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Abstract
In this research studied the synthesis of zeolite from sugarcane bagasse ash and Narathiwat kaolinite. The first
step, silica was synthesized from sugarcane bagasse ash. A comparative study of NaOH concentrations was varied
at 2 M 2.50 M and 3 M, respectively for 3 h at 100 °C by refluxing method. The results showed that yield of silica 55%
at optimum 2.50 M NaOH concentrations. Silica was characterized by Fourier transform infrared spectroscopy (FTIR)
technique. The staring materials were silica from sugarcane bagasse ash and Narathiwat kaolinite in the ratio of 3 : 7
by the refluxing method under temperature 100 °C at various NaOH concentration and crystallization times. The
results found that Na-P zeolite at 3 M NaOH concentration for 10 h. The zeolite indicated that result in the research
and confirmed by XRD and FTIR. The cation exchange capacity (CEC) was 351 meq/100g.
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1. Introduction
Sugarcane bagasse is a huge by product in the sugar mills when juice is extracted from the cane. Combustion
of sugarcane bagasse in boilers, used for steam and electricity generation, produces a great amount of silicon and
other oxides. But the ashes obtained directly from the mill are not reactive because of these are burnt under
uncontrolled conditions and at very high temperatures. The ash, therefore, becomes an industrial waste and
increasing landfill problems [1]. For that reason; consequently, the advance of new procedures for its creative reuse
is relevant. Actually, the growth of this waste, which is quartz-abundant, can be avoided if employed as a silicon
source. By means of an alkali fusion extraction method, quartz particles can be dissolved and used as silicon source
for synthesizing silica-based materials such as zeolites. But the alkali fusion method has the high energy and
expensive equipment. Most researchers have used coal fly ash as a low cost silicon and aluminium source to
produce zeolites. Different types of zeolites such as X [2, 3], ZSM-5 [4], hydroxysodalite [5], Na-P1 [6], and zeolite
A [7, 8] were synthesized by applying many synthesis methods. Therefore, the application of this process using
sugarcane bagasse ash is an important procedure to increase the value of sugarcane bagasse ash and to avoid
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environmental pollution caused by this waste. The synthesis is indicated for the extraction of silica powder from
sugarcane bagasse ash, making it available for zeolite synthesis [9].
The research of this study was to synthesize zeolite from sugarcane bagasse ash and Narathiwat kaolinite in two
steps: extraction method was silicon from sugarcane bagasse ash by refluxing treatment for the staring material to
synthesize zeolite. This work demonstrates the potential of sugarcane bagasse ash extract to be used as a reliable
silica source for preparing pure zeolite and Narathiwat kaolinite as source were silica and alumina. The
characterization of the resulting zeolites materials for their X-ray diffraction, cation exchange capacity (CEC) and the
best Na-P zeolite was determine by Fourier transform infrared spectroscopy technique.

2. Materials and Methods
Water out
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Water in

Water in

Fig. 2 Schematic of refluxing method

Fig. 1 Silica powder from sugarcane bagasse ash

Material
Sugarcane bagasse ash was obtained from Buriram sugar factory (in Buriram province), which washed with water
and then dried at 110 °C for 3 h. The mineralogical composition chemical analyses of sugarcane bagasse ash were
accomplished by X-ray fluorescence (XRF: Horiba Mesa-500w).
Method
Synthesis of silica from sugarcane bagasse ash
The 10 g of sugarcane bagasse were stirred in 50 mL of sodium hydroxide (NaOH) solutions with 2.50 M in a
boiling flask [10]. The reactants were placed in a water bath and heated at 100 °C for 3 h. The solution filtrated
and washed with 100 mL boiling water. The filtrate was cooled down to room temperature. After that, 5 M sulfuric
acid was poured into the solution obtained at first step until pH 2 and then ammonium hydroxide was also added
in the filtrate to obtain pH 8.50. The filtrate was left for 3.50 h at room temperature and then dried at 120 °C for
12 h to obtain white powder, showed in Fig. 1. The powder was identified by Fourier transformed infrared
spectrophotometer (FTIR: Perkin Elmer, Spectrum GX).
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Zeolite synthesis
Zeolite synthesis process was performed of placing 10 grams of silica obtained Sugarcane bagasse ash mixed
with Narathiwat kaolinite ratio of 3 : 7 (weight : weight) [11] by refluxing method showed in Fig. 2. Before synthesis,
the starting materials of mixture on concentrated 3 M and 5 M in 50 ml of NaOH solutions, respectively in a breaker.
The breaker was kept in a water bath at 80 °C for 3 h and stirred constantly (300 rpm). Then, the mixtures were
heated at 100 °C for 6, 8 and 10 h by refluxing method without stirring. After various crystallization times, the solids
were obtained by filtration process, washed repeatedly with distilled water, dried at 110 °C for 18 h and kept in
powder form for further characterization. Samples were then characterized by X-ray diffraction [XRD: Bruker AXS D8
Advance diffractometer equipped with a copper anode (l = 1.5406 Å)]. The solid product was determined the cation
exchange capacity by ammonium replacement method. The best crystalline Na-x zeolite characterized by Fourier
transformed infrared spectrophotometer (FTIR: Perkin Elmer, Spectrum GX).

3. Results and Discussion
Chemical and mineralogical analyzes of materials
The product was determined by X-ray fluorescence spectrometer (XRF) as summarized the chemical
compositions of sugarcane bagasse sample are shown in Table 1. The highest amount of SiO2 is 82.70 wt% The
total amounts of K2O, CaO, Fe2O3, P2O5 are 4.06, 3.55, 2.48 and 2.47 wt%, respectively and other components are
4.75 wt%. The chemical compositions of kaolinite from Narathiwat province are indicated in Table 1. It was found
that the main components of kaolinite are Al2O3 and SiO2 incorporating with Fe2O3, TiO2, K2O and P2O5 as minor
phases.
Table 1 Chemical compositions of sugarcane bagasse ash and Narathiwat Kaolinte
Components expressed as oxide Sugarcane bagasse (%) Kaolinite (%)
SiO2
82.70
44.76
Al2O3
1.12
36.18
K2O
4.06
1.15
CaO
3.55
0.13
P2O5
2.47
0.06
MgO
1.24
0.11
SO3
1.37
TiO2
0.42
0.84
Mn2O3
0.60
Fe2O3
2.48
0.83
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IR of silica from sugarcane bagasse ash
The major chemical groups presented in silica were identified by the FTIR spectra and shown in Fig. 3. The broad
band between 2800 and 3750 cm1 was due to silinol OH groups and adsorbed water. The predominant absorbance
peak at 1320 cm1 was due to siloxane bonds (Si-O-Si). The peaks between 1200 and 700 cm1 are attributed to
vibration modes of the gel network [12]. IR spectrums were not clearly show the difference between pure silica
from standard chemicals and silica from sugarcane bagasse. The characteristic and position of peaks are identical.
A = Analytical reagent silica
B = Silica from sugarcane baggsse
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Fig. 3 Infrared spectrum of (A) analytical reagent silica and (B) silica produced from sugarcane bagasse ash.
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Fig. 4 X-ray diffraction patterns of the products obtained at various times
The X-ray diffraction patterns of the products obtained in 3 M and 5 M NaOH concentration in various reaction
times are shown in Fig. 4(A) and 4(B) and the X-ray diffraction intensities of the above products are shown in Fig.
4(A). The amount of Na-P zeolite crystal increases with an increase time in 3 M NaOH concentration for 10 h, while
the diffraction intensity of zeolite P decreases above the increase concentration due to the formation of
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hydroxysodalite. Although, the refluxing method was very effective in extracting silicon species in sugarcane bagasse
ash with silica and alumina from Narathiwat kaolinite. However, sodium hydroxide present in the refluxing method,
acts as an activator during solution to form soluble silicate salt. The concentration of 3 M NaOH with silica produces
sodium silicate and amorphous aluminosilicate, which can be easily dissolved in aqueous solution. The main phase
of Na-P zeolite due to zeolite for 10 h of crystallization times, part of the silica dissolves and alumina to zeolite
nuclei form on the surface of the residual material particle. Crystallization then starts at the moment the size of
these nuclei reaches a certain minimum from which point further growth [13]. Therefore, as the condensation
reaction of aluminosilicate and the formation of a zeolite crystal proceed, aluminate ions and silicate ions are
supplied from Narathiwat kaolinite and silicate ion from synthesized silica as stating Sugarcane bagasse ash because
the particle surface is covered with the deposit material, such as an aluminosilicate gel and a zeolite crystal. The
first reaction product was zeolite P (Na) - sodium aluminium silicate hydrate (Na6Al6Si10O32 ·12H2O). Na+ cation which
in NaOH solution also plays an important role in zeolitization. Sodium ions (Na+) are known to stabilize the subbuilding units of zeolite frameworks and usually are required for zeolite synthesis under refluxing method. Fig. 4(A)
show the main phase crystalline of zeolite P reference with JCPDS No. 71-0962. The peaks associated with zeolite
Na-P remain prominent in the pattern N. Murayama et al. [14] which report that the zeolite P synthesized in 0.50 –
3.00 M of NaOH solutions deposits as a fine crystals and the particle surface is perfectly covered with zeolite crystal
with an increase in NaOH concentration. The big spherical crystal mixed with fine crystal deposits in the case of HS
synthesized in more than 3.00 M of NaOH solution. It is confirmed crystallite zeolite by value cation exchange
capacity. The products were evaluated in terms of CEC value as shown in Fig. 5.
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Fig. 5 CEC value of zeolites synthesis by refluxing
method at various conditions
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Fig. 6 FTIR spectra of the synthesized Na-P zeolite

The experiments were undertaken to determine the effects of concentration of NaOH and crystallization time
on zeolite formation under the conditions described for each method. The products were evaluated in terms of
CEC value as shown in Fig. 5. Clearly, there are higher CEC values of products was 351 meq/100 g in 3 M NaOH
concentration for 10 h and decrease CEC values with increase concentration of NaOH for various crystallization
times, respectively.
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IR spectra of Na-P zeolite
Infrared spectroscopy is another to confirm the structure of Na-P zeolite, as shown in Fig. 6. The spectrum of
Na-P zeolite illustrates the presence of absorptions at 427, 602, 687, 743 and 970 cm1. The bands at about 970
and 427 cm1 are due to internal vibrations of (Si, Al)O4 tetrahedral of Na-P zeolite which are insensitive to
framework structure. These bands result from stretching and bending modes of the T-O (T = Si or Al) units
respectively. The band at 687 and 743 cm1 are attributed to the symmetric stretch vibration of internal tetrahedral.
The band at 602 cm1 is due to vibrations related to doubling stretching framework [15]. The band at 3391 cm1
was assigned to hydrogen boned Si-OH groups, while the band at 1643 cm1 was ascribed to the bending vibration
mode of residual H2O molecules in the zeolite voids [16 – 17]. It was indicated that sample matched well with the
Reference [18].

4. Conclusion
Refluxing method evaluated for synthesis of zeolite using silica from sugarcane baggase ash and Narathiwat
kaolinte as raw material. The product of was generated Na-P zeolite and the high CEC value showed 351 meq/100g.
Optimal reaction conditions of concentration NaOH at 3 M for 10 h of crystallization time.
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