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In this study, a new approach was used to reduce the solubility of chemical fertilizers. This
research was conducted in Karaj Biotechnology Research Institute in 2020. Granular urea and
fertilizers were coated with starch-based polymer nanocomposite latex with three different
formulations A (without nanoparticle), B (containing nanoparticle), and C (commercial latex)
using a rotary drum machine. The effects of different factors such as temperature, number of
coating layers and particle size on the release rate of nutrients were investigated. The results
of the field emission scanning electron microscope (FESEM) analysis showed that the starch-
based polymer nanocomposite formed a completely uniform and smooth coating film on the
surface of urea granules. Fertilizers coated with formulation B (containing nanoparticles)
showed higher efficiency. Therefore, the presence of natural char nanoparticles in the structure
of the polymer coating controlled the release rate of nutrients by improving the coating
properties. After 120 min, the release rate of urea from three formulations A, B and C was
estimated to be 63.3, 48.41 and 66.85%, respectively which were significantly different from
each other. In addition, the results showed that with increasing the number of coating layer,
the release time of urea and phosphorus was increased while the release of potassium did not
show a definite trend with increasing the coating layer and was unpredictable. With increasing
temperature urea release was increased. Investigation of the effect of particle size on urea
release showed that coated granules larger than 2 mm had less release rate than granules
smaller than 2 mm.
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1 . Dynamic Light Scattering
2 . Transmission Electron Microscopy
3 . Field Emission Scanning Electron Microscope
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The use of starch-based polymer nanocomposite latex for coating chemical
fertilizers and investigating various factors releasing nutrients

Extended Abstract

Objective: In this research, starch was used as a cheap, accessible and biodegradable source to reduce the solubility of
chemical fertilizers.

Research method: The chemical oxidation method with concentrated H,Sos and KMnO4 was used to produce biochar
nanoparticles as nanofiller. granular urea fertilizer and NPK were coated with starch-based polymer nanocomposite latex
with three different formulations A (without nanoparticles), B (containing nanoparticles), and C (commercial latex) using
a rotary drum machine. For coating, 500 gr of fertilizers were poured into the rotary drum and a specific amount of
formulations 1-3 was sprayed on the fertilizers. Spun at 60 rpm, and the drum contents were heated at 85 °C for around
20 min until a uniform coating was created on the fertilizers, and the water was completely evaporated. In order to repeat
the coating after the drying of the first polymer coating on the fertilizers, polymer latex was sprayed again on the
fertilizers. The morphology of coated nanocomposite and particle size were assessed by field emission scanning electron
microscope (FESEM), dynamic light scattering and transmission electron microscopy. The effects of different factors
such as temperature, number of coating layers and particle size on the release rate of nutrients were investigated.

Findings and conclusions: The results of the field emission scanning electron microscope (FESEM) analysis showed
that the starch-based polymer nanocomposite formed a completely uniform and smooth coating film on the surface of
urea granules. The thickness of this coating varied from 80- 110 nm. The results of dynamic light scattering (DLS) and
FESEM analyses confirmed that the size of produced natural char nanoparticles (NCNPs) is less than 100nm. The
presence of nanoparticles in the structure of the polymer coating controlled the release rate of nutrients by improving the
coating properties. In addition, the results showed that with increasing the number of coating layer, the release time of
urea and phosphorus was increased while the release of potassium did not show a definite trend with increasing the coating
layer and was unpredictable. This could cause by the weak coating and non-uniformity of the coating created on the
surface of the fertilizer. With increasing temperature urea release was increased. Investigation of the effect of particle size
on urea release showed that coated granules larger than 2 mm had less release rate than granules smaller than 2 mm. The
rate of urea release from coated granules with a size larger than 2 mm in 10 and 480 min was reduced by 66.66 and
10.89%, respectively, compared to granules with a size smaller than 2 mm. In all three formulations, the release rate of
nutrients at 15°C was lower than at 25°C and increased with increasing temperature. In the first 5 min, the amount of urea
released from formulations A, B and C at 15 °C was respectively decreased 93.22, 88.81 and 92.78%, compared to 25
°C.

Keywords: Natural char nanoparticles (NCNPs), NPK, Polymer nanocomposite latex, Starch, Urea.



