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ABSTRACT 
 

This study focuses on the synthesis and characterization of nanobiochar-based nitrogen (N) and 
potassium (K) fertilizers derived from rice husk. The aim is to address the agricultural by-products 
generated during the rice milling process and convert them into valuable products. The 
nanobiochar particles, with dimensions in the nanoscale range, exhibit enhanced physical, 
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chemical, and surface characteristics compared to macrobiochar counterparts. The particle size 
analysis revealed hydrodynamic diameters of 42.5 nm for RHNB N and 10.9 nm for RHNB K, while 
the zeta potentials were found to be -32.4 mV and -31.8 mV, respectively. Fourier transform 
infrared spectroscopy (FT-IR) confirmed the presence of functional groups and nutrient 
incorporation in the fertilizers. X-ray diffraction (XRD) analysis indicated the crystalline structure of 
the samples, attributed to the presence of SiO2. Scanning electron microscopy (SEM) provided 
insights into the porous structure and surface morphology of the nanobiochar fertilizers. The 
elemental analysis using energy-dispersive X-ray spectroscopy (EDS) confirmed the presence of 
various elements. The developed rice husk nanobiochar-based N and K fertilizers offer promising 
properties for sustainable agriculture, including slow-release nutrient delivery and mitigation of 
environmental issues associated with conventional fertilizers. These fertilizers have the potential to 
enhance soil fertility and contribute to environmental sustainability in agricultural systems. Further 
research and field trials are necessary to evaluate their efficacy in agricultural practices. 
 

 
Keywords: Nanobiochar; magnetic stirring; soil fertility; waste management; slow release; sustainable 

agriculture. 
 

1. INTRODUCTION 
 

Rice, being a primary food source for over half of 
the global population, generates agricultural by-
products such as rice straw and rice husk during 
the milling process [1]. The husk, which 
constitutes the outermost layer of the rice grain, 
is often considered waste and disposed of. 
According to reports, the combustion of 1 ton of 
rice husk in the field results in approximately 0.15 
kg of CO2 being released into the atmosphere. 
Conversely, when rice hulls are left on the 
ground and undergo natural decomposition, 
around 0.09 kg of methane gas is generated [2]. 
Reducing the particle size to the micro range (10-
600 μm) enhances the availability of adsorption 
sites, thereby leading to improved adsorption 
capacity (Lonappan et al. [3], Naghdi et al. [4]. By 
further reducing the size of biochar particles to 
the nanoscale, reaching dimensions of 100 nm or 
below, its properties are significantly enhanced. 
This reduction in size results in a higher surface-
to-volume ratio, thereby increasing surface 
energy, adsorption potential and ultimately 
improving its biological effectiveness (Naghdi et 
al. [4], Sulaiman et al. [5]. These unique 
attributes of nanobiochar have been recently 
highlighted [6]. Furthermore, nanobiochar 
exhibits more negative zeta potentials, smaller 
hydrodynamic radius and a higher concentration 
of functional groups containing oxygen and 
carbon defects. These characteristics contribute 
to the generation of reactive organic species 
(ROS), ultimately enhancing its adsorption 
capability beyond that of macrobiochar 
counterparts (Ramanayaka et al. [7]. The 
utilization of physical modification methods like 
ball milling has not yet gained widespread 
popularity. However, the limited research 

conducted in this area has shown promising 
results, indicating the need for further 
investigation and exploration (Lyu et al. [8], 
Ramanayaka et al. [9]. In a recent study, a novel 
investigation introduced a polymer matrix 
comprising of cotton stalks (CSs), acrylic acid 
(AA), 2-acrylamide-2 methylpropane sulfonic acid 
(AMPS), and bentonite. This matrix was 
combined with NH4

+
-loaded biochar (N-BC) to 

develop slow-release nitrogen fertilizers known 
as biochar-based slow-release nitrogen fertilizers 
(BSRFs) (Wen et al. [10]. Additionally, this 
experimental study aims to address waste 
agricultural residue by either dealing with it or 
converting it into a more valuable product. The 
environmentally friendly rice husk nanobiochar-
based fertilizers developed in this study helps 
resolve leaching issues commonly associated 
with conventional fertilizers, thus mitigating 
environmental problems and reducing nutrient 
loss. 
 

2. MATERIALS AND METHODS 
 
2.1 Development of Rice Husk 

Nanobiochar-Based N and K 
Fertilizers 

 
To develop the rice husk nanobiochar-based 
nitrogen (N) fertilizer, the method described by 
Yiman et al. [11] and Gong et al. [12] was 
followed. The process involved the following 
steps: Solution A preparation: In a 250 mL 
beaker, 1 mL of glycerol and 5 mL of ethanol 
were mixed and stirred on a magnetic stirrer at a 
speed of 60 revolutions per minute for 1 hour. 
Subsequently, 5 g of CTAB was added to the 
stirring mixture and stirred for an additional 20 



 
 
 
 

Nagaraju et al.; Int. J. Plant Soil Sci., vol. 35, no. 17, pp. 254-261, 2023; Article no.IJPSS.102510 
 

 

 
256 

 

minutes. Solution B preparation: In a 2 L beaker, 
100 g of dried rice husk nanobiochar was 
weighed, and 217.08 g of ammonium sulphate 
was added. The mixture was stirred for 20 
minutes at a speed of 60 revolutions per minute. 
Solution A was slowly added to Solution B, and 
the combined mixture was stirred at room 
temperature with a speed of 400 revolutions per 
minute for 60-90 minutes. The resulting mixture 
was collected and dried for 24-32 hours at 60°C 
in an oven. After drying, it was ground into a fine 
powder using a pestle and mortar. The final 
product obtained was rice husk nanobiochar-
based N fertilizer weighing between 305-315.98 
g, which was then packaged in a polythene bag. 
The developed rice husk nanobiochar-based N 
fertilizer contained 20.98% nitrogen after the 
process of magnetic stirring and drying, starting 
from an initial ammonium sulphate content of 
46%. Same procedure followed for rice husk 
nanobiochar-based K fertilizer. To create the rice 
husk nanobiochar-based K fertilizer, 133.66 g of 
potassium sulphate with an initial potassium 
content of 60% was added to 100 g of rice husk 
biochar. Following electric stirring and drying, the 
rice husk nanobiochar-based K fertilizer exhibited 
a potassium content of 41.65%. The resulting 
product was a rice husk nanobiochar-based 
potassium (K) fertilizer weighing between 203-
210.41 g, which was carefully stored in a 
polythene bag. 
 

2.2 Characterization of Rice Husk 
Nanobiochar-Based N and K 
Fertilizers 

 
2.2.1 Spectral analysis:  
 
2.3 DLS (Dynamic Light Scattering) 

Analysis  
 
The size and zeta potential of dispersed particles 
were assessed using DLS with a Nanopartica 
(HORIBA, SZ-100) compact scattering 
spectrometer. Prior to analysis, the synthesized 
particles were filtered through a 0.22 μm syringe-
driven filter unit, and DLS provided valuable 
information on particle size, dispersion properties 
and stability, particularly at low negative zeta 
potentials. 
 

2.4 Fourier Transform Infrared 
Spectroscopic Analysis (FT-IR) 

 
FTIR spectroscopy analyzes infrared radiation 
absorption and transmission to study a sample's 

wavelength-dependent absorption. It is valuable 
for identifying organic molecular groups based on 
their distinct vibration frequencies. Samples were 
scanned in transmittance mode from 400 to 4000 
cm

-1
 using a finely ground sample mixed with 

KBr (1:200) to create a transparent film, which 
was pressed with a Tensor 27, BRUKER 
instrument. 
 

2.5 XRD (X-Ray Diffraction Analysis) 
 
XRD analysis was performed at Yogi Vemana 
University (YVU), Kadapa, using a Rigaku Ultima 
IV X-ray diffractometer. The purpose was to 
assess sample crystallinity, identify phases in 
nanoscale particles, and locate Bragg's reflection 
peaks. The measurements were conducted at 40 
kV and 20 mA, utilizing CuK radiation, with scans 
acquired at a rate of 10° per minute. Comparison 
with relevant literature helped determine the 
phases corresponding to the observed peaks. 
 

2.6 Scanning Electron Microscopy (SEM) 
 
Biochar samples were analyzed for morphology, 
physical properties, spectral composition, and 
chemical composition using scanning electron 
microscopy (SEM) (Chia et al. [13] and energy-
dispersive X-ray spectroscopy (EDX) 
(Purakayastha et al. [14]. Prior to analysis, a 1-2 
mm layer of palladium and gold alloy was coated 
on the samples using a 20 kV beam energy 
(Downie et al. [15]. The Hitachi S4800 SEM 
instrument was utilized to provide a detailed 
description of the surface morphology of the 
biochar fertilizers. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Particle Size and Zeta-Potential 
Analysis 

 

The hydrodynamic diameter of RHNB N was 
42.5 nm Fig. 1(a), whereas RHNB K had a 
hydrodynamic diameter of 10.9 nm Fig. 1(c). 
Additionally, RHNB N exhibited a negative zeta 
potential of 32.4 mV Fig. 1(b), while RHNB K 
displayed a negative zeta potential of 31.8 mV 
Fig. 1(d).  
 

3.2 Fourier Transform - Infrared 
Spectroscopy (FT-IR) 

 

By comparing the FT-IR spectra of RHNB N and 
RHNB K (as depicted in the Fig. 2(a, b), it was 
observed that all samples exhibited peaks in the 
range of 3900-3600 cm

−1
. These peaks were 

attributed to the stretching of hydroxyl bonds (-
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OH). The presence of these peaks suggests the 
possible presence of moisture content in the 
samples, a finding that was further supported by 
the physical parameters examined. The 
observed peaks at 2979-2983 cm

-1
 in the FT-IR 

spectra were attributed to the stretching of -
COOH and C-H bonds. Additionally, peaks at 
1392, 1131, and 1073 cm

−1
 indicated vibrations 

and stretching of the C-O bond, as previously 

reported in studies by Mukome et al. [16], Zhang 
et al. [17] and Zornoza et al. [18]. Furthermore, 
there was a noticeable peak shifting in the case 
of RHNB N and RHNB K, which occurred at 
positions of 2983, 1073, and 613 cm

−1
. This shift 

in peaks confirmed the incorporation of nutrients 
in both rice husk nanobiochar-based fertilizers, 
as supported by the work of Nurhidayati and 
Mariati [19]. 

 

 

 
 
Fig. 1. (a-d) Size and zeta potential of synthesized of (a) RHBB N - (size: 2085.7 nm), (b) RHBB 

N – (zeta potential: -37.1 mV) and (c) RHBB K (size: 1644.1 nm), (d) RHBB K (zeta potential: 
33.2 mV) 
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Fig. 2. (a-d). FT-IR micrograph provides evidence of distinct functional groups present on the 
surfaces of RHNB N and RHNB K and more noticeable peak size is observed in case of RHNB 

K (b) compare to RHNB N (a). If peak size is more, more react with the materials. Crystal 
structure of the synthesized RHNB N (c), RHNB K (d) were analyzed using XRD (X-ray 

diffraction). Distinctive diffraction peaks were observed in the crystal structure analysis of 
RHNB N, specifically at 21.63, 30.06 and 31.14 and 36.44, while RHBB K exhibited notable 

peaks at 17.15, 20.69, 29.64 and 34.13 
 

 
 
Fig. 3. SEM images of RHNBB N and RHNBB K at resolutions of 500 μm (a & b), 100 μm (c & d), 

20 μm (e & f)  and 10 μm (g & h), respectively, showing more porous structure of rice husk 
nanobiochar-based N and K  fertilizers while white colour represents the impregnation of 

nutrients 
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Fig. 4. Elemental analysis (EDX) of RHNB N (a, b), RHNB K (c, d) represents the detailed 
composition of macro, secondary and micro nutrients 

 

3.3 Powder X-ray Diffraction (XRD) 
 

The examination of various biochar samples 
involved the utilization of X-ray diffraction (XRD) 
analysis to investigate the presence of crystalline 
or amorphous silica formation. The powder XRD 
diffractograms of RHNB N and RHNB K were 
obtained by scanning the range of 2θ = 5-80° 
and are depicted in Fig. 2(c, d). The peaks 
observed at 2θ values of 17.15°, 21.63°, 26.53° 
and 35.02° in the diffractograms correspond to 
the intensity values reported in the literature (Yu 
et al. [20]; Zornoza et al. [18]. The XRD data 
revealed an enhanced crystalline structure in 
both samples, which was attributed to the 
existence of SiO2 in the rice husk biochar. The 
presence of SiO2 creates high-energy sites that 
promote favorable adsorption, as corroborated 
by the findings of Strnad et al. [21]. 
 

3.4 Scanning Electron Microscopy 
(SEM)/Energy Dispersive X-ray 
Spectroscopy (EDX) 

 

To achieve successful visual and morphological 
characterization of RHNB N and RHNB K, as 
well as to analyze their pore properties, scanning 
electron microscopy (SEM) was employed. 

These investigations were documented by Saeed 
et al. [22] and Chia et al. [23]. SEM images taken 
at different resolutions (500 μm, 100 μm, 20 μm 
and 10 μm) provide valuable information about 
the porous structure of and RHNB N and K 
samples, enhancing their surface area and 
adsorption capacity [24]; Yu et al. [20]. The white 
coating observed on the samples' surfaces 
indicates the presence of doped salts (Fig. 3(a-
h). 
 
The elemental analysis of the surface using 
energy-dispersive X-ray spectroscopy (EDS) was 
performed to investigate the presence of carbon 
(C), oxygen (O), nitrogen (N), iron (Fe), sodium 
(Na), silicon (Si), phosphorus (P), chlorine (Cl), 
potassium (K) and fluorine (F) in various regions 
of interest. The obtained EDS measurements, 
depicted in Fig. 4(a-d) along with a 
corresponding, showcase the respective peaks 
and values related to the elements on weight 
percentage. 
 

4. CONCLUSION 
 
In conclusion, this study focused on the 
synthesis and characterization of nanobiochar-

b 

c 
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based nitrogen (N) and potassium (K) fertilizers 
derived from rice husk. The developed fertilizers 
exhibited enhanced physical, chemical and 
surface characteristics due to the nanoscale 
dimensions of the biochar particles. Based on the 
characterization results, it can be concluded that 
nanobiochar-based N and K fertilizers derived 
from rice husk exhibit promising properties for 
sustainable agriculture. These fertilizers have the 
potential to enhance soil fertility, promote slow-
release nutrient delivery and mitigate 
environmental issues associated with 
conventional fertilizers. Overall, the synthesis 
and characterization of nanobiochar-based N 
and K fertilizers offer a sustainable approach for 
eco-friendly agriculture and contribute to 
environmental sustainability. Further research 
and field trials are warranted to assess their 
efficacy in promoting sustainable crop production 
and soil health in real-world agricultural systems. 
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