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Abstract
In this scientific research, thermally stable nickel nanoparticles were synthesized and
characterized. Nickel nanoparticles were synthesized using phenol -formaldehyde by chemical
method followed by calcination. The polymer metal complex was confirmed by FTIR and
NMR. The spherical morphology of nickel nanoparticles confirmed by SEM. The
crystallographic structure is confirmed by XRD and size of cobalt nanoparticles is 24.0 nm.
The TGA analysis was performed over a range of 29-600°C. The TGA thermograph predicts
mass decomposition of 11%, for nickel phenol-formaldehyde nanocomposite. The
decomposition rate of composites is very low 2% weight loss per 100°C increment in

temperature.
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1. Introduction-

The transition metal nickel shows distinct magnetic, thermal and catalytic properties [1-2]. In
the form of Nano size -nickel has versatile application in the field of biomolecular separation
[3] pharmaceutical synthesis [4] magnetic biocatalysis [5] biosensor [6] In the literature, there
are reports on the preparation and properties of novel nickel nanomaterials such as sea-urchin
like nickel nanoparticles [7] tetragonal nickel nanoparticles [8] conical nickel nanorods [9],
triangular and hexagonal nickel nanosheet [10] and nickel nanochain [11-12].

The unusual properties and prospective application of metal nanoparticles in optical, catalytic,
thermal, magnetic material with corresponding bulk metal [13]. A various method has been
developed for the preparation of metal nanoparticles such as solvent extraction reduction, micro
emulsion techniques, photocatalytic reduction, polyol process and alcohol reduction [14].

Numerous chemical and physical methods have been used to produce metal nanoparticles, such
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as metal evaporation [15] metal salt reduction [16] laser ablation techniques [17]
electrochemical method [18] sonochemical synthesis [19] neutral organometallic precursor
decomposition [20] Generally, chemical synthesis method over advantage of low cost and
simplicity with physical approaches. One of the great significance to prepare high-quality Ni
nanomaterials of specificity using convenient and low-cost methods. Similar findings have
been reported for nickel nanoparticles [21]. Many studies have shown that the nickel, cobalt

and iron nanoparticles have thermal properties [22 -24]. Nevertheless, they have not

synthesized in aqueous solution without using stabilizer as polymer ligand salt etc. The purpose

of this study was to synthesize, characterize and investigate thermal stability of nickel Nano

particles.
2. Experimental

Material and Method

The present study was conducted using reagents and chemicals of analytical grade, phenol,

formaldehyde, acetic acid (Central drug house private limited) and hydrochloric acid (Fisher
Scientific) were used. The metal solution was prepared by dissolving appropriate amount of
metal salt in deionised water. The nickel nanoparticles were prepared by the simple calcination
method and characterization was done by IR, NMR, SEM, TEM, XRD and TGA. The method
used for the synthesis of metallic nanoparticles is as described by [25]. However, the procedure

is summarized in the figure below [26-27.
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Reaction Scheme -Synthesis of Nickel doped Phenol-Formaldehyde complex

3. Result and discussion -
FT-IR spectra of nickel doped phenol-formaldehyde complex is shown in figure:1. The

assignment of all the characteristic peaks were summarized in table 1.
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Table 1: FTIR assignment of Nickel doped phenol - formaldehyde complex

Prominent absorption band Functional Group

3348 cm?! O-H stretching

2891 and 2828 cm! Aliphatic C-H stretching

1701 and1603 cmt Aromatic C=C stretching

1136 cm'? C-OH bending

877 and 762 cm'* C-H out of plane bending vibrations of
an aromatic ring

623 cm! Ni-O stretching

The FT-IR spectra of polymer metal complex exhibit a band at 3348 cm?, which can be
assigned to the O-H stretching. The C-H asymmetrical and symmetrical stretching due to the
methylene groups can be observed between 2891 and 2828cm respectively. The peaks at 1701
and 1603 cmwere attributed to the aromatic C=C stretching. The bands observed at 1136 cm-
Lresulted due to C-OH bending. The C-H out of plane bending vibrations of the aromatic ring
was seen at 880-770 cm-. The absorption band at 623 cm~was observed due to the Ni-O linkage
and also confirm the bonding of metal through the oxygen of -OH functional group of phenol-

formaldehyde.
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Figure- 1: FTIR Spectra of Nickel doped Phenol - formaldehyde Complex
Figure 2: shows the 1H NMR spectrum of the nickel doped Phenol-Formaldehyde complex.
The proton peak at 3.65 ppm exhibit the residual proton signal of DMSO -d6 solvent. The -OH
group of phenol gives the proton signal at 5.35 ppm. The aromatic proton of phenol gives a

multiplet at 7 to 8 ppm.
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Figure 2: tHNMR Spectra of Nickel doped phenol - Formaldehyde Complex
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The SEM analysis of nickel doped phenol- formaldehyde nanocomposite at 2500, 10000 and
25000 magnifications in figure 3. shows the cluster shape morphology of nickel nanoparticles.

The earlier study to support our findings who have also made a similar observation of that the

cobalt nanoparticles have a spherical shape. [28,29). The present study support the finding of
Shanaj et al. (2016) who have also made similar observations that the nickel nanoparticles have

a spherical shape [30].
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Figure 3: SEM image of Nickel doped Phenol-Formaldehyde nanocomposite at (a) 2500 (b)
10000 (c) 25000 magnification
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XRD analysis-

XRD pattern showed that the size of nickel nanoparticles was 24.0 nm and has maximum
intensity diffraction peak at 26 % 12.50290 which indicate the presence of crystalline structure

and the crystal system is monoclinic [31].

TGA analysis -
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Figure:4 Thermograph of nickel doped phenol-formaldehyde nanocomposite

Table 2: TGA data of Nickel doped phenol- formaldehyde Nanocomposite

Weight loss %
Sample 100°C  [200°C  [300°C  [400°C  |500°C | 600°C
Nickel doped
Phenol- 52 58 6.5 7.3 8.2 11.0
formaldehyde
Nanocomposite



https://doi.org/10.20944/preprints202007.0391.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 July 2020 d0i:10.20944/preprints202007.0391.v1

Many compounds are not stable and decomposed into some other compound on heating. The
TGA thermograph of nickel doped phenol- formaldehyde nanocomposites are shown in figure-
4. The TGA analysis were performed over a range of 29-600°C. The TGA thermograph predicts
mass decomposition of 11% for nickel phenol-formaldehyde nanocomposite. The
decomposition rate of composites is very low 2% weight loss per 100°C increment in
temperature (show in Table:2). The synthesis of thermally stable nickel oxide nanoparticles
synthesized by sol-gel method was reported earlier [32] an efficient thermally stable copper

nanoparticles formation by chemical precipitation method has been reported earlier by
(Chaudhary et.al.2017) [27].

4. Conclusion -
The thermally stable nickel nanoparticles were synthesized using a chemical method followed

by calcination. The morphological studies by SEM shown the spherical shape of nickel
nanoparticles. The size of nickel nanoparticles was predicted by XRD. The thermal stability of
nickel nanoparticles major by TGA. The result is well indicative of the efficiency of the
chemical precipitation method in the synthesis of nanoparticles. The result as compared with

other similar findings revealed that nickel nanoparticles are more thermally stable than copper

nanoparticles due to its very less decomposition rate. lastly, these nickel nanoparticles can

further be analysed for its thermal properties and application in thermal sensor,
thermoelectricity and electronics.
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