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Abstract:

Lithium doped and undoped NiFe,O, thin films have been successfully deposited onto
stainless steel substrates using cost-effective successive ionic layer adsorption and reaction
(SILAR) method. The doping of lithium were studied for different at. wt. % in the NiFe,O,
thin film preparation. The thickness of Li doped NiFe,Oy thin films decreases as at. wt. % of
Li increases in the Ni-Fe solution. XRD patterns revealed amorphous nature of thin films
when at. wt. % of Li is increases and undoped thin film shows crystalline nature. Surface
morphological and wettability properties show as Li doping increases, the porosity and
hydrophilic nature. This nature is suitable for supercapacitive application. The
supercapacitive performance of lithium doped and undoped NiFe,O, thin film electrodes was
observed in various electrolytes and optimized in 1.0 M Na,SO; electrolyte. The maximum
specific capacitance of 449 F/g was obtained for optimized 3 at.wt. % Li doped NiFe;O4

electrode.
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1 Introduction

Electrochemical capacitors have the potential to emerge as a promising energy storage
devices. As a consequence, many research efforts are focused on designing new materials to
improve energy and power densities. There are various materials used for supercapacitor
application such as Ag/Au/Polypyrrole [1], Co304/N-CP [2], CuO [3], NF/G/V,0s5 [4],

RuO,/Fe,0; [5], etc.

From literature survey lithium doping shows enhance supercapacitive performance of
electrodes [6]. NiFe,O, nanoparticles have typical ferromagnetic properties, low
conductivity, low eddy current losses, high electrochemical stability, catalytic behaviour and
abundance in nature. It is used in information storage, spintronics, magnetic resonance
Imaging, microwave devices, suitable electrodes for Li-ion batteries and supercapacitors [7-
8]. G. Dixit et al. [9] studied the effect of Ce doping on magnetic properties of NiFe,O,.
Recently researches are attracted towards Li-NiFe,O, thin films for supercapacitor devices
due to its simplicity, low-cost, good electrochemical performance, and more cyclic stability
[10]. For preparation of NiFe,O, thin films, various physical and chemical methods are used.
The physical methods have many drawbacks such as a small area of deposition, requirement
of sophisticated instruments, cost of a system, wastage of depositing material etc. There are
various chemical methods used for preparation for NiFe,O, thin films such hydrothermal
[11], auto-combustion [12], thermal hydrolysis [13], spray pyrolysis [14], electrodeposition
[15] etc. Recently, Gunjakar et al. [16] reported nanocrystalline NiFe,O, thin films obtained
from CBD method. In the present we are using cost-effective SILAR method. The purpose

of this research work is to enhancement of stable ferrite material for supercapacitor
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application by simple SILAR method that has the great advantage due to low cost for
commercial application [17]. In the present work Li-NiFe,O4 thin films with different
doping percentage of Li have been synthesis on stainless steel substrates using SILAR
method. As per the literature survey, there is no report for synthesis of Li doped NiFe,O,
thin films using SILAR method for supercapacitor. The thickness, structural, morphological
and wetabilitical properties of Li doped and undoped NiFe,O4 thin films were studied. Also
supercapacitive performance of SILAR deposited Li-doped / undoped NiFe,O,4 thin films

have been studied successfully.
2 Experimental
2.1 Characterizations

The thickness Li doped and undoped NiFe;O4 of thin films was measured by
gravimetric weight difference method using sensitive microbalance. The structural properties
of thin films were determined using X-ray diffraction (XRD) technique using Philips (PW-

3710) diffractometer model with the chromium target (A= 2.28 A ) in the range of 20-80°.

The surface morphology of thin films was observed by using scanning electron microscopy
(SEM) of model JEOL-6360. The wetabilitical studies were carried out by Rame-hart USA
equipment with CCD camera. The cyclic voltammetry (CV) experiments were performed

using potentiostat/galvanostat (EG & G PAR 263-A) to determine the specific capacitance.
2.2 Preparation of Li doped and undoped-NiFe2O4 thin films

Li doped and undoped-NiFe,O, thin films were deposited onto stainless steel

substrates using SILAR method. Synthesis of Li doped and undoped NiFe;O, films was
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carried out onto previously cleaned stainless steel substrates by alternate immersion of the
substrate in cationic precursor NiCl,, FeCl, i. e. (Ni*2, Fe*?) source kept at 333 K and anionic
precursor as double distilled water, kept at 300 K [18]. Aqueous combined nickel (I1)
chloride and iron (I1) chloride solution used as a source of Ni*? and Fe*? ions, was made
alkaline pH 9.2 adjusted by ammonia solution source of oxygen ions and the complexing
agent. Concentration ratios of the Ni*2 and Fe*? were kept fixed as 0.1 M: 0.2 M, i. e. 1:2.
First, the ultrasonically cleaned stainless steel substrate was immersed in combined alkaline
nickel chloride and iron chloride solution so as to get nickel and iron hydroxides adsorbed
onto the substrate. Afterwards, the substrate was rinsed with double distilled water kept at
300 K where the oxygen ions reacted with pre-adsorbed nickel and/or iron hydroxide on the
stainless steel substrates. These films are drying by hot air after each cycle and annealed at

723K for 3h to form NiFe,O, films.
3 Results and discussion
3.1 Thickness measurement

Fig. 1 shows the variation of NiFe,O, film thickness with a number of deposition
cycles. The film thickness increased with deposition cycles from 0 to 70. Further, NiFe;O4
film thickness decreased due to the formation of the outer porous layer as the film started
peeling off from the substrate. The optimized NiFe,O4 film has a maximum terminal
thickness of NiFe,O, film is about 1.40 pm. Such NiFe,O, films are used for further
characterization. Similarly NiFe,O4 films prepared with Li doping at 1 at. wt. %, 2 at. wt. %,
and 3 at. wt. % of Li-NiFe,O4 thin films show the 1.30, 1.24, and 1.20 pm thickness

respectively. In addition the thickness of films changes with Li doping. Z. Hai et al. [18]
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reported as the thickness of materials reduces the specific capacitance of materials are

improved.
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Fig. 1. Variation of doped and undoped NiFe,O, film thickness at different doping

concentration of Li.
3.2 XRD measurement

XRD patterns of undoped and Li doped annealed NiFe,O, films are shown in Fig. 2.
The crystal structure of prepared NiFe,O, is confirmed with JCPDS card no. 74-2081. The
peaks of stainless steel substrates are marked by triangle (A). The orientations corresponding
to (220), (311), and (400) planes. The (311) peak shows high intensity for NiFe,O,4 film and
after Li doping in NiFe,O4 the intensive peak is found at (400). As at. wt. % of Li doping is
increased in the NiFe bath, the crystallinity of NiFe,O4 films is decreased. Due to this reason,
the (220) and (311) peaks are not found in Li doped NiFe;O4 thin films. The small peak

intensities in XRD pattern revealed the existence of fine grains with most of the part as
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amorphous. The Table 1 shows the 26 °, hkl planes, observed and standard ‘d’ values of

undoped NiFe,Oy4 thin films.
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Fig. 2. XRD patterns of Li doped and undoped NiFe,O4 thin films onto stainless substrates.

Sr.No. | 20° | hkl planes | Observed ‘d’ values | Standard ‘d’ values

1 45.63 220 2.9510 2.9478
2 54.20 311 2.5166 2.5139
3 66.74 400 2.0890 2.0844

Table 1. 26 °, hkl planes, observed and standard ‘d’ values of undoped NiFe,O, thin films.

Crystallite size (D) of doped and undoped NiFe,O, was determined using the well-

known Debye Scherrer’s equation [19]:
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D=0.92/BcosH (1)

Where 0 is the Bragg’s angle, D is crystallite size, B is full width at half maximum of
the peak in radian, A is the wavelength of X-ray used, and 0.9 is a constant. The crystallite
size (D) was observed for highest intensity diffraction peak (311) of undoped NiFe,O4 and
we found 35 nm. It shows that the nanocrystalline films are formed.

3.3 Surface morphological studies

The surface morphological studies of the undoped and Li doped NiFe,O, films have

been carried out by scanning electron micrograph. SEM images of X 10,000 magnification

and are shown in Fig. 3 (a, b, ¢, and d), respectively.

Fig. 3. SEM images of (a) NiFe,O,, (b) 1 at. wt. %, (c) 2 at. wt. %, and (d) 3 at. wt. % Li

doping of NiFe,O, films at X10,000 magnifications.
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The micrograph of NiFe,O4 thin film shows flake like structure which is randomly
grown on the substrates. Fig. 3 (b, c, and d) of Li doped NiFe,O,4 shows granular grain like
morphology for 1 at. wt. %, 2 at. wt. %, and 3 at. wt. % respectively. The doping
concentration of Li in bath increases as the the particle size and surface was changed [20]. J.
A. Lee et al. [21] reported an effect of Li doping on duplex microstructures of thin films
show second phases in the inner region of films. It shows that the morphology of films
changes with doping percentage of Li. It is useful for supercapacitor applications.

3.4 Wettability measurement
Fig. 4 (a, b, c, d) shows that water contact angle measurement images of Li undoped-

doped NiFe,Oqthin films at different at. wt. % of Li doping.

E 3
Contact angle = 47° \

Contact angle =53° C

(b)

Contact angle = 55°

Contact angle = 27°

(c) (d)

Fig. 4. Contact angle images of (a) NiFe,O4, (b) 1 at. wt. %, (c) 2 at. wt. %, and (d) 3 at. wt.

% Li doping of NiFe,O, films surfaces which is deposited onto stainless steel substrates.

JETIR1901613 ‘ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 113


http://www.jetir.org/

© 2019 JETIR January 2019, Volume 6, Issue 1 www.jetir.org (ISSN-2349-5162)

The observed water contact angles for (a) NiFe,O., (b) 1 at. wt. % Li doped, (c) 2 at.
wt. %, and (d) 3% at. wt. Li doped films on stainless steel substrates are 53°, 47°, 45°, and
27° respectively. It reveals that the hydrophilicity of NiFe,O, films are increases with doping
of Li. Hence, water contact angle depends not only on the preparation method but also
depends on the doping concentration. The hydrophilic nature of the surface is necessary for
better supercapacitive performance [22]. Also due to change in surface morphology the
contact angle of thin films decreased from 53° to 27° and the lower contact angle is may be
better for improvement in supercapacitive performance [23].

3.5 Supercapacitor studies of Li doped and undoped NiFe-O4 thin film electrode

The supercapacitive studies were carried out in a three-electrode electrochemical cell,
in which the Li-NiFe,O,4 thin film as working electrode, platinum as the counter, and
saturated calomel electrode (SCE) as the reference electrode. The cyclic voltammogram
(CV) of doped and undoped NiFe,O4 thin film electrode with 0 to 1 V potential at scan rate
10 mV/s in optimized and suitable 1 M Na,SOs electrolyte. The 1 M Na,SOj; electrolyte was
chosen which was able to give maximum capacitance as compare to other electrolytes for Li
doped and undoped NiFe;O, film electrodes. The typical cyclic voltamograms (CV) in Fig. 5
(A) show SILAR deposited undoped, 1 at. wt. %, 2 at. wt. %, and 3 at. wt. % Li doped

NiFe,O, films at the scan rate of 10 mV/s.

The supercapacitor performance of SILAR deposited Li doped and undoped NiFe,O4
film electrodes were carried out in the 1 M Na,SOj; electrolyte. The effect of at. wt. % of Li
doping on supercapacitor performance of films are revealed that as the Li doping increased
from (a) undoped, (b) 1 at. wt. %, (C) 2 at.wt. %, (d) 3 at.wt. %. As the current under the

curve is increased the specific capacitance of films are increased from 200 to 449 F/g. The
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maximum specific capacitance of 449 F/g is obtained for 3 at.wt. % Li doped NiFe,O4 film
electrode at the scan rate of 10 mV/s. While if there is only NiFe,O, electrode without
doping shows less specific capacitance [24]. It means that Li doping in NiFe,O, thin films

increases the specific capacitance of films.
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Fig. 5 (A) Cyclic voltamograms (CV) effect of; (a) undoped, (b) 1 at.wt. %, (C) 2 at.wt. %,

(d) 3 at.wt. % Li doping NiFe,O, films at the scan rate of 10 mV/s.

In Fig. 5 (B) as a specific capacitance of NiFe,O, thin films increases with doping %
of lithium. The specific capacitance of undoped NiFe,O, thin films is found to be 200 F/g
while for 1 at.wt. %, 2 at.wt. %, 3 at.wt. % of Li doping NiFe,O, films are 323, 379, 449 Flg

respectively.
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Fig. 5 (B) Effect of; (a) undoped, (b) 1 at.wt. %, (C) 2 at.wt. %, (d) 3 at.wt. % Li doping on

specific capacitance of NiFe,O,4 films.

Sr. No. At. wt. % of Li Specific capacitance (F/g)
1 0 200
2 1 323
3 2 379
4 3 449

Table 2. At. wt. % of Li doping and specific capacitance of NiFe,O, thin films.

Table 2 shows doping percentage Li in NiFe,O,4 and specific capacitance films. The

lithium atoms enhance an electrocatalytic activity inside the NiFe,O4 thin films which results
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In more specific capacitance after lithium doping [25]. Our result shows more specific

capacitance due to increases in doping of Li atoms in thin films preparation.
4 Conclusions

In present work comparative study of Li doped and undoped NiFe,O4 thin films have
been successfully studied using cost-effective SILAR method. The effect of 1 at. wt. %, 2 at.
wt. %, and 3 at. wt. % of doped and undoped NiFe,O, films onto their structural,
morphological, thickness, contact angle and supercapacitive properties were studied. As the
doping percentage increases the thickness of Li-NiFe,O,4 thin films are decreases. The
undoped films show crystalline nature of XRD and for Li doped NiFe,O, films amorphous
nature is observed. The lowest contact angle of Li-NiFe,O4 thin films is found to be 27° for
films deposited at 3 at.wt. % Li doping. The specific capacitance of Li-NiFe,O, thin film
electrodes increases with doping percentage of Li up to 3 at. wt. %. The maximum specific
capacitance of 449 F/g was achieved for 3 at. wt. % Li-NiFe,O,4 film electrode. Above all
result shows the specific capacitance increases with doping percentage of Li in the NiFe,O,

thin film.
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