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a b s t r a c t

The research deals with assessing the feasibility of using nano-zeolite as support material for the pro-
vision of nine out of thirteen primary, secondary and micro-nutrients on slow release basis. The nano-
zeolite (NZ) and nano-composite (ZNC), synthesized using simple chemical approach, were character-
ized by different techniques including FT-IR, powder XRD, SEM/EDX, AFM and TGA/DSC. Physical char-
acterization was also performed by using standard methods. The lab studies showed that there is
considerable increase in water retention capacity, water absorbency, equilibrium water content and
swelling ratio of ZNC as compared to the NZ which is favorable for maintaining water level in the soil. The
nano-composite prepared is safe to use as compared to conventional fertilizers as indicated by salt index
value. Nutrients slow release studies carried out in water and soil confirmed the long term availability of
all the doped nutrients to the plant over the full crop cultivation period that is suitable for promoting
germination, growth, flowering and fruiting. Hence, the results obtained showed that the prepared nano-
composite materials can be safely used as environment friendly fertilizer.

© 2016 Published by Elsevier Inc.

1. Introduction

Agriculture practices are very important for people all over the
world for providing food but unfortunately these methods are
facing several international challenges now days. One such chal-
lenge is massive increase in the population which had put enor-
mous burden on the agronomic productions that need to be
enhanced with same limited resources of land and water. This
resulted in significant rise in fertilizers’ usage to enhance soil health

that can expedite fast increase in yield per hectare [1]. However,
this uncontrolled use of fertilizers had not only caused decline in
land quality but owing to their high solubility which results in
40e75% leaching losses, they contribute less towards plant growth
and more towards environmental issues [1e3] which directly or
indirectly lead to various health concerns [4]. Furthermore, this
incurs in huge wastage of fertilizers accounting for economic loses.
All these issues together can put enormous financial burden on the
society which is not only a matter of serious concern for developing
countries which are striving for survival but also for developed
countries in attaining sustainability. Therefore, there is a dire need
to change agronomic practices by designing new environmental
friendly fertilizers that can also enhance crop yield by facilitating
maximum nutrient uptake.

Application of nanotechnology in this area can help in pro-
moting sustainable agriculture by provision of slow or controlled
release fertilizers, herbicides and pesticides [5e7]. Several re-
searches have been carried out in this context which dealt with the
development of nanoparticles or nano-composites to facilitate
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plant growth either by direct uptake or by slow release of nutrients
[8]. Total of 16 nutrients are required by the plants out of which 13
are usually taken up from the soil. Nano-fertilizers have helped in
provision of these essential nutrients to the soil on continues basis
by slow release. This gradual release promotes enhanced delivery of
nutrients to the plants that further accelerates early germination,
fast growth and high nutritional level [9].

Zeolite, in general, is known to support crop cultivation by
improving soil condition through enhancing nutrients and water
utilization efficacy, biological activity and fertility and minimizing
ammonia volatilization and soil salinity [10e14]. Additional
advantage of zeolite is that it enhances the nutrient retention ca-
pacity of soil which leads to increased availability of nutrients to the
plants for longer period of time because of its slow disintegration
and decomposition rate in soil [5]. Considering all these advantages
of zeolite, the material has recently gained much attention and is
being used to deliver fertilizer to the plants at slow rate after some
structural modifications [15e19]. Not much of the work is cited on
applicability of nano-zeolite as slow-release fertilizer, the few
studies that have been carried out are conducted by Subramanian
et al. [20,21]. They showed that these nano-zeolites release nutri-
ents over a much longer period of time when compared with
conventional fertilizers thereby reducing nutrients’ leaching losses
considerably [22]. High pore density, enhanced surface area and
anion exchange capacity of nano-zeolites favors the retention of
anions [20,23,24].

The only drawback associated with the use of these fertilizers is
related with their incapability in loading cations in considerable
amounts on to its porous structure. For this purpose various
structural modifications were performed to increase both cation
and anion uptake capacities either by use of surfactants [21,22] or
by prolonged thermal treatment [20]. These additional treatments
not only add up to the cost of fertilizers but also the use of sur-
factants put extra burden on the environment [25,26].

Therefore, the need is to design simple and cost-effective ways
for the synthesis of nano-zeolite that can enhance the nutrient
uptake capacity in addition to reducing the environmental impacts
caused by use of conventional and environmental hazardous ma-
terials. The current research is henceforth aimed to develop simple
methodology for synthesis of nano-composite of zeolite that not
only facilitates the enhancement in ion exchange capacity but also
acts as a material that can act as a continues source of both macro
and micro-nutrients throughout the period of crop growth.

2. Experimental

2.1. Chemicals

All chemicals used in the study are of analytical grade. Sodium
phosphate monobasic dihydrate (NaH2PO4$2H2O), magnesium
sulphate heptahydrate (MgSO4$7H2O), aluminum sulphate hepta-
hydrate (Al2(SO4)3$7H2O), and ethylene glycol (C2H6O2) were taken
from Merck, Germany. Sodium hydroxide (NaOH), calcium phos-
phate (Ca3(PO4)2), zinc sulphate heptahydrate (ZnSO4$7H2O) po-
tassium chloride (KCl) and sodium silicate solution (Na2SiO3) were
procured from DAEJUNG while sodium chloride (NaCl), sodium
nitrate (NaNO3), ferrous chloride tetrahydrate (FeCl2$4H2O), nitric
acid (HNO3) and hydrochloric acid (HCl) were supplied by Sigma-
Aldrich.

2.2. Synthesis of zeolite nano-composite (ZNC)

Two-step approach was adopted to synthesize ZNC; in first step
zeolite was prepared that was impregnated with nutrients in sec-
ond step.

2.2.1. Synthesis of nano-zeolite (NZ)
Nano-zeolite (NZ) was synthesized by simple co-precipitation

method [27]. Sodium silicate solution (220 g/300 ml distilled wa-
ter) and ethylene glycol (25 ml) were taken in a three necked round
bottom flask fitted with reflux condenser and quick fit dropping
funnels. The contents were stirred for 30minwhilemaintaining the
temperature at 50e60 �C to get homogenous mixture. To this
aluminum sulphate (78.7 g/250 ml) and sodium hydroxide (30 g/
250 ml) solutions were added drop-wise along with stirring and
heating (50e60 �C). When dropping was completed pH was
adjusted to neutral using 1 N HCl followed by filtration, oven drying
at 105 �C and annealing at 650 �C to result in grey colored zeolite.

2.2.2. Synthesis of zeolite nano-composite (ZNC)
The zeolite based nano-composite (ZNC) was synthesized by

simple impregnation of nutrients in NZ. To the suspension of NZ in
distilledwater (200 g/l) 5% solution of each of macro (N, P, K, Ca, Mg,
S) and micro-nutrients (Fe, Zn, Cu) in the form of their salts
(NaH2PO4$2H2O, MgSO4$7H2O, Ca3(PO4)2, ZnSO4$7H2O, KCl, NaNO3
and FeCl2$4H2O) were added and allowed to stir for 3 h to attain
maximum impregnation of these nutrients into NZ. The resulting
suspension was vacuum filtered, oven dried (105 �C) and fine
grinded in blender at 12,000 rpm. The prepared zeolite was stored
in air-tight container till further use.

2.3. Characterization

2.3.1. Physical properties
The physical properties including pH (ASTM D 4959-00), con-

ductivity (ASTM D1125-14), moisture content (ASTM 4643-08),
bulk and tap densities (ASTM D2854-70), methylene blue (MB)
value (ASTM C1777-15), ash content (ASTM D2866-70) and cation
exchange (CEC) and anion exchange (AEC) capacities of NZ and ZNC
were determined by standard methods [28].

2.3.2. Fourier transform infrared spectroscopy (FT-IR)
The material characterization was done using FT-IR Thermo

Nicolet spectrometer series by scanning the sample pallet made
with KBr in the range of 4000e400 cm�1.

2.3.3. Powder X-ray diffraction (XRD)
Powder XRD analysis was carried out using PANanalytical X’pert

pro diffractometer by a Philips X-ray generator. Diffraction datawas
acquired by exposing powder samples to Cu-Ka X-rays radiation,
which has a characteristics wavelength of 1.5418 A� . X-rays were
generated from a Cu anode supplied with voltage of 40 kV and a
current of 40 mA. The data were collected over a range of 20e80�2q
with a step size of 0.05 and nominal time per step is 0.5 s.

2.3.4. Scanning electron microscopy (SEM) and energy dispersive x-
ray spectroscopy (EDX)

Gold coated pallets of the samples were used to acquire the SEM
images on Nova NanoSEM 450 while powder samples spread on
carbon tape were used to determine the elemental composition
using EDX, Nova 450 at 5.00 kV.

2.3.5. Atomic force microscopy (AFM)
The topographic images of atomic force microscopy were

recordedwith AFM 5500 (Agilant, USA). Silicon nitride probewith a
triangle soft cantilever (Veeco, model MLTC-AUHM) having a
nominal value of the spring constant of 0.01 and 0.1 N/m used in the
non-contact topography measurements. Ethanolic solution of
sample (100 mg/ml) was vortexed for 1 min followed by sonication
(KQ 500-DE) for 30 min. From this 10 ml solution was taken and

A. Lateef et al. / Microporous and Mesoporous Materials 232 (2016) 174e183 175



Download English Version:

https://daneshyari.com/en/article/6532645

Download Persian Version:

https://daneshyari.com/article/6532645

Daneshyari.com

https://daneshyari.com/en/article/6532645
https://daneshyari.com/article/6532645
https://daneshyari.com

