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Abstract: The possibility to use release controlled fertilizers in the agriculture of the tropical countries is more 
important than in the agriculture of the countries of the template regions.  
In this context, this work purpose the development of a new Fertilizer of Controlled Release named FERLENT®, which 
was obtained starting from a polymeric material, under controlled conditions which allowed to corroborate the 
adjustment of the synthesis parameters under the modulate of nutrients liberation. It was characterized by, Scanning 
Microscopy Electron (SEM), Thermogravimetric analysis (TGA), Nuclear Magnetic Resonance (NMR) and infrared 
spectroscopy (FTIR). 
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Introduction 
The so-called technology of controlled release has acquired great importance in the field of the 

agriculture as well as in the medicine. The main goal this technology is the slow or gradual release 

of an active material from an organic matrix with the purpose of getting the same bio-action during 

a more prolonged time.   

Increasing the efficiency of mineral nitrogen (N) fertilizers is not easy, because plants take up N 

normally as nitrate or ammonium ions, through their roots from the soil solution [1]. However, 

ammonium-N, unlike nitrate-N2, can be retained on soil, generating a competition between plants 

and soil [2]. This competition for nitrogen, with the exception of nitrate-N is the main problem 

when it is added as mineral fertilizer to feed plants. Only a certain proportion of the N is available 

to be taken up, or can be taken up, and used by the growing plants. 

According to Shaviv [3]: “The term controlled-release fertilizer (CRF) became acceptable to 

fertilizers in which the factors dominating the rate, pattern and duration of release are well known 

and controllable during the CRF preparation.” Slow release fertilizers (SRFs) involve the release of 
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the nutrient at a slower rate than usual but the rate, pattern and duration of release must be well 

controlled. Noted [4] that it became common practice to denote microbiologically decomposable 

nitrogen products, such as urea-formaldehyde, as ‘SRFs’. 

Shoji and Gandeza [5] consider that an ideal fertilizer should have as a minimum the following 

three characteristics: 

1. A single application should supply enough nutrient throughout the entire growing season to 

meet plant demand for optimum growth;  

2. A maximum percentage recovery to achieve the largest return for the cost of the input; and 

3. Minimum detrimental effects on the soil, water and atmospheric environment. 

Though slow- and controlled-release and stabilized fertilizers can contribute to improved nutrient 

use efficiency and minimize negative environmental effects it must be remembered that errors in 

field and crop management cannot be compensated for by the use of these special fertilizer types. 

They should always be part of good agricultural or best management practices [6], [7].  

The main objective of this study was to obtain a controlled release fertilizers registered under the 

name of FERLENT®, which was obtained from a polymeric material and was characterized by: 

Scanning Microscopy Electron (SEM), Thermogravimetric analysis (TGA), Nuclear Magnetic 

Resonance (NMR) and infrared spectroscopy (FTIR), that which allowed to corroborate the 

adjustment of the synthesis parameters under the modulate of nutrients liberation. 

Experimental  

Syntheses FERLENT®  

The synthesis of FERLENT was done using a microencapsulation technique in which was ® 

proposed polycondensation reaction between urea and formaldehyde by a stepwise mechanism at 

room temperature and a speed agitation between 500-2000 rpm, in the time between 10-60 minutes, 

After polymer solution reaches a certain viscosity, the conventional fertilizer (CF) was added to be 

microencapsulated. Stable polymer dispersion was formed and the product obtained was dried at 

temperatures up to 50 C  0 [8] [9].  
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“in vitro” Studies.  

In vitro studies were carried out by a comparison between the conventional fertilizer (CF) and 

FERLENT® obtained by microencapsulation. 10 g of FERLENT® was added to 200 ml of water. 

The aqueous phase aliquots were taken every three days during a period of 30 days in total to 

determine the percentage of potassium oxide diphosphorus and nitrogen dioxide dissolved in the 

solution. 

Quantitative analysis of nutrients. 

Potassium determinations were carried out by atomic emission spectroscopy using a wavelength of 

589 nm in a spectrophotometer JENWAY [10]. Phosphorus determinations were made by 

colorimetry at a wavelength of 450 nm in a spectrophotometer UV-Visible UNICAM UV-4 [11], 

and total nitrogen by the Kjeldahl method [12]. 

Morphology and particle size distribution.  

The samples were analyzed by scanning electron microscopy. Samples were previously dispersed 

and mounted on a copper sample holder. The observations were made in a SEM (JEOL-JSM-

6060LV). 

Thermogravimetric analysis.    

The TGA thermograms were recorded using TA thermal analyzer Q50 at a heating rate of 20°C/min 

in nitrogen media. The TGA profiles were recorded in the temperature range 30–800°C. The weight 

of the sample used was about 9–11 mg in all the cases. 

Fourier transform infrared spectroscopy.  

Infrared spectra were collected with a FT-IR-THERMO NICOLET Nexus-670. The sample (~5 

mg) and KBr (~ 95 mg) were ground together in an agate mortar until the sample is well dispersed. 

FTIR spectra were obtained in the wavenumber region between 500 and 4000 cm-1. 

Nuclear magnetic resonance.   

The solid-state 13C NMR spectra were also recorded by mean of an ASX-300 Bruker spectrometer 

at 75.48 MHz under Hartmann-Hahn conditions. Some other relevant parameters of the solid-state 

NMR for the nuclei reference TMS-Tethamethysilane, pulse-pulse length 4.2 μs, pulse angle 90o, 

recycle time 5s, spinning rate 5 KHz and number of scans 10-45× 103.      
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Results and discussions  

The polymeric material used to produce the FERLENT  ® is obtained by a polycondensation reaction 

between urea-formaldehyde. These polymerization reactions are carried out by a step mechanism. 

The synthesis conditions allow obtaining a stable polymer suspension because of the low degree of 

crosslinking, keeping the polymer a sufficient hydrofobicity to produce a stable dispersion and on 

the other hand a low degree of crosslinking to modulate the release.  

The characterization of polymeric materials used to produce the FERLENT® found that in the IR 

spectrum, suggests the most significant bands found were those assigned to the NH widened in 

3389 cm-1 and the carbonyl group of amides amplified in 1625 cm-1. The NMR C13 has 

conformance the presence of peaks can be assigned to dimethylurea in 160 ppm, monometylolurea 

Dimethylolurea in 65.5 ppm and 48 ppm in metylene diurea. The TGA analysis showed that 

between 270 to 300 ºC degradation occurs and volatilization of cyclic structures formed in the 

synthesis of the polymer material [13]. 

From the release in vitro study it was found that FERLENT  decrease in the percentage of release ®

of nutrients compared with CF (Figures1, 2 and 3). This demonstrates that with conventional 

fertilizer nutrients are available less time in soil and plant lacks sufficient time for assimilation.  

Microencapsulated fertilizer nutrients are available over a longer period and their assimilation is 

gradual to avoid potential losses, and providing more time for plant uptake. As might be expected, 

this results decrease in number of applications of nutrients and therefore a positive effect on the cost 

concepts and environmental benefits [14].

Morphological analysis found that, the particle size was obtained with micrometer dimensions for 

FERLENT® (1032 nm), compared to the CF (> 1mm) that has a size macrometer dimensions. This 

difference allows us to confirm the effectiveness of microencapsulation method developed in this 

study. 
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Conclusions 

1- It was found that the proposed synthesis methodology for microencapsulated to conventional 

fertilizer was satisfactory, obtaining a controlled release fertilizer registered by the name of 

FERLENT®. 

2- Morphological and structural characterizations corroborate the relationship urea /formaldehyde 

used in the preparation of the polymer was suitable for coating the fertilizer convectional. 

 3- Studies "in vitro", predicted the assimilation of essential nutrients by the plant, by ensuring that 

the FERLENT® is made in a longer time compared to conventional fertilizer. 
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