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Abstract: The role of Hydrogel/Zeolite composites, synthe-

sized for various applications, specifically dye removal from 

waste   water, controlled fertilizer release and transdermal 

drug delivery system, has been discussed in this review. The 

importance of zeolites and the role of hydrogels in these ap-

plications, owing to specific chemical and structural     prop-

erties, have also been compiled. Based on the extensive re-

search work and literature available, it has been observed 

that hydrogels are preferred over other adsorbents, due to 

their exceptional water retention ability, while the zeolites 

function as carriers or absorbers of ions. These composites 

have been used for slow and prolonged chemical release, 

selective absorption and enhanced water retention capacity 

of hydrogels. A synergistic effect of the chemical and   phys-

ical properties of hydrogels and zeolites are put to wide-

spread use in the chemical and medical sectors, which have 

been discussed in detail. This work also presents an evalua-

tion of various factors that influence the functioning and 

end properties of the Hydrogel/Zeolite composites.  

Keywords: Hydrogel, Zeolite, Composite, Adsorption, 

Absorption     

1. Introduction:  

Since the birth of Nano-sciences, a competitive study based 

on its applications has emerged. Polymeric composites: A 

subset of Nano-sciences has led to numerous inventions in this 

field. Discovery of Hydrogel/Zeolite composites (H/Z) has 

unveiled a possibility of specialized functions with tremen-

dous potential in chemical and medical sectors.  

Owing to their structure and chemical composition, H/Z have 

unique properties which render them fit for specific applica-

tions. Hydrogels are three dimensional networks which swell 

extensively due to their ability to absorb and retain water 

without dissolution [1]. The functional property of hydrogels 

is observed due to their special and complex network, which 

are highly stable, chemically as well as physically [2]. These 

hydrogels are modified by insertion of functional groups, as 

well as enhancing their sensitivity to change in stimuli, exter-

nally. Additionally, complete regeneration, without a signifi-

cant drop in adsorption capacity is observed due to the revers-

ibility of the process of adsorption [3].  The functional groups 

present in the hydrogel network open up during swelling and 

thus make internal active sites available to the molecules be-

ing adsorbed [2]. Zeolites on the other hand, are crystalline 

aluminosilicates with a three-dimensional structure containing 

pores to trap cations, water molecules and smaller organic 

molecules. 

They are used in exchange of ions, catalysis as well as adsorp-

tion processes due to uniform pre-size distribution, selectivity 

and chemical and physical stability [2,4]. 

This review studies the role of various composites developed 

by varying types of Hydrogel polymers and Zeolites for their 

application in waste water treatment, drug delivery and in the 

agro industry. 

 

2. Applications: 

 

2.1 Waste water treatment: 

 

Hydrogel/zeolite composites find widespread application in 

waste water treatment for removal of dyes, which are a matter 

of environmental concern, due to the toxicity of most dyes. 

Adsorption is known to play a pivotal role in industrial waste 

water treatment, owing to low-cost and innovations. V.V. 

Panic & S. J. Velickovic, in their work synthesized compo-

sites based on poly(methacrylic acid) (PMAA) and hydro-

philic zeolite A as well as hydrophobic zeolite ZSM-5, for 

uptake and removal of cationic dye, basic yellow, called as 

BY28. In a zeolite structure, SiO4 and AlO4 tetrahedra are 

connected by oxygen atoms. The maximum possible amount 

of the tertrahedral structure of alumnosilicate as well as high-

est number of sites for exchange of cations are provided by a 

Si/Al molar ratio of approximately 1, in the case of zeolite A. 

This results in maximum number of cations, as well as the 

capacity to exchange ions. Whereas zeolite ZSM-5 has a large 

number of Si-O-Si groups, which are hydrophobic. Addition-

ally, in case of the latter, a molar ratio SiO2/Al2O3 of approx-

imately 90 was preferred. These ratios and material were 

therefore made use of, in synthesis of the composite by the 

authors, thus providing an environment friendly solution [2].  

 

In the work, PMAA/ zeolite A, as well as, PMAA/ zeolite 

ZSM-5 composites were synthesized with a zeolite loading of 

15wt% and 30wt%. The method followed was free-radical 

polymerization, followed by crosslinking at a temperature of 

80
o
C, in aqueous medium [2,5].  The variation in behavior of 

the four afore mentioned samples were studied. The effect of 

concentration of zeolite incorporation on the composite prop-

erties superseded the effect of zeolite type. An increase in 

storage modulus of 3-22 times was observed in the compo-
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sites, thus implying higher stability under shear force, thereby 

rendering it more suitable for adsorption, when compared to 

PMAA. Swelling of material, when in contact with liquids, is 

an important property because, it affects the expansion of 

network within the composite and also the porosity [2]. A 

10% reduction in the degree of swelling at equilibrium (SDeq) 

was observed in the composites, as compared to pure PMAA. 

The strong interactions within the composites was known to 

be the cause for the same [2]. In distilled water, the PMAA/ 

hydrophilic zeolite A, with 15wt% loading of zeolite 

(PMAA/15A) was found to have a lower value of SDeq, as 

compared to PMAA/ hydrophobic zeolite ZSM-5, with zeolite 

loading 15wt% (PMAA/15Z). The interaction density between 

the PMAA network and zeolite lattice affects the behavior of 

the composite [2,6]. It was also observed that in acidic media, 

the extent of swelling was negligible, while in case of basic 

media, the swelling was lower than that in distilled water. The 

reason for the former was stated to be the protonation of the 

existing carboxylic groups, whereas the latter was observed 

due to interaction of material with the buffer ions that existed 

in the solution [2]. 

 

Additionally, zeolite A, owing to its structure, possesses high-

er number of active sites, capable of interacting with carbox-

ylate and carboxylic groups, as compared to ZSM-5, which 

has very low surface –OH groups but is rich in silica. Thus, 

PMAA/15A has higher strength of crosslinking, physically 

and the extent of swelling is also lesser, as compared to 

PMAA/ 15Z. The authors observed that the hydrophobic na-

ture of ZSM-5 zeolite was lost at higher concentration, which 

was attributed to restricted movement of polymer chain in the 

proximity of zeolite particles, beyond a specific critical con-

centration. The space in composite pores are occupied by the-

se particles, thus lowering the penetration of water [2,6,7]. 

 

Thus, in accordance with the trends in various parameters, the 

hydrogel/ zeolite composites were used to adsorb cationic dye 

BY28 thus aiding their removal from waste water [2]. The 

composites, therefore, function by adsorbing the dye, fol-

lowed by cation exchange.  

 

Similar to the above work, A. Almasian et al. synthesized 

poly(acrylic acid)/zeolite composite adsorbents for removal of 

cationic dyes Basic Red 46 (BR46) and Basic Blue 41 

(BB41), with ammonium persulfate (APS) as the initiator for 

polymerization [8]. Pollutants can be removed by increasing 

the adsorption capacity of inorganic particles by polymerizing 

different monomers onto them [9]. Poly(acrylic acid) is 

known to be a super absorbent polymer and is capable of ad-

sorbing dyes, in large amounts [10-12]. The zeolite functioned 

as the inorganic substrate, while the acrylic acid (AA) mono-

mer was used as adsorbent to form a nano adsorbent [8].  

 

The composites were prepared by dispersing 2g of zeolite in 

distilled water with 70% Cetyl trimethyl ammonium bromide 

(CTAB) and 10% sodium chloride, followed by stirring for 

3hours at 80
o
C, centrifuged and washed with distilled water 

several times [8]. The paste was dried at 50
o
C [13-15]. Vari-

ous amounts of AA and APS were added to the zeolite at var-

ious stirring times at a temperature of 70
o
C. In the final stage, 

the samples were centrifuged and washed by continuous agita-

tion/centrifugation with distilled water, followed by drying at 

60
o
C [8]. 

 

The maximum wavelengths for determination of remnant con-

centrations of BR46 and BB41, in the solution were 530nm 

and 590nm, respectively, using UV-visible spectrophotome-

try.   

The extent and possibility of interaction between the dye mol-

ecules and the composite particles depend on the number and 

type of adsorption sites in the solution [8,16]. It was observed 

that the adsorption process, though rapid initially, slowed 

down and ultimately reached equilibrium stage. 

 

The authors of the work reasoned that the initial phenomenon 

was due to the large number of vacant sites available for ad-

sorption of the dyes and interaction with them [8,17]. But fur-

ther on, the adsorption rate decreased due to the adsorption 

sites becoming saturated and a drop in the dye concentration. 

It was further observed that as the adsorbent dosage increased, 

though there was an increase in the adsorption percentage, a 

decrease in the adsorption capacity was seen. The increase in 

adsorption percentage was due to the increase in availability 

of adsorption sites, while a drop in the adsorption capacity 

was due to some adsorption sites remaining unsaturated dur-

ing the process. The studies carried out with various adsorbent 

dosages led to 0.005g of adsorbent being chosen as the opti-

mum value for adsorption of both dyes.  

 

Thus, incorporation of acrylic acid on the zeolite was found to 

significantly improve the adsorption capacity of the compo-

sites, for both the dyes. 

 

2.2 Transdermal Drug Delivery: 

 

Transdermal Drug Delivery System (TDDS) is a method used 

to administer a drug through skin at a controlled rate into the 

blood stream. The difficulties in issuing TDDS include hin-

dered drug diffusion due to the drug size and lipophilic nature 

of the skin which is inapt for delivering an ionic or hydro-

philic drug [18-20]. Nophawan Paradee et al. [21], developed 

a Hydrogel/Zeolite composite as a drug carrier/matrix for 

TDDS via electrophoresis which enabled encapsulation and 

release of an ionic drug in a controlled fashion. The use of 



        International Journal of Engineering Research                                                   ISSN:2319-6890 (online), 2347-5013(print) 

        Volume No.7, Issue No.4, pp : 56-61                                                                                                                  1 April  2018 

 

DOI : 10.5958/2319-6890.2018.00096.X Page 58 

 

zeolites for entrapping and releasing drugs is renowned (e.g. 

mitoxantrone [22], ibuprofen [23], 5-fluorouracil [24,23] and 

sulfonamide antibiotics [25,26]) however, its application in 

controlled drug delivery (CDD) in a powdered form is limited 

due to aggregation of its particles. Hence a composite of Zeo-

lite and Hydrogel matrix makes Zeolites viable. Nophawan 

Paradee et al., fabricated H/Z with Sodium Alginate hydrogel 

and Zeolite Y. They studied the effect of Si/Al ratio in Zeolite, 

Mesh size and electric filed on the release of a model cationic 

drug: Folic acid. 

 

The composite was prepared by initially loading the Zeolite 

with Folic acid followed by incorporation of the loaded zeolite 

powder into the reaction mixture of Na-Alg hydrogel before 

cross-linking. Further, CaCl2 was added as a cross-linker in 

various proportions. The solution was cast into a nearly 

0.3mm film within 48 hours. The H/Z nano composite was 

labelled as FAY/Alg hydrogel.  

 

Folic Acid release characteristics were studied using a modi-

fied Franz-diffusion cell. Modified Franz-diffusion cell con-

tains two chambers: Donor and Receptor. The receptor cham-

ber was charged with a buffer solution (pH 5.5) at 37
o
C, and 

was kept in a circulated water jacket. Above the receptor 

chamber, the loaded H/Z composite was placed over a nylon 

mesh. The buffer solution was stirred during the experiment 

for 48hrs.Electric field was applied by placing an aluminum 

electrode connected to a battery on surface of the hydrogel. To 

check the amount of FA released into the buffer solution, 

0.1ml of sample was taken out from receptor chamber and 

equal amount of fresh buffer solution was added. 

 

The effect of increase in Si/Al ratio was studied and it was 

observed that the decrease in aluminum content resulted in 

weaker H-bonding of Zeolite hydroxyl group with FA mole-

cules. This in turn led to lesser loading of FA into the Zeolite 

moieties. As for the electric conductivity, it decreased with a 

lower value of Si/Al ratio. This was due the increased FA con-

tent in loaded zeolites which retarded the electron mobility.  A 

summary of results is given in Table 1.  The amount of drug 

released into the buffer solution was governed by the Alumin-

ium content. With stronger H-bonding, the ease of drug diffu-

sion decreased as aluminum content increased hence with an 

increasing Si/Al ratio, FA release enhanced [24,27]. 

 

Table 1. Change in pore volume and electrical conductivity 

vs. Si/Al ratio [3]. 

 

The incorporation of Zeolite into Hydrogel also reduced its 

mesh size (MS) as the zeolite particles occupied the voids 

resulting in reduced absorption ability of hydrogel [28]. MS 

was known to decrease with an increasing cross-linking ratio 

(Ratio of moles cross linker to moles of uronic acid monomer 

units) which again led to lowered swelling ability.  

The FA content release was found to vary inversely with the 

cross-linking ratio with was attributed to the decrease in MS 

and ultimately a further restricted pathway for the drug [29]. 

The drug was diffused through the skin via electrophoresis. 

While the anode, the positively charged electrode was placed 

onto the hydrogel, the FA cations repelled the electric field 

and were introduced to the receptor chamber [30,31]. As the 

electric field was gradually increased the diffusion coefficient 

(D) of FA from Loaded H/Z was found to rise. 

 

The sole purpose of encapsulating FA in zeolite and making a 

H/Z composite was to enable slow and prolonged release of 

the drug. Without applying electric field drug diffusion oc-

curred due to ion exchange. Applying electric field improved 

D of FA and allowed timely application of the drug thus pre-

venting the risk of before time administration.  

 

2.3 Fertilizer release: 

 

Fertilizers have become an inevitable requirement in the Agro 

industries [32]. Slow release fertilizers (SRFs) are used to 

consistently provide nutrients to the plants which coincides 

with its nutrient requirement hence decreasing loss of nutrient 

potency. Azam Rashidzadeh et al. [33], developed a Hydro-

gel/Zeolite composite for controlled release of a water-soluble 

fertilizer. The reason was ascribed to a low cost of production, 

ability of hydrogels to retain water and slow release of the 

fertilizers [34-36]. Clinoptilolite with Sodium Alginate Hy-

drogel composed the required H/Z composite.  

 

Dried composite was used to coat (NPK) fertilizer. Studies 

were based water retention ability of the soil with the compo-

site, water absorbency by H/Z and NPK coated with H/Z and 

Fertilizer release.  

 

NPK coated with Hydrogel/Zeolite composites were prepared 

by placing fabricated dried H/Z composite samples in a pan 

Si/Al ratio Pore volume (cm
3
/g) Electrical    

conductivity 

of Loaded H/Z 

(S/cm) 

 Unloaded H/Z Loaded H/Z 

5.1 0.394±0.01  0.300±0.01 8.57×10^-5 

30 0.544±0.01 0.500±0.02 8.79× 10^-5 

60 0.562±0.03 0.547±0.03 8.96× 10^-5 
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containing NPK fertilizer. Distilled water was sprinkled onto 

the pan and immediately shaken to provide a uniform coating 

of H/Z composite on NPK. Finally, the core-shell composite 

obtained was dried in a 70
o
C oven overnight to achieve the 

final product: Hyd/CL/NPK [33].  

 

2.3.1 Water absorption studies:  

 

It was found that water retaining ability of core-shell compo-

site was lower as compared to Hydrogel/Clinoptilolite.  

Hyd/CL/NPK achieved equilibrium in 8hrs with 22.4g/g as 

water absorption capacity where as Hyd/Clinoptilolite compo-

site achieved it after 60hrs with 34g/g equilibrium water ab-

sorbency. This trend was explained by the repulsive nature 

between COO- groups and the negatively charged surface of 

Clinoptilolite which expanded the hydrogels 3D network and 

hence increased water retaining volume of the composite.  

 

A higher water retention in soil was observed once it was  

mixed with Hyd/CL/NPK thus proving the potential it holds in 

saving water for plant growth. Water retention capacity with 

Hyd/CL/NPK and without Hydrogel reached 69.42% and 

53.27% within 15 days of study.  

A comparison study between direct use of NPK fertilizer, 

Hyd/CL/NPK in water and Hyd/Clinoptilotite in soil was also 

made. The release of entire NPK into the soil was acquired 

just within 20 days on study whereas a reduced rate of release 

was displayed by Hyd/CL/NPK.  

Even after 60 days, the percent of fertilizer released into water 

and soil was undetermined.  The reason for such behavior was 

credited to the solubility of NPK in water and the structure of 

Hyd/CL/NPK. NPK being soluble in water, the nutrients easi-

ly seeped into the soil sample.  

As for the release characteristics of Hyd/CL/NPK in water and 

soil, the water when absorbed by Hydrogel in the composite in 

large amounts slowly enters the fertilizer boundary, it dis-

solves the fertilizer and is slowly released out to the medium. 

Over other granular fertilizers, this method of fertilizer release 

displays numerous advantages. Along with a slow release 

system and reduced loss of fertilizer, it aids to the water reten-

tion of soil hence optimizing the water usage. Above all, since 

the  

material of hydrogel composite is Sodium-alginate which is 

biodegradable and Clinoptilolite which is again a natural min-

eral, the entire system is soil friendly. There is no accumula-

tion of non-biodegradable polymers in soil hence no damage 

This makes it an apt choice for sustainable agriculture.  

to its structure or quality. This makes it an apt choice for sus-

tainable agriculture.  

  

The following table (Table 2) summarizes the applications 

covered in this study. 

 

Table 2. Applications of Hydrogel/Zeolite composites. 

[2,8,21,33] 

 

Conclusion: The role of Hydrogel/Zeolite composites in 

waste water treatment, drug delivery and agriculture was re-

viewed in this study. It was observed that the adsorption of 

dyes from waste water was enhanced by usage of Hydro-

gel/zeolite composites. Poly(methacrylic acid)/zeolite A as 

well as ZSM-5 were used for uptake of dye BY28 and showed 

improved adsorption properties, functioning via adsorption 

and cation exchange. Similarly, a composite of Poly(acrylic 

acid)/zeolite 4A was used for removal of BR46 and BB41. 

The adsorption rate increased with increase in adsorbent dos-

age but saturated beyond a specific critical concentration. 

Thus, the optimal adsorbent dosage was fixed at 0.005g, for 

both the dyes. In case of drug delivery, slow and prolonged 

release of folic acid was achieved by transdermal drug deliv-

ery via electrophoresis. Use of Hydrogel/Zeolite composite to 

coat fertilizer NPK also proved to be beneficial for slow     

release of fertilizer and water retention of soil. 

 

 

 

 

 

 

 

 

 

 

S. 

No

. 

Appli-

cation 

Type of 

Hydro-

gel 

Type of 

Zeolite 

Role of composite in 

the given application 

1. Dye 

(BY28) 

Poly(me

thacryl-

ic acid) 

ZSM-5, 

Zeolite 

A 

Adsorption and cation 

exchange 

2. Dye 

(BR46, 

BB41) 

Poly  

(acrylic 

acid) 

Zeolite 

4A 

Improved adsorption 

capacity and easy                 

cation exchange 

3. TDDS Sodium 

Algi-

nate 

Zeolite 

Y 

Controlled drug                      

delivery, in presence            

of electric field. 

4. Fertiliz-

er 

Sodium 

Algi-

nate 

Clinop-

tilolite 

Controlled release of   

fertilizer and improved 

water retention. 
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