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Abstract

The establishment of Controlled Release Urea (CRU) in agriculture industry has given a great significant outcome towards the develop-
ment of economy while preserving the environment. As it is developed through a coating process, it does not only help to increase ferti-
lizer’s efficiency, but also minimize the loss of nutrients into the soil and environmental pollution. There are many types of coating mate-
rials that have been extensively studied as well as applied in everyday life from pharmaceutical industry to engineering industry such as
in pharmaceutical tablet, road construction and corrosion control of steel structures like offshore platforms. In this research, the alkali-
activated material composite has been developed as a new coating material and is introduced as the main coating material for the CRU.
In term of environmental friendliness, alkali-activated material (AAM) is considered better than sulphur and polymer. However, the
combination of fly ash and sodium hydroxide (NaOH) solution producing the AAM paste needs further research since it can be catego-
rized as a novel coating material for CRU. It is also to ensure the suitability of it to be used as a coating material on urea fertilizer. A
significant coating thickness along with good hardness strength can produce promising coated urea granules characteristics. Two parame-
ters have been studied for this research to identify its effect towards coating thickness and hardness strength of coated urea granules
which are inlet air pressure and spraying rate. These two parameters are identified to be crucial in enhancing the characteristics of coated

urea granules.
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1. Introduction

The necessity of agriculture is rarely questioned as it is important
to feed the world’s population [1]. It has always been a vital con-
tributor towards sustaining human life for a long time. Farming
has seen new turns with its inextricable and an integral part with
human daily activities. Change of lifestyle, technology, and espe-
cially industrial revolution have played a crucial role in changing
the shape of modern agriculture values. The introduction of agri-
cultural fertilizers has marked the new cultivation revolution with
its variety of types and its function to promote and enhance the
productivity of commercial crops such as paddy and palm oil. One
of the popular fertilizers that is used widely today is urea [2]. As a
nitrogen fertilizer, beside its high demand usage in agriculture due
to its high content of nitrogen (45%), its property of high solubili-
ty in water makes it suitable for soil application. However, it caus-
es the nutrients to be absorbed into the soil rapidly and excessively
during early plant growth stage. This is due to its vulnerability
from volatilization and leaching when applied to crops [3]. More-
over, the denitrification process also happens as the fertilizer nu-
trient is lost into the atmosphere in the form of nitrogen gas. A
technique known as controlled release urea (CRU) has been intro-
duced to counter this problem by using the thin-film technology
[4]. This technique works by controlling the amount of nutrients
released from urea granule. It is proved to boost crop yield while
reducing the environmental pollution caused by hazardous emis-
sions such as ammonia, nitrous oxide and etc. from current ferti-
lizer practices [5]. Researchers had been investigating and devel-
oping this innovative technology to optimize the absorption of

nutrient for crop and at the same time minimizing the impact to-
wards environment [6-9]. CRU is urea granule coated with a mix-
ture of various materials which will reduce the releasing period of
nutrients and control the amount of nutrients released to plant
subsequently. There are many coating materials that can be used
to control the release of urea [7, 9]. In this study, the fly ash
blends has been proposed to be used as the coating material for
this research due to its green property and environmental friendly
nature [10]. Several aspects need to be considered in conducting
the coating process such as the compatibility of the coating mate-
rial with the substrate and the environmental aspect.

1.1. Controlled Release Urea (CRU)

About half of the world crop yields have been attributed to
commercial fertilizers [11]. In the early days, CRUs are
considered too expensive to be used in a small area of production.
But the recent development of lower-cost polymer-coated urea
products has led to consideration of their use in a wide range
especially in agriculture sectors [12]. CRU is a purposely designed
manure which releases fertilizing nutrients in a controlled, delayed
manner in line with the sequential needs of plants for nutrients,
thus providing enhanced nutrient use efficiency along with
enhancing yields [5].

An ideal CRU is the one that coated with a natural or semi-natural,
environmentally friendly macro-molecule that decelerates fertiliz-
er release to such a slow rate that a single application to the soil
can meet nutrient requirements for model crop growth [13]. Fur-
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thermore, the use of CRU from the plant treated with it, is substan-
tial and performs significantly compared to urea granule. Roughly
40% to 70% of nitrogen in normal fertilizers vaporized to the en-
vironment which can give a huge impact on economy, causes loss
of resource as well as contribute environmental pollution [14-16].
The diffusion mechanism can be explained using Figure 1. It
shows the diffusion mechanism of controlled release urea. Picture
(a) shows urea core with polymer coating while picture (b) shows
water penetrates the coating and core granule. Next is the picture
(c) showing the urea dissolution and development of osmotic pres-
sure and lastly, picture (d) displayed the controlled release nutrient
diffuse out through swollen coating membrane.

Polymer Coating

Fig. 1: Diffusion mechanism of control released [3]
1.2. Thin-Film Coating Technology

One crucial aspect of the process of producing the controlled re-
lease urea is a technology known as a thin-film coating. It is where
a thin layer ranging from nanometers to several micro-metres in
thickness is formed by the coating material [17]. Several tech-
niques are known in performing the thin-film coating. Different
techniques have been studied by researches for the coating process
such as fluidized bed, spouted bed and rotating drum, with various
coating materials like resin, sulphur, and polymers [18, 19]. Dur-
ing the coating process, the sprayed liquid will mix with the solid
bed material [20]. When the coating droplets come in contact with
the particles’ surface, the droplets of liquid will spread, and the
solid particle is coated partially. The repeated movement of parti-
cles through the spray zone will continuously coat all over the
solid material. This result in smooth and uniform coating. Dia-
gram in Figure 2 presented each step mechanism of coating pro-
cess, starting from spraying, wetting, and recrystallization to final-
ly becomes coated particle.
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Fig. 2: Coating Mechanism [21]
1.3 Fly Ash Used for Coating Material

Fly ash has been used and applied commercially in construction,
fire protection, thermal insulation, etc. From the environmental
point of view, carbon dioxide emission is less produced [22] and
the consumption of energy is low [23] when fly ash is used. As a
result, the effect of global warming can be reduced and therefore
help to save the environment.

1.4 Coating Parameters

The coating is applied for a number of reasons including masking
unpleasant taste or odour of the ingredients, enhancing the appear-
ance of the product, modifying its dissolution rate and to add ac-
tive drug molecules to the tablet [24]. Meeting strict quality con-
trol standards for every batch of coated tablets is very tricky.
Usually, there is an unexpected batch failure that is hard to explain
especially due to a lack of process understanding. Moreover, there
is a complex interplay between multiple parameters and device-
specific factors within the process itself. The relative effect of
droplet size, impact and frequency, liquid spreading, drying and
the ensuing solid-state transformations determine the morphology
and quality of the coating [25]. Operational parameters can be
divided into two groups during the process of pan-coating. They
are pan-and-tablet-related namely; pan diameter and depth, pan
speed, pan load, baffle setup and pan perforation, and spray-
related namely; spray rate, inlet air flow rate, inlet air pressure,
atomizing air and coating time [26, 27].

Thus, it is crucial to identify these parameters and understand their
effects on the product quality. The coating pan’s speed of rotation,
loading level of the pan, type of spray pattern and the efficiency of
nozzles are some of the of parameters that are being concerned in
this study and is set as constant parameters. This study is limited
only to the study using a coating pan for the inlet air pressure and
spraying rate towards coating thickness and hardness strength. Air
pressure is needed for the spray gun to be able to atomize the slur-
ry out from the nozzle with compressed air. Air is being supplied
through inlet air source via a tube and is monitored using meter
pressure.

2. Methodology

2.1. Coating Solution Preparation

The coating solution is prepared from the combination of fly ash-
based powder and sodium hydroxide (NaOH) solution. The prepa-
ration method and blending ratio for the coating solution is re-
ferred from Abdul Rahim et al. [33] with a ratio of 3:1. The coat-
ing solution is prepared by mixed the 600g of fly ash-based pow-
der along with 200 gram of NaOH solution of 10M. This is fol-
lowed by stirring the solution in a hot plate using magnetic stirrer
for 30 minutes.

2.2. Experimental Setup

A pan coater is used to film-coat the urea granules with AAM
paste. The conditions and settings inside the pan coater are meas-
ured and monitored throughout the process. In the control screen,
the operation interface is used for controlling the process parame-
ters. The amount of urea granules used as the starting material for
this work is 150 gram. Firstly, the urea granules are preheated for
20 minutes. After that, comes the spraying process whereby it is
executed for 50 minutes. When the spraying process is done, the
drying process is performed for 10 minutes.

2.3. Evaluation of Coated Urea Granules
2.3.1. Coating Thickness

According to Hassan et al. [34], from each experiment run, thirty
coated urea granules are selected randomly. The coated urea gran-
ules are cut diametrically into halves using a sharp knife. Coated
urea granules cross-sections are examined under an optical micro-
scope under 5x magnifications, with the cut surface facing up.
Images are captured with a digital microscope camera. For each
sample, two readings are taken on the cross-section of the coated
urea granules.
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2.3.2. Hardness Strength

In every experiment, several selected coated urea granules are
tested for their hardness strength using digital hardness analyzer
[35]. The coated urea granules are being placed on the sample
support. As the driven force jaw moves towards the sample, it
started to increase the force. The force continues to increase as the
jaw touches the sample up to the point until the coated urea gran-
ule breaks. This resulted to the force values being shown at the
display of the tablet hardness tester. The total of 30 randomly
selected coated urea granules are being tested after every experi-
ment. Later, the average hardness in Newton (N) is calculated per
experiment.

2.4. Design of Experiment (DoE)

The full factorial design is used as the DoE in this research since it
is regularly being used in industry. It is an orthogonal array design
type that allows experimenters to study main effects and desired
interaction effect in a minimum number of trials or experimental
runs. According to Box et al., [36], the designs are normally repre-
sented in the form of 2P, where k is the number of factors and
1/2” represents the fraction of the full factorial. Accordingly, 2
factors of experimental procedure are tested whereby each run at 3
levels, therefore 9 different combinations of the levels are de-
signed, as shown below (Table 1).

Table 1: The experimental layout of 3

Trial | Inlet air pressure, P (bar) | Spraying rate, R (rpm)
1 -1 -1
2 -1 0
3 -1 +1
4 0 -1
5 0 0
6 0 +1
7 +1 -1
8 +1 0
9 +1 +1
Notation:
Sign [ P (bar) R (rpm)
-1 0.3 10
0 0.5 30
+1 0.7 50

3. Results and Discussion

Testing for coating thickness and hardness strength has been done
to determine the physical properties of the AAM coated sample.
This is to ensure that the objective of this project which is enhanc-
ing the characteristics of coated urea granules complies with the
parameters that have been set up.

3.1. Coating Thickness

The purpose of coating thickness analysis is to figure out the
length of AAM coating thickness on urea granule surface. The
reason coating thickness is being measured is find out the average
coating thickness per tablet to ensure coating uniformity achieva-
ble. Coating uniformity is described as having coating material to
be equal in every angle and side of a granule. Figure 3 shows the
example images of each trial.

Trial The image is taken from The image is taken from
No. the top left side on a cross- the bottom right side on a
section of the coated urea cross-section of the coated
ranule urea granule
1

Fig. 3: Example of images of cross section of the coated urea grnule from
each trial

3.1.1 Inlet Air Pressure

Based on Figure 4 below, the graph of thickness versus inlet air
pressure shows up trending line of which the coating thickness is
kept increasing when inlet air pressure was from 0.3 bar to 0.7 bar.
The trending indicates that inlet air pressure plays a major role in
determining the thickness of AAM coating of a sample. The
certain explanation based on the experiment of which thickness at
inlet air pressure 0.7 bar (203.649 um) is higher than 0.3 bar
(178.78 pm) and 0.5 bar (178.782 um) due to the fact that inlet air
pressure controls the coating solution flow and automatically
manages the droplet size from the spray nozzle. It is in line with
Pandey et al. [37] that mentioned higher inlet air pressure
produces small droplet size and produced better coating layer. In
this study, it produces good coating thickness.
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Fig. 4: Thickness Vs Pressure Graph
3.1.2 Spraying rate

According to Figure 5, the higher the spraying rate, the higher the
coating thickness. This shows that spraying rate is one of the im-
portant factors in ensuring the thickness of the AAM coated sam-
ple to be managed. The simple explanation of this case is that as
spraying rate increases, more AAM slurry is being applied on top
of the granule bed by layer after layer [38]. There is also a down-
side to this method that is as the spraying rate goes higher, fill
load is getting thicker on the top surface of the granule bed [39],
making it harder to dry as preparation for the next coating layer.
As the process is running, the amount of urea granule sticking to
each other is increasing. This phenomenon is what we call ag-
glomeration [40]. Thus, to find the perfect coating thickness of
urea granule, the selected parameters that are being used during
the experiment must be limited to 50 rpm spraying rate. This max-
imum amount of coating solution spraying rate was according to
preliminary experiment. A large quantity of agglomeration of
coated urea sample is a sign that the level of parameters used is
not suitable. Coating uniformity will be unachievable if this pro-
cess is to happen.
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Fig. 5: Thickness Vs Pressure Graph
3.2. Hardness Strength

Hardness strength is conducted to find out how hard the coating

can withstand when being pressurized by a certain amount of force.

This is an important physical property as it affects the reliability of
the coating uniformity of a coated urea granule. The hardness of a
coating material relates to the amount of slurry that is applied to
the urea sample during the coating process. Therefore, by knowing
the hardness of a coated sample, valuable information regarding
other factors such as coating time, the rate of rotation and shaking,
etc., can be predicted mostly by observation during experimental
work.

3.2.1 Inlet Air Pressure

Based on Figure 6, the inlet air pressure is varied at 0.3 bar, 0.5
bar and 0.7 bar. The hardness strength of coated urea granule at
pressure 0.7 bar was decreased from 41.93 N to 38.26 N can be
explained largely due to the influence of inlet air pressure itself.
Too much inlet air pressure cause the spraying pattern of the
slurry to change. As the slurry is being sprayed out through the
nozzle, the pattern can come out in the form of wide, narrow,
horizontal and even vertical [41]. Even though horizontal and
vertical pattern can be made set at the nozzle, the force of pressure
can somehow make the slurry come out in a disoriented pattern.
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Fig. 6: Hardness Vs Pressure Graph
3.2.2 Spraying Rate

Based on Figure 7, the hardness strength increased as spraying
rate increased from 30 rpm to 50 rpm which is from 39.93 N to 41
N. The hardness is then decreased tremendously when spraying
rate at 50 rpm is applied to hardness strength of 32.13 N. The
result contradict several studies which mentioned hardness
strength commonly will be increased as spraying rate was in-
creased [38, 42]. However, it should be noted that the parameter
level of spraying rate in this study is higher from them. In this
study, spraying rate at 50 rpm will give more pressure onto the
urea granule surface during spraying process due to high spraying
rate. Thus, it will lead the urea granule towards the wall and colli-
sion between urea granules. Ultimately, it will lead to attrition and
breakage.
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Fig. 7: Hardness Vs Spraying Rate Graph

4. Conclusion

The coating of urea is needed to avoid unnecessary nutrients loss
through leaching, volatilization, and denitrification. The alkali-
activated material is the future substance that should be used as
coating material. A greatly controlled release of urea provides
necessary nutrients for the plant to grow at the right time with the
right nutrients amount. From this study, it shows that the two se-
lected parameters are highly important in ensuring the coating
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thickness and hardness strength of the coated urea granules. The
level of inlet air pressure and spraying rate for coating thickness
were at a high level and for hardness strength was at a moderate
level.
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