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h i g h l i g h t s g r a p h i c a l a b s t r a c t

� Microwave method is an efficient
route to synthesize nanoparticles.

� Plant extracts could be an alternative
to chemical reagents.

� Plant extracts play the role of a fuel
with a coordinating action.

� High purity single-phase cubic
ZnFe2O4 was reported.

� ZnFe2O4 prepared by MHM showed
small particle size and high catalytic
activity.
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a b s t r a c t

The sustainable and eco friendly green synthesis report on the use of plant extract alternate to chemicals
has been discussed. In this work, opuntia plant extract is used as a natural reagent to synthesize
nanoparticles. Herein, we demonstrate two methods namely, conventional and microwave method for
the synthesis of nanoparticles using plant extract, due to its easy handling and bio-compatibility. Both
the methods were carried out under the same conditions to explore the comparison of the data. Various
characterization techniques were used to determine the crystallinity, crystallite size, lattice parameter,
morphology, elemental composition, band gap energy, emission, saturation magnetization, and coer-
civity of the as-synthesized nanoparticles. A brief discussion about the importance of using the plant
extract as well as the importance of microwave heating were discussed and summarized. The phase
identification was examined using XRD analysis, which showed the formation of single and pure phase
without any post annealing in microwave heating method. The formation of pure phase ferrites is also
confirmed by Fourier Transform Infrared Spectroscopy (FTIR). The surface morphology of ZnFe2O4

nanoparticles showed spherical shape and the size difference depends upon the method of synthesis.
EDX analysis confirms the phase-purity of the as-synthesized nanoparticles. UVeVis DRS of the as-
obtained nanospheres exhibited the absorbance in the visible region. VSM analysis showed that the
sample prepared by microwave technique exhibited better magnetic behaviour at room temperature
than that of the ones prepared by the conventional heating method. The microwave heating technique
produces nano-ferrites with high yield, low crystallite size, uniform morphology, and good absorption
properties than the conventional heating method. Zinc ferrites were used in the catalytic reaction for the
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oxidation of glycerol into formic acid. The catalyst exhibit good catalytic performance and better
selectivity of formic acid throughout the reaction. The plausible mechanism has been proposed.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The nanoparticles have enticed a great interest among the sci-
entific researchers, due to their complex structure, and chemical
stability. They completely exhibit new and novel properties, when
compared to their bulk materials. A variety of applications were
carried out in medicine, solar cells, environment, energy, agricul-
ture, information, communication, consumer goods, electronics,
and catalysis using nanoparticles [1,2]. Ferrites are ceramic ferro-
magnetic materials. The general formula of the spinels is MFe2O4,
where M represents Cu, Ni, Co, Zn etc. Among these, ZnFe2O4 has
attracted much interest, due to its intriguing magnetic properties
[3]. All the non-magnetic Zn2þ cations are located at A sites and
magnetic Fe3þ cations are located at B sites. Bulk ZnFe2O4
commonly shows an antiferromagnetic behaviour at a Neel tem-
perature of 10.5 K. But, nanosized ferrites often display the ferro-
magnetic behaviour below a blocking temperature (TB) as it has a
mixed spinel structure and it strongly depends on the synthesis
conditions [4].

In recent years, the catalytic conversion is in demand among the
industries and researchers. There are various routes available on
the catalytic reactions; etherification [5], dehydration [6,7] and
hydrogenolysis [8,9]. Oxidation reaction [10e13] is more favour-
able, due to its environmental concern, economical benefit, clean,
non-hazardous and safety issues. Glycerol is one of the most
important renewable resources and oxidation of glycerol is exten-
sively studied for sustainable number of products formation, such
as glyceraldehyde, glyceric acid, oxalic acid, acetic acid, Dihy-
droxyacetone, formic acid, etc. Several literature are available on
the catalytic conversion of glycerol to variable products by varying
the supported metal catalysts, such as Pt, Pd, Au, Cu, TiO2 [14e16].
Also few literature are available on the conversion of glycerol to
formic acid products [17e19]. The main aim of preparing formic
acid is because it is a non-toxic and renewable reagent, bio-
degradable, and used in energy storage for green chemical
synthesis.

Nanoparticles have been synthesized using sol gel technique
[20], ball milling [21], sonochemical [22], co-precipitation [23],
hydrothermal [24], reverse micelle [25], mechanical alloying [26],
and citrate precursor technique [27]. Among these methods, com-
bustion synthesis has attracted many researchers, due to its energy
and time-saving process [28]. The combustion method has also
emerged as an attractive technique for the production of unstable
powders, forming hard agglomerates with excellent chemical sta-
bility, uniform distribution of the metal ions and nanosized parti-
cles [29]. Different fuels, such as urea, citric acid, glycine, N-
methylurea, hexamethylenetetramine, N,N diformylhydrazine, L-
alanine, starch, and L-arginine are used for the combustion re-
actions along with the metal precursors to synthesize undoped and
doped zinc ferrites. The nanoparticles synthesized by conventional
heating method have several limitations compared to microwave
heating method [30].

Recently, microwave (in situ heating) is used for the synthesis of
ferrites as an efficient method. The popularity of this method is
because of the friendlymethod and its outstanding ability to reduce
the reaction time by superheating and produce products with high
yield. In contrast to classical heating, microwave generate the heat

within the material on a molecular level by the interaction of mi-
crowaves, and the heat will be evenly and rapidly distributed from
inside and outside (nowall heating), instead of originating from the
external sources, which leads to a homogeneous and quick reaction.
This method requires shorter time periods and it is more efficient in
terms of using less external energy, producing homogeneity, small
particle size and highly pure sample [31]. On the other hand, in
conventional heating, the materials surface is first heated followed
by the movement of heat inward via radiation, conduction and
convection [32]. To overcome the limitation of these methods,
there is a growing need to develop the clean, non-toxic and
environment-friendly procedures for the synthesis of
nanoparticles.

Nowadays, synthesis of metal nanoparticles using micro-
organisms, fruits, marine algae, plant parts, such as, leaf, roots, la-
tex, seed and stem plants as simple and viable alternative tech-
niques is highly preferred [33]. Hence, growing environmental
concerns motivated the researchers to avoid the use of toxic
chemicals. Consequently, the focus on the innovative green
approach, (i.e) the use of plants in the ‘green synthesis’ or ‘sus-
tainable synthesis’ of nanoparticles was found to be more attractive
and shows better advancement over other chemical and physical
methods [34]. There is no more high energy and high pressures
requirements, thus causing significant energy saving [35e37].

Opuntia dilenii haw is found mainly in the southern parts of
India. It consists of 8e10% hexoses and 0.98% pentoses. The major
components of Opuntia dilenii haw are mucilage and pectin. Plant
mucilage contains D-glucose, D-galactose, L-arabinose, D-xylose, L-
rhamnose D-galacturonic and glucuronic acids [38]. Pectin is the
most abundant polysaccharide present in Opuntia dilenii haw [39].
It also has vitamin A and E in major amounts and succinic acid,
oxalic acid, sucrose, malonic acid, maleic acid and tartaric acid in
appreciable amounts [40]. Prior to this study, no attempt was made
to prepare zinc ferrites by a simple and efficient microwave heating
method using plant extracts. Various literature reported the prep-
aration of metal ferrites using aloe vera plant extract [41,42]. But in
this present investigation, we discuss the preparation of zinc ferrite
nanoparticles and compare their optical, magnetic and catalytic
properties.

2. Experimental section

2.1. Materials

Zn(NO3)2$6H2O, (Merck) and Fe(NO3)3$9H2O, (Merck) act as the
oxidizing agents. Both the chemicals were used without any addi-
tional refinement, due to the analytical grade of the products.
Opuntia dilenii haw plant extract is used as the reducing agent. All
the solutions were prepared using deionised water.

2.2. Preparation of the plant extract

Opuntia dilenii haw extract was prepared by using 5 g portion of
leaves which were thoroughly washed and was used in the present
study instead of toxic organic compounds. The upper part of the
leaves is removed and the inner part is finely cut, and mixed with
30 ml of deionised water. The combination was stirred thoroughly
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