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Abstract

Aim: The current study aimed to synthesize nanosilica from maize stalks at various calcination temperatures and to evaluate silicon release pattern in
soil.

Methodology: Nanosilica was synthesized by sol-gel method through thermal decomposition (500-700 °C) of maize stalks and evaluated for silicon
release with varied levels (0, 5, 10, 15, 20, 30,40 mg kg ") through an incubation experiment and the data obtained was fitted in various kinetic models.

Results: Nanosilica synthesized from maize stalks calcined at 700 °C showed spherical morphology with little agglomeration, amorphous nature and
higher purity than the products obtained at 500 °C and 600 °C. Incubation experiment revealed that application of nanosilica at 40 mg kg increased the
available silicon upto 60 days with slight decrease at 80 days. The silicon release pattern from nanosilica was fitted in kinetic equations and observed that
pseudo-second order equation describes the silicon release in a better way than other models.

Interpretation: The present study showed a sustainable approach to convert maize stalks into valuable nanosilica, addressing the pressing issue of
agri-waste management. The nanosilica synthesized from maize stalks calcined at 700°C exhibited promising characteristics and good silicon release
pattern which can be alternatively used as a fertilizer source in agriculture.
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Introduction

A metalloid can be defined as an element that exhibits
physical and chemical characteristics that lie between metals and
non-metals. Amidst various metalloids, silicon stands as the most
prevalent on our planet and ranks as the second most abundant
element in the earth's crust, trailing only oxygen (Epstein, 2009).
The role of silica in plants is intermediary, considered neither fully
essential nor nonessential. While not crucial for most plants'
survival, its presence enhances adaptation to various
environmental stressors (Varsha and Chitdeshwari, 2022). In
recent years, the field of nanotechnology has witnessed
remarkable advancements, introducing innovative applications
across various industries. One such advancement is the
synthesis of nanosilica, a nanostructured form of silicon dioxide,
which holds immense potential due to its unique properties and
diverse applications (Mor et al., 2016).

Nanosilica finds utility in areas ranging from electronics
and materials science to medicine and environmental
remediation, making its production a topic of significant interest
(Adebisi et al., 2017). Several methods have been employed to
produce nanosilica in the form of gels and powders at nanoscale,
which are highly porous, light weight materials with a large
superficial surface area (Zaky et al., 2008). Nanoscale silica
materials demonstrate distinctive physico-chemical properties
that contrast from their bulk counterparts (Mohd et al., 2017).
Nevertheless, it is crucial to highlight the chemical synthesis of
nanosilica which involves the utilization of hazardous chemicals,
elevated temperatures and energy-intensive procedures (Naik
2020). Consequently, the produced nanosilica may have adverse
implications on soil, plants, human health, and environment
(Sankar et al., 2018). To reduce the adverse effects, synthesis
from green materials is encouraged, which are less toxic, eco-
friendly and cleaner than chemical methods (Doke et al., 2021).
The agricultural by-products like rice husk, maize cob and
sugarcane bagasse are good sources for the synthesis of
nanosilica (Karande et al., 2021) through microwave heating
processes which has been accomplished through sol-gel (Sarkar
et al., 2021), precipitation (Uda et al., 2020), and calcination
methods (Rafiee et al., 2012). Controlled burning of raw materials
yields silica with amorphous nature and high reactivity, smaller
size with greater surface area (Chandrasekhar et al., 2006).

Nanosilica particles synthesized from green precursor
exhibit diverse shapes at different calcination temperatures,
including spherical (Liou and Yang 2011), irregular (Anuar et al.,
2018), spherical agglomerates (Chindaprasirt and Rattanasak,
2020), irregular agglomerates (Gu et al., 2015), and needle-like
(Assefi et al., 2015). Nanosilica extracted from calcinated pine
needles (600 °C) and rice husk (700 °C) have porous and
spherically shaped silica particles with agglomeration and
siloxane bonding with hydroxyl groups (Assefi et al., 2015; Doke
et al., 2021). Higher calcination temperature is associated with
reduced particle aggregation (Kavaz and Vaseashta, 2019).
Nanosilica synthesized from maize stalks calcined at 650 °C, 700

°C and 750 °C showed the spherical morphology with
agglomeration (Adebisi et al., 2020). FTIR results have also
confirmed the presence of characteristic siloxane bonding and
hydroxyl functional groups and the presence of more intense
peaks with increasing temperature (Chandrasekhar et al., 2006)
and depicted higher purity (80-95%) with least impurities and
amorphous structure (Adebisi et al., 2020; Ananthi et al., 2016).

The basic properties of nanosilica, such as pH, EC, bulk
density, moisture content, specific gravity, solubility, texture, and
colour are expected to vary with different calcination
temperatures. However, these variations have not been
documented yet. Hence, to understand the influence of thermal
decomposition on the properties of nanosilica is crucial for
tailoring its properties in agricultural sector. The current study
investigates the impact of thermal decomposition on the
properties of nanosilica synthesized from maize stalks to
understand the relationship between temperature and resulting
properties followed by silicon release from newly synthesized
nanosilica product.

Materials and Methods

Raw materials: Maize stalks were collected from the Eastern
Block, Tamil Nadu Agricultural University, Coimbatore. All
reagents in this study used were of analytical grade, and their
solutions were prepared with double distilled deionized water.

Preparation of Maize Stalk Ash

Washing and Acid Treatment: Maize stalks were washed with
tap water followed by distilled deionized water to eliminate soluble
particles, dust, and other contaminants. During this process,
heavy impurities were removed and dried in hot air oven at 110 °C
for 24 hr (Rafiee et al., 2012) and for further purification, it was
refluxed with 2M HCI for 90 min with intermittent stirring.
Subsequently, the acid was decanted and washed with distilled
water until the rinse was free off traces of acid.

Thermal treatment: A known quantity of maize stalk was
subjected to varied thermal treatment by placing inside a
programmable furnace (Nabertherm controller B 170,
Nabertherm GmbH, Lilienthal, Germany) and calcinated at
temperatures of 500 °C, 600 °C and 700 °C with a heating rate of
10 °C per min (Morales-Paredes et al., 2023). The resulting ash
was referred as maize stalk ash.

Extraction of nanosilica: To 5.0 g of ash 50 ml of 2.0 M sodium
hydroxide (1:10 ratio) solution was added and heated for 120 min
by constant stirring. The viscous, transparent and colourless
solution (Na,SiO,) obtained after filtration was cooled at room
temperature. Subsequently, the solution was neutralized with 2M
HCI under slow and constant agitation using stirrer for gelation.
After 24 hrs, the gel was smoothly fractured and washed twice
with distilled water in a centrifuge at 3000 rpm for 5 min (Nayak et
al., 2019). The xerogels obtained after drying the gels in a
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laboratory dryer (model SP-102/100, SP LABOR Ltd., BR) at 100
+ 5 °C, for 24 hr (Rafiee et al., 2012) were crushed in pestle &
mortar and used for further characterization.

Characterization of nanosilica: The newly synthesized
nanosilica from maize stalks calcined at different temperatures
viz., 500 °C, 600 °C and 700 °C were characterized for its basic
properties, morphology through FESEM-EDAX (MERLIN FE-
SEM from Carl Zeiss), Transmission electron microscopy (TEM-
ZEOL JEM-2100F Field Emission Electron Microscope),
structure (X-ray diffractometer,D2 PHASER, Bruker, Germany)
and functional groups (FTIR - Nicolet™ 6700, TESIC, WI, USA).

Basic properties of nanosilica: The pH and electrical
conductivity (EC) of nanomaterials were determined in a sample:
water ratio of 1:100 using a pH meter and conductivity bridge as
suggested by Liang and Wu (2007). The reactivity was
determined by a chemical method outlined by Rao et al. (1989),
where a small quantity of ash (approximately 0.3 g) was mixed
with 50 ml of saturated lime solution with constant stirring for 24
hrs. The unused Ca was estimated by titration with 0.001M EDTA
and expressed as mg CaO g”. The bulk density depends on the
moisture, shape and size of the maize stalk ash and was
calculated using Eq. (1) outlined by Nayak and Datta (2022).

Weight of maize stalks

Bulk density = Volume —-->¢q...(1)

The angle of repose is the angle at the base of fertilizer
heap obtained by allowing the material to fall onto a horizontal flat
surface. Standard protocol described by International Fertilizer
Development Centre (Santos et al., 2019) was used to measure
the angle of repose by passing 100 g of material through funnel to
form a cone on the flat surface. The circumference of the cone
was measured at four corners and the angle of repose was
determined by eq. 2.

Angle of repose (degree) = Arctangent --->eq...(2)

Where, ‘h’is the height of cone, d ™ is the arithmetic mean
of four diameters (cm), d; is the internal diameter of funnel spout
(cm). The moisture content was estimated by drying 20 g of
material in hot air oven at 40 °C until there was no appreciable
change in its weight and expressed in percentage (Fruhstorfer,
1961). The solubility is defined as the maximal amount of material
that can be soluble in a litre of water which was estimated by
continuously dissolving a known quantity of material in one litre of
water until it attain saturation and expressed in g I (AOAC, 2000).
The specific gravity was calculated by measuring the weight of
the material and quantity of water displaced (AOAC, 2000).

Incubation experiment: An incubation experiment was
conducted in the laboratory at the Department of Soil Science and
Agricultural Chemistry, TNAU, Coimbatore to investigate the
effect of various levels of synthesized nanosilica (0, 5, 10, 15, 30,
30, 40 mg kg") at 700 °C on the silicon transformation in soil.
Hundred grams of processed soil was weighed in polythene

containers and mixed with the calculated quantities of nanosilica
as per treatments. The experiment was conducted in Factorial
Completely Randomized block Design (FCRD) with three
replicates. The soil was moistened to field capacity and incubated
for 80 days. Moisture corrections were carried out with double
distiled water at alternate days on weight loss basis and
continued up to the end of experiment. Destructive sampling was
carried out at 20, 40, 60 and 80 days after incubation and used for
assessing the silicon release pattern in soil.

Soil analysis: The experimental soil was sandy loam in texture
with neutral pH (6.67), low electrical conductivity (0.30 dS m™), low
available silicon (22.9 mg kg') and belonged to the Narasipuram
soil series. The soil was normal in bulk density (1.45 Mg m?),
particle density (2.54 Mg m”) and low in organic carbon content
(1.18 g kg"). It had low available nitrogen (176 kg ha"), medium
available phosphorous (17.0 kg ha™) and high available potassium
(375 kg ha"). The secondary nutrients were sufficient in quantity
(800, 240 and 12.5 mg kg of calcium, magnesium and sulphur).
As regards the micronutrients, the soil was sufficient in available
Cu (0.84mgkg™), Fe (6.76 mgkg") and Mn (3.02 mg kg”), while it
was deficient in available Zn (0.80 mg kg™'). Electrical conductivity
and pH were analysed in a 1:2.5, soil:water extract using a
conductivity probe and a glass electrode (Jackson et al., 1973).
Available silicon was extracted from soils with 0.5 M acetic acid
and measured calorimetrically by molybdenum blue method
(Korndorferetal., 2001).

Kinetic models: The data on silicon release from nanosilica in
soil at different time intervals were fitted to zero-order, first order
and second order kinetic models as givenin Eq. 3,4 and 5

116,= 110yt - 5)

Where, ‘q, and ‘q, are the quantity of Si (mg kg") released
initially and at time ‘t' (days) respectively; k,: zero order rate
constant, mg kg™ day™; k;: first-order rate constant, day™; k,:
second-order rate constant, day ' (Sparks, 2018). The datais also
fitted in parabolic diffusion model proposed by Morris and Weber
(1962) as below (6)

Where, k,: diffusion rate constant, mg™*°kg™.

The experimental data was fitted to Elovich and power
function model proposed by Aharoni et al. (1991) as givenin Eq. 7
and9.

g, =b+klin te-mmmm- (7)

Journal of Environmental Biology, July 2024



B. Rakesh et al.: Nanosilica synthesis and kinetics of silicon in soil

where, k: Elovich rate constant; b: release constant. The
data is also modeled using pseudo-second order kinetic model
given by Ho and McKay (1999) which was:

tlq,=1/h +t/q, --------- 9)

where, h: initial release rate, mg kg™ day™; q.: equilibrium
concentration and calculated by

where, k is the pseudo-second order rate constant. The
best fitting model was selected by considering the coefficient of
determination (R?).

Statistical analyses: The linear forms of seven kinetic equations
were fitted to the kinetic experimental data. The R’ values and
release rates were subsequently acquired from the fitted
equations. The constants and parameters of all the kinetic models
were computed using Origin Pro 2022. The data was subjected to
statistical analysis using SPSS software (Nie et al., 1975) and
simple variance analysis was done (ANOVA) using factorial
completely randomized block design with two factorial
arrangement (Si concentration and incubation interval) and three
replications. The least significance test was used to uncover the
variations between means atp <0.05.

Results and Discussion

The properties of nanosilica synthesized by calcination of
maize stalks at various temperatures are presented in Table 3. The
obtained nanosilica at all temperatures (500 °C, 600 °C, 700 °C)
had alkaline pH (8.62-8.91), attributing to the use of sodium
hydroxide during alkali extraction, which is in line with the findings
of Abboodi et al. (2020) who stated that, sodium impregnation in
lattice holes of silioxanes might have elevated the pH, in the final
product. The highest pH (8.93) was recorded in nanosilica
particles obtained from maize stalks calcined at 500 °C due to
more sodium, calcium and potassium impurities. Conversely,
lesser pH was noted in nanosilica synthesized from maize stalks
calcined at 700 °C. Electrical conductivity is an indicative of soluble
salts which is found to be low (0.31 to 0.51dS m™) in all the sources
and among all, higher EC was reported in nanosilica synthesized
from maize stalks calcined at 500 °C. Though differential increase
in EC was noted at various calcination temperatures, the values
were well below the threshold limit to cause salt injury (Abboodi et
al., 2020). because of efficient removal of soluble impurities at
higher calcination temperatures. The bulk density of new
nanosilica products calcined at various temperatures varied from
0.15 to 0.11mg m*.The lowest (0.11 mg m®) and highest bulk
density (0.15 mg m") was reported in nanosilica synthesized from
maize stalks decomposed at 700 °C and 500 °C, respectively,
attributing to the melting of silica particles and resulting in smaller

particle sizes as compared to others. Reactivity of newly
synthesized nanosilica calcined at different temperatures (500 °C,
600 °C, 700 °C) varied from 68.7 to 74.1 mg CaO g". Higher
reactivity was noticed in the product calcined at 700 °C (74.1 mg
Ca0 g") which was in accordance with Rafiee et al. (2012) who
stated that the silica synthesized at such temperatures are more
reactive.

No significant variation was witnessed in angle of repose
which ranged from 77.5 to 77.6°. The moisture content of the
synthesized nanosilica at all calcination temperatures was very low
(0.15 to 0.12%), which may be ascribed to breaking of water bond
and silanol groups resulting in condensation (Setyawan et al.,
2019). The moisture content of silica must be less because higher
moisture content can reduce adsorption strength of silica to
phosphorus, thereby, decreases the fixation by 40-90% (Setyawan
et al,, 2019). The specific gravity of newly synthesized nanosilica
ranged from 1.18 to 1.23 g cm®, and it was not affected by thermal
decomposition and the range of values are on par with commercially
available nanosilica as stated by Abboodi et al. (2020).

The solubility of synthesized nanosilica varied from 0.12
t0 0.22 g I" and low solubility (0.12 g I') of nanosilica was noted at
700 °C which was attributed to the presence of fewer impurities.
Silica is insoluble at neutral pH, and its solubility rises with
increasing pH beyond 11 (Liou and Yang, 2011). In contrast,
nanosilica synthesized at 500 °C exhibited comparatively higher
solubility attributing to the presence of more impurities (Na, Cl,
Ca, K) which are readily soluble. The texture of synthesized
nanosilica was fine at all calcination temperatures and colour
varied from light yellow to pure white. Light yellow colour was
observed in nanosilica at 500 °C might be due to improper
removal of yellow pigment in stalks at lower calcination
temperatures which was reflected in the ash and resultant
nanosilica (Fig. 1,2).

The morphological properties of synthesized nanosilica
at various calcination temperatures (500 °C, 600 °C, 700 °C) were
investigated using FESEM (Fig. 3), and noted that silica
synthesized are spherical agglomerates which is a characteristic
favoured by transformation of gel into xerogel (Adebisi et al.,
2020). No much differences between the obtained products was
observed, however, considerable decrease in the agglomeration
with increasing temperature was noted, which was confirmed with
TEM micrographs of the present study. The particles within these
agglomerates were noticed to be in nanometric scale, ranging
from 10 to 20 nm which aligns with the findings of Uda et al.
(2020), who synthesized silica particles from agro-wastes with
size <100 nm. The EDAX analysis of nanosilica confirmed the
major presence of silicon and oxygen. The silicon and oxygen
contents varied from 91.1 to 98.1% at various calcination
temperatures (Fig. 4). The variations in calcination temperatures
were mostly associated with the purity (98.1%) of nanosilica
obtained from maize stalks due to the reduction in impurities
thereby slightly increasing the overall percentage of silicon in the
final product. The minor peaks comprising 1.90 % variation is
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(a) Raw maize stalks (b) 500 °C (d) 700°C

Fig. 1: Visual appearance of (a) Raw maize stalks and (b) Maize stalks calcined at 500 °C (c) 600 °C and (d) 700°C

(a) 500°C (b) 600 °C (c) 700°C

Fig. 2: Nanosilica synthesized from maize stalks calcined at various temperatures.

(c) 700°°C

Fig. 3: SEM images of nanosilica synthesised at various calcination temperatures.
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Fig. 4: EDAX spectrum of nanosilica obtained from maize stalks calcined at (a) 500 °C (b) 600 °C and (c) 700 °C.

likely to be attributed to sodium and other impurities. It is worth
noting that, the presence of small amount of mineral impurities
such as sodium, in the final product could be owing to the
entrapment of impurities during instant gel formation, which
hindered their complete removal even after crushing and washing
(Nayak et al., 2023). Similarly, higher impurities were detected in
nanosilica synthesized from maize stalks at a calcination
temperature of 600 °C (5.68%) and 500 °C (9.00%) which might
be due to higher impurities present in maize stalk ash and
synthesized nanosilica.

Transmission electron microscopy (TEM) provided a
detailed insight into the size, shape and internal structure of silica
(Fig. 5). A linked three-dimensional array of nanoparticles, a
characteristic feature of sol-gel synthesis was observed with
spherical shape. It also displayed decreased rate of

agglomeration with increasing calcination temperature which was
influenced by silicon-oxygen bonding and notably less
agglomeration in nanosilica synthesized at 700 °C was similar to
the findings of Adebisi et al. (2021) who stated the presence of
less agglomeration in maize stalks at higher calcination
temperatures. The presence of porous aggregated structures
surrounding particles atincreased temperature led to decrease in
agglomeration within nanosilica (Morales-Paredes et al., 2023).
This parallelism among our results and the aforementioned
studies support the notion that, calcination temperature plays a
significant role in diminishing the level of aggregation.

Structural characterization of newly synthesized
nanosilica was conducted through X-Ray Diffraction technique at
different calcination temperatures (500 °C, 600 °C and 700 °C; Fig.
6a). A single prominent broad peak around 26 angle of 22° was
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(a) 500°C

(b) 600°C

Fig. 5: TEM images of nanosilica obtained from maize stalks calcined at (a) 500 °C (b) 600 °C (c) 700 °C.
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(b) FT-IR spectra

Fig. 6: (a) XRD and (b) FTIR spectra of nanosilica synthesized from maize stalks calcined at various temperatures

noticed for nanosilica at all calcination temperatures, indicating
their amorphous nature and solid is either non crystalline or it
consists of microcrystalline structures. The presence of minor
peaks suggested the occurrence of trace amounts of sodium,
confirmed with the findings from EDAX spectrum obtained in the
present study. Acid washing helped in delignification and
facilitated loosening of rigid structure at a specified calcination
condition. Similar observations was reported by Nayak et al.
(2023) who synthesized nanosilica using rice husk as a precursor
and found an amorphous XRD pattern, aligning closely with our
study. In addition, Chindaprasirt and Rattanasak (2020)
demonstrated that the synthesis of biogenic nanosilica from

sugarcane bagasse, showing a broad XRD peak at 26 angle of
23-24° whichis in line with the findings for this study.

Functional groups existing in the synthesized nanosilica
at various calcination temperatures was determined by Fourier
Transformed Infrared Spectroscopy (Fig. 6b). The newly
synthesized nanosilica exhibit characteristic peaks at 468 cm’
and 802 cm” which correspond to bending modes, symmetric
vibration of siloxane (Si-O-Si) bonds, respectively (Nayak et al.,
2023). The sharp band at 1090 cm™ is consigned to asymmetric
stretching vibration of Si-O-Si which is a specific band for silica
molecules (Song etal., 2019).
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Fig. 7: Effect of nanosilica levels on a. pH; (b). Electrical conductivity and (c). Available silicon. Bars represent standard error; data are average of three

replications; comparison of mean was done at 5% level.

The broad band at 1641 cm™ and 2314 cm'™ is ascribed to
the presence of O-H stretching frequency for silanol (Si-OH)
group and adsorbed water, indicating the angular vibration of
water molecules. The band spreading from 2600 to 3800 cm’
represents vibrations of the surface silanols (Si-OH) groups
(Imoisiliand Jen, 2021). Because of higher purity of nanosilica at
700 °C, it is further used in incubation experiment with varied
levels. The changes in soil pH and EC due to the addition of
nanosilica at varying levels (0, 5, 10, 15, 20, 30, 40 mg kg") were
determined and depicted in Fig. 7a and b. Asignificant increase in
soil pH and EC was observed up to 60 DAI (6.88 to 6.97, 0.44 to
0.51dS m") and slightly decreased at 80 DAI (6.95, 0.41dS m”).
Higher increase in the mean pH and EC values noted with 40 mg
kg nanosilica application (7.21, 0.64dS m™) whereas the lowest

values of both was noted in control (6.69, 0.33 dS m”). Increase in
the pH and EC values of incubated soil from 0 to 60 DAI with the
application of different levels of nanosilica may be attributed to
dissolution of silica into soluble monosilicic acid and also due to
higher pH (8.42), presence of sodiumin final synthesized product.
Aslight decrease in pH and EC noted at 80 DAl was attributed to
the conversion of monosilicic acid to amorphous form. Available
silicon content (Fig. 7c) in the soil revealed a consistent upward
trend with increasing levels of nanosilica addition. Higher mean
available silicon (27.6 mg kg"') was recorded with the addition of
40 mg kg nanosilica, while the lowest Si was registered in control
(23.2 mg kg"). Notably, silicon concentration elevated upto 60
days and reduced at 80 DAI. The silicon release from nanosilica
fertilizer was fitted in seven kinetics equations viz., zero order, first
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Table 1: Basic properties of newly synthesized nanosilica at different calcination temperatures

Properties Nanosilica obtained at*

500°C 600°C 700°C
pH 8.91 8.76 8.42
EC (dSm") 0.24 0.15 0.12
Lime reactivity (mg CaO g") 68.7 734 74.1
Bulk density (mg m®) 0.15 0.12 0.11
Angle of repose 775 77.6 775
Moisture content (%) 0.15 0.14 0.12
Specific gravity (g cm?) 118 1.23 1.20
Solubility (g I) 0.22 0.14 0.12
Texture Fine Fine Fine
Colour Light yellow Pure white Pure white
*Nanosilica obtained from calcination of maize stalks at 500 °C, 600 °C and 700 °C
Table 2: Coefficient of determination (R?) of kinetic equations
Nanosilicalevels Zero First Second Simple Parabolic Power Pseudo-second
(mgkg") order order order elovich diffusion function order
0.0 0.13 0.10 0.11 0.07 -0.01 0.07 0.98
5 0.40 0.40 0.41 0.62 0.52 0.62 0.99
10 0.43 0.44 0.44 0.67 0.56 0.67 0.98
15 0.46 0.48 0.48 0.66 0.57 0.66 0.98
20 0.14 0.15 0.16 0.35 0.26 0.35 0.99
30 0.44 0.45 047 0.62 0.54 0.62 0.99
40 0.32 0.33 0.35 0.55 0.45 0.55 0.98
Mean 0.33 0.34 0.35 0.51 0.41 0.51 0.98
Table 3: Calculated rate constants for the pseudo second order model
Nanosilicalevels 0 5 10 15 20 30 40
(mgkg’)
k 0.49 0.15 0.12 0.10 0.07 0.05 0.03
q 23.3 24.1 25.0 25.9 26.3 27.3 28.7
h 0.00 0.02 0.02 0.03 0.02 0.03 0.04

order, second order, simple elovich, parabolic diffusion, power
function and pseudo second order kinetics equation, to
understand the rate of silicon release.

The constants were estimated by fitting all equations and
based on the highest coefficient of determination (R?), the best
fitted equation was selected (Table 2). Among the discussed
equations, the mean coefficient of determination (R?) values of
0.33, 0.34, 0.35, 0.51, 0.41, 0.51 and 0.98 respectively was
observed for zero order, first order, power function, elovich and
pseudo second order kinetics equations. As the ‘R” value for
pseudo second order equation was higher than others (R?=0.98),
itwas considered as best fitted kinetic equation to describe silicon
release from the applied nanosilica in soil. From Table 3, it was

observed that, the quantity of Si released at equilibrium (q,)
increases with increasing the initial nanosilica concentration from
23.310 28.7 mg kg" and the intial release rate (h) also increased
from 0to 0.04 mg kg day”. On the contrary, the release constant
(k) decreased with increasing concentrations implying that, with
increasing silica concentrations, the rate of silica release from the
soil decreased even though the availability was found to be higher
(higher g, and h) and these results are in line with the findings of
Haynes et al. (2020) who revealed that the major mechanism of
holding silicates on the soil surfaces is specific adsorption or
chemisorption.

The present study concluded that the maize stalks
subjected to a calcination temperature of 700°C yielded highly
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pure silica, having amorphous structure, spherical morphology,
reduced agglomeration and siloxane bonding. Furthermore, the
results of incubation experiment revealed that, pH, EC and
available silicon increased with increasing concentration upto 60
DAl and slightly declined at 80 DAl and the data was fitted well in
pseudo second order equation (R?=0.98) indicating
chemisorption as a rate controlling step behind silicon release.
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