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SYNTHESIS OF COATED UREA AND ITS RELEASE PATTERN

ABSTRACT

The main aim of this paper was to develop three different type of urea fertilizer coating with
ethyl cellulose and starch-super absorbent polymer and to study their effectiveness in the
release of nitrogen. The synthesis and characterization of the coated fertilizer was carried
out in Department of Nanoscience and Technology, TNAU, Coimbatore-03, India. A column
experiment was also set up at Radioisotope Laboratory in TNAU, Coimbatore-03, India for a
period of 30 days. The column experiment consists of 5 treatments and 3 replications with a
Completely Randomized Block (CRD) design with level of significance of 0.05 %. The
treatments consist of control, uncoated urea, Ethyl cellulose (EC), Starch-Super absorbent
polymer (SAP) and EC+Strach-SAP coating. Double coated urea (EC+Starch-SAP) showed
the slowest nitrogen release pattern among the three coating types with a release of onl)é
40% of nitrogen in the first day of incubation and a gradual release of nitrogen till the 20"
day.

Keywords: ethyl cellulose, super absorbent polymer, potato starch, hydrogels, slow release
fertilizer

1. INTRODUCTION

Fertilizer of any form is an indispensable part and one of the highest impacting inputs in crop
production. For instance, as per a study of crop production in the United States, without
nitrogen (N) fertilizer, average corn yields would fall by 40%. If phosphorus (P) and
potassium (K), two other macronutrients, were also limited, declines would be even more
pronounced [1]. According to the UN, Department of Economy and Social Welfare, the world
population is estimated to reach 9.6 billion by the year 2050 [2]. With the growing population
in India and around the world and the task of feeding millions, there is a growing demand for
foods and other agro-products. This often results in larger amount of fertilizer application so
as to procure higher yields for crops. The three primary nutrients, nitrogen (N), phosphorus
(P) and potassium (K), which are required in higher quantity by plants, are often supplied by
chemical fertilizers in a larger quantity. Urea (CH,N,O) is one of the most extensively used
fertilizer source for nitrogen across the world. To fulfill supply and demand of the world’s
growing population, around 200 million tons of urea fertilizer are produced globally at the
moment. However, due to inefficiency, a quarter of the urea applied to soils is lost to the
environment [3].

Urea has the highest solubility in water compared to other nitrogenous fertilizers with the
potential to supply higher nitrogen to plants and soil due to its high nitrogen concentration.
Urea fertilizer has a high nitrogen content of 46% by dry weight but however the nitrogen use
efficiency ranges from 20-30 %. This is due to the loss of nitrogen through volatilization and
leaching to a great extent. It can also cause high environmental risks and poses serious
threats to marine life such as eutrophication in water bodies, with negative implications for
human health, soil fertility, greenhouse gases and terrestrial biodiversity [4]. Controlled and




slow-release fertilizers (CSRF) approach is the main strategy adopted to delay nutrients
dissolution according to the plant's needs [5]. Numerous researches [6] have been done in
the field of coated fertilizers where various coating materials have been explored. The
coating of fertilizer can be of a single layer or even coated with a double layer for a further
slow-release behavior in various cases.

By acting as a physical barrier, coating can prevent direct exposure of urea in water and soil,
which lowers the rate of urea hydrolysis and lowers nitrogen oxide (NOx) and dinitrogen (N5)
emission [7]. Using coated fertilizers significantly increased growth and phenology of crops.
With the application of bioactive sulfur-coated urea, crops matured earlier than with
conventional urea [8].

Ethyl cellulose is a water-insoluble cellulose ether that is extensively used in pharmaceutical
film coating [9]. Food grade ethyl cellulose is among the few water-insoluble non-toxic films
and thickeners. Super absorbent polymers are known to have a three-dimensional network
with a high capacity to absorb and hold a large amount of water. They swell and absorb
water to a great extend to the point where they can absorb up to hundred times their own dry
weight and hardly removable under a certain pressure [10]. In an attempt to develop novel
dual-layer slow-release fertilizers, different starch materials which are obtained from plants
have also been tested for their slow-release behavior. The three main starch sources largely
studied were maize, cassava and potato [11].

In the present paper, urea granules are coated with a layer of Ethyl Cellulose, Starch-
Superabsorbent polymer and as a double layer where Ethyl Cellulose acts as the inner
coating and Starch- Superabsorbent polymer acts as the outer coating. The starch source in
for the starch-SAP is potato starch. Potato starch has a high-water imbibing capacity
compared to other plant-based starch sources [12]. The main objective is to synthesize the
three coated urea in the laboratory and test the release pattern using a soil column
experiment.

2. MATERIAL AND METHODS
2.1 Materials

The Chemicals used for the synthesis of the coating materials were all procured and
supplied from Prassad Associate, Coimbatore. The chemicals ethyl cellulose, stearic acid
and acrylamide were manufactured by Nice Chemicals (P) Ltd. from Kochi, Kerela, India.
Ceric ammonium nitrate was manufactured by S. D. Fine Chemicals limited in Mumbai,
India. The N,N’-methylene-bisacrylamide, or N,N’-MBA were obtained from Sisco Research
Laboratories Pvt. Ltd., Maharashtra, India. Every other chemical used in the current work is
of the reagent grade and is readily available commercially. The urea (46 % N) used for
coating was obtained from MCF firm in Coimbatore, India.

2.2 Preparation of Ethyl Cellulose and Starch-Super Absorbent Polymer

Ethyl Cellulose solution was prepared by mixing 9-part Ethyl Cellulose and 1-part Stearic
acid in a 6.25% Ethanol. Since Ethyl cellulose is highly hydrophobic, they are not readily
soluble in water. After thoroughly mixing, the urea granules were then sprayed with the ethyl
cellulose solution so as to evenly coat the urea granules in a tray. The urea granules after
coating with the ethyl cellulose were then left to dry at room temperature.

The starch-superabsorbent polymer was prepared by mixing 12 g starch in 45 ml of distilled
boiling water. After which 18 g acrylamide and 0.14 g N,N’-methylene-bisacrylamide, or
N,N’-MBA was added to the mixture. This was allowed to mix at a magnetic stirrer at a rate



of 80 rpm for 10 minutes. After mixing for 10 minutes, the solution begins to gelatinize. 0.75
g of Ceric ammonium nitrate (CAN) was dissolved in a boiled water. The temperature was
then decreased to 60° C before adding Ceric ammonium nitrate (CAN) solution into the
mixture. This was then allowed to mix again for 10 minutes at 80 rpm. After a few minutes
from adding the Ceric ammonium nitrate (CAN) solution, the mixture begins to gelatinize
even more. In this reaction Ceric ammonium nitrate (CAN) acted as the initiator while N,N’-
MBA acted as the cross linker. Crosslinking reagents (or crosslinkers) are those molecules
that have a reactive side of two or more that are able to bind themselves or attach
themselves to a specific functional group on a protein or other molecule [13].10 g of Sodium
hydroxide (NaOH) dissolved in 20 ml distilled water was added to the mixture. Sodium
hydroxide (NaOH) acts as a saponification agent. Wash the product with methanol
successively so as to remove any free polymer which may be present in the mixture.
Methanol also acts as a dewatering solvent. The final starch-super absorbent polymer were
then dried to keep them in a constant weight in a hot air oven at 60-70° C. The products
were then grinded and pulverized to a fine powder [14]. The final coating of urea fertilizer are
given in figure 1. —

Figure 1. (a) Ethyl Cellulose (EC) coating (b) Starch-Super absorbent polmer (SAP)
coating (c) EC + Starch-SAP coating

2.3 Characterization

2.3.1 Scanning Electron Microscopy (SEM)

The morphology of the coated fertilizers was observed using the Scanning Electron
Microscopy, Techno FEI (SEM) in Department of Nanoscience and Technology, TNAU,
Coimbatore. Sputter coating is done for all the samples before running the sample in the
instrument. Sputter coating for SEM is the process of applying an ultra-thin coating of
electrically-conducting metal — such as gold (Au), gold/palladium (Au/Pd), platinum (Pt),
silver (Ag), chromium (Cr) or iridium (Ir) onto a non-conducting or poorly conducting
specimen [15].

2.1.2 Fourier transform infrared spectroscopy (FTIR):

The ethyl cellulose and starch-SAPSs' infrared spectra were obtained using FT/IR-6800 type
A model which is DTGS (deuterated triglycine sulphate) detector-equipped from Department
of Nanoscience and Technology, TNAU. The spectra were collected at a resolution 4 cm™.



2.1.3 Water absorbent capacity (WAC):

One of the basic requirements for a polymer to be specified as an SAP is that dry polymeric
substances must absorb twenty times or more of their original weights from water, saline, or
physiological solutions [16]. The SAPs were measured for their water absorbent capacity by
putting 0.5 grams of the SAPs into a mesh cotton cloth bag. The bag was then allowed to be
immersed into a pool of distilled water in a beaker for approximately 1 hour at room
temperature. After the bag was taken out, the surface of the bag was lightly taped dry so that
the excess water was removed. Each water absorbed starch-SAP was weighed in terms of
its net weight. The water absorbent capacity was calculated using the formula:

WAC(g/9) = (M1—M,)/M,

where M; (g) is the weight of swelling starch SAPs and M, (g) is the weight of dried starch
SAPs, respectively. All of the results are averages of three replicates.

2.4 Column Experiment

A column experiment was set up to study the leachate from the coated fertilizer and to study
their release patterns. The columns were set up in the Radioisotope laboratory, TNAU,
Coimbatore. The column experiment consists of 5 treatments and 3 replications with a
Completely Randomized Block (CRD) design. Each columns were filled with approximately
500 g of soil collected from Vaiyampalayam, Tamil Nadu with 11.1356° N, 77.0035° E
coordinates. The type of soil in use for this experiment was black calcareous soil and has a
sandy clay loam texture. The soil physicochemical properties were analyzed before carrying
out the column experiment as shown in (Table 1).

Table 1: Physicochemical properties of soil for column study

Available Nitrogen [17] 213kg/ha (low)
Available Phosphorus [18] 18 kg/ha (medium)
Available Potassium [19] 543 kg/ha (high)
Organic Carbon [20] 0.56 % (medium)

pH 8.30 (slightly alkaline)
EC 0.95dSm™

The leachate was collected at different intervals on 1,2,3,4,10,15,20 and 30 days. The
columns were filled with water to their field capacity. The leachates were collected and
analyzed for their ammonium-N (NH,"-N) and nitrate-N (NO3-N). Ammonium was distilled
using magnesium oxide, and nitrate was reduced to ammonium using a ball-milled Deverda
alloy [21]

3. RESULTS AND DISCUSSION

3.1 Scanning Electron Microscopy (SEM)

The SEM micrograph of Ethyl Cellulose and SAP coatings are shown in Figure 2. The EC
membrane did not swell and was compatible with a wide range of plasticizers and pore-
forming chemicals [22]. The pore spaces which can be seen in the SEM images show the
potential locations for penetration of water. The swelling process involves the following
actions: solvent molecules permeate the polymeric network structures. Simultaneously, the
molecular chains between the cross-linked sites stretch, lowering their enthalpy values. This




new molecular network structure has elastic contractive pressures, which amplifies the
networks' contraction tendency [23]. Starch-SAP absorbed a substantial amount of water
due to the hydrophilicity of -COO™ groups and the associated osmotic pressure. Because the
starch-SAP molecular chains (glucan and polyacrylamide) crosslinked by N-MBA created
strong grid walls, a significant fraction of water could be trapped in the grids, which were
analogous to the superporous hydrogel's interconnected pores [24].

(©)

Figure 2: SEM images of EC, SAP and EC+SAP coated urea.

3.2 Fourier transform infrared spectroscopy (FTIR):

The Starch-SAPs when analyzed shown in figure 3 (a) have a typical IR band which includes
a strong band of N-H stretching adsorption (1604 cm'l), C-N stretching was also observed
(1402 cm'l) and C-O stretching can be attributed to the bands at 1150 cm™ [25]. The bands
for the ethyl cellulose sample in figure 3 (b) show a C=CH, type of bond with the adsorption
peak of 2973 cm™. The bands at 3322, 2175, 1590, and 1054 cm™ can be attributed to O-H,
C-H, C=0 and C-O stretchings respectively [26].
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Figure 3: FTIR images of (a) SAP coating (b) EC Coating

3.3 Water absorbent capacity (WAC)

The Water absorbent capacity (WAC) of the starch-SAP was approximately 70 times its
initial weight or dry weight (0.5 g) (Figure 4). SAPs may hold over absorbed fluids under
pressure because of their loosely cross-linked structures and hydrophilic nature, which
allows the hydrophilic groups to be hydrated in an agueous environment, resulting in a
hydrogel structure. Therefore, the starch-SAP can hold and imbibe a large amount of water
in it before slowly releasing it to its surrounding.

Surface-cross-linked particles kept their forms during the swelling process. This results in a
less tightly packed gel bed with air gaps, allowing fluid to flow freely in a high permeability
pattern. This is related to the micron-scale grid size and the nanoscale fractal gel
characteristics. For instance, the smaller grid size caused by shorter polyacrylamide (PAM)
chains may boost capillary forces in the micro-porous structure and improve the availability

of the hydrophilic groups to water during hydration due to a greater specific surface area
[27].

Figure 4: (a) Dried starch-SAP (0.5 g) (b) Swelled starch-SAP



3.4 Column experiment

The uncoated urea had the highest amount of leaching in the first four days of incubation
which is a typical release pattern for uncoated urea (Figure 7). The urea coated with Ethyl
cellulose released 58% of the cumulative nitrogen and gradually released till the 10" day.
The slow-release pattern of ethyl cellulose coated urea fertilizer can be due to the inert
property and hydrophobicity of the ethyl cellulose [28]. For the case of urea coated with
starch-SAP alone, the release of nitrogen in the first day was comparatively higher than EC
coating. This can be attributed to the fact that the Starch-SAP has the ability to imbibe large
portion of the water applied. Urea was dissolved in the water retained by the Starch-SAP
network and diffused outwards through the network due to the osmotic gap between the
network's inner and outer walls [29]. The double coated urea (EC+SAP) showed the highest
slow-release pattern with a release of only 40% nitrogen in the leachate. The release pattern
was the longest which showed a release up to 20 days. Water could constantly travel
through the EC layer as the starch-SAP layer swelled, gradually dissolving the fertilizer core.
The pace at which the dissolved nutrient diffused from the fertilizer core into the soil would
be substantially influenced by the starch-SAP barrier permeability.

The NH,"-N was found to be higher in the initial leachate collected from all the 5 different
columns. There was then a gradual decrease in the NH,"-N content from the 4™ day in the
leachates (Figure 5). The decrease in NH,"-N leaching might be attributed to the loss of NHs
(ammonia) through volatilization or the transformation of NH,-N to NOs-N through
nitrification [30]. An increase in NOz-N in the leachate from the controlled-release fertilizers
towards the end of the leaching trial in figure 6 showed that urea must be released from the
coating for further hydrolysis and nitrification over a prolonged duration of time [31].
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Figure 5: Effect of time in cumulative leaching of Ammonium-N



=== Control ==fll==Uncoated Urea ==fe=EC Coating ===SAP Coating === EC+SAP Coating

90
80
70
60
50
40
30
20
10

0 i
1 2 3 4 10 15 20 30

TIME (DAY)

CUMULATIVE LAECHING OF NITRATE-N (%)
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Figure 7: Effect of time in cumulative leaching of Nitrogen
4. CONCLUSION

To summarize, in the present study, the preparation and synthesis of Starch-Super
absorbent polymer from potato starch was demonstrated. The water absorbent capacity
(WAC) of Starch-SAP was also examined where it can hold 70 times its dry weight. Coating
of urea fertilizer with three types of coating, namely with EC, Starch-SAP and EC+Starch-
SAP was synthesized and release pattern was studied. From the column experiment
conducted, the release rate of the different coating of urea was determined. Of the three
different type of coatings, double coated urea (EC+Starch-SAP) shows the best slow-release
pattern for nitrogen. The coated fertilizers have a great potential to increase the
effectiveness of fertilizer use due to its prolonged release of nutrients in field conditions.
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