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Synthesis and characterization of zeolite 4A-type desiccant from kaolin
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Abstract

Natural kaolin, from Fujian province in China, was used as raw material to synthesize zeolite 4A 
powder under low-temperature hydrothermal treatment in alkali solution. Optimization studies on vari-
ous reaction parameters were conducted. With the addition of an inorganic binder (montmorillonite), 
the as-prepared powder was shaped into spheres for desiccant application in industrial fields. Zeolite 
4A powder was characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM) 
and the obtained powder was a cubic phase with high crystallinity. The water sorption capacity (WSC) 
and final compression strength (FCS) of zeolite 4A desiccant were studied. Higher crystallinity of 
zeolite 4A powder led to the higher WSC of zeolite desiccant. The observed WSC and FCS of 21.0% 
and 44.8 N, respectively, confirmed the potential application of zeolite 4A for water sorption.
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Introduction

Water or water steam, the most common undesirable impurity, 
exists in nearly all industrial gases and liquids and is harmful 
to their applications (Sulaymon and Mahdi 1999). Three kinds 
of desiccants, i.e., inorganic materials (zeolites, clays, silica), 
carbon-based materials, and organic polymers, are generally 
used to remove the water or water steam (Ma et al. 2000). Many 
kinds of inorganic nanoporous materials possess excellent water 
sorption properties, such as porosity, chemical and structural 
features, polarity, and specific surface area, and so on. Fur-
thermore, the water sorption behavior in inorganic nanoporous 
materials plays an important role in the design and fabrication 
of advanced materials and devices, and therefore, these types of 
desiccants have been investigated extensively (Han et al. 2008; 
Arstov et al. 2006).

Zeolites, a type of inorganic nanoporous material, are porous 
aluminosilicates formed by sharing of oxygen atoms in the alu-
minum and silicon tetrahedra, i.e., a periodic three-dimensional 
framework structure containing voids (Helfferich 1962). Due to 
the structure periodicity of these crystalline solids, they exhibit 
an extremely narrow pore size distribution, which is important 
for their size-specific applications in adsorption, molecular siev-
ing, shape-selective catalysis, separation, electrodes, and micro 
fuel cells (Barrer 1982; Kwan and Yeung 2008; Rolison 1990; 
Senaratne et al. 1996; Yan 1983; Yang et al. 2007; Workneh and 
Shukla 2008; Mohamed et al. 2008). Furthermore, zeolites have a 
high affinity for water and other polar molecules (e.g., NH3, H2S, 
and SO2) and have been previously used to remove water from 
gases and liquids (Kirk-Othmer 1998; Ng and Mintova 2008). 

Zeolites have been conventionally synthesized from sodium 
aluminosilicate gels prepared from pure chemicals in air ovens or 
autoclaves (Vaughan 1988). The general process of synthesizing 
zeolites from chemical reagents involves three basic ingredients: 
silica, alumina, templates, and sometimes a source of seeds for 

the promotion of nucleation. These basic components are mixed 
in appropriate proportions to form a homogeneous slurry or gel, 
and the gel is subsequently aged under the specific pH value, 
temperature, and pressure (Ju et al. 2006; Schmitt 1995; Shams 
and Mirmohammadi 2007; Yamazaki and Tsutsumi 2000).

Other methods that convert clay minerals or wastes, such as 
rice husk ash, cupola slag, and aluminum sludge, from industrial 
process to zeolites with or without additional silica or alumina 
sources (Chandrasekhar and Pramada 1999; Tanaka et al. 2008; 
Wang et al. 2007; Fan et al. 2008; Kordatos et al. 2008; Anuwat-
tana and Khummongkol 2009; Saada et al. 2009; Chandrasekhar 
et al. 1997), have attracted attention recently due to low cost 
and simple technique. Kaolin is one of the most versatile indus-
trial materials, with the principal mineral of kaolinite having a 
chemical formula of Al2Si2O5(OH)4 and consisting of a single 
sheet of silica tetrahedra and a single sheet of alumina octahedra, 
both of which combine to form the kaolin unit layer (Wajima 
and Ikegami 2009). Natural kaolin with a Si/Al ratio of ~1 can 
be conveniently used as an ideal raw material for the synthesis 
of low-silica zeolites (Shams and Mirmohammadi 2007; Chan-
drasekhar and Pramada 1999; Lin et al. 2004; Selim et al. 2004; 
Ríos et al. 2009), especially for zeolite 4A (Park et al. 2001; 
Mohammadi and Park 2002; Costa et al. 1988; Chandrasekhar 
1996). Synthesis of zeolite 4A from kaolin mainly consists of 
two steps: thermal activation and hydrothermal reaction. The 
former aims to dehydroxylate kaolin to metakaolin in favor 
of activation (metakaolinization), and the latter causes zeolite 
crystallization in the presence of alkaline medium with or without 
additional silica (zeolitization) (Chandrasekhar and Pramada 
1999; Akolekar et al. 1997). 

Zeolite powders to be used in adsorption processes must be 
formed into agglomerates having high physical strength and at-
trition resistance (Sulaymon and Mahdi 1999). One method of 
forming the crystalline powders into agglomerates involves the 
addition of an inorganic binder, generally a kind of clay, to the 
high-purity zeolite powders in a wet mixture. Consequently, the 
binder component in agglomerates must be such that a macropo-* E-mail: hmyang9392@hotmail.com


