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ABSTRACT 

Preparation on polymer-modified clay of alginate-saponite composite for urea slow-released fertilizer application 
has been conducted. The material was prepared by intercalating alginate into saponite structure followed by 
composite formation using urea. Material characterization was performed by x-ray diffraction, gas sorption analysis, 
and Fourier-Transform Infra-Red (FTIR) spectroscopy. Swelling, diffusion and network parameters of the 
composite were studied.  The results indicated that the increasing physicochemical character was found as identified 
by the increasing basal spacing d001 of saponite as well as increasing specific surface area after intercalation and 
composite formation. The increasing water sorption and urea adsorption rate were obtained by the modification. 
Study on the effect of pH on urea desorption rate composites showed that the kinetics are fit with Ritger-Peppas, 
first-order desorption and Higuchi models. The higher acidity enhances the rate of urea desorption.  By Ritger-
Peppas model, n values of desorption kinetics at all pH variation are at the range of 0.81-0.91 The values describe 
that the release mechanism is controlled by the diffusion and relaxation rate and it depends on water migration and 
urea diffusion. 
Keywords: Adsorption, Clay, Urea, Polymer-Clay Composite. 
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INTRODUCTION 
Fertilizer is one for production plants and this has become the basic needs of the agricultural industry. 
However, in bulk use of fertilizers, more than 50% of a number of nutrients in fertilizers cannot reach the 
crops, hard to be washed by rainwater and irrigation.1 The result of this is not only the reduction of 
efficiency in the agricultural industry but also the effects on the environmental pollution that is a serious 
problem to building and land environment. One solution that can be used to overcome this weakness is 
the use of slow-release fertilizer (SRF) that has been known in recent years. The purpose of the use of 
loose fertilizer is to increase efficiency, decrease soil toxicity and minimize the negative effects associated 
with overdose associated with the frequency of fertilizer use. As a result of this, chemical quantity control 
is also the protection of soil and agricultural ecosystems. Basically, things that need to be studied in a 
controlled-release formulation (CRF) are the adsorption speed and desorption rate as well as the ability of 
the formulation to adapt to the soil biotic-abiotic environment. There are 4 types of CRF based on their 
structure:  (i) water-soluble fertilizers by physical barrier control (e.g. formation of matrix and coating); 
(ii)  inorganic materials with low solubility (e.g. metal-ammonium phosphates);  (iii)  chemically or 
biologically degradable low solubility materials (e.g. urea form); and   relatively soluble materials that 
gradually decompose in soil.  
In the type (ii) of CRF technology, modified inorganic materials which usually having properties as 
superabsorbent are new material technology being developed. Super-absorbents play a role in the binding 
of fertilizer which then in certain pH conditions and moisture will release nutrients. This material is a 
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polymer composite and a material with high adsorption/absorption capability. Another advantage of 
superabsorbent is very suitable for use in dry areas because of its role as a strong binder of air molecules. 
Combination of fast adsorption/absorption and slow desorption of fertilizer active compound of 
composite material are the main properties of the scheme. The formation of the cross-linked structure of 
polymer plays important role in controlling the bioavailability and improving the SRF formulations2. For 
example, the formation of kraft lignin for the improvement of urea crosslinked starch (UcS) films as 
slow-release fertilizer application.2,3 The mechanism plays important role in preventing agro-
environmental pollution by reducing fast leaching of fertilizer as well as minimizing inefficiency. For this 
purpose, the use of smectite class of clay minerals as an inorganic material is interesting due to swellable 
and modifiable properties from its chemical structure.5,6  Chemically, smectite is a 2: 1 clay type that has 
high surface area characteristics, swellable, and high in adsorption capability.5,7 Referring to some super-
absorbents studies for CRF, the utilization of smectite material as a raw material for in addition to 
producing new technology in the field of agricultural technology could be developed.4–8  
Previous investigations revealed the feasibility of polymeric compound/clay composite including sodium 
alginate/clay composites for slow release microbial fertilizer and other agrochemicals.9,10 In more specific 
kind of polymeric compound, alginate is a natural polymer has been used as matrices for some controlled 
release of active compounds consist of pesticide, fertilizer and herbicides by previous works.11-13  
The utilization of alginate in revealed that the structure of alginate-coated clay demonstrated the fast 
adsorption and slow desorption rate of certain active herbicides compounds.10,14 In another scheme of 
slow-releasing agent application, composite of alginate with smectite clay such as montmorillonite 
demonstrated effective modulate the drug release behavior of therapeutic drugs such as nicotine, timolol, 
ibuprofen, and donepezil.15  
Refer to some advantageous of clay properties and the capability of alginate to form a super-absorbent for 
certain active compound, this research aimed to evaluate the characteristic of alginate/clay composite as 
nitrogen control release material. Even though many papers reported the formulation of polymer/clay 
including alginate/clay for fertilizer releasing agent, there is no investigation reported the 
physicochemical properties of alginate/smectite as the model of urea-fertilizer carrier, particularly on the 
study of urea adsorption-desorption profile of the composite. The main objective was to study the 
structural, chemical and morphological changes of the composite by using some instrumentation consist 
of Fourier Transform Infra-Red (FTIR), powder x-ray diffraction (PXRD), thermal gravimetric analysis 
(TGA), scanning electron microscope-energy dispersive x-ray (SEM-EDX) and gas sorption analyzer for 
specific surface area, pore-volume, and pore distribution analysis. In more advanced study, the 
relationship between the change of physicochemical conditions of material with its adsorption-desorption 
behaviors was investigated by studying kinetic of adsorption and desorption.  
 

EXPERIMENTAL 
Materials 

Urea (CO(NH2)2)  was purchased from Merck, saponite (Sumecton SA) was obtained from Kuninime 
Industrial Company, Tokyo, Japan and alginate were purchased from PT. Indo Trading, Bandung, 
Indonesia.  
Preparation of alginate/saponite (Alg/SAP) composite was performed by mixing Na-alginate solution 
water with saponite suspension (10% in water) in the alginate percentage of 5% wt. with the ratio of 1:1 
followed by reflux for 4h. The suspension was then dried in an oven to get a gel form. From the gel, the 
formation of the bead of the gel was then obtained by dropping into CaCl2 4M by using a syringe. The 
beads were slowly dried in an oven at 60oC. A similar procedure was performed in the preparation of 
alginate/saponite/urea (Alg/SAP/Urea) composite. The gel obtained from reflux of the Na-alginate 
solution, water and saponite suspension (10% in water) was mixed with urea in theoretic content of 20% 
wt. The beads were then formed in similar procedure with Alg/SAP composite.  
 
Materials Characterization 
Powder X-ray diffraction (XRD) patterns for raw and prepared materials have been recorded on Philips 
benchtop X-ray diffractometer. Ni-filtered Cu-Kα was utilized as radiation source and the analysis was 
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conducted at the 2θ range of 3-60o. Fourier transforms infrared (FT-IR) spectroscopy has been performed 
on Perkin Elmer FT-IR spectrometer. For specific surface area, pore volume and pore radius 
measurements, gas sorption analyzer  Quantachrome instrument were utilized and adsorption was 
performed at 77K after sample degassing at 90oC for 2h. Transmission electron microscope (TEM) was 
analyzed using JEOL 2010 instrument. 
 
Water Absorbency Measurement  

Water absorbency measurement of Alg/SAP was conducted by swelling experiments. About 0.05 g of dry 
sample was immersed in distilled water (500 mL) at ambient temperature for being swelled.  The swollen 
samples were filtered for weighing at certain time of sampling. Based on the weight of swollen samples, 
water absorbency of the superabsorbent composite, Qeq is calculated using following equation (1): 
 

�(���) =
�	
��
��

x100%                  (1) 
With m1 and m1 are the final and initial weight of sample (g) respectively.16  

 
Urea Adsorption by Alg/SAP  
Adsorption experiments of urea by Alg/SAP compared with SAP and also urea desorption from 
ALg/SAP/Urea were carried out in batch adsorption.  For the batch system of adsorption process, 0.5 g of 
Alg/SAP beads were added into urea solution in water at varied urea concentration of 5, 10 and 25% wt. 
The mixtures were stirred at varied time and the urea concentration in the solution was measured by 
HPLC analysis. Evaluation of the urea adsorption was also performed on raw saponite. Adsorbed urea 
was calculated from the difference values of initial and rest concentration in the solution.  
 
Desorption Studies of Urea From Alg/SAP/Urea Composite 
For desorption experiments, 0.5g of Alg/SAP/Urea was mixed with 100 mL citric acid buffer solution at 
varied pH of 6, 7 and 9. Samples were collected at regular intervals and the urea concentration was 
determined by HPLC analysis. A Shimadzu HPLC was utilized.  
 

RESULTS AND DISCUSSION 
As shown in Fig.-1, a reflection of XRD measurement of saponite and prepared composites exhibit the 
reflections that are specific for the presence of saponite structure. There are specific reflections 
corresponding to (001), (020) and (004) at the 2θ = 6-7, 20-22 and 35o.  Saponite shows the (001) 
reflection basal spacing d001 of 12.86Å and after aginate modification the basal spacing was shifted into 
smaller angle aligned with an increasing lattice space of the basal spacing d001 from 12.86Å to 13.11Å.  
The values suggest the entrance of alginate polymer in interlayer space of saponite as characterized by the 
combination of alginate intercalation and exfoliation.  
 

 
Fig-1: XRD Pattern of Alg/SAP, SAP and Alg/SAP/Urea 

Moreover, the urea adsorption into alginate/saponite composite forms a compact composite due to some 
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possible interaction between urea structure and hydrophilic functional group of the alginate, one of these 
is a hydrogen bonding interaction, as represented in Fig.-2.  This phenomenon is in line with the 
intercalation effect of alginate to clay structure of hydrotalcite and montmorillonite.17–19   

 
Fig.-2: Schematic representation of Alg/SAP/Urea Formation 

 
The presence of a functional group of alginate in the composite of Alg/SAP and Alg/SAP/Urea is 
identified from FT-IR spectra in Fig.-3. 

 
Fig-3: FT-IR Spectra of (a) SAP (b) Na-Alginate (c) Alg/SAP (d) Urea (e) Alg/SAP/Urea 

 
Alg/SAP expresses band at 3368.5 cm-1 correspondings to the band at 3391.08 cm-1 in SAP as 
identification of hydroxyl functional group. The spectra at 974.27 cm-1-974.68 cm-1 and 656.08-655.20 
cm-1 are the identification of Si-O-Al and Si-O-Si bonds from saponite structure. Alg/SAP/Urea 
demonstrates sharp peak at 3678.05 cm-1 and 3361.05 cm-1 as indication of the insertion of urea as also 
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referred to urea spectra. The presence of spectrum at 1465 cm-1 in Alg/SAP/Urea was assigned to the C=O 
of acrylamide unit correspond to the similar band at 1452.7 cm-1 in urea.  
Increasing basal spacing d001 value after alginate intercalation is in correlation with the increasing specific 
surface area and adsorption-desorption profile of material as represented by isotherm in Fig.-4 and 
tabulated data in Table-1. The isotherm curves describe the maintained adsorption-desorption isotherm 
type of SAP and Alg/SAP representing the availability of mesoporous together with microporous 
structures. From Brunair-Emmet-Teller (BET) equation, it is found that the Alg/SAP exhibits the 
increasing specific surface area, pore volume and pore radius. The data represents insertion of alginate 
polymer structure to enhance the space of saponite structure as obtained by PXRD data. Theoretically, 
these parameters are relevant to enhancement adsorption capacity of the Alg/SAP.  
The BJH desorption plots of pore volume versus pore diameter suggest that SAP and Alg-SAP have a 
very narrow pore size distribution and getting maximum at the range of 1.46 nm. The higher distribution 
at similar size is expressed by Alg-SAP with the higher volume distribution at the range of 1.46nm-
2.30nm. From the data, it can be assumed that the smaller pores (1.46 nm) are related to the originated 
layered structure of saponite, whereas the larger pores due to the composite formation with alginate.  
The change of surface profile from saponite into Alg/SAP/urea can be seen from TEM analysis presented 
in Fig.-5. The profile shows the evolution of layered-structure in saponite profile into aggregate form. 
 

Table-1:  BET specific surface area, pore volume and pore radius of SAP and Alg/SAP 
 

Material BET Specific Surface Area 
(m2/g) 

Pore Volume (cc/g) Pore Radius (Å) 

SAP 140.10 3.35 x10-2 10.25 
Alg/SAP 182.2 2.74 x10-2 11.04 

 

 
(a)                                                                       (b) 

Fig.-4: (a) N2 Gas Adsorption-Desorption Isotherm of Alg/SAP and SAP (b) Distribution of Materials Pore Size 
 

An important character of SRF in the soil environment is to save water, especially in dry and desert 
region. Water absorbency properties of Alg/SAP/urea compared to Alg/SAP and SAP materials were 
studied by kinetics of water absorption (Fig.-6). Kinetics data shows that Alg/SAP/Urea could absorb 
large amount of water. The absorbency of Alg/SAP/Urea is similar to Alg/SAP which is larger compared 
to SAP absorbency properties. The increasing absorbency is related to the entrapment of polymer in 
between saponite sheets that provide swelling capability to enhance water retention20. Kinetic simulation 
of water absorbency revealed that the materials obey first order of water absorption. The water sorption 
rate constant kw are 7.44x10-3, 2.47x10-2 and 2.77x10-2 for Alg/SAP/Urea, Alg/SAP and SAP respectively. 
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Those values are smaller compared to other polymer-clay composite presented in previous work 
reflecting water absorbency.21–24 The lower water absorbency of alginate-modified saponite compared 
with saponite is due to prevention the dissolution of the hydrophilic polymer chains from alginate 
structure in an aqueous medium as also found in the alginate/2-hydroxyethyl methacrylate (HEMA)/clay 
and alginate-g-Poly(sodium acrylate)/Kaolin 23,24.  This phenomenon can be affected by small percentage 
of alginate in the polymer-clay formation. The increasing adsorption capacity is in line with specific 
surface area of the composites up to an alginate concentration. 

 

 
(a)                                                                               (b) 

Fig.-5: TEM Profile of  (a) SAP (b) Alg/SAP/Urea 
 

 
 

(a) (b) 
 

Fig.-6: (a) Water Absorbency of Materials (b) First-Order Kinetics of Water Absorbency 
 

Urea Adsorption  
Kinetics of urea adsorption by SAP and Alg/SAP were studied by varying urea concentration (5%, 10% 
and 25%) and the profiles are depicted in Fig.-7. 
At similar with the water absorbency, the kinetic profiles of urea adsorption by Alg/SAP demonstrate the 
higher capability compared to SAP. Compared with urea adsorption by SAP, Faster adsorption rate is 
exhibited by Al/SAP. The polymer-sheets interactions increased urea adsorption over chemical 
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interactions such as hydrogen bonding and swelling process due to the solvation mechanism of urea with 
water refer to the scheme in Fig.-2.25

(a) 

(c) 
 

Fig.-7: (a) Kinetics of Urea Adsorption by  SAP, 
Isotherm of Adsorption (d) Langmuir Isotherms

The assumption is also in line with the effect of urea concentration 
the higher urea content, the lower adsorbed urea.
lower chemical potential of urea in the solution. This is different 
Alg/SAP. The change in concentration gives insignificant effect to the rate of adsorption which
significantly affected by urea concentration as indication of the strong affinity of urea by polymer/clay 
hydrogel.  
The adsorption isotherm study was performed using Langmuir and Freundlich models which are the most 
common isotherms for determining adsorption phenomena. The equation of Freundlich and  Langmuir 
models are described by the following equations, respectively(2

log(��) = ����� � 1 �� log	(�
��
��
=

�

� !"#$
�

��
� !"
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interactions such as hydrogen bonding and swelling process due to the solvation mechanism of urea with 
25   

 

(b) 

(d) 

dsorption by  SAP, (b) Kinetics of Urea Adsorption by Alg/SAP (c) 
Isotherm of Adsorption (d) Langmuir Isotherms of Adsorption 

 
The assumption is also in line with the effect of urea concentration on the adsorbed urea by SAP, which 
the higher urea content, the lower adsorbed urea. The more intensive chemical interaction occurred at 
lower chemical potential of urea in the solution. This is different from the adsorption pattern obtained by 
Alg/SAP. The change in concentration gives insignificant effect to the rate of adsorption which
significantly affected by urea concentration as indication of the strong affinity of urea by polymer/clay 

The adsorption isotherm study was performed using Langmuir and Freundlich models which are the most 
g adsorption phenomena. The equation of Freundlich and  Langmuir 

following equations, respectively(2-3): 
��)                       
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interactions such as hydrogen bonding and swelling process due to the solvation mechanism of urea with 

dsorption by Alg/SAP (c) Freundlich 

the adsorbed urea by SAP, which 
The more intensive chemical interaction occurred at 

the adsorption pattern obtained by 
Alg/SAP. The change in concentration gives insignificant effect to the rate of adsorption which is not 
significantly affected by urea concentration as indication of the strong affinity of urea by polymer/clay 

The adsorption isotherm study was performed using Langmuir and Freundlich models which are the most 
g adsorption phenomena. The equation of Freundlich and  Langmuir 

 (2) 

 (3) 
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Where qe is the amount adsorbed urea at equilibrium, Ce is the equilibrium concentration of urea, kf and 
1/n are Freundlich constants related to adsorption capacity and adsorption intensity, respectively. From 
Langmuir equation, qmax is the Langmuir constant, which is equal to the adsorption capacity, 
KL represents the Langmuir adsorption equilibrium constant. 
The plot of evaluated the Freundlich and Langmuir isotherms depicted in Fig.-7(c) and 7(d) and the 
calculated parameters listed in Table-2 express that both isotherms are fit to the kinetics of urea 
adsorption data. These data imply that there is an increased adsorption capacity by alginate modification, 
and the adsorption over SAP and Alg/SAP tend to form a monolayer adsorption process with 
heterogeneous distribution.  
 

Table-2:  Freundlich and Langmuir Constants and Correlation Coefficients for Urea Adsorption by  SAP and 
Alg/SAP 

Material Langmuir Isotherm Freundlich Isotherm 
R2 qmax(mg/g) KL(x103 L/mg) R2 n KF 

SAP 0.9961 21.72 1.638 0.9896 0.047 4.65 
Alg/SAP 0.9834 49.08 1.897 0.9863 0.079 7.33 

 

 
Fig.-8: Kinetics of Urea Desorption from Alg/SAP/Urea Composite at Varied pH 

 
Urea desorption from Alg/SAP/Urea studied in varied pH: 4, 7 and 9 are expressed by desorption kinetics 
in Figure 8. Furthermore, the kinetics and mechanism of urea release from the composite were studied 
according to three kinetics models: 
 
Ritger-Peppas model (4): 

%&
%'
� = ()*                                (4) 

First-order model (5): 
ln(%' −%&) = (�) � �                (5) 
 

Higuchi model (6) 
%& = �-)

�/� � �-                          (6) 
 

Where Mt and M∞ are the urea released at time t and maximum released concentration, k is the constant 
of Ritger-Peppas model that describe the characteristics of the composite-urea interaction, and n is a 
parameter that is indicative of the transport mechanism. If the n values lay between 0.5 and 1, it indicates 
non-Fick release, while where diffusion and dissolution coexist; n< 0.45 represents Fick diffusion, and as 
n > 1 the release is controlled by a dissolution mechanism from the composite. From first-order kinetics 
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and Higuchi models, k1, KH, C and CH are kinetics constants and constants for each model respectively. 
The selection of three models was based on the possible prevailing molecular mechanism from the 
diffusion and macromolecular relaxation of polymeric containing hydrogel. The linear forms of the 
kinetics for urea desorption under varied pH are presented in Fig.-9 and corresponding parameters are 
listed in Table-3. 

Table 3:  Kinetics Parameters of Urea Desorption at Varied pH 
pH of 

Desorption 
Ritger-Peppas Model First-Order Model Higuchi Model 

R2 k n R2 k1 C R2 KH CH 

4 0.9939 0.459 0.917 0.9934 0.015 4.595 0.9787 6.497 -4.366 
7 0.9889 0.662 0.804 0.9942 0.017 4.608 0.9586 4.978 -4.228 
9 0.9657 0.500 0.808 0.9876 0.007 4.604 0.9626 3.373 -2.683 

 

(a) (b) 

 
(c) 

Fig.-9: Linear Kinetics Plot of Urea Desorption Using (a) Ritger-Peppas Model (b) First-Order Model (c) 
Higuchi Model 

 
According to the data listed in Table-3, it is obtained that all mathematical model gives a good 
interpretation. By Ritger-Peppas model, n values of desorption kinetics at all pH variation are at the range 
of 0.81-0.91 The values describe that the release mechanism is controlled by the diffusion and relaxation 
rate and it depends on water migration and urea diffusion. The kinetics of urea release is also obeyed first 
order and Higuchi models suggest that it occurs in a constant release and represent the homogeneous 
diffusivity of the composite surface. 
From the compared kinetics curves, it is found that the lower the pH of the solution, the faster the 
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desorption rate. This data indicates that acid environment forces the urea to be leached in acid-base 
interaction. This assumption is also in line with the highest n values of the desorption at pH=6 
representing that the releasing mechanism approach to the dissolution controlled that is possibly 
affected by acid-base interaction between the media and adsorbed urea.  

 

CONCLUSION 
The alginate modification of saponite revealed the chemical interaction of polymer-clay structure and it 
affected to increased water absorbency and fast urea adsorption. In contrast with urea adsorption process, 
slow desorption of urea from alginate/saponite/urea composite was found at varied pH of 4-9. The 
kinetics of desorption data are fit with Ritger-Peppas, first-order desorption and Higuchi models. The 
obtained Ritger-Peppas parameters indicate that slow-release desorption is controlled by the diffusion and 
relaxation rate and it depends on water migration and urea diffusion.                            
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