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Abstract: In this study, we have represented synthesis of nano spherical nickel using porous Hibiscus rosa-sinensis petals
as bio template. Synthesized Nickel nanoparticle thus characterized by SEM, TEM, XRD and wet chemical methods.
Spherical Nickel particles of sized between 10nm to 200nm was observed.
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1. Introduction

Nano-nickel has very high catalytic activity. Unprotected
metal nano particle is prone to oxidation and thus
conventional methods for the synthesis of metal
nanoparticles are not very useful for various applications.
As nano metal particle is very prone to oxidation and
agglomeration, synthesis of suitably protected metal
nanoparticle is found to be difficult and hence different
methods are being attempted [1]. It is found that use of
capping agents or coating with surfactants may resist the
oxidation of nano metal particles. Synthesis of nano nickel
particle (un-oxidised and non-agglomerated) is in very high
demand as it has diverse applications. By changing the
nickel content from 1 to 10 wt%, Lixiong Zhang et al.
showed that nano nickel can be used for selective gas
permeable membranes [2]. Dye separation performance of
the nickel particles embedded ferromagnetic hierarchical
porous carbon (FHPC) was investigated by Wang et al. [3].
Nano nickel powder exhibits a strong catalytic effect and
can be used in hydrogenation of organic compounds, tail
gas processing of vehicle, increase combustion efficiency
of solid rocket, reduce sintering temperature etc. it is also
useful as magnetically separable catalysts, catalyst supports,
and gas adsorbents [4]. Although nano nickel particle has
many potential applications, synthesis of these materials
were mostly attempted through conventional chemical
routes, which involves several steps and use of expensive
chemicals including reducing agents, as a result, the wide-
spread application of nano nickel was restricted[5]. Here in

this study we have chosen hibiscus flower as soft and
porous bio template as well as an in-situ reducing agent
while decomposed at higher temperature. This method
eventually could produce spherical nickel nano particle
along with some mesoporous carbon.

There are several ways of synthesizing mesoporous
carbon and nano nickel particles, however, in-situ
formation of these materials are not well-established [6, 7,
8]. This paper, aims to report a very simple, cost effective
and environmental hazard free green synthesis of spherical
nickel nano particle by templating hibiscus flower petals as
reducing material.

2. Experimental

Hibiscus flower (Hibiscus rosa-sinensis) was collected
just before the dawn (when the flowers did not open up
completely). Petals were separated out from rest of the
flower parts and were very gently washed with distilled
water and air dried at room temperature (~25°C) for ~4hrs.
to create partial voids (by evaporation of moisture).

A solution of 0.5M NiCl,.6H,0, was added into partially
air dried petals and allowed to soak for overnight (~16hrs.).
Ni-salt soaked petals lift off from rest of the NiCl,.6H,O
solution and were dried under IR lamp (~80°C) for 4hrs.
The NiCl, incorporated dried petals are placed in a graphite
crucible and heated in graphite resistance furnace (ASTRO,
Thermal Inc., USA) at 700°C under vacuum (~10"'mbar)
for 30mins. The rate of heating was maintained ~20°C/min.
Low vacuum scanning electron microscope (TM1000,
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Hitachi, Japan) was used to see the microstructure of green
as well as the dried (~80°C) petals. The materials heated at
700°C were characterization by SEM-EDS, TEM, and
XRD. The wt% of Ni in the sample was found out by
weight chemical method.

3. Results and Discussion

In order to avoid the atmospheric contamination, flowers
were plucked in the very early morning and in a fully
matured bud, later it was allowed to grow (in few hours)
into full flower under clean room condition. The
appearance of the pyrolyzed product was black and gets
attracted by magnet, thus confirms the presence of Ni
particle. Metallic nickel present in the sintered product
could not be separated by magnet even after the sintered
product was washed, dried and vibrated ultrasonically. It
was interesting to note that size of the cup like pores
reduced substantially from top surface to inside of the
petals, often there observed partitions within a cup (Fig. 1).
As the parts of a petal were porous, the partitioning walls
have micro or nano interconnected tunnels that help supply
moisture, nutrients and other organic materials from the
plant to all parts of the petal. The pores and tunnels beneath
the pores have very high capillary action, we have utilised
these pores and tunnels for adsorbing NiCl,.6H,O solution
within it and interconnecting tunnels of the petals.
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Figure 1. SEM micrograph shows the top surface of fresh hibiscus petal,
the cup like pores including the partitions between the pores are separated
from each other.
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Figure 2. SEM micrographs of NiCl,.6H,0 soaked petals dried at 110°C
— (a) Micrograph showing both bottom and top surface of a petal, (b)
Bottom surface - practically no NiCl,.6H-0 and (c) Cup shaped pores on
the top surface consists of NiCl,.6H0 crystals.

Initially when partially dried petals were dipped into the
NiCl, solution, after gentle agitation (with a glass rod) for
about 1-2 hrs., petals floats as submerged condition into the
NiCl, solution and the colour changed from red to dirty
purple.

This indicates that, NiCl, diffused into the pores and
tunnels of the petals by osmosis phenomena.
Microstructure of the bottom surface of the petals,
practically does not exhibit porosities, rather it exhibits
cellulosic structure (Fig. 2 a-c). Pore sizes of the top
surface of the dried petals vary between 1 to 12um (Fig. 1).
If we consider a cup like pore having diameter of ~10pum
(as marked in Fig.1), then it could be able to accommodate
6.23x10"'gm NiCl,.6H,O equivalent to 1.52x10"'gm Ni,
when 0.5M NiCl,.6H,0 solution was used (density of Ni is
8.9g/cm3). Considering the shapes of the cup like pores as a
sphere and consequentially the nickel particle formed out
of it also spherical, then the final diameter of the spherical
nickel formed within the pore should be ~740pum. Similarly
1um diameter cup should yield 0.074pm or 74nm diameter
Ni particle. Since it was difficult to measure the sub-
surface pore size we could not calculate lower limit of the
Ni particle size. SEM micrograph and EDS analysis (Fig. 3)
as well as TEM micrograph and corresponding diffraction
patterns (Fig. 4.) showed that there exist good amount of Ni
nano particle of size that varies from 10nm to 700nm.
Figure 3 exhibits the near spherical Ni were separated from
each other and the inset showed that the Ni balls were
entrapped within the pores and tunnels of the pyrolyzed
petals. Between the Ni spheres, porous carbon prevents
them from agglomeration.

Figure 3. The SEM micrograph and subsequent EDS reveals that plenty of
spherical Ni balls are formed when NiCl,.6H,O soaked petals were
pyrolysed at 700°C. In set exhibits the Ni balls are entrapped within the
pores and tunnels of the pyrolysed petals.

It was also observed that, even when the heat treatment
was carried out at 1000°C, Ni ball did not agglomerate.

During pyrolysis of the NiCl,.6H,0O soaked petals,
various organic constituents of the petals decomposed and
released. As of yet, not much information have been
reported about the decomposition behavior of hibiscus
flower petals. Yong Wang et.al [8] reported that the
chemical constitutions of pollen contain several
components along with cellulose, and hemicelluloses;
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thermal decomposition of pollen in N, atmosphere starts
~130°C, which ends at ~450°C.

5 500N
Figure 4. TEM micrograph shows the size of Ni varies from 10 to 200nm.
In the inset corresponding selected area diffraction pattern is shown.

Recently, Yu-Chuan Lin et al. many other researchers
reported that pyrolysis of cellulose produces several
products including CO/C,H, (~12.7%), CO, (~19.3%) and
decomposition is dependent on the heating rate [9]. Lanza
et al. provided good information about the nature and
kinetics of gas evolution when cellulose is pyrolyzed [10,
11, 12].
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expect CH3;CHO as one of the reaction product. In order to
verify this proposal we did an experiment using a simple
glass apparatus, the outlet of the apparatus was dipped
into Tollen’s reagent. On heating the NiCl, embedded
hibiscus petal, the exhausted gas reduced the Tollen’s
reagent to form Ag mirror; on the contrary the petals
without soaked in NiCl, could not reduce the Tollen’s
reagent. Therefore, it can be concluded that C,Hy, which is
the pyrolyzed product of cellulose present in the petals
reduced NiCl, to form Ni, thus follows the reaction
below.NiCl, + CH,=CH, + H,0 — Ni + CH;CHO +
2HCIXRD analysis of the pyrolyzed products confirms
presence of only metallic Ni and carbon (Fig. 5). Weight
chemical analysis confirms that ~37wt% of metallic Ni was
present in the products and rest was mesoporous /
amorphous carbon. XRD was taken 20 days after the
pyrolysis, while material was kept in open atmosphere that
means the metallic Ni did not oxidised at least during this
period. This indicates that Nano nickel particle produced by
this process was coated in situ by carbon so as to prevent
its oxidation.

4. Conclusions

Porosity of the Hibiscus rosa-sinensis petals could act as
a bio template as well as a reducing material for
synthesizing the nano nickel particle. Current research
demonstrated that the controlled atmosphere pyrolysis of
NiCl,.6H,O soaked petals could produce nano nickel
particles in situ coated with carbon. Size of nano nickel
particles varies between 10nm to 200nm.
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Figure 5. XRD analysis of the pyrolysed product shows that the sample

contains only Ni and Carbon.

This carbon is considered to be mesoporous carbon and
evolved from the hibiscus petals during pyrolysis at
700°C.According to them maximum amount of CO
evolved at 250°C then sequentially C,H,, CH4, CO, and the
least is Hy. In the current study thus, either CO or C,Hy
could have reduced the NiCl, to Ni during the pyrolysis of
NiCl,.6H,0 soaked petals. NiCl, could be reduced by CO
at about 180°C to form Ni (CO) . Subsequently the Ni (CO)
4 could produce Ni. However, Ni (CO) 4 being highly
volatile should go out from the system during the pyrolysis
even much before 700°C. However it was evident from the
SEM-EDS analysis (Fig. 3) that good amount of Ni was
present at the surface of the pyrolyzed petals. Hence CO
was not the reducing agent in this case. Whereas, C,Hy
could directly reduce NiCl, to Ni. In that case one should
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