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Abstract- Zeolite NaA is synthesized using corncob ash (CCA) by hydrothermal synthesis in various weight ratios of 
ash:NaOH at 300oC for 12 hours of curing time. Elemental analysis (ICP), X-Ray Diffraction (XRD), Fourier transform 
infrared spectroscopy (FT-IR), Thermogravimetric Analysis (TGA), and Scanning Electron Microscopy (SEM), 
characterized the initial CCA and the final zeolite NaA samples.  
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I. INTRODUCTION 
 
Corn is an important crop in the Philippines. Just like 
rice, it is also a staple for Filipinos specifically those 
from the Southern Philippines. In terms of hectare, 
the total area under corn cultivation is over 2.45 
million hectares, producing over 5.25 million tons of 
corn grain annually [1]. The main components of 
corn are corn grain and corn stover (corn cob, stalk, 
and leaves). The ratio of grain:stover is about 1:1, 
with the grain accounting for slightly more weight 
than stover of the total biomass produced in the 
plantation. Corn stover is a by-product from burning 
process in a corn plantation, which corncob, stalk and 
leaves are burnt at temperature about 800- 1000oC. 
Normally, corncob, stalk and leaves ash is 
characterized by a spongy and porous structure in 
nature. The corncob represents approximately 20% of 
the weight of corn stover [2] and consists of huge 
amount of lignocelluloses materials. Farmers used 
corn stover as feeds for their animals others burn 
these wastes. 
 
The ash produced after burning requires ultimate 
disposal. The main chemical composition of corn 
cob, stalk and leaves ash is silica and the use of ash 
particles derived from the combustion of agricultural 
wastes as zeolites would therefore be most ideal since 
these materials are inexpensive and available in 
abundance. Numerous researchers reported that it is 
expensive to produce synthetic zeolites from silica 
and alumina chemical sources. Thus, raw materials 
like agricultural waste such as corn cob and stalk 
ashes [3,4], rice husk ash 
[5,6,7,8,9,10,11,12,13,14,15,16, 17,18], and sugar 
cane bagasse [19,20], coal ashes, clay minerals, 
industrial slags, natural zeolites, and municipal solid 
waste incineration ashes are used an alternative cheap 
source material for synthesis of zeolite. The use of 
waste materials contributes to the mitigation of 
environmental problems, generally in the field of 
water purification, removing heavy metals or 

ammonium, and turns them into attractive and useful 
products. However, only few studies were conducted 
with corn cob ash and stalk ashes. 
Zeolite NaA exhibits the LTA (Linde Type A) 
structure. It has a 3-dimensional pore structure with 
pores running perpendicular to each other in the x, y, 
and z planes, and is made of secondary building units 
4, 6, 8, and 4-4. The pore diameter is defined by an 
eight-member oxygen ring and is small at 4.2Å. This 
leads into a larger cavity of minimum free diameter 
11.4Å [21]. Eight sodalite cages connected by their 
square faces in a cubic structure surround the cavity. 
Zeolite A has a void volume fraction of 0.47, with a 
Si/Al ratio of 1.0. It thermally decomposes at 700oC. 
Zeolite NaA is of much interest because its supercage 
structure is useful in spacio-specific catalysis. The 
inner cavity is large enough for structure changing 
reactions to take place, but the small pore means only 
a specific structure can get into the cavity for reaction 
[22]. Zeolite NaA is also widely used in ion exchange 
separation.  
In the present work, the synthesis of zeolite NaA 
from corncob ash (CCA) was explored as a source of 
silica after extraction in the amorphous form by 
milling-calcining-acid leaching of ash. Two-steps 
synthesis and various weight ratios of CCA:NaOH 
were applied. Likewsie, characterizations of CCA 
were investigated which includes; elemental analysis, 
XRD, FT-IR, TGA, and SEM. 
 
II. EXPERIMENTAL 
 
2.1. Materials 
A corn producer in Ilocos Norte, Philippines provided 
the CCA used in the experiment. CCA was washed 
with plenty of tap water and rinse with deionized 
water to eliminate adhered dirt and soil.  CCA was 
oven dried at 100oC and utilized in the synthesis of 
zeolites as a silica source. All chemicals were directly 
used as received without any further purification. The 
aluminum source for zeolite synthesis was sodium 
aluminate (0.78 molar ratio of Al/NaOH, Wako). The 
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sodium source used was sodium hydroxide powder 
(97.0%, Wako). For acid treatment, hydrochloric acid 
(1M, Wako) was used. 
 
2.2. Methods 
A two-steps zeolite NaA preparation method was 
employed as shown in Fig 1, which encapsulates the 
scheme that consists of silica extraction and zeolite 
NaA production. First step is the extraction of silica 
content from fine CCA particles. The pre-treatment of 
the CCA comprises of the mechanical, thermal, and 
acid treatments. In the mechanical treatment, CCA 
was milled to particle size smaller than 0.0741 mm. 
Subsequently, in the thermal treatment; CCA was 
calcined in airflow at 500oC for 2 hours to eliminate 
incorporated organic matter. Lastly, the calcined 
CCA was acid-leached with a 1.0M HCl solution by 
the ratio of 1:5 = mass of ash (g):volume of acid (mL) 
at 100oC for 1 hour. The metallic impurities in an 
agricultural waste can be reduced to negligible 
concentrations by treating with hydrochloric acid 
[23,24].  The corncob ash which was calcinated 
named as CCCA, while that which was submitted to 
acid leaching, ACCA. The chemical compositions of 
CCA are presented in Table 1. Then, fine fraction of 
milled-calcined-acidified CCA was mixed with 
sodium hydroxide powder of various weight ratios of 
ash:NaOH, 1.0:0.5, 1.0:1.0, 1.0:1.5, and 1.0:2.0 and 
heated at 300oC for 2 hours to achieve a fused 
powder, which was cooled to room temperature, and 
milled. The fused powder was mixed with deionized 
water with a weight ratio of fused mass:deionized 
water, 1:2 and aged for 2 hours at room temperature 
with stirring. Subsequently, the suspension was 
centrifuged, and filtered to eliminate solid residue for 
achieving clear supernatant. Measurement of 
concentrations of Si, Al and Na in the supernatant 
was made. In the zeolite NaA production, high silica 
supernatant was mixed with deionized water with a 
weight ratio of silica supernatant:deionized water, 
2:1. Under rigorous stirring, the diluted silica 
supernatant was mixed with a dropwise of sodium 
aluminate solution from the dissolution of a gram of 
sodium aluminate powder into 5 mL of deionized 
water for preparing the reaction mixture to Si/Al 
molar ratio of 1. After an hour of mixing, the 
preparation was continued with hydrothermal 
treatment in a Teflon-lined stainless steel container at 
90oC for 12 hours at autogenous pressure. Finally, the 
synthesized zeoliteNaA were filtered, washed with 
deionized water and then dried at 100oC for 24 hours. 
 
2.3. Characterization 
The chemical composition of the CCA was 
performed by Inductively Couple Plasma-Atomic 
Emission Spectroscopy (ICP-AES) method using SPS 
7800 (SII). The crystal phases of the powders were 
classified using powder diffraction technique by a 
Multiplex (Rigaku) with Ni-filtered Cu-K  radiation 
( =0.15418 nm), operating at 40kV and 20mA over 

the 2-theta range of 5 to 90o. Diffuse reflectance 
infrared Fourier transform spectroscopy (DRIFTS) 
was carried out using a FT-IR spectrometer equipped 
with a diffuse reflectance attachment. Transmittance 
modes analyses were investigated using KBr pressed 
technique in 4000-400 cm-1 regions. The thermal 
stability of CCA was carried out in air using 
thermogravimetry or TG-DTA (Rigaku Thermo plus 
TG 81200) in the temperature range of 20-900oC in 
the heating rate of 10oC/min. The morphologies of 
the CCA, calcined CCA, acid treated CCA, and the 
obtained Na-A zeolite were examined by scanning 
electron microscopy (SEM) using Keyence VE-8800 
with an applied potential of 5kV. 
 
Table 1 Chemical Composition of Corn Cob Ash determined 

by ICP-AES 

 

 
Figure 1 Two-Steps synthesis of zeolite NaA from corncob ash 
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III. RESULTS AND DISCUSSION 
 
3.1 X-ray diffraction analysis 
The XRD patterns of the CCA, CCCA, and ACCA 
are shown in Fig. 2. In accordance with XRD data, 
the starting material contains 59.391 wt.% of Si, 
14.800 wt.% of Ca, 7.194% wt  of K, 5.191% wt of 
Al and minor amount of other components (see Table 
1). The patterns were classified by its characteristic 
X-ray diffraction peaks with the d-values obtained 
with PDF (Powder Diffraction File) data. The 
significant XRD patterns observed in the CCA is the 
appearances of the characteristic peaks of calcite 
(CaCO3) and SiO2 (silicate). CCA matched the 
characteristic peaks of calcite at 2 values of 29.419o, 
37.475o, 39.439o, 43.161o, 47.519o, and 48.535o with 
PDF# 47-1743; while characteristic peaks of SiO2 at 
2 values of 24.396o, 26.640o, and 27.800o with 
PDF# 47-0715. The XRD pattern of CCCA obtained 
by calcining the CCA for 2.0 hours at 500°C 
resembled others, except for the peaks due to 
admixed impurities. After thermal treatment, the 
XRD patterns of CCCA exhibit slight significant 
change in comparison to the pattern of CCA with the 
appearance of amorphous aluminosilicate. Similar 
observations were made by Gougazeh and Buhl [25] 
that thermal activation leads to structural changes and 
promotes its reactivity to synthesize zeolitic 
materials. Calcium was found to be present in 
relatively amounts which can affect zeolite synthesis 
as calcium competes with sodium cation to occupy 
the active sites of the formed zeolite [26].  However, 
with the acid treatment of CCA, significant change 
revealed in evaluation to the patttern of untreated 
CCA, which was characterized with the 
disappearance of the diffraction peaks of calcite and 
significant development of amorphous 
aluminosilicate. 
 

 
Figure 2 XRD  patterns of (a) CCA, (b) CCCA, and (c) ACCA 

 
The effect of the phase composition of synthesized 
zeolite material were investigated with the fusion 
ratio of CCA:NaOH from 0.5, 1.0, 1.5, and 2.0, 
respectively at 300oC for 12 hours fo curing time. The 
XRD diffractograms were illustrated in Figure 3. The 

growth of synthesized zeolite NaA in the samples was 
detected, by comparing the d-values of the products 
obtained with PDF card no.: 39-0222 and d-values of 
commercial zeolite NaA sample. The most significant 
change detected in the XRD patterns is the 
appearance of the characteristic peaks of zeolite NaA. 
The synthesized products matched the characteristic 
peaks of zeolite NaA at 2 values of 7.200°, 10.180°, 
12.461°, 16.080°, 21.640°, 23.940°, 26.060°, 27.061°, 
29.880°, 30.778°, 32.481°, 33.319°, and 34.084°. Fig. 
2b-d shows the XRD pattern of the treated CCA 
samples with 0.5 to 1.5 ratios of weight of NaOH 
powder, zeolite NaA was determined as the major 
constituent mineral phase and no hydroxysodalite was 
observed. According to the experimental results and 
the XRD data, intensities of the sodalite peaks in the 
pattern increase with increasing NaOH concentration 
(Fig 2e). Similar observations were achieved by Lin 
and His [27], and Gougazeh and Buhl [28] that 
zeolite NaA was formed at low base concentrations 
and intensities decreased at higher base 
concentrations. 
 

 
Figure 3 XRD patterns of zeolite NaA and related phases 

achieved by hydrothermal synthesis (a) commercial zeolite 
NaA, (b) 1.0:0.5 (CCA:NaOH),  (c) 1.0:1.0 (CCA:NaOH), (d) 

1.0:1.5 (CCA:NaOH), and 1.0:2.0 (CCA:NaOH) 
 
3.2 FT-IR analysis 
An IR spectrum of the CCA is shown in Fig 4. Table 
2 illustrates the assignment of the IR vibrational 
frequencies of the experimental data of CCA. The 
peak at 1187 and 1063 cm-1 corresponds to the 
asymmetric stretching vibrations of bridge  bonds - 
vas T-O(T) (Si-O stretching), the 1028 cm-1 belongs to 
bending vibrations –O-H, the peak at 881 has been 
assigned to Si translation, the peaks at 783, 753, 710, 
650 assign to symmetric stretching vibrations of 
bridge bonds - vs T-O-T (vsSi-O-Si), and lastly, the 
peaks at 540, 502, 448 corresponds to bending 
vibrations - O-T-O or the deformation vibration of Si-
O 
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Figure 4 IR Spectrum of CCA 

 
Table 2 IR vibrational frequencies of the experimental data 

of CCA 

 

3.3 Thermogravimetry (TG-DTA) analysis 
The thermal stability of the initial CCA was obtained 
from thermogravimetric analysis (TG-DTA) as 
shown in Fig 5. The transition of CCA has been 
detected near 500oC. The loss below 350oC 
temperature signifies to the CCA water and the loss 
in the range of 350-550oC, attributed to the 
dehydroxylation of the structural OH of the CCA.  
 

 
Figure 5 Thermogravimetric analysis (TGA/DTA) of CCA

 

 
Figure 6 SEM images of zeolite NaA and related phases achieved by pre-treatments and hydrothermal synthesis (a) CCA, (b) 

CCCA,  (c) ACCA, (d) synthesized zeolite NaA 
 
3.4 Scanning electron miscroscopy (SEM) results 
SEM micrographs (Fig. 6) illustrate the incidences of 
the zeolitic products achieved after pre-treatments 
and hydrothermal synthesis of CCA, exposing a 
noticeable change in the morphology of the original 

surface of the starting material. CCA can be 
recognized by its honeycomb-like morphology. Based 
on the SEM images of Fig. 6a-c, the pre-treatments of 
calcining and acid leaching of CCA could not destroy 
the aggregation of CCA crystals, nonetheless only 
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eradicate any impurities, resulting in a slight 
enhancement on the dispersibility of the CCA 
crystals. The calcined-acid treated CCA honeycomb-
like crystals vanished and irregular nanoparticles 
formed. Cubic crystals with the size of 2m after 
hydrothermal treatment for 12 hours can be observed 
in the synthesized product (Fig 6d), verifying the 
materialization of zeolite NaA.  
 
CONCLUSIONS 
 
Zeolite NaA can be synthesized by using amorphous 
silica from corncob ash as the raw material and then 
fused by fusion method with various weight ratios of 
ash:NaOH prior to hydrothermal treatment at 300oC 
for 12 hours of curing time. Some remarkable 
observations could be summarized as follows: 
a. The results implied that the obtained 
synthesized zeolite contain zeolite NaA as the major 
constituent phase. Zeolite NaA was formed at low 
base concentrations and intensities decreased at 
higher base concentrations. 
b. The morphology of the synthesized zeolite 
indicated the cubic crystal of zeolite NaA. The results 
were confirmed by XRD, FTIR, TGA, and SEM 
techniques. FTIR spectra exhibited the presence of 
internal Si-O-Si and Si-O-Al asymmetric mode. 
Corncob ash was suggested to be feasible and 
economical raw material for the practical industrial 
production of zeolite NaA. 
c. For a future research, zeolites’ efficiency in 
selective cation exchange as ion exchangers will be 
explored. 
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