h) confirmed the unnamed zeolite shaped 
particles consist of calcium oxides in the weight percent of 4.99 and 4.65, respectively. In order to clarify the 
present of excess silicon and aluminium in the system that reacted with calcium after the formation of unnamed 
zeolite. It was reported by Catalfamo et al., 1997, that calcium ions have high affinity for silicates and when 
present in high concentrations (<3 wt.%) it will interfere with, but not stop, zeolite formation. It is believed that 
calcium ions react with silicates and bind to it. This in return will prevent the dissolution of the silicates into 
silicic acid (H2SiO4), a precursor to the formation of the primary ions, Si(OH)4, that is needed for building 
zeolite structure. However, Figure 10 this observation is probably related to the higher reactively of the silica-
enriched mixture, which favours thus the formation of the most metastable zeolite, i.e. faujasite, through a faster 
nucleation rate.  
 
Effect Of Crystallization Times: 

According to the results in Figure 10, the XRD patterns of the samples after left to crystallize at 6, 10, 14 
and 18 h, it showed the amorphous aluminosilicate and calcite. From the evidence of fact, it can be concluded 
that the reaction time was not enough for both nucleation and growth of zeolitic phase.  Intensity in peak heights 
growths during time and crystallization climax is reached at 24 h and after that 48 h of reaction the characteristic 
peaks of faujasite zeolite tend to decrease in intensity. This behavior coincides with the mechanism of process 
for zeolite formation from typical sources of aluminium and silicon. The reduction in peak intensities after 48 h 
may be the result of the transformation of faujasite zeolite to the zeolite P. This zeolite is within the group of 
gismondite (GIS) whose structure is based on single 4-ring units, which are compatibles with faujasite zeolite 
(Breck, 1974). Zeolite P detected in XRD analysis and it was also observed by SEM microphotographs as 
shown in Fig. 11. Krznaric et al., 2003 found that zeolite A and X tend to transform into zeolite P upon 
prolonged reaction time at the same sodium hydroxide concentration, there seems to be on influence on cation 
exchange capacity are compiled in Table 1. 

SEM photomicrographs provide evidence of crystalline growth of faujasite zeolite as shown in Fig. 11. The 
form of sodium aluminates clusters and an amorphous aluminosilicate, stacking by face after 6 h are shown in 
Fig. 11(a). The morphology of these particles resulted in surface partially covered some distorted particles and 
indicated that cubic form of calcium silicate are evident in Fig. 11(b)-(c). The particle shape was an 
agglomerated of platelet and the partially change to irregular shape, non-homogeneous. The particles shape 
reveals that changed to the crystal sizes as shown in Fig. 11(d). The faujasite zeolite crystalline displays the 
octahedral crystal of zeolite (Fig. 11e), after 24 h and it was corresponded by Lee et al., 2007. Evidence of 
faujasite zeolites transform to cubic crystal and flaky on surface structure of faujasite zeolite was shown at 48 h 
in Fig. 10,11(f). However, after longer crystallization times, faujasite zeolite progressively changes its 
morphology from octahedral crystals to zeolite P as shown in Figure 11(g)-(h).  
 
Effect of Addition MK:  

From the previous results, MK was added in the mixture of FA, AS and then fused followed by incubation 
to improve the high degree of faujasite zeolite crystallinity. The XRD patterns in Figure 12 show the occurrence 
of a faujasite zeolite at different the starting materials. The pattern of the faujasite zeolite which obtained from 
the mixture of FA, AS and MK in weight ratio of 7:3:0 was shown in Fig. 12(a). The peak intensities of the 
faujasite zeolite were increased progressive from the mixture of FA, AS and MK in weight ratio of 1:3:6 after 
left to incubate at 343 K for 24 h as shown in Fig. 12(c). On the other hand, the XRD revealed the occurrence of 
an amorphous phase evidencing from the mixture of FA, AS and MK in weight ratio of 5:3:2 as shown in Fig. 
12(b). However, the occurrence of an amorphous phase with a geopolymeric paste appearance, particularly 
using MK as a starting material 2 g, presents a non-successful zeolite synthesis process. It was confirmed by 
SEM photomicrograph in Fig. 9(a) which faujasite zeolite reveals octahedral crystal and the flaky that prepared 
from FA and AS in the weight ratio of 7:3. Figure 13 shows completely octahedral crystal of faujasite zeolite 
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from the mixture of FA, AS and MK in weight ratio of 1:3:6. The Si/Al values for the synthesized phases are 
comparable with those for commercial zeolites and with the data in the literature as shown in Table 3.  

At this point, it is necessary to highlight that the most important and accurate parameter to follow 
zeolitization process is cation exchange capacity as shown in Table 4. The increase of crystallinity of faujasite 
gave the high specific surface area and cation exchange capacity. The CEC value of the best faujasite zeolite 
was 420 meq 100g-1 and it can be used as slow release fertilizer. 
 
Table 1: Synthesis conditions for conversion of FA into zeolitic materials by the fusion prior to incubation method 

Sampl
e 

Compositions 
(10 g) 

NaOH 
weight (g) 

Fusion 
temperatu
re (K) 

Aging 
time (h) 

Crystallizatio
n temperature 
(K) 

Crystallizatio
n time (h) 

Phase by 
XRD  

CEC 
(meq 100g-

1) FA(g) AS 
(g) 

1. Effect of amorphous silica from rice husk ash (AS) and Effect of NaOH  
1.  7 3 10 823 24 343 24 FAU high 360 
2.  5 5 10 823 24 343 24 FAU low 67 
3.  7 3 12 823 24 343 24 GIS 84 
4.  5 5 12 823 24 343 24 Amorpho

us 
aluminosil
icate 

68 

5.  7 3 14 823 24 343 24 Uz 84 
6.  5 5 14 823 24 343 24 Uz 76 
7.  7 3 16 823 24 343 24 Uz 98 
8.  5 5 16 823 24 343 24 Uz 88 
2. Effect of crystallization temperature (K) 
9.  7 3 10 823 24 363 24 Uz 52 
10.  7 3 10 823 24 373 24 Uz 66 
3. Effect of crystallization time (h) 
11.  7 3 10 823 24 343 6 Amorpho

us phase, 
C 

47 

12.  7 3 10 823 24 343 10 Amorphos 
phase 

48 

13.  7 3 10 823 24 343 14 Amorpho
us phase, 
C 

66 

14.  7 3 10 823 24 343 18 Amorpho
us phase, 
C 

67 

15.  7 3 10 823 24 343 24 FAU  360 
16.  7 3 10 823 24 343 48 FAU  low 86 
17.  7 3 10 823 24 343 72 FAU, 

Zeolite P  
210 

18.  7 3 10 823 24 343 96 FAU, 
Zeolite P 

96 

 4. Effect of metakaolinite (MK) 
F
A 

A
S 

M
K 

 

19.  5 3 2 10 823 24 343 24 Amorpho
us phase 

94 

20.  1 3 6 10 823 24 343 24 FAU 420 
Remark: Uz=unnamed zeolite, FAU=faujasite zeolite, GIS=gismondite zeolite, C=calcite 
 
Table 2: Chemical compositions of FA, FA after iron oxide removal, AS and MK 

Characteristics  FA  FA after  
removed Fe2O3  

AS MK 

1. Chemical composition (wt.%) 
    SiO2 35.43 35.95 98.63                             49.57 
    Al2O3 22.82 22.52 - 49.51 
    Fe2O3 11.47 4.01 - 0.18 
    CaO 20.89 23.47 0.18 - 
    K2O 2.12 2.50 0.46 0.47 
    Na2O - - 0.12 - 
    SO3 6.76 6.98 0.15 - 
    TiO2 0.41 0.44 - 0.25 
    Mn2O3 0.09 0.12 - - 
    P2O5 - - 0.45 0.02 
SiO2/Al2O3 1.55 1.60 - 1.00 
2. Mean particle size (m) 37.05 8.25 Agglomerated size 

189.73 
6.60 

3. Specific surface area (m2 g-1) 2.32 19.69 138.74 31.37 
4. CEC (meq 100g-1) 5.30 7.50 - 11.85 
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Table 3: Chemical analyses of faujasite zeolite from the mixture of FA, AS and MK in weight ratio of 1:3:6 
Sample SEM-EDS 

Na (%) Si(%) Al(%) Si/Al Si/( Si+Al) 
Faujasite 10.51 17.52 12.43 1.41 0.58 
Fauijaste (Na-x 13X-
UOP) 

11.27 16.36 12.77 1.28 0.56 

Faujasite (Novembre 
et al, 2011) 

10.82 16.06 11.82 1.34 0.58 

 
Table 4: Some characteristics of faujasite zeolite 

Sample SiO2/Al2O3 
(calculated) 

Fused SiO2/Al2O3 
(XRF) 

Zeolite type Specific 
surface area 
(BET) m2 g-1 

Average 
pore radius 
(nm) 

CEC 
(meq 
100g-1) 

FA7:AS3 4.11 3.71 faujasite 
zeolite 

195 3.504 360 

FA1:AS3:MK6 3.53 3.25 faujasite 
zeolite 

398 1.056 420 

 
Characterization of Faujasite Zeolite:  

Figure 14 illustrated the IR spectras of the synthesized faujasite zeolite from the mixture of FA, AS and MK 
in the weight ratio of 7:3:0 and 1:3:6.  According to Figure 14, the spectrum of faujasite zeolite from the mixture 
of FA, AS and MK in the weight of 1:3:6 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) (Mozgawa, 2001; Joshi et al., 2003; Kowenje et al., 2010). 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. Although the faujasite zeolite from the mixture of FA and AS in the weight ratio 
of 7:3 illustrates the presence of adsorptions at 1491 cm-1 which can be calcium silicate hydrate corresponded 
Delgado et al., 1996. 

 
Fig. 1: Schematic of incubation method 
 

 
Fig. 2(a): 
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Fig. 2(b): 

 
Fig. 2: XRD patterns of starting materials (a) FA, (b) AS and (c) MK 
 

 
Fig. 3(a): 
 



Aust. J. Basic & Appl. Sci., 6(10): 194-208, 201 

201 

 
Fig. 3(b): 
 

 
Fig. 3(c): 
 

Fig. 3: SEM photomicrographs of starting materials (a) FA, (b) AS and (c) MK 
 

 
 

Fig. 4: FTIR spectra of AS produced from RHA 
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Fig. 5: XRD patterns of the synthesis products from FA mixed with AS (3 and 5 g) by fusion prior to incubation 

method and different in the weight ratio of NaOH/(FA:AS) of 1.0,  1.2, 1.4, 1.6, F = Faujasite zeolite, 
Uz = unnamed zeolite 

 

 
 

Fig. 6: Effect of AS and FA in different the weight ratio of NaOH on CEC value 
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Fig. 7: XRD patterns of faujasite zeolite products from the mixture of FA and AS in the ratio of 7:3 by fusion 

prior to incubation method at different crystallization temperatures (Synthesis conditions 
NaOH/(FA:AS) =1.0 for 24 h, F = Faujasite zeolite, Uz = unnamed zeolite 

 

 
Fig. 8: Effect of temperatures on the CEC value of the products 



Aust. J. Basic & Appl. Sci., 6(10): 194-208, 201 

204 

 
 

Fig. 9: SEM photomicrographs and EDS-spectrums of faujisite zeolites products from the mixture of FA and 
AS in the weight ratio of 7:3 at different crystallization temperatures (a) faujasite zeolite, (b) flaky on 
surface faujasite zeolite (c) EDS- spectrum of faujasite zeolite, (d) EDS-spectrum of flaky on surface 
faujasite zeolite, (e)-(f) unnamed zeoltes, (g)-(h) EDS-spectrums of unnamed zeolites 

 

 
Fig. 10: XRD patterns of faujisite zeolite products from the mixture of FA and AS in the ratio of 7:3 by fusion 

prior to incubation method at different crystallization times 
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Fig. 11: SEM photomicrographs of zeolite obtained from FA and AS from RHA in the weight ratio of 7:3, at  
              different crystallization times 
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Fig. 12: XRD patterns of faujasite zeolite the mixture of FA, AS and MK in weight ratio of (a) 7:3:0, (b) 5:3:2,  
               (c) 1:3:6 

 

 
 
Fig. 13: SEM-EDS photomicrographs of faujasite zeolite prior to incubation fused with FA, AS and MK at   
              weight ratio of 1:3:6 

 
 
Fig. 14: FTIR spectra of the synthesized faujasite zeolite 
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Conclusions: 
In this research, a high calcium FA from the Mae Moh Power Plant, Lampang Province Thailand was 

successfully converted to faujasite zeolite by alkaline fusion prior to incubation method. It can be concluded 
that: 

 (1) Synthesis of faujasite zeolite is directed related to extraction of silicates and aluminates from high 
calcium FA using sodium hydroxide. 

 (2) The SiO2/Al2O3 ratio of 3.71 and 3.25 as the starting materials favored formation of faujasite zeolite. 
 (3) At following conditions, NaOH : (FA:AS) ratio of 1.0, fusion temperature at 823 K, crystallization time 

for 24 h and crystallization temperature at 343 K. 
 (4) On modification of the actual SiO2/Al2O3 ratio by increasing SiO2 content with AS from RHA and rich 

Al2O3 content with MK. 
 (5) The starting materials mixtures of FA, AS and MK in the weight ratio of 7:3:0 and 1:3:6 generated 

faujasite zeolite type. 
 (6) The morphology of faujasites indicated that the octahedral crystal of faujasite zeolites. The results were 

confirmed by FTIR, CEC and BET techniques. The CEC of faujasite were 360 and 420 meq 100g-1, 
respectively. Specific surface areas were 233 and 398 m2g-1 respectively. 
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