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SYNTHESIS AND ELECTROCHEMISTRY OF 3D NAxSNO1.x/G (0.3 < x < 0.4)
COMPOSITE ELECTRODE FOR SUPERCAPACITOR APPLICATION.

M. Alpha., U.E. Uno., Isah K.U. and Ahmadu U.
Department of Physics, Federal University of Technology Minna, P.M.B 65, Minna, Nigeria

Abstract

Studying the electrochemistry of NawSnQ1./G composite (0.3 < x <0.4) as an electrode
material for supercapacitor application, the reduce graphene oxide (G) was synthesized
using an improved modified Hi 's method and the composites electrode material
using hydrothermal reduction method. The electrode NaSnQi. (x = 0.4) gives the
highest specific capacitance of 103.5 F/g, energy density of 26.4Wh/kg and power
density of 205.9 Wikg after one cycle and after 1000 cycles CV test, it gives the highest
capacitance efficiency, equivalent to 94.7 % capacitance retention. The electrode
NaxSnOi (x = 0.3) gives the lowest specific capacitance of 102.6 F/g, energy densiry
of 25.5Wh/kg and power density of 152.1 W/kg after one cycle and after 1000 cycles
CV test, it gives the lowest capacitance efficiency, equivalent to 93.9 % capacitance
retention. This research highlighted the inmportance of introducing Na doped SnQ in
the network of the reduce graphene oxide in order to enhance the electrochemisiry of
the compuosite electrode for supercapacitor application.

Keywords: Reduce Graphene Oxide, Capacitance, Energy density, Power dlensity, Electrode

1. Introduction

The increasing demand for a reliable and sustainable source of energy for technological growth and development has
facilitated increase in funding energy related research. The increase in the world population and advancement in technology
‘has also created an increase in the global demand for energy use ranging from small scale domestic applications (in terms of
‘personal use) to large scale industrial applications for transport and manufaciuring purposes.

This has led to an increasing interest in renewable energy-based research for generating a much cleaner and safer energy
generation/conversion system. Therefore, there is also a need 10 build a reliable and efficient energy storage sysiem o
preserve the excess generated power for use when required for specific applications. Such storage system must possess high
energy and high power densities in order to provide a robust storage capacily alone with an instantaneous/rapid delivery
capability respectively. Nowadays, semiconductor metal oxides, carbon materials, and conduciing polymers are applied as
basic pillars for electrodes [1], [2]. The carbonaceous substances indicate best physical and chemical properties while the
polymers with conductivity properties present high pseudo capacitance, low cost, conductivily, best emergy density.
However, EDLCs have the best pore-size and surface area. Then, pseudocapacitors with transition metal oxides materials can
present excellent specific capacitance and encrgy storage density. Carbon materials have been applied as framework to
support Na-ion host materials, such as phosphorous [3], Sn-based compounds [4], in order to increase the electronic
onductivity ol electrode matenals during charge/discharse processes. Graphene has been widely used as effective building
locks for these purposes, owing 1o its high electronic conductivity, two-dimensional structure with high surface area, and
fexibality. In order to meet the demand of high energy slorage, numerous ¢fforts have been devoted 1o enhancing the
lectrochemical performance of the graphene-based composite materials based on rational material manipulations [5].

118 very important o note that among tin oxide compounds, tin dioxide (Sn05) and tin monoxide (Sn0) have atiracted much
iention due o their potenual applications in oploeleciromic devices such as solar cells, displays, sensors, and
mplementary oxide-thin film transistors [6]. The existence of different oxidation states in tin ion makes it more beneficial
have non stoichiometric tin oxide phases. SnO; is generally an n-type semiconductor due
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1o the existence of intrinsic defects such as oxygen deficiencies and tin interstitials, but SnO exhibits p-type conduct
relatively high hole mobility originated from the tin vacancy. From the literature coneerned, most research work it
has paid attention 10 SnOz, whereas experimental reports on SnO are fewer because of its mela-stability and tendescs
transform into SnOzat high oxygen pressures [7]. However, interest in SnO has been recently resurged because o
difficulty in obtaining high quality p-type oxide semiconductor such as p-type-doped NiO and Cu0. It is believed ther
type conductivity of Sn0) can be further improved by proper doping [8]. [9]. 4 counter elecirs
Pure graphene can be modified by oxygen or other heteroatoms to show increased electrochemical capacitance. Such s gom SE and RE.
attributed tw the redox activity enabled by the hetero atoms, known as pseudocapacitance which is the same as or compassihe CIT1G04E Ele
with the common capacitive behaviour that is featured by rectangular eyelic vol grams| 10]. It is commenly cons. sible thermod
to result from electrode surface confined electron transfer reactions and hence is Faradaic in nature [11]. Howeves (rode confizy
rectangular CVs of pseudoeapacitance are in contrast to those peak-shaped CVs that can be predicted from the Nernst :.-quzclmde and As
for single or multiple clectron wansfer reactions in surface confined battery-type materials. The differences betwess Swsedium for cur
Faradaic capacitive and Faradaic Nernstian electrode reactions are claimed to result from, respectively, the wansi= qhmccmmi of1
partially delocalised and localised valence electrons, although no theoretically justified explanation has yet been repesatiork.

[12]. However, current studies on laboratory made graphene oxides (GOs) have not vet revealed well-defined em:u

Electrochemi
electrochemsc
clrascopy (EIS
rochemical A
arode (WE) wa

structures which bring difficulties 1o resolve the electronic structures, Further, oxygen in GOs is known ta only exist in 2 fow Results
forms [13]. 81 Results

“he structural p
2. Experiment nd SEM.

2.1 * Methods .

The Reduced Graphene Oxide was synthesis using modified Hummer’s methods and the composite material mn!j._l.l 1 R-n,r:“ll
hydrothermal reduction method at Advanced Chemistry Laboratory, Sheda Science and Technology Complex (SHESTC f'gme S
Abuja, Nigeria. All apparatus for the synthesis were washed with distilled water and then dried in an electric oven at 67

for 30 mins before used.

2.1.1  Synthesis of Reduced Graphene Oxide (G)

Sg of graphite, 2.5 of NaNOsand 115 mL H2S0,. (98%) were added together and stirred for 30 min using a magnetic simes

The mixwire was then transfer into an ice bath, then 15 2 KMnOy, was added slowly to mixture and maintained at below 20 :
°C, afier the KMnO, was added, the temperature Was then raise to 35 °C and stirred again for another 30 min, 230 ml & E
distilled water and ascorbic acid (5 mg dispersed in 10 mL of water to produce a 0.5 mg mL"") 1o aid reduction was thes
added slowly to the mixture and temperature raised to 98 °C and stirred for another 15 min. At the end of the 15 min, 400 =
distilled water and 50 mL H20sat 30% was added to the mixture then filtered and then wash with 1 M HCI then with 100 mi | 3
DI water and we get a cake of the reduced graphene oxide and dried in an electric oven for 60 min,

woh

2.1.2  Synthesis of Na doped $SnO reduced graphene oxide (Na:Sn0h.4/G) composite (0.3 < x <0.4)

Figure 1 Ras
10 mg of the G was dispersed in 20 mL of water to produce a 0.5 mg mL"! completely water dispersed G. [he Ramasn
1. G solution (0.5 mg mL™") was mixed with 10 mL of water containing (7 mg $nCl>.2H-0 and3 mg NaNOs),ascorbic acid (= characteriss

mg dispersed in 10 mL of water to produce a (1.5 mg mL) to aid reduction and 10 mL of ethanol to aid homogeneity for the
synthesis of Nag 38105 »/G composite
1. G solution (0.5 mg mL™") was mixed with 10 mL of water containing (6 mg SnCl.2H,0 and4 mg NaNQ); ascorbic acid (=

oxide and &
gmph"l.lﬂ- T

'Il“ld 5
mg dispersed in 10 mL of water to produce a 0.5 mg mL™") to aid reduction and 10 mL of ethanol 10 aid homogeneity for the i.r‘m-,lﬁlmc
synthesis of Nag,Sn0y ¢/G composite, em?. The B
The whole mixtures in (1. 1i.) were sonicated at 60 °C for 3 h in a bath sonicator. After sonication the sample is then dried = 4.0 compos
an electric oven at 60 °C for 60 min. been caused
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ity *.1.3Elcctrochemical Analysis
m the g he electrochemical analyses of the samples were carried using Cyclic Voltammetry and Electrochemical Impedance
¥ tendenc: spectroscopy (EIS) tests from a CHI604E Elecirochemical Analyser, controlled by EC-Lab VIO.37 software. The CHI604E

cctrochemical Analyser is an electronic instrument designed to control the potential difference (E) applied to the working
dectrode (WE) with o current flow (in form of either a half cell or a full cell), a reference electrode (RE) with no current and
e counter eleetrode (CE) through which current leaves the electrolyte while measuring the potential difference between the
VE and RE.

e CHI604E Elecuachemical Analyser generates characteristic eyclic voltammelry curves which give us information on the
ossible thermodynamics of eleetrochemical reactions of the system. All tests in this study were carried out in a three
clectrode configuration with the active material serving as the working electrode, a carbon rod serving as the counter
clrode and Ag/AgCl serving as the reference. A 2 M KOH aqueous solution serve as the electrolyte which provides a
sedium for current flow and ion interaction. Although the natre of ele~trolyte is very important for an efficient

sthancement of the performance of supercapacitors, comparison of different electrolyte types is not within the scope of this
ork.

Results and Discursion
3.1 Results and Discussion on Structural properties

“he structural properties of the composite materials were analysed using the following characterisation; the Raman analysis
nd SEM.

311 Raman analysis
igure | gives the Raman spectra of the NaySnOy (0.3< x < 0.4) graphene composites.

Irkremiing b v

1200 ]
[Raman Saat fom °)

(@)

:gurc 1 Raman spm,lm for (a)'Na,Sn0| <G (x=0.3), (b} Na:SnOn xf(.! (x=0 4)

he Raman spectra for the smnpls were obtained using OnginPro 2018 software and provide the best signature for
haracterisation of grapl ples and composites. The D band is the defects and disorder mode in the reduced graphene
wide and its composite material, while the G band is the sp*bonded vibration from carbon atoms (hexagonal lattice of
wphite). The G and the D band are due 10 the bond stretching of all pairs of sp* atoms and the vibrating modes of the sp*
wond 5]

som figure |, the Raman shift for the composites give a D band value of about 1348 em™ and a G band value of about 1500
. The Raman shift gives the Ip/lg intensity ratio of 1.04. From figure 1 a shifi of the D band intensity was observed for all
e composites. This shifi may have origihuled from structural distortion of the reduce graphene oxide [12] this may have
wen cased by the different bond distances of C~C atom and C-Na, C-Sn atoms owing to the introduction of the 3D doped
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metal oxide in graphene networks. The Na dopants mteract with the Sp* providing additional active sites in the co=s
material which results in a strong coupling between the metal species and the reduce graphene oxide, resulting in shef
D band. The shifi in the D band intensity may also be due to slight change in temperature during the synthess = :
composile material.
From the relative high intensities of the 1D and G band, it can be coneluded that the size of the sp? domains increase de

reduction of the graphene oxide. From figure 1, decrease in the intensities of the G band relative 1o the D band was
observed for the composite material, this demonstrated that defect are more easily introduced into thinner reduced g
oxide sheet which is as a result of the siretching of the sp2atom, which can be attributed to the presents of the 3D dopes
oxide within the layers of the graphene, this agrees with the report by [14]. This decrease in the G hand intensities r

D band in the composites materials reveals the disorder present in the sample. which can facilitate the trapping of jors
the electrolyte. The present of only D and G band in the composite material is a clear indication of the incorporation o

doped metal oxide into the reduce graphene oxide and this reflect the good erystallinity of the doped metal oxide =
composite material.

Results and |
e electrochen
cetrochemical
he eyelic volta
1e of 100 mVs

pectroscopy an

Current densiiy

3.1.2 SEM Analysis
Figure 2 give the SEM images ofNa,Sn0;./G (x-=0.3), Na,Sn0,./G (x=0.4),

S > : Figure 4Nvg
Figure2SEM images for (a) NaySnOy.5/G (x=0.3) (b) NaySn01.4/G (x= 0.4) The specific|

Figure 2, a relatively uniform porous surface structures were observedin the doped metal oxide graphene composiles

Co= ——
were (ﬂ)s{'n’ﬂ] to increase with increase in the doping concentration for the composite materials, The SEM images inds thn: zf:,?
that there was a slight increase in the number of grain boundaries, signifying a breakdown of the surface coalescence =a e and e
increasing dopant concentration. However, since all the samples were synthesis under identical conditions, an almost simie The eneray ¢
microsiructure and surface morphology was seen in all the doped metal reduce graphene electrode composites irrespective o En= 1c
the doping concentration. hiT e

Graphene layers interacting by means of van der Waals forces [15] and form an open pore system, through which electrobn: Where (58

The power 1

ions can easily aceess the surfaces of the graphene, which facilitate the formation of electrie double layers and improve e 8
dielectrie m

clectrochemical utilization of Na, and Sn nanoparticles into the network of the composite electrode. The doped metal oxide

improve the accessibility due 1o their metal-cation and regular 3D dispersion in the structure of the electrode. Agglomeration assnmmui ¥
adversely affects the performance of the reduced graphene oxide as an electrode by preventing electrolyte ions from P = im
penetrating into the reduced graphene oxide layers [16]. The doped metal oxide is being used as a spacer 1o preves Where ESE

agglomeration, and thus avoid the loss of their high active surface area which ensures high electrochemical utilisation of fe
reduced graphene oxide and also contribute to the wial capacitance. The SEM images in figures 2 shows that the doped mess
oxide is sundwiched chemically within the layers of the reduced graphene oxide, resulting into 3D architecture malerial e
reveals good quality dispersion. The lateral grain size of the reduced graphene oxide and composites material exhibits a wide
distribution, ranging from 80 pm to 100 pm.
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3.2 Results and Discussion on Electrochemical Analysis

The electrochemical properties of the composite materials were analysed using Cyclic Voltammetry (CV) and the
Electrochemical Impedance Spectroscopy (1:1S) analysis.

The eyclic voltammograms from the Cyclic Voltammelry analysis forNaSn(y./G (x=0.3) andNaSn0,/G (x=0.4)at a scan
rate of 100 mVs'L. current density of 100 mA/g is given in figure 3. The Nyquist plot from the Electrochemical Impedance
Spectroscopy analysis for NaySnO1yG (x=0.3) andNa,Sn0../G (x=0.4) composites electrode materials is given in figure 4

g
£, g
2 2
£ E
S . S .
own oA A A W a1 €4 we A 0B 4T 04
Potential (V) vs, AgiagCl Putential (V] vs, Az'Ag(l
(a) (h)
Figure 3 Cyclic Vollammogram for (a) Na,Sn0/G (x-=0.3) (b) Na,SnO./G (x= 0.4
- .'" . Z
: B 7y
2 £ £
.'l-: ;_; 14 f':
- =y
T % % B A n S e T T SR AR
FARNT T FARNT T
{a by

Figure 4Nyquist plot for (a) NaySn0,1./G (x-=0.3) (b) Na,SnOh./G (x= 0.4)
The specific capacitance (C,) was caleul
3 s

Gy

ted using the equation;

2mk(E) ()
Where Cyis the specific capacitance, S is the total charge surface area, m is the mass of the electrade material, k is the scan
rate and E is the value of the electrode potential.
The eneray density (Ep) and power density (Pp) were calculated using equations
Ep= 5CV* @
Where C is the specific capacitance in Ffa. V is the electrode potential in volts
The power is the energy expended per unit time and since the capacitor usually consists of the current collector, electrode and
dielectric material. there will be an associated equivalent series resistance (ESR) from these extra components. As such; the
associated maximum power density the cell can deliver is expressed as:

2
Py = g (3)
Where ESR is the equivalent series resistance and M is the total mass of active material. The values of the equivalent series
resistance (ESR) for the composites electrodes were obtained from theNyquist plot in figure 4. The summary of the results
{rom the electrochemical analysis is given in lable 1.
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: ] “onclusiol
Table 1 Summary of results from clectrochemical analysis for one evele b

et Mass (g) Cop(F/g) ERS (0) Fo(Whikg)  Pp (Wikg) electrode T
or density of
0.151 102.6 4.0 255 152.1 ivalent to 94.7

NaogSn0y /G : clectrode Na,

(x=0.3) wer density of !
- aghest capacs
Na, 800 /G Acknow
(x=0.4) 0.161 103.5 30 26.4 2059  authors sck
2 ; ; L ] i h amplex (SHES
The electrochemical properties and capacitance measurement of the composite electrodes were studied using three elecs
system by cyclic voltammelry (CV) and electrochemical impedance spectroscopy (EIS). The CV curves give 2 o cferences
rectangular shape due to the kinetics of electron transportation in the electrode material and the jon adsorption-desorptes 1) Vinod.
the electrode and electrolyte interface and also due to the substantial contribution of pscudacapacitance to the system T3 oxide |
also agrees with report from [17]. y of Mol
From table 1, it was observed that there was increase in the eneray density. power density and specific capacitance of 2 Bidha
composites electrodes with increase in doping concentration of the cations (Na) in the composite electrodes. This is due to Extre
expansion of the active sites when the 3D Na,SnOy, (0.3< x < 0.4) materials were introduced into the network of a=N3] Qian.
reduce graphene oxide. This agrees with the work of [8]. The increase in the capacitance is due to the mixed proton-clecemm of o
conductivity from the cations and the electrolyte ions. This increase in energy and power density with increase in dopms B(4] Liu.
concentration 1s also attributed to increase m charge surface area which decreases diffusion distance: this could be attribui— dens
to high Na * diffusion coeflicient. since ions diffusion is ane of the most erucial processes that control the redox reactsn 151 Hsu,
within the elecirode material [3]. The greatly enhanced specific capacitance for the composite is probably due to B prac
synergetic effect between the reduce graphene oxide and theNaySn0.4(0.3< x < 0.4) material. This not only effective’ (61 Mel

mhibit the stacking/agglomeration of the reduce graphene oxide but also improving the high electrochemical utilization of 5+ | sup
composites electrodes.

n Al
EIS-measurement was camied within the probed frequency range of 100,000 to 0.1 Hz. It can be clearly observed that the e
impedance curves from the figure 4eonsist of an are and followed by a slanted line in the low frequency region. While in the ‘ 18]
high frequency region, the intercept of the semi circle on the real axis of the Nyquist plot represent the solution equivales: mi
series resistance which can be correlated to the Ohmic resistance of the electrolyte in the system and the charge transfe: M
resistance between interface of the electrode materials and the electrolyte. The Warburg impedance is related to the A 191 A
diffusional impedance of the electrachemical system which is employed to fit the straight line at the intermediate frequency (¥
followed by a near vertical line at the lower frequency region [18-23]. From table 1, a decrease in ESR for all composite wii noy E
inerease in doping concentration was observed. This is due 1o the increase in the current response with increase in dopin: (
concentration. The decrease in the value of the ESR implics, the improve conductivity of the composite electrode and i a1
“‘enhances their capacitive performance, which is in accordance to the results obtained from the CV measurement. This
decrease in ESR resulted in the increase in power density for the composite electrodes. 12
The cychie stability of the electrode material is a crucial and important paramieter 1o rank the performance of the enerey
storage application |19, 24]. The electrochemical :~lnl1i\iily ol the composites electrodes were wu]‘ualcn! by repeating the (% (131
test hetween 0.0 and 1.3 'V at a scan rate of 100 mV/s for 1000 eyeles under the same condition of the clectrocheinical sei-i

applied for one cycle. The composites electrode showed o gremly improved eycling stbility and demonstrated the posin
synergistic effect of NaySnOy (0.3 x < 0.4) material with the reduce graphene oxide as composite electrode o meet 1 (14}
requirement for high energy and power density. The electrodeshowed greatly improved cycling stability and demonstated
the positive synergistic effect of NagSnOy, (0.3 £ ££0.4) material with the reduce graphene oxide as compusite clectude w0
meet therequirement for high energy and power density. The elecirode NaSnO/Gix = 0.4) after 1000 cycles CV test 3t
mves Y8.0 /g with the highest capacitance efficiency, equivalemt to 94.7 % capacitance retention. The electrode Nu,Sn0)

Ax=0.3) after 1000 eyeles CV test, it gives 96.3 T/g with the lowest capacitance efficiency, equivalent ta 939 %

X 5
a C-"l[L'lI: ience
retention. ;
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4. Conclusion

The clectrode NaySnO (x = 0.4) gives the highest specifie capacilance of 103.5 Fig, energy density of 26.4Wh/kg and
power density of 205.9 Wikg afier one cycle and afier 1000 cycles CV fest, it gives the least capacitance efficiency,
equivalent to 94.7 % capacitance relention,

The clectrode NagSn0,, (x = 0.3) gives the lowest specific capacitance of 102.6 Fle, energy density of 25.5Wlvkg and
power density of 1521 Wike afler one eyele and after 1000 eycles CV test. the electrode material Na,SnOy, (x = 0.3) gives
the highest eapacitance efficiency, equivalent 1o Y3.9 % capacitance retention.
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