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ABSTRACT

Chitosan is highly potential to be blended together in urea fertilizer for slow release
properties due to its unique polymeric cationic character and gel forming properties. In
agriculture, the slow release properties are normally indicated by the ability of urea
fertilizer to absorb and retain water since nitrogen is released to the environment once
urea is in contact with water or enzyme. This paper investigates the effect of chitosan
content and gelatinization temperature on physical properties of chitosan based urea
fertilizer. The chitosan content was varied from 0, 3, 5, 7 and 10 pph. Chitosan based
urea fertilizer was prepared through a direct wet mixing using laboratory set up consist
of beaker, magnetic stirrer and hotplate. The properties of chitosan based urea fertilizer
were compared at two different mixing temperatures which are 60°C and room
temperature of 25 + 3°C. The mixture was then dried in an oven at 60°C for 8 hours
before fabricated into pellet using a hydraulic hand presser. Water absorption and water
retention analysis were carried out to measure amount of water intakes and amount of
water retain in fertilizer. It was observed that mixing temperature has negligible effect
on water retention of the fertilizers. However, gelatinization at room temperature
resulted in fertilizers with better water absorption and water retention properties than the
one gelatinized at 60°C. These results were supported by X-Ray Diffraction analysis
conducted on the fertilizers.
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INTRODUCTION

Fertilizer is a chemical compound containing three elements which are nitrogen,
phosphorous and potassium. It is added to soil to release nutrients which are essential
for growth and development of crops. There are various types of fertilizer either organic
or synthetic fertilizers. An important synthetic fertilizer is urea fertilizer; a major source
of nitrogen nutrient for plants (Papangkorn et. al., 2008). Unfortunately, the practical
use of this fertilizer is not efficient due to the loss during application. Potential hazards
of fertilizers to the environment have resulted in limitation of their use. The used of
conventional fertilizers may lead to concentration levels that are too high for effective
action. According to Chandra and Rustgi (1998), high concentration may produce



undesirable side effects either in the target area, which could lead to crop damage, or in
the surrounding environment. Therefore, it is important to improve its performance
during utilization. To address these problems, slow and controlled-release technology in
fertilizer is considered as suitable method to efficiently supply nutrients to plants and
decrease the loss and contamination. These technologies are designed for the fertilizer
to release their nutrient contents gradually and to coincide with the nutrient requirement
of a plant. These properties can be physically imparted in fertilizers by coating
techniques on granule of conventional fertilizers with various materials that reduce their
dissolution rate (Wu et. al., 2008; Hanafi et. al., 2000).

Slow release fertilizers are made to release their nutrient contents gradually and
to coincide with the nutrient requirement of a plant (Wu et. al., 2008). The release and
dissolution rates of water-soluble fertilizers depend on the coating materials. Recently,
the use of slow release fertilizer is a new trend to save fertilizer consumption and to
minimize environmental pollution (Wu et al., 2008). According to Hart (1998) slow
release fertilizer reduces toxicity of plant due to slow release of nutrients into the soil
solution. These materials usually are comparative expensive. Slow release N fertilizers
offer the potential for reduced N leaching if the N fertilizer release can be matched to
crop demand. These fertilizers can be physically prepared by coating granules of
conventional fertilizers with various materials that reduce their dissolution rate. The
release and dissolution rates of water-soluble fertilizers depend on the coating materials.

Nowadays, chitosan has drowned tremendous attention among researchers. It is
proven by numbers of research conducted in this area quite recently. There are various
studies regarding chitosan nano-particles (Shi and Tang, 2009), PVOH/chitosan-blended
films (Park et. al., 2001), mechanism of chitosan degradation by gamma and e-beam
irradiation (Gryczka et. al., 2009), FTIR studies of chitosan (Osman and Arof, 2002;
Pawlak and Mucha, 2002; Kadir et. al., 2010) as well as chitosan as biosensor (Ibrahim
et. al., 2010).

Chitosan based urea fertilizer (CBUF) is biodegradable urea fertilizer developed
to replace formaldehyde which known as carcinogen to human and animals. It prone to
cause watery eyes, burning sensations in the eyes, nose and throat, nausea, coughing,
chest tightness, wheezing, skin rashes and allergic reactions to humans once exposed at
certain level. Formaldehyde can affect people differently where some people might be
very sensitive while others may not have any noticeable reaction at the same level
(United States of America Consumer Product Safety Commission, 2003; Committee on
Toxilogy, 1980; Hamdi et. al., 2001; James, 2004). In the worst case, it can cause nasal
cancer when human is exposed to a high amount of formaldehyde. Recently,
formaldehyde is widely used in agriculture technology as anti-caking agent and slow
release contributor as well as non-biodegradable binder (Moore et. al., 1976; Aarnio and
Martikainen, 1995; Shukla et. al, 1991; Hojjatie et. al., 2004). It can dissolve in water
and leach through the soil. Retention of this highly toxic substance has high potential to
kill most of the soil organisms.

Our research team investigates the potential of chitosan as a biodegradable
binder which able to hold urea powder in granular form as well as for slow release
contributor. The urea fertilizer was chosen since it is a main source of nitrogen (N) for
plant nutrient. In this paper, a process parameter which is gelatinization temperature is
investigated. Two different temperatures were selected in order to study its effect to the
properties of urea fertilizer’s pellet which at the end is used to select the best
temperature which effective for cost and performance. This study involved a new
approach of introduction chitosan in fertilizer where it was blended together with urea



powder to impart slow release properties instead of coating at outer layer of fertilizer
which mostly carried out by other researchers (Riyajan et. al., 2012; Han et. al., 2009).
The performance of chitosan based urea fertilizer was measured from amount of water
absorption, water retention and structure crystallinity via XRD analysis.

RAW MATERIALS

Chitosan powders (419419 Aldrich) with particle size between 1.320um — 590.102um
were purchased from Sigma Aldrich. Industrial grade bentonite with particle size of
1.320um — 83.707um and urea powder (QReC) with particle size of 5um —590.102um)
and molecular weight of 60.06g/mol were supplied by local company.

Preparation of Chitosan Based Urea Fertilizer (CBUF)

Samples were prepared through direct wet mixing method using an experimental set up
which consist of beaker, hotplate and magnetic stirrer. There were two different
temperatures investigated for binder synthesis; 60°C and room temperature of 25 + 3°C.
Firstly, chitosan and bentonite were weighed and placed in a beaker. Then, it was stirred
in 20 ml distilled water either at 60°C or room temperature (~ 25 * 3°C) using a
magnetic stirrer at 300 rpm until gelatinization state (this state is achieved when the thin
watery liquid changed to a viscous liquid). Then, urea was added to the mixture and
stirred until it was well blended for 20 minutes. Next, the mixture was dried in a
conventional oven at 60°C for 8 hours. Further testing was performed to the samples
after one day conditioned at room temperature. Five formulations of different chitosan
content were prepared at constant amount of water, urea and bentonite as shown in
Table 1. WT is sample that mixed using 60°C and XT is representing binder mixing in
room temperature where number denotes the amount of chitosan in pph.

Table 1. Formulation of chitosan based urea fertilizers

g%rgé"e WTO WT3 WT5 WT7 WTI0 XTO XT3 XT5 XT7 XT10
Urea (pph) 100 100 100 100 100 100 100 100 100 100
Chitosan o 3 5 7 99 0o 3 5 7 10
(pph)
Bentonite , ;5 4 101 1 1 1 1
(pph)

Water (ml) 20 20 20 20 20 20 20 20 20 20

Measuring Water Absorbency of CBUF

Water absorption was carried out to determine the amount of water absorbed by the
samples at certain amount of time (Kakade et. al., 2010). One (1) gram of CBUF was
immersed in 20ml distilled water. The wetted sample was taken out after 30 seconds,
placed on a tissue paper to drain the excess water and weighed. The reading was
collected at every 30 seconds for 300 seconds.



Measuring Water Retention of CBUF in Soil

Two (2) grams of CBUF was mixed with 200g of dry sandy soil and kept in a beaker.
Then, 200 g of tap water was slowly added into the beaker and weighed (W;). The
beakers were left at room temperature and weighed every 4 days (W-) until 30" day.
The water retention ratio of soil (WR%) was calculated using Eq.(1).

Water retention, WR (%)= % X 100 (1)
1

X-Ray Diffraction (XRD) Measurement

The structural characteristics of the films were studied by X-ray diffractometer (XRD)
Xpert Pro MPD from PANalytical using radiation of CuKa. Specimen was ground to
powder form and placed tightly in a sample holder before testing. Analysis was carried
out at 25°C with degree of 20.

RESULTS AND DISCUSSION
Water Absorbency of CBUF

It is well known that urea will easily dissolve in water (Zangi et. al., 2009) and normally
takes around 270 seconds for urea to completely dissolve in water. Figure 1 shows
water absorption of all samples. It is clearly observed that samples with high chitosan
content (around 5 to 10 pph) shown the highest water absorption rate during the first 30
seconds for both gelatinization temperatures. This phenomenon is a direct correlation
with the increase hydrophilicity properties of the fertilizers with increasing chitosan
content. Chitosan are hydrophilic materials which is hydrophilic polymers can absorb
and retain liquids thousands of times their own weight (Wu et. al., 2008).

The more chitosan loading (7 and 10 pph), the more water can be absorb, and
the higher possibilities of samples to dissolve in water faster than low chitosan loading
(0 and 3 pph). The weight gained of highly loaded CBUF with chitosan was due to
hydroxyl groups in chitosan had attracted water molecules, increased the water uptake
by the fertilizer and converted it into swollen substance (Guohua et. al., 2006) before
diffusion taken place. Right after 50 seconds, all fertilizers start to show reduction in
their original weight with time although samples with 0, 3 and 5 pph display this
condition at the very beginning of this analysis. Reduction weight represents dissolution
and diffusion out of fertilizers component such as urea, bentonite and chitosan into
water. It was most contributed by urea content since urea made up most of the fertilizers
weight; ~98% of the total weight.

During the first 150 seconds, there was still no clear specific pattern to draw a
concrete conclusion regarding the influence of gelatinization temperatures to the
absorption rate at this point. This was due to other variables that may present during this
study including environment factors and surface reactivity. However, when the whole
pattern was closely examined it is evident in most of the samples that gelatinization at
60°C shows the highest water absorption rate at the beginning and the fastest weight
loss if compared to gelatinization at room temperature.
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Figure 1. Water absorption for all samples (WTO, WT3, WT5, WT7, WT10, XTO, XT3,
XT5, XT7, and XT10) in water for 360 seconds.

During the first 150 seconds, there was still no clear specific pattern to draw a
concrete conclusion regarding the influence of gelatinization temperatures to the
absorption rate at this point. This was due to other variables that may present during this
study including environment factors and surface reactivity. However, when the whole
pattern was closely examined it is evident in most of the samples that gelatinization at
60°C shows the highest water absorption rate at the beginning and the fastest weight
loss if compared to gelatinization at room temperature.

Figure 2 shows physical appearance of CBUF samples prepared by
gelatinization at room temperature for 0, 3, 5, 7 and 10 pph chitosan after absorbing
water for 180 seconds. These figures depict the effect of chitosan in accelerating
dissolution rate of CBUF.



Figure 2. Physical diagram for samples 0, 3, 5, 7, and 10 pph chitosan after 180 seconds
absorb water.

Water Retention of CBUF in Soil

Water absorbency is an important criterion for slow release fertilizers (Wu et. al., 2008)
since presence of water will cause a gradually release of urea to environment. However,
water absorption should be assisted with water retention since the probability of
fertilizers to decompose would be very high without significant water retention ability.
This is because the increase in permeability in swollen matrix will apparently facilitate
the urea to diffuse out very fast from fertilizers. Furthermore, it is an important
characteristic for agriculture activities in dry and desert regions for saving water
especially to sustain plant growth (Wu et. al., 2008; Liang et. al. 2007).

In this study, water retention analysis was conducted in 30 days. The water
retention percentage of fertilizers for both gelatinization temperatures at different
chitosan content is presented in Figure 3 and Table 2. In general, the water retention
was slowly decreasing with time except for controlled samples which exhibits zero (0)
percent (%) at 28" day due to no water left after this point. Control was soil sample
without any samples. When examine Figure 3, it was noticed that no obvious difference
in water retention percentages pattern for different gelatinization temperature.
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Figure 3. Water retention percentage for all samples (Controlled, WT0, WT3, WT5,

WT7, WT10, XT0, XT3, XT5, XT7, and XT10)
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However, when the exact value in Table 2 was taken into account, CBUF with
existence of chitosan around 3 to 7 pph shows the best water-retention capability.
These samples exhibit slightly high ratio in water retention percentages during 30" day
compared to other chitosan loading and control sample. Besides, it is clear from this
table that fertilizers prepared at room temperature shows higher water retention than the
one prepared at 60°C. This finding is in good agreement with water absorption study
except later study was conducting at apparently lower water contact which closer to
actual application. Chitosan has capability to highly absorb water and retain the water in
its structure for longer time before releasing its dissolved component into surrounding
compared to fertilizers without chitosan. The water was stored in fertilizer and slowly
released with the decrease of soil moisture (Wu et. al., 2008).

Table 2. Detail percentage of water retention

Days/ Sample

(day) 0 4 8 12 16 20 24 28 30
Controlled | 100 97 8 84 83 77 74 65 0

WTO 100 9 93 8 8 78 77 74 73

WT3 100 99 93 8 8 78 77 15 73

WT5 100 99 94 8 8 79 78 75 73

Water WT7 100 99 94 8 8 80 79 76 74
retention| WT10 | 100 99 93 8 8 79 78 75 73
(%) XTO 100 99 91 8 8 77 76 73 712
XT3 100 93 9 8 8 80 79 76 74

XT5 100 99 94 8 8 80 79 76 74

XT7 100 99 94 8 8 80 79 77 75

XT10 100 99 93 8 8 78 78 74 73

X-Ray Diffraction (XRD) Analysis

X-ray diffraction analysis was performed to show crystalline and amorphous structure
present in CBUF samples compared with raw urea, chitosan and bentonite. Figure 3
shows the X-ray diffractogram of raw urea, chitosan, bentonite and CBUF gelatinized at
60°C temperature (WT) and without temperature (XT). From the diffractogram, urea
shows distinct peak which represent a crystalline powder while broaden peak for
chitosan shows amorphous structure. Moreover, bentonite powder shows broadening
peak with certain level of crystallinity. Both CBUF samples either WT or XT exhibit
crystallinity closed to urea powder with strong identical peak at 22° which pointed back
to urea except few shifted peaks which indicates the presence of bentonite in the
samples.
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Figure 4. XRD patterns of (a) Urea, (b) Chitosan, (c) Bentonite, (d) CBUF WT(
chitosan 5pph), and (e) CBUF XT (chitosan 5pph).

When both peaks for WT and XT were closely examined, XT samples show slightly
different pattern. This was postulated to be the effect of interaction between urea and
chitosan which is an amorphous organic polymeric material. This interaction present at
higher extent in XT if compared to WT. This observation was in-lined with better
physical properties shown by XT than WT conducted in other analyses. Incorporation of
urea bentonite and chitosan may results in physical or chemical interaction due to
existence of active hydroxyl groups in chitosan structure that can act with urea or
bentonite in aqueous medium. This situation is similar with research conducted by Han
et. al. (2009) while mixing both urea and chitosan together. According to lonita and
lovu (2012) the formation of chitosan crystal units is dependent upon the dissolved
solvents. In this case, the usage of distilled water as solvent normally results in a very
weak crystallization or amorphous structure of chitosan. For slow release fertilizers,
crystalline polymer is favour because it tends to be stiffer, harder, and denser than
amorphous polymers.

CONCLUSIONS

A chitosan based urea fertilizer was successfully prepared via wet mixing and
compression technique. From the study, it can be concluded that gelatinization at room
temperature produced samples which exhibit better water absorption and water retention
capability than the one gelatinized at 60°C. Formulations which show good balance
between water absorption and water retention is CBUF filled with 3 to 7 pph chitosan
content. Both gelatinization temperatures produced CBUF with high crystallinity in its
structure. In overall, gelatinization process at room temperature indicates better
performance as well as cost effective. Furthermore, incorporation of chitosan in urea
fertilizers has big potential that need to be further investigated to produce a slow release
fertilizer.
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