
 
Engineering Science Journal, Vol.3, No.1, July, 2023                                                                                                         27 

 

 
2716-912X © 2023 Ecole Nationale Polytechnique 
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Ikram Djebablia, Ouanassa Guellati, Naima Habib, Aicha Harat, Fahima Djefaflia, Aissa Nait-Merzoug,         

Izabela Janowska and Mohamed Guerioune 

Abstract− Given the issues related to the use of fossil fuels and water pollution, the development and the application of 
new smart nanomaterials for supercapacitors and biosensors has become a vital issue for human and industrial 
societies. Therefore, nanotechnology has given more interest to these areas via micro/nanosystems or nanohybrids 
characterized by interesting composition, significant porosity and texture at nanoscale. In this work, we have produced 
electroactive nanohybrids based on in-situ Ni mono-hydroxide few layers Graphene oxide "GO" using a simple and low 
cost hydrothermal technique under well-studied thermodynamic conditions (120 and 180 °C growth temperature), for 
performant supercapacitor devices. We have carried out the structural, morphological, textural and optical 
characterization of these products and consequently we have specified the relationship between their physico-chemical 
characteristics and their electrochemical properties for ulterior application. Thus, we have carried out various 
electrochemical measurements through Cyclic Voltammetry tests and we have marked the important electrochemical 
properties of these Ni/Graphene nanohybrids in two NaOH electrolyte concentrations (0.1 and 1 M) in order to improve 
the performance of supercapacitors, which have become a socio-economic issue with this nanotechnological 
development. Consequently, these obtained Ni/Graphene nanohybrids have shown a very interesting electrochemical 
results with specific capacities 1863 and 253 F.g-1 for the case of nanohybrid obtained at 6h/120°C in NaOH aqueous 
electrolyte with two different concentrations (1 and 0.1M), respectively. However, for a fixed electrolyte concentration 
of 1M NaOH, both nanohybrids obtained at 120 and 180°C gave specific capacity values around 1863 and 2981 F.g-1, 
respectively. 

Keywords− Energy storage, Supercapacitors, Nanohybrid, Ni Hydroxide, Graphene Oxide, Electrochemical 
measurement. 

I. INTRODUCTION 

The rapid development of human society has led to an ever-
growing demand for energy and serious problems like global 
warming and environmental pollution [1, 2]. At the same time, 
the dependence of modern societies on fossil fuels and the 
rapid strides made in various areas such as industrialization 
has contributed also to these growing energy requirements. 
Reducing these issues is an increasingly important goal that 
can be achieved through developing other low-cost, clean and 
sustainable energy sources/storage technologies. Thus, 

renewable sources (RSs) such as solar, hydro and wind energy 
have become widely endorsed solutions for addressing these 
concerns [3].  

However, due to the large fluctuations in their generation, 
produced electricity from these renewable energy sources 
must be efficiently stored to supply the world with energy on 
demand. Energy storage systems (ESSs) are the key to deal 
with the intermittent nature of renewable energy sources and 
increase the power transmitted into the grid from systems such 
as wind and solar power. In this context, considerable efforts 
have been put into researching and developing most effective 
and practical technologies for more efficient electrochemical 
energy storage devices like: batteries, fuel cells and  
supercapacitors (SCs) [4, 5]. 

In recent years, SCs also referred to electrochemical capacitor 
or ultracapacitor [5, 6] have attracted significant attention, 
mainly due to their high power density, long life cycle and 
higher charging/discharging rate capability [7]. While the 
energy density of supercapacitors is very high compared to 
conventional dielectric capacitors but it is still significantly 
lower than batteries, which limits their adoption to those 
applications that require high life cycle and power density 
[8]. Coupling with batteries (or another power source) is still 
required for supplying energy to longer periods of use. Thus, 
there is a strong interest for increasing this supercapacitors 
energy density to be closer to those of batteries. 

In order to overcome this low energy density obstacle, 
different nanomaterials including carbonaceous 
nanomaterials [6], mixed metal oxides/hydroxides [9, 10] and 
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conducting polymers [11-13] have been used as 
supercapacitor electroactive functional materials. Carbon, in 
its various forms like Single (SWNTs) and Multi (MWNTs) 
Walled Carbon NanoTubes [14], activated carbon fibers 
(ACFs) [15, 16] and carbide derived carbons (CDCs) [17], 
owing to a unique properties combination, such as: high 
surface area, lightweight, good electrical conductivity and 
high temperature stability [6]. However, the application of 
these individual carbonaceous nanomaterials in 
supercapacitors is limited by their high cost and unsatisfactory 
electrochemical performance [18]. Due to their superior 
electrical conductivity, high theoretical surface area of over 
2600 m2.g-1, optical and mechanical important properties [19, 
20], Graphene as monolayer of graphite is expected to play a 
crucial role for energy applications in many fields especially 
in elastic and flexible electronic devices [21] as well as 
photovoltaics [22]. Recently, it has been proposed that this 
kind of nanomaterial should be a competitive electroactive 
material for supercapacitors application [23]. Unfortunately, 
due to the unavoidable aggregation of Graphene films, their 
surface area is usually much lower than the theoretical value 
and its capacitance is generally in the range [100–200 F] [24, 
25]. In addition, they suggest the Graphene oxide which is a 
single sheet of Graphite oxide but it possesses less p-p 
stacking stability, poor conductivity and thus it has been 
theoretically claimed that it is not able to directly serve as the 
electrode material for supercapacitors [26]. Thereby, 
numerous studies have been focused on investigating earth-
abundant alternatives transition metal oxides (Mn, Ni, Fe and 
Co) [27, 28] and transition metal layered double hydroxides 
(LDH) [29] as pseudo-capacitance storage materials. Among 
these alternatives, Ni compounds have captured in recent 
years tremendous research attention due to their high speed 
reversible surface redox reactions [30]. In particular, Ni(OH)2 
possesses a specific properties like high power density, 
excellent cyclability, high specific energy and low toxicity 
[31]. Nevertheless, their relatively low conductivity and 
limited surface area restricts their further application. 

Furthermore, carbon with metal oxides or hydroxides based 
nanocomposites/nanohybrids have attracted great interest with 
high capacitances and good cycling performances [32, 33]. 
Recently, nanocomposites based on Ni(OH)2 and carbon 
materials have been prepared and used as supercapacitors 
electrode. For instance, Ni(OH)2/ 3D Graphene nanohybrid 
were prepared by C. Jiang’s group via atmospheric pressure 
chemical vapor deposition (APCVD) and shows high specific 
capacitance around 1450 F.g-1 at a current density of 5 A.g-1 
[34]. H. Wang et al. obtained 3D Ni (OH)2/GO hybrid through 
a two-step process and their specific capacitance have shown 
90% retention after 10000 charge/discharge cycles [35]. 
Additionally, J. Liu et al. have synthesized using a brief and 
facile hydrothermal method a 3D rose-like Ni(OH)2/rGO 
nanohybrid with specific capacity around 802 F.g-1 at 2 A. g-1 
[36]. 

Consequently in this paper, we present the successful 
synthesis of Ni(HCO3)2, α-3Ni(OH)2.2H2O and their 
nanohybrids with Graphene oxide using a facile and low cost 
urea based free template hydrothermal method at different 
optimized conditions. The new kind of Ni hydroxide based 
nanohybrids which are different than those obtained in 
literature have shown very interesting structural, optical and 
electrochemical properties for performant supercapacitor 
devices. Their electrochemical measurements through Cyclic 
Voltammetry (CV) tests in two different NaOH electrolyte 
concentrations (0.1 and 1 M) show a very interesting specific 
capacities of 253 and 1863 F.g-1, respectively, for the case of 
nanohybrid obtained at 6h/120°C. However, for a fixed 1M 

NaOH electrolyte concentration, both nanohybrids obtained at 
120 and 180°C hydrothermal growth temperature process gave 
specific capacity values around 1863 and 2981 F.g-1, 
respectively. 

II. EXPERIMENTAL PROCEDURE 

All the chemicals, urea (Merck, purity ≥ 98%), Ni chloride 
(Sigma-Aldrich, purity ≥ 99,99%), were of analytical grade 
and were used without further purification. Ni Foam (NiF) 
was purchased from (Alantum, Munich, Germany) with areal 
density of 420 g.m-2 as well as a diameter and a thickness of 
16 mm and 0.2 mm, respectively. 

A. Ni and Ni/Graphene nanohybrids synthesis 

0.1M Ni (II) chloride hexahydrate (NiCl2.6H2O) with and 
without Graphene was dissolved in deionized water for 5 min 
at room temperature. After that, 0.5 M urea (CH4N2O), which 
is highly soluble in water, was added into the solution and 
ultrasonicated for 15 min until a green transparent or black 
green solution was obtained. The last dispersed solution was 
transferred into a 40 mL Teflon-lined hydrothermal autoclave 
system. The autoclave was sealed, maintained at two different 
growth temperatures (120 and 180°C) during 6 hours and then 
allowed to cool down naturally to room temperature. The 
obtained products with distinct colors were filtered and 
washed several times with distilled water and ethanol before 
drying in an oven at 80°C overnight. 

B. Working electrode preparation 

The working electrodes for electrochemical performance 
evaluation of Ni/Graphene nanohybrid material were prepared 
as follows: firstly, a mixture containing 80 wt.% of Ni or 
Ni/GO based electroactive materials, 10 wt.% of carbon black 
(CB) and 10 wt.% of PVdF binder with some drop of NMP 
solvent was well mixed in an agate mortar to form a paste. 
This was spread onto a 1×1 cm2 area of pre-treated NiF and 
dried at 80°C in an oven for 24 h to ensure complete 
evaporation of the NMP. 

C. Characterization techniques 

Detailed physico-chemical properties of these samples were 
examined by using various analysis tools : 

The structural characterization of these nanohybrid products 
were investigated using powder X-ray diffraction (XRD) via 
an XRD D8 ADVANCE-BRUKER AXS diffractometer 
equipped with a copper anticathode tube “Cu Kα radiation” (λ 
= 1.5406 Å), operating at 40 kV and 40 mA with a scanning 
rate of 0.2°.s-1. In addition, their Fourier-Transform Infra-red 
(FTIR) spectra were recorded using a Bruker Vertex 77v 
spectrometer in the wave number range [from 400 to 4000 cm-

1] with 4 cm-1 resolution and analyzed with an Opus software. 

Moreover, the thermal stability of these products were 
measured using a Thermo Gravimetric Analysis technique, 
which was carried out using TA Instruments Q5000 
Simultaneous (DSC/TG) analyzer which allows the 
measurements of the weight change in the products as a 
function of temperature under air atmosphere from 30°C to 
1000°C with 10°C/min heating rate. 

However, the products morphology were analyzed using a 
Field Emission Scanning Electron Microscopy (JEOL 6700-
FEG microscope) operating at 3 kV.  
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The absorbance spectra of the samples were obtained using 
UV-Vis spectrophotometer to investigate the optical 
properties of these nanoparticles. The spectral absorption were 
recorded using ThermoScientific™ GENESYS 10S UV-
Visible spectrometer in the wave length range [100 to 1100 
nm] using quartz cuvettes at room temperature. 

The electrochemical measurements were carried out using a 
Gamry R600 potentiostat (USA) under ambient temperature in 
a three-electrode cell setup using NaOH aqueous electrolyte 
(with two different molarities 0.1 and 1 M) with Pt (platinum) 
and Hg/HgO (mercuric oxide) counter and reference electrode, 
respectively. 

III. RESULTS AND DISCUSSION 

The purity and the crystallinity of as-synthesized products 
were examined by powder XRD diffraction. Figure 1 
illustrates the synthesized Ni mono-hydroxide and their 
nanohybrid with Graphene using free template hydrothermal 
growth technique at optimized conditions.  

For the case of 6h/120°C synthesis condition, four peaks are 
observed at 12.06°, 33.84°, 35.52° and 59.80° assigned to the 
(001), (110), (111) and (300) crystal planes, respectively; 
characterizing the hexagonal structure "α-3Ni(OH)2.2H2O" 
formation according to JCPDS card number [00-022-0444] 
with P-31m symmetry and a = 5.29352 Å / c = 7.32841 Å 
estimated crystalline parameters which are similar to the 
reported values in the literature [37, 38]. Additionally, no 
impurity peaks can be found in these XRD patterns.  

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Fig. 1: XRD diffractograms of Ni mono-hydroxide and their Ni/Graphene 
nanohybrid synthesized by hydrothermal process at two different growth 
temperatures (120 and 180°C). 
 

On the other hand, a second phase proving the existence of 
Graphene was found with its two characteristic peaks located 
at 26.45° and 43.02° corresponding, respectively, to the 
crystal planes (002) and (100) which in accord with the 
literature [39, 40]. However, in the second 6h/180°C synthesis 
condition, we notice a radical change on the formed structure 

of these products due to the effect of growth temperature. So, 
we obtained a well crystallized phase with narrow peaks of Ni 
hydrogen carbonate "Ni(HCO3)2" with a centered cubic 
structure according to JCPDS card number [00-015-0782] [41, 
42]. This structure is recognized through its most intense 
peaks located at 14.80°, 26.1°, 33.70°, 37.02°, 40.34° 
corresponding to the crystalline planes (110), (211), (310), 
(222) and (321), respectively (Table I). Moreover, in the same 
way for their nanohybrids, we found Graphene with his two 
characteristic peaks at 26.54° (002) and 43.16° (100) [43] 

confirming thus the nanohybrid formation as in the previous 
growth condition. 

Consequently, we suggest the following main reactions of the 
urea homogeneous hydrolysis method for the synthesis of Ni 
carbonate or hydroxide : 
Urea hydrolysis : 𝐶𝑂(𝑁𝐻 )  +  𝐻 𝑂 →  2𝑁𝐻 +  𝐶𝑂  (1) 
Ammonia ionization : 𝑁𝐻 +  𝐻 𝑂 →  𝑁𝐻  +  𝑂𝐻 (2) 
Precipitation reaction of Ni(OH)2 : 
𝑁𝑖  +  2𝑂𝐻  →  𝑁𝑖(𝑂𝐻)     (3) 
Carbon dioxide ionization : 
𝐶𝑂  +  𝐻 𝑂 → 𝐻𝐶𝑂 +  𝐻   𝑜𝑟  𝐶𝑂  +  𝐻 𝑂 →  𝐶𝑂 +
 2𝐻  (4) 
Precipitation reaction of Ni(HCO3)2 : 
𝑁𝑖(𝑂𝐻)  +  2𝐻𝐶𝑂  →  𝑁𝑖(𝐻𝐶𝑂 )  +  2𝑂𝐻  (5) 

For further composition study of these products based of Ni 
mono-hydroxide and their (Ni/Graphene) nanohybrids, the 
FT-IR spectra of samples are investigated and shown in figure 
2 (a & b). Common vibration bands are observed in the first 
case of 120°C at 3633 cm-1, [2358-2363 cm-1], 2231 cm-1, 
1363 cm-1, 631 cm-1 and 641 cm-1. The narrow absorption 
located at around 3645 cm-1 is ascribed to the –OH in the 
brucite-like structure [44]. The band around [2358-2363 cm−1] 
corresponds to the bending mode of water molecules [44, 45]. 
The strong absorption band at 2231 cm-1 indicates the 
presence of impurities C≡N due to the used urea [46]. Two 
narrow peaks, which appear at 641 and 631 cm-1 in the low 
wave number region, correspond to the bending of Ni–OH due 
to the elongation vibration of Ni(OH)2 existing in this 
synthesized Ni mono-hydroxide with and without Graphene 
oxide [44-46]. Same peaks are observed also in the case of 
180 °C, beyond a narrow peak at 3260 cm−1 which is ascribed 
to rise from hydrogen-bonded OH stretching [4] and C=O 

elongation vibration peaks which are observed at 1553 and 
2358 cm-1 [44, 45]. Beside the existence of peaks in the range 
of [1365 – 1380 cm−1] that are attributed to C-O vibration 
band of carbonate anions and Graphene network [39]. 

Furthermore, the thermal decomposition behavior 
investigation using TGA and DTG analyses is shown in figure 
3. Four to three distinct regions of weight loss were observed 
in the TGA curves between 200-800°C, afterwards the sample 
remains stable, depending on the nanocomposite component 
phases. 
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Table. I 
CALCULATED CRYSTALLINE PARAMETERS FOR NI MONO-HYDROXIDE AND 

THEIR NI/GRAPHENE NANOHYBRID. 

Phase/Ref 
Crystalline parameters 

a (Å) b (Å) c (Å) 
α-
3Ni(OH)2.2H2O 

5.29352 5.29352 7.32841 

22-0444 5.34000 5.34000 7.50000 

Ni(HCO3)2 8.45699 8.45699 8.45699 

15-0782 8.38300 8.38300 8.38300 
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The corresponding weight loss between [27-230 °C] at around 
12 wt.% is attributed to the evaporation of inter-layed water 
molecules in Ni hydroxides (for 6h/120°C) [44]. Meanwhile, 
the corresponding weight loss between [230 – 500 °C] around 
23 wt.% was derived from the transformation of hydroxide to 
their oxide [44]. Finally, the 7 wt.% weight loss found 
between [500 – 800 °C] is due to the oxidation of 
nanostructured based carbon type Graphene to CO2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 2: FT-IR spectra of Ni mono-hydroxide and their Ni/Graphene based 
nanohybrid synthesized by hydrothermal process at two different conditions 
(6h/120°C and 6h/180°C). 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Fig. 3: TGA/DTA results of Ni hydroxide/Graphene based nanohybrid 
synthesized by hydrothermal process at two different conditions (6h/120°C 
and 6h/180°C). 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: FESEM micrographs of synthesized Ni based mono-hydroxide (a, c) 
and their nanohybrids (Ni hydroxide/Graphene) (b, d) : 6h/120°C (a, b) and 
6h/180°C (c, d). 
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Similarly, for the nanohybrid synthesized at 6h/180°C, the 
mass losses are 2, 29, 3 and 7 wt.% at oxidation temperatures 
found in the ranges: [27-186 °C], [186-401 °C], [401-543 °C] 
and [543-755 °C] confirming also the existence of water 
evaporation due to the presence of -OH radicals, oxidation of 
carbonate to CO2 and transformation of Ni hydroxide to oxide 
without forgetting the Graphene oxidation [44]. At the end, 
the overall mass loss of these nanohybrid products synthesized 
at 6h/120°C and 6h/180°C is around 42 and 41 wt.%, 
respectively. From these thermal results, we can estimate the 
nanohybrid composition to be metal/carbon = 90/10 wt.% 
which may have surely a benefic effect on the electrochemical 
behavior. 

In order to follow the morphological and textural aspect of 
these produced nanomaterials, FESEM microscopy was 
carried out on these samples of Ni based mono-hydroxide and 
their nanohybrid (Ni/Graphene) hydrothermally synthesized at 
120 and 180°C during 6 hours (Fig. 4). Firstly, we can clearly 
observe in the case of 6h/120°C (pure Ni mono-hydroxide), a 
formation of quasi micro-nanospheres at 3D with a porous 
texture and with well dispersed porosity due to an organized 
assembly of nano-needles (Fig. 4 a) [47]. These quasi micro-
nanospheres with a porous texture have diameters around 2.5 
μm. On the other hand, the micrograph represented in figure 
4(b) confirms the formation of two nanostructures in the form 
of well dispersed last micro-nanospheres supported by 
Graphene nanosheets. However, for products of 6h/180°C 
(pure hydrogen carbonate Ni), we have obtained 
nanostructured particles (nanospheres, nanocubs, …) (Fig. 4c) 
which are different than that of the previous condition product 
confirming thus the effect of growth temperature on the 
products morphology which affect therefore their ulterior 
properties. In addition, figure 4(d) shows these nanostructured 
particles supported by Graphene oxide sheets forming 
consequently the in-situ nanocomposites. 

Optical Properties 

Another spectroscopic analysis technique has been used in 
order to determine the optical properties that allow us to 
deduce the gap energies of these synthesized products [48]. 
The optical absorption spectra are shown in figure 5.  

They show an absorption threshold at about 938-1010 nm in 
the case 6h/120°C which can be attributed to a transition of 
electrons from the valence to the conduction band. Further, in 
the case of 6h/180°C, a continuous absorption spectrum is 
observed from 200 to 1100 nm with a slight adsorption in the 
same range. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5: Adsorption spectra of these products for two cases: 6h/120°C (a) and 
6h/180°C (b).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
Fig. 6: Eg values for these synthesized products at two hydrothermal 
conditions: 6h/120°C (a) and 6h/180°C (b).  

Table. II 
ESTIMATED GAP ENERGY EG FOR NI MONO-HYDROXIDE AND THEIR  

GRAPHENE/NI NANOHYBRID 

Products 

Gap optique Eg (eV) 

Direct Indirect 

120 °C 180 °C 120 °C 180 °C 

α-Ni(OH)2 5.10 4.44 4.54 4.12 

Graphene/ α-Ni(OH)2 4.90 3.50 4.35 3.21 
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The gap band energy value (Eg) was calculated by using the 
following standard Tauc expression [45]: (𝛼ℎ𝜐) = 𝑘(ℎ𝜐 − 𝐸𝑔) 

where α is the absorption coefficient, k is a constant, hν is the 
incident photon energy, Eg is the gap band energy of the 
material. The value of n is 1/2 or 2 depending upon whether 
the transition from valence to conduction band is direct or 
indirect.  

The extrapolation of the linear part in figure 6 that meets the 
abscissa gives the values of the gap energy Eg of these 
products between 3.21 and 5.10 eV as are listed above in the 
table II. The best values were found with nanohybrid of 180°C 
growth temperature with nanostructured particles cubs and 
spheres shape composed of Ni(HCO3)2/Graphene 
composition. 

Electrochemical Properties 

The cyclic voltammetry (CV) tests were carried out in the 
potential range 0 to 0.65 V at increasing scan rates ranging 
from 5 to 100 mV.s-1. Figure 7 shows the obtained CV 
voltammograms at a scan rate 5 mV.s-1 in this investigation 
where we have the current density measured as a function of 
the applied voltage via Hg/HgO reference electrode.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7: Voltammograms (CV) of Ni/Graphene nanohybrid synthesized using 
hydrothermal method at two different conditions: electrolyte concentration 
and growth temperature effect. 

These cyclic voltammetry curves clearly show a quasi-
symmetric electrical response with ΔEP = 136 mV and 151 
mV for obtained nanohybrids of 6h/120°C and 6h/180°C 
hydrothermal condition, respectively, thus proving the 
reversibility (ΔEP ˂ 200 mV) of the electrochemical 
phenomenon in this potential range for both samples in 1M 
NaOH as generally reported in the literature [41]. The shape 
of these CV curves allows distinguishing the electrochemical 
mechanism involving these nanoproducts during the charge 
shift in the used aqueous electrolyte. Accordingly, they 

represent cathodic peaks for the reduction process (bottom) 
and anodic peaks for the oxidation process (top); which 
consequently confirm an oxidation-reduction (Redox) 
mechanism. This confirms so a pseudo-capacitive or Faradic 
mechanism specific to transition metal electroactive materials, 
as reported in the storage energy literature [41]. Moreover, we 
confirm this mechanism via the peaks existence of the 
following redox reaction:        

𝑁𝑖(𝑂𝐻)  + (𝑂𝐻)  ↔  𝑁𝑖𝑂𝑂𝐻 +  𝐻 𝑂 + 𝑒  

In addition, with increasing scan rate, we clearly can see also 
similar CV responses shape where anodic peaks shift 
positively, while their cathodic peaks shift negatively due to 
the internal resistance of the electrode that arises from the 
diffusion of the electrolyte ions within the electrode [49]. This 
phenomena was be accompanied with increasing current 
densities revealing higher charge storage; but this low shifting 
indicate the excellent EC reversibility and outstanding high-
rate performance as found generally in literature. 

The gravimetric specific capacitance (Cs in F.g-1) values were 
calculated according to the following equation [44] :  

𝐶𝑠 =  
∫ 𝐼 𝑑𝑉

𝑚 𝜈 ∆𝑉
 

where m is the mass of the loaded active material (in g), n 
represents the scan rate (in mV.s-1), ΔV (Vc - Va) refer to the 
potential window between high and low potential limit of the 
CV curve, ∫ 𝐼 𝑑𝑉 is the integrated area under the curve for the 
cathodic current of the CV curve (in mA.V) 

Finally, these electrochemical CV results were also used to 
estimate the very interesting specific capacity values for each 
product that is around 1863 and 253 F.g-1 for nanohybrid 
obtained at 6h/120°C in two different NaOH electrolyte 
concentrations 1 and 0.1 M, respectively. However, for a fixed 
1 M NaOH aqueous electrolyte concentration, these two 
nanohybrids obtained at 120°C and 180°C gave specific 
capacity values around 1863 and 2981 F.g-1, respectively. 
Consequently, they show very attractive specific capacity 
more in the case of Ni(HCO3)2/Graphene nanohybrid based 
nanostructured cubes or spheres particles with low gap energy 
proved by previous optical properties. This experient has 
proved the efficiency of carbonate ions as well as the 
nanohybrid composition basing on transition metal and carbon 
at nanoscale. 

IV. CONCLUSION 

Simple and low cost hydrothermal method was employed to 
synthesize Ni hydroxide and Ni hydrogen carbonate and their 
nanohybrids based on Graphene nanosheets. The as-prepared 
products are studied by different characterization techniques 
to determine their physico-chemical properties. The results of 
the crystallographic analysis using XRD technique showed 
that these nanomaterials have quasi-amorphous nanostructures 
type hydroxide and carbonate at 6h/120°C and 6h/180°C, 
respectively. Then, this structural information is confirmed 
through their FTIR spectra by indicating the existence of the 
characteristic bonds such as Ni-OH and –OH groups linked to 
the existence of water in the case of the product with pure Ni 
mono-hydroxide kind, as well as added bonds of carbonate 
CO3

-2 in Ni hydrogen carbonate with C=O in the case of their 
nanohybrids basing on the Graphene existence (precisely 
Graphene oxide GO).  

-0,1 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7

-30

-20

-10

0

10

20

30

40

C
u

rr
e
n

t 
D

en
si

ty
 (

A
/g

 )

Potential Ewe VS. Hg/HgO (V)

 1M NaOH
 0.1M NaOH

6h/120°C

139 mV

205 mV

 

-0,1 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
-60

-40

-20

0

20

40

60

C
u

rr
en

t 
D

e
n

s
it

y 
(A

/g
 ) 1 M NaOH

Potential Ewe VS. Hg/HgO (V)

 6h/120°C
 6h/180°C

151 mV

136 mV

 



33 ENP Engineering Science Journal, Vol.3, No.1, July, 202 

 

Moreover, the electrochemical measurements through their 
CV tests in two different NaOH aqueous electrolyte 
concentrations (1 and 0.1 M) show a very interesting specific 
capacities around 1863 and 253 F.g-1 for nanohybrid obtained 
at 6h/120°C, respectively. However, at fixed 1 M NaOH 
electrolyte concentration, both nanohybrids obtained at 120°C 
and 180°C gave specific capacity values around 1863 F.g-1 
and 2981 F.g-1, respectively, proving in consequence the role 
added of CO3

-2 and –OH ions in electrochemical performance 
improvement besides metal transition nanocubes and 
Graphene conductivity. 
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