
Science Today, 25(3) (2025):52-59 

 

Muneer et al., 2025     52 
 

 

A Review on Slow-Release Coated Urea Synthesis, Coating Materials 

and Methods 

Laiba Muneer1, Marcelo Fossa da Paz2* 

1 Department of Chemistry, University of Agriculture Faisalabad, Pakistan 

2 Faculty of Biological and Environmental Sciences, Federal University of Grande Dourados, Brazil 

Submitted: 21-08-2025; Accepted: 27-12-2025; Published: 31-12-2025 
 

Abstract 

 The rapid growth of the Earth’s population is forcing agricultural sector to use greater amounts of fertilizers to fulfil 

requirement of food, which results in increasing production costs. When urea is applied to crops it is more receptive to losses due 

to leaching and volatilization. The use of traditional urea often decreases Nitrogen Use Efficiency (NUE), therefore lowering crop’s 

yield and conferring to environmental challenges which include water eutrophication and air pollution. Urea efficiency can be 

enhanced by encasing it with slow-release coatings that reduces urea volatilization. This review explains the research on urea 

coatings including mechanisms such as sulfur-based coatings, zinc-based coatings, polymer-based coatings, bio-composite coatings, 

and superabsorbent coating materials, in addition to coating methods, this article also addresses nutrient release mechanisms, along 

with an analysis of future prospects. It further presents an overview of the limitations of conventional urea and the requirements for 

coated urea. This work concludes that slow-release fertilizers increase nitrogen use efficiency (NUE), reduce nutrient loss, and 

control environmental pollution by limiting volatilization and leaching, maintaining crop productivity with reduced fertilizer 

application rates and improving agronomic safety. Future research will improve nitrogen use efficiency via slow- or controlled-

release coating technologies. Because current coating materials harm the environment and economy, biodegradable polymers like 

starch are good alternatives. More research on new coatings, field evaluations, standardized procedures, and scale-up methodologies 

is needed for the practical and commercial implementation of slow-release fertilizers. 
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1. Introduction 

1.1. Background 

 The increasing rate of Earth’s population is causing 

a serious commination to food security [1]. The need for food 

is constantly increasing Earth’s population which is expected 

to reach 9.5 billion by 2050 [2]. This speedy growth is placing 

a major stress on agricultural sectors to increase their crops 

yield. At the same time fertile land is contracting due to 

urbanization, industrial development, soil degradation and 

desertification due to extreme floods [3]. To solve these 

problems and enhance crop yield many steps are taken. The 

most common method involves the use of fertilizers, which 

enhances nutrient content in soil and increase crop yield. 

Consequently, fertilization utilization has increased sharply 

across the world [4]. However, conventional fertilizer 

effectiveness has decreased with time because large portion 

of its nutrients have lost [5]. So, developing new steps to 

increase crop productivity and decrease environmental 

pollution has become very important. Consequently, there is 

a strong need to formulate new fertilizers that have ability to 

reduce nutrient loss. One of the most important developments 

in this field is the innovation of slow-release fertilizers 

(SRFs). These fertilizers supply nutrients slowly over an 

extended period unlike conventional fertilizers, therefore 

sustaining nutrient availability in soil for longer durations and 

enhancing plant uptake efficiency [6]. 

 

1.2. Conventional Urea Limitation 

 The primary target of fertilizer application is to 

supply essential nutrients to crops and to enhance or maintain 

optimal crop yield levels. In order to maximize effectiveness 

and availability of nitrogen based fertilizers, their careful 

regulation and controlled delivery process is very important 

[7]. Out of three main macronutrients used by plants_ 

phosphorus, potassium and nitrogen, nitrogen plays the most 

important role in plant development. Because of high 
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nitrogen concentration (46wt %) urea is most commonly used 

nitrogen fertilizer and it is also relatively inexpensive [8]. 

However, the field performance of conventional urea is often 

inefficient, leading to substantial nitrogen losses from the 

soil. These losses contribute to environmental pollution and 

associated risks, which have placed increasing constraints on 

the use of urea as a nutrient source for crops [9]. Previous 

studies have estimated that nearly 20–70% of conventionally 

applied urea is lost to the environment through processes such 

as nitrification, leaching, and volatilization. These losses not 

only intensify environmental contamination but also lower 

urea use efficiency, ultimately reducing biomass yield and the 

economic viability of crop production (Figure 1) [10]. 

 

1.3. Requirement for slow-release Coated Urea 

 The amount of nitrogen absorbed by the crop 

determines the effectiveness of urea fertilizer over a given 

period. In recent years, the research is permanently based on 

improving efficiency of urea during its application to crops 

and soil [11]. Slow-release mechanisms are used to address 

rapid release and associated nutrient loss of conventional urea 

fertilizer. Most effective strategy for supplying continuous 

nitrogen source, thereby enhance fertilizer efficiency while 

increasing crop growth is sustained-release fertilizers [12]. 

Coated urea with appropriate material control nutrient release 

in soil by lowering its water solubility. When urea is supplied, 

these physical barriers regulate its dissolution rate (Table 1) 

[13]. Thind et al. reported that nitrogen release and 

environmental loss can be reduced by applying coatings to 

urea pills [14]. The advantages and limitations of several 

commonly used coating materials are summarized in Table 1. 

The nutrient release patterns of slow-release fertilizers can 

vary considerably depending on the type of coating material 

and the proportion of fertilizer with damaged coating. Severe 

damage to the coating layer can lead to immediate nutrient 

release upon contact with soil moisture When cracks or holes 

form in the coated film, the fertilizer loses all or part of its 

controlled-release capability. Therefore, physico-chemical 

properties of the coating materials play a critical role in 

determining the nutrient release behavior [15]. 

 

1.4. Working Mechanism of coated Urea 

 Application of urea fertilizer to soil initiates a series 

of biochemical processes, leading to its transformation and 

gradual release of nitrogen essential for plant growth. [16]. 

NH2COONH4 (NH2)CO + H2O

 

NH2CO + 2H2O + Enzyme Urease (NH4)2CO3

 

(NH4)2C03 + 2H+ 2NH4
+ + CO2 + H2O

 

2NO2
- + O2 + Nitrification Bacteria Nitrobacter 2NO3

-

 

NO3
- + Microorganisms N2 + N2O

 

NH4
+ + Enzyme Urease NH3 + H+

 

 In reactions 1 and 2 urea is synthesized under 

elevated temperature and pressure conditions. Within 

fertilizers, nitrogen is present in form of nitrite (NO₂⁻), 

ammonium (NH₄⁺), nitrate (NO₃⁻), as well as inorganic 

gaseous nitrogen species. When urea is applied to soil, 40-

70% of it is absorbed by the crops while the left is 

transformed into gaseous state. While the remaining nitrogen 

is lost by releasing harmful gases into the atmosphere or 

through leaching into the soil. In reaction 4 ammonium ions 

are produced and subsequently converted into nitrate ions 

known as mineralization. In reaction 6 due to the negative 

charge of soil clay particles, nitrate ions are particularly 

susceptible to leaching. Reactions 7 and 8 release hazardous 

ammonia and nitrous oxide contributing to gaseous pollution. 

Hence, in order to fulfill nutrient release of crops, slow-

release fertilizers are used which delivers nitrogen in 

regulated manner [17]. 

 

2. Review of coating material for coated urea production 

2.1. Sulfur based coatings 

 Despite several advantages of sulfur as a coating 

material for urea, several challenges still remain. These 

challenges include complex processing requirements, 

insufficient abrasion and impact resistance, unpredictable 

slow-release behavior due to surface cracks, and difficulties 

in achieving a compact and uniform coating. Sulfur forms 

thin, uneven, fragile, and discontinuous layers on urea 

granules because of its crystallinity and brittleness [18]. 

Advance approaches include coating urea granules with 

petroleum by-products such as soft wax, petrolatum, or motor 

oil to create a sealant and sub coating. The sealant is allowed 

to enter the granules, penetrating fine holes through capillary 

action and reducing urea dissolution by applying a vacuum. 

After that in a second drum the granules were tumble-coated 

with molten sulfur, followed by applying plasticizers, such as 

polyvinyl acetate or polyethylene to the sulfur layer in third 

compartment to reduce crack formation, improve fusion and 

spreading [19]. Sulfur was modified with dicyclopentadiene 

(DCPD) to improve coating performance by enhancing 

abrasion resistance, mechanical growth and moisture 

resistance. Instead of pure sulfur, increasing DCPD content 

strengthened the sulfur coating which produces thick layers 

with less cavities. As compared to unmodified sulfur-coated 

urea, the DCPD-sulfur coating was free of crack and more 

uniform due to smaller cavities [20]. 

 

2.2. Zinc based coatings 

 Zinc plays an important role in various metabolic 

processes and is a vital micronutrient needed for optimal plant 

growth. It supports many physiological functions like growth 

regulation, photosynthesis and seed development, sugar 

production and disease resistance [21]. Zinc help plants in 

surviving under-low temperature stress by aiding 

carbohydrate production, starch to sugar conversion and 

chlorophyll formation and also  activates enzymes involved 

in synthesis of specific proteins [22]. Zinc-coated urea fulfills 

the early nutritional needs of crops by providing an efficient 

source if both zinc and nitrogen [23]. It contributes to 

maintain improvements in crop quality and productivity by 

enhancing physiological processes and plant metabolism. 

Furthermore, it improves overall crop quality by increasing 

zinc content in wheat grains and rice [24]. 
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2.3. Polymer based coating 

 To address the challenges associated with sulfur 

coating, polymeric materials due to their less susceptibility to 

microbial degradation have become widely adopted for urea 

coating. To overcome rapid nitrogen release from traditional 

urea researchers have focused on synthesizing polymer 

blends. For instance, Ni et al. [25] reported the production of 

double-polymeric coated control-released urea fertilizer. The 

primary coating was of ethyl cellulose on which second layer 

of poly (acrylic acid-co-acrylamide) was added. It resulted in 

the final coated fertilizer which consisted of three layers, 

exhibiting an inner core of urea with N-vinylpyrrolidone 

hydrogel, second layer is of ethyl cellulose and an outer layer 

of super absorbent poly (acrylic acid-co-acrylamide) film. 

Analysis and results indicated that the water holding capacity 

of the coating increased up to 70 times its actual weight and 

a nitrogen content was 21.1%. Crop yield in regions facing 

severe water scarcity can be enhanced by using polymer-

coated urea. Nitrogen release patterns affected by coating 

thickness, which grew with higher suspension rates and 

increased atomizing air pressure, but diminished as fluidizing 

air velocity and temperature rose [26]. Unlike inorganic 

coatings, nitrogen leaching through polymer membranes is 

largely determined by the physical properties and moisture 

permeability of the coating rather than by soil characteristics. 

By optimizing polymer composition, the moisture 

permeability can be precisely controlled [27], making it 

possible to predict nitrogen release from polymer-coated urea 

over a specified period with greater reliability than fertilizers 

coated with inorganic materials [28]. 

 

2.4. Bio-composite coatings 

 To address the challenges of non-biodegradable 

polymer coatings and their high production costs, recent 

studies have concentrated on developing bio composite 

coatings for controlled-release urea, with starch identified as 

a promising material [29]. Starch is a naturally occurring 

polysaccharide polymer easily derived from sustainable plant 

materials. However, due to its hydrophilic nature, starch 

cannot be used alone as a coating material for controlled-

release urea and must be combined with other materials to be 

effective [30]. Ito, Boris, and Shinohara developed slow-

release urea fertilizer granules using a two-layer coating 

system. Using a high-shear granulation system, a low-

solubility isobutylidene diurea (IBDU) layer was applied as 

the inner coating, while a starch–wax blend was used to form 

the outer coating. Nutrient release behavior was evaluated 

through high-performance liquid chromatography by varying 

the quantity of dispersion medium and modifying the 

thickness of both the internal and external coating layers. 

Granules with a single coating layer released nutrients 

through a diffusion-controlled process, whereas those with 

dual-layer coatings exhibited a sigmoidal release profile 

when applied to soil. This sigmoidal mechanism involves 

gradual increase in nitrogen which was initially released 

slowly. Slow nitrogen dissolution into the soil was due to 

outer starch-wax layer which acted as a barrier. Dual-path 

process was followed by release mechanism: when core 

nutrient was dissolved in water it shrank gradually, and the 

nutrient concentration was decreased in the solution until 

equilibrium was maintained within the reservoir. In contrast 

to single-layer coated granules which showed diffusion-

controlled release of nutrients, the dual-layer formulation, 

due to less permeable layer impeded nutrient diffusion, 

follow sigmoidal release pattern [31].  

 

2.5. Superabsorbent coating materials 

 The unique properties of superabsorbent polymer 

materials (SPMs) have recently attracted considerable 

attention for the synthesis of slow-release urea (SRU). These 

cross linked hydrophilic polymers are three-dimensional and 

can absorb large amount of water, retaining it even under 

prolonged pressure [32]. Improvement of soil aeration, 

minimized water evaporation, decreased environmental 

pollution due to leaching and volatilization, reduced soil 

degradation and enhanced crop productivity due to prolonged 

availability of nutrients are some benefits of SPM-based urea 

applications [33]. Liang reported in his work that an inner 

polystyrene layer and an outer cross-linked poly (acrylic acid) 

containing urea can be prepared by double coating method. 

Shaviv describe the three-stage mechanism for nitrogen 

release from polystyrene coating [34]: the first phase is the 

lag phase where urea retained and water penetrated the 

coating, second is the constant release phase known as burst 

phase where urea dissolved and diffused through the coating, 

and the last phase is a decline phase which continued till 

complete release. The introduction of the second layer 

prevented the fast release of almost 70% urea by reducing 

burst effect, while the outer layer supported effective 

irrigation through increased water retention and improved 

slow release [32]. The combination of superabsorbent 

polymers with slow-release urea has many advantages due to 

water absorption capacity associated with regulated nutrient 

release. Nonetheless, the preparation process has high 

production costs that hinder large scale commercialization 

because the process is complicated and required raw 

materials are inexpensive. Additionally, the new form of soil 

pollution occurs due to the use of non-biodegradable coatings 

which further limits practical applications. Instead of these 

problems, many studies in this area of research are under 

consideration to overcome these challenges. 

 

3. Coating methods 

 Different coating methods are commercially applied 

to produce slow-release fertilizers for nitrogen delivery. 

Some examples of these methods are fluidized bed coating, 

pan coating, and rotary drum coating technologies 

[35].despite of certain limitations associated with rotary drum 

and pan coating technologies, they are commonly used for 

synthesis of slow-release urea. Achieving uniform coating on 

urea granules using the rotary drum method often resulted in 

significant material loss. In this process, the fertilizer 

particles are agitated by the pan’s rotation while being 

sprayed with the coating solution through nozzles. Generally, 

throughout the showering operation, high temperature air was 

applied over the wet coatings for drying purposes. The 

production of controlled release fertilizer using the rotary pan 

method was used for many years, but the quality of the 

product had many drawbacks. The primary limitation of this 

method was uneven and inadequate thickness of coating layer 

[36]. 
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Figure 1. Simple nitrogen cycle for non-coated urea 

 

 
 

Figure 2. Top-Spray fluidized bed coating       
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Figure 3. Base-spray fluidized bed coating 

 

 

 

Table 1. Advantages and Limitations of Commonly Used Fertilizer Coating Materials 

 

Materials Advantages Limitations 

Sulfur based urea • Economical and low-cost 

• Single-layer coating 

• Slow nutrient release, but with 

irregular pattern 

 

• Sensitive to: 

• Elevated temperature and 

light exposure 

• Mechanical stress 

• Rough handling during 

processing 

• Inadequate sealing 

• Soil characteristics 

Polymer based urea • Manufactured using synthetic 

materials 

• Single-layer coating 

• Hydrophobic in nature 

• Simple release mechanism 

• Release minimally influenced 

by soil properties 

• Provides fully controlled 

nutrient release 

• High cost 

• Predominantly non-

biodegradable 

• Environmentally polluting 

• Potentially toxic 

 

Starch based urea • Widely available 

• Economic 

• Biodegradable 

• Environmentally friendly 

 

• Fragile coating layer 

• Hydrophilic nature 

• Requires modification for 

effective use 
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3.1.  Fluidized Bed Spray Coating 

 Numerous types of fluidized bed coaters are 

commercially available, all characterized by their ability to 

keep urea particles suspended during operation by directing 

air upward from the base of the bed [37]. Coating materials 

are applied to the suspended granules via nozzles. Among the 

different fluidized bed techniques, swirling bed coaters have 

proven most effective for producing controlled-release urea 

fertilizers. The particle motion during coating and 

fluidization is the key difference between swirling bed 

systems and other coatings because particles exhibit random 

movements in conventional fluidized beds [38]. Urea 

granules follow a circular trajectory due to circular motion 

generated by the air flow in swirling beds. The bed is divided 

into two regions: one region has high velocity particles while 

the other containing low-velocity particles, according with 

differences in air flow speed. Gravitational forces in the 

lower-velocity region balanced the effect of high-velocity air 

while central region lifted by an air stream. Various spraying 

methods such as internal bed spray, base spray nozzles and 

top spray nozzles are used to spray coating solution onto the 

suspended granules (Figures 2, 3) [39]. Air flow necessary for 

fluidizing the bed is supplied by an air compressor and a heat 

source such as an electric heating coil is used to heat the 

supplied air. The temperature must exceed minimum needed 

for film formation in order to achieve a uniform and smooth 

coating on fertilizer particles. Furthermore, sticking of urea 

granules and its lumps formation can be reduced by elevated 

air temperature which promotes evaporation of coating 

solution [40]. The quality of the coated fertilizer can be 

determined by an air used as fluidizing agent during the 

coating process. The duration that urea particles spend in the 

spray region where nozzles are located decides the thickness 

of the coating layer as they are directly related to each other. 

Urea granules move more rapidly within the bed as the 

contact time between the particles and the coating solution 

decreases when air velocity increases. The effectiveness of 

coating process and uniformity of the coating layer decreases 

when contact time becomes shorter. Consequently, the 

nutrient release behavior of the coated urea is adversely 

influenced by increasing air velocities. [41]. 

 

3.2. Plasticizers 

 Uniformity and distribution of the coating layer can 

be enhanced by using additives such as plasticizers 

incorporated into coating solutions. Polyethylene and 

polyvinyl acetate are some common examples of plasticizers 

used in sulfur coated fertilizers to reduce breakage of the 

coating. Talc and vermiculite are low-cost powders which 

have also been reported as effective additives [42]. In another 

approach, a biodegradable natural polymer such as glycerin 

and wax used as plasticizers alongside chitosan for coating 

urea granules. In order to prevent surface cracks and increase 

the plasticity of the coating, these plasticizers facilitated the 

formation of smooth chitosan film. With this approach, under 

standard testing conditions nitrogen release ranged from 0.64 

to 0.965 over a 5-hour period  [43]. Rindt, Blouin, and 

Getsinger [44] reported in their studies that water 

permeability can be lowered by incorporating fertilizers into 

sulfur coatings; however unintended negative effects may 

resulted as this method reduces surface adhesion.. To mitigate 

the rapid burst release of nutrients, a range of additives, such 

as sealing agents and plasticizers has been used which can 

adversely impact processing efficiency and economic 

feasibility of coated urea. Sulfur coated urea production for 

slow-release applications faces discontinuation due to these 

challenges. 

 

4. Benefits of Coated Urea 

 Limiting volatilization of ammonia, nitrous oxide 

and nitrate leaching, the use of slow-release fertilizers can 

enhance nitrogen use efficiency (NUE) and reduce nutrient 

loss, thereby controlling environmental pollution. 

Additionally, SRFs maintain comparable crop yields by 

reducing fertilizer application rates by 20-30% of the 

recommended amounts [45]. By following a sigmoidal 

pattern, it improves agronomic safety when nutrients are 

released at an optimal rate and also offers economic benefits 

through savings in energy,  time and labor [46]. Plants 

especially seedlings can be damaged by conventional 

fertilizer practices as they often create high local 

concentrations of ions, leading to osmotic stress [47]. 

 

5. Conclusions  

 Improvement of nitrogen use efficiency and 

enhancing the efficiency of urea uptake is a major focus for 

future research. Slow- or controlled- releasing coating 

technologies can be used to address these challenges. 

However, most of coating materials which are commercially 

available are environmentally unfriendly, expensive and non-

biodegradable. While sulfur-coated fertilizers have been 

brought to market, significant limitations remain, including 

difficulty in achieving uniform and compact coating 

thickness, unpredictable slow-release behavior due to surface 

cracks, insufficient impact resistance and abrasion, and 

complex processing requirements. Sulfur’s inherent 

brittleness and crystalline structure often result in thin, 

uneven, fragile, and discontinuous coatings. Biodegradable 

polymers obtained from natural sources present a promising 

alternative to non-biodegradable materials. Among these, 

starch stands out as environmentally friendly, biodegradable 

and low-cost option for use as a coating material in slow-

release fertilizers. Modified starches differ markedly from 

other non-Newtonian fluids in their physical properties, 

which implies that spray behavior of starch-based solutions is 

expected to differ from previously reported coating materials.  

 While modified starches offer superior functional 

performance compared to native starch, they must be 

produced in cost-effective and an eco-friendly manner to 

ensure an optimal balance between performance and 

affordability for end users. While swirling fluidized bed spray 

systems have been widely studied for bed hydrodynamics and 

coatings such as enteric or sugar layers, few studies have 

focused on characterizing the spray parameters of viscous 

coating materials. Since using starch as a coating material for 

slow-release fertilizers is a relatively new area of research, it 

is essential to characterize its spray behavior both in ambient 

air and within the fluidized air column to develop an effective 

and efficient coating process. With environmental regulations 

becoming increasingly stringent, the adoption of slow-release 

urea is expected to become a critical requirement. This 

strategy not only enhances crop yields and minimizes 

fertilizer usage but also mitigates environmental impacts. 

Yet, to enable farmers to achieve economically efficient, 

higher quality & environmental-sustainable crop-production 

further investigation into novel coatings formulation 
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warranted, and considerable opportunities remain for 

optimization. To examine tailing effect of nutrient release 

near the end-of-life of slow-release fertilizer (SRFs) and to 

validate results, field evaluations under diverse 

environmental conditions are necessary. Furthermore, 

practical and commercial implementations of SRFs require 

standardized procedures and upscaling methodologies 

development. 

 

References 

 

[1] G. He, X. Liu, Z. Cui. (2021). Achieving global food 

security by focusing on nitrogen efficiency 

potentials and local production. Global Food 

Security.  29: 100536. 

[2] B. Azeem, K. KuShaari, Z.B. Man, A. Basit, T.H. 

Thanh. (2014). Review on materials & methods to 

produce controlled release coated urea fertilizer. 

Journal of controlled release.  181: 11-21. 

[3] C. Jie, C. Jing-Zhang, T. Man-Zhi, G. Zi-Tong. 

(2002). Soil degradation: a global problem 

endangering sustainable development. Journal of 

Geographical Sciences.  12(2): 243-252. 

[4] N. Xiaoyu, W. Yuejin, W. Zhengyan, W. Lin, Q. 

Guannan, Y. Lixiang. (2013). A novel slow-release 

urea fertiliser: Physical and chemical analysis of its 

structure and study of its release mechanism. 

Biosystems engineering.  115(3): 274-282. 

[5] S. Chien, L. Prochnow, a.H. Cantarella. (2009). 

Recent developments of fertilizer production and 

use to improve nutrient efficiency and minimize 

environmental impacts. Advances in agronomy.  

102: 267-322. 

[6] C.F. Yamamoto, E.I. Pereira, L.H. Mattoso, T. 

Matsunaka, C. Ribeiro. (2016). Slow release 

fertilizers based on urea/urea–formaldehyde 

polymer nanocomposites. Chemical Engineering 

Journal.  287: 390-397. 

[7] M.E. Trenkel. (1997). Controlled-release and 

stabilized fertilizers in agriculture. International 

fertilizer industry association Paris: pp. 

[8] R. Gil-Ortiz, M.Á. Naranjo, A. Ruiz-Navarro, M. 

Caballero-Molada, S. Atares, C. García, O. Vicente. 

(2020). New eco-friendly polymeric-coated urea 

fertilizers enhanced crop yield in wheat. Agronomy.  

10(3): 438. 

[9] S. Savci. (2012). Investigation of effect of chemical 

fertilizers on environment. Apcbee Procedia.  1: 

287-292. 

[10] D. Anggoro. (2011). Producing slow release urea by 

coating with starch/acrylic acid in fluid bed 

spraying. Int. J. Eng. Technol.  11(06): 62-66. 

[11] A.R. Dobermann. (2005). Nitrogen use efficiency–

state of the art. 

[12] U. Bröckel, C. Hahn. (2004). Product design of solid 

fertilizers. Chemical Engineering Research and 

Design.  82(11): 1453-1457. 

[13] Guo, Liu, Zhan, L. Wu. (2005). Preparation and 

properties of a slow-release membrane-encapsulated 

urea fertilizer with superabsorbent and moisture 

preservation. Industrial & engineering chemistry 

research.  44(12): 4206-4211. 

[14] H. Thind, R. Pannu, R. Gupta, M. Vashistha, J. 

Singh, A. Kumar. (2010). Relative performance of 

neem (Azadirachta indica) coated urea vis-a-vis 

ordinary urea applied to rice on the basis of soil test 

or following need based nitrogen management using 

leaf colour chart. Nutrient cycling in 

agroecosystems.  87(1): 1-8. 

[15] M. Fernández‐Pérez, F. Garrido‐Herrera, E. 

González‐Pradas, M. Villafranca‐Sánchez, F. 

Flores‐Céspedes. (2008). Lignin and ethylcellulose 

as polymers in controlled release formulations of 

urea. Journal of applied polymer science.  108(6): 

3796-3803. 

[16] T. ME Trenkel. (2021). Slow-and controlled-release 

and Stabilized Fertilizers: an option for enhancing 

nutrient use effiiency in agriculture. International 

Fertilizer Industry Association (IFA): pp. 

[17] B. Beig, M.B.K. Niazi, Z. Jahan, A. Hussain, M.H. 

Zia, M.T. Mehran. (2020). Coating materials for 

slow release of nitrogen from urea fertilizer: A 

review. Journal of Plant Nutrition.  43(10): 1510-

1533. 

[18] P. Lu, M. Zhang, C. Li, Z. Liu. (2012). Effect of 

acid-modified clay on the microstructure and 

performance of starch films. Polymer-Plastics 

Technology and Engineering.  51(13): 1340-1345. 

[19] G.M. Blouin, D.W. Rindt, Method of making sulfur-

coated fertilizer pellet having a controlled 

dissolution rate. In Google Patents: 1967. 

[20] Y.-H. Liu, T.-J. Wang, L. Qin, Y. Jin. (2008). Urea 

particle coating for controlled release by using 

DCPD modified sulfur. Powder Technology.  

183(1): 88-93. 

[21] M. Umair Hassan, M. Aamer, M. Umer Chattha, T. 

Haiying, B. Shahzad, L. Barbanti, M. Nawaz, A. 

Rasheed, A. Afzal, Y. Liu. (2020). The critical role 

of zinc in plants facing the drought stress. 

Agriculture.  10(9): 396. 

[22] A. Suganya, A. Saravanan, N. Manivannan. (2020). 

Role of zinc nutrition for increasing zinc 

availability, uptake, yield, and quality of maize (Zea 

mays L.) grains: An overview. Commun. Soil Sci. 

Plant Anal.  51(15): 2001-2021. 

[23] B. Beig, M.B.K. Niazi, Z. Jahan, S.J. Kakar, G.A. 

Shah, M. Shahid, M. Zia, M.U. Haq, M.I. Rashid. 

(2020). Biodegradable polymer coated granular urea 

slows down N release kinetics and improves spinach 

productivity. Polymers.  12(11): 2623. 

[24] M. Irshad, M.A. Wahid, M. Farrukh Saleem, S. 

Khan, S. Irshad, A. Matloob, M. Sarwar, M. Ali, Z. 

Hasnain, M. Akhtar Cheema. (2022). Zinc coated 

urea enhanced the growth and quality of rice 

cultivated under aerobic and anaerobic culture. 

Journal of Plant Nutrition.  45(8): 1198-1213. 

[25] B. Ni, M. Liu, S. Lü. (2009). Multifunctional slow-

release urea fertilizer from ethylcellulose and 

superabsorbent coated formulations. Chemical 

Engineering Journal.  155(3): 892-898. 

[26] M.W. Donida, S.C. Rocha. (2002). Coating of urea 

with an aqueous polymeric suspension in a two-

dimensional spouted bed. Drying Technology.  

20(3): 685-704. 



Science Today, 25(3) (2025):52-59 

 

Muneer et al., 2025     59 
 

[27] M. Kolybaba, L. Tabil, S. Panigrahi, W. Crerar, T. 

Powell, B. Wang In Biodegradable polymers: past, 

present, and future, ASABE/CSBE north central 

intersectional meeting, 2006; American Society of 

Agricultural and Biological Engineers: 2006; p 1. 

[28] T. Fujita, S. Shoji. (1999). Kinds and properties of 

Meister fertilizers. Di dalam Meister controlled 

release fertilizer–Properties and Utilization. Sendai, 

Japan: Konno Printing Company Ltd. 

[29] L. Chen, Z. Xie, X. Zhuang, X. Chen, X. Jing. 

(2008). Controlled release of urea encapsulated by 

starch-g-poly (L-lactide). Carbohydrate polymers.  

72(2): 342-348. 

[30] S. Ariyanti, Z. Man, M.A. Bustam. (2013). 

Improvement of hydrophobicity of urea modified 

tapioca starch film with lignin for slow release 

fertilizer. Advanced Materials Research.  626: 350-

354. 

[31] R. Ito, B. Golman, K. Shinohara. (2005). Design of 

multi-layer coated particles with sigmoidal release 

pattern. Chemical engineering science.  60(20): 

5415-5424. 

[32] R. Liang, M. Liu. (2006). Preparation and properties 

of a double-coated slow-release and water-retention 

urea fertilizer. Journal of agricultural and food 

chemistry.  54(4): 1392-1398. 

[33] P.-z. HUANG. (2007). Characteristics and 

performance of novel water-absorbent slow release 

nitrogen fertilizers. Agricultural Sciences in China.  

6(3): 338-346. 

[34] Z. Majeed1a, N. Mansor, Z. Ajab, Z. Man. (2017). 

Lignin macromolecule’simplification in slowing the 

biodegradability of urea-crosslinked starch films 

applied as slow-release fertilizer. 

[35] M. Devassine, F. Henry, P. Guerin, X. Briand. 

(2002). Coating of fertilizers by degradable 

polymers. International Journal of Pharmaceutics.  

242(1-2): 399-404. 

[36] P.D. Hede, P. Bach, A.D. Jensen. (2009). Fluidized-

bed coating with sodium sulfate and pva− tio2, 1. 

review and agglomeration regime maps. Industrial 

& engineering chemistry research.  48(4): 1893-

1904. 

[37] L.F. Brown, H.S. Fogler. (2008). Fluidized bed 

reactors, diffusion and reaction in porous catalysts. 

Professional Reference Shelf, University of 

Michigan. 

[38] S. Othman, A.A. Wahab, V.R. Raghavan In 

Numerical study of the plenum chamber of a 

swirling fluidized bed, Proceedings of International 

Conference on Mechanical and Manufacturing 

Engineering, 2008; 2008; pp 21-23. 

[39] Z. Dawn, C.V. Liew, P.W. Heng. (2009). Layered 

growth with bottom-spray granulation for spray 

deposition of drug. International Journal of 

Pharmaceutics.  377(1-2): 16-24. 

[40] W. Iley. (1991). Effect of particle size and porosity 

on particle film coatings. Powder Technology.  

65(1-3): 441-445. 

[41] K.R.M. Ibrahim, F.E. Babadi, R. Yunus. (2014). 

Comparative performance of different urea coating 

materials for slow release. Particuology.  17: 165-

172. 

[42] G.M. Blouin, D.W. Rindt, O.E. Moore. (1971). 

Sulfur-coated fertilizers for controlled release. Pilot-

plant production. Journal of agricultural and food 

chemistry.  19(5): 801-808. 

[43] K. Lubkowski. (2014). Coating fertilizer granules 

with biodegradable materials for controlled fertilizer 

release. Environmental engineering & management 

Journal (EEMJ).  13(10). 

[44] D. Rindt, G. Blouin, J. Getsinger. (1968). Sulfur 

coating on nitrogen fertilizer to reduce dissolution 

rate. Journal of agricultural and food chemistry.  

16(5): 773-778. 

[45] R. Gil-Ortiz, M.Á. Naranjo, A. Ruiz-Navarro, S. 

Atares, C. García, L. Zotarelli, A. San Bautista, O. 

Vicente. (2020). Enhanced agronomic efficiency 

using a new controlled-released, polymeric-coated 

nitrogen fertilizer in rice. Plants.  9(9): 1183. 

[46] S.I. Sempeho, H.T. Kim, E. Mubofu, A. Hilonga. 

(2014). Meticulous overview on the controlled 

release fertilizers. Advances in Chemistry.  2014(1): 

363071. 

[47] A. Shaviv. (2001). Advances in controlled-release 

fertilizers. 

 

 


