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Reduced graphene oxide Nano sheet Decorated Nb2Os composite
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Abstract

Facile synthesis of rGO-NbO)s composite lor energy storage studies has been reported
Graphene oxide (rGO) was prepared by the modified Hummer's method The metal oxide
(Nb20<) was introduced 1o the rGO to form the composite by the hydrothermal method: The
prepared samples were characterized by Xeray diffraction, scanning electron microscopy,
Fourter  wransform  infrared  spectroscopy  and  UV-Visible  spectroscopy.  The €V
measurements reveal a significant enhancement - electrochemical reversibility and the
specitic capacitance of rGO and Nb:Os/rGO were found to be 45 Fa' and LI0-Fg'!
respectively These results indicates that capuacitive behaviour and electron transfer of
Nb:O<r(GO nano composite was predommantly more compared 1o rGO. The charge-
discharge curves display well-symmetry and lincar deviations with change ol the time
idicating superior capacitance. This 1s mainly because ol the clectrode veversible reaction
and also revealed that as a kind of super capacitor electrode materials. The obtiined clectrode

materials showing the highest specific capacitance with excellent rate capability.

Keywords: rGO, Nb:OQ:/rGO composite, characterization, energy storage studies.
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1. Introduction

ndustry and research centres around the plabe are copiy o address the world-wide enerey
demand and are competng with all available aliernatie rechnologies  Suaper vapaciior,
sigmiy an attractive alternative for portable cleetronies and automotive apphications due 1
their high speaific power and extended e In fact, the erowme demand af portahle svsiems
and - hybrid - electne velaeles,  meman proicction - complementany - metal-oxide-
SEI LTI logic aircuit, vapour-campression refrigeration svstem (VORsy €D
plavers, PCs and UPS 1 seeurny alarm SYSIEMS. Temote sensing, smoke delectors ete. require

high power in shon-term pulses [ 1]

Reduced graphene £ [
duced praphene avide (FGOT metal oxide nanocompostie s the trendmy field,

with applic: ; -
pplications i hatteries, supereapacitors, tracme awud ahsorpnon ol heass and toxae

clements T
s I\hl)‘l“ n"nl’.\ TS ll\\: (l(.‘.l.'r;\lluhllll_ l’”\' H!!"-l-l‘\,‘ Continy s }\?.\\‘-”\\lf\ .II\\I

clectroctalysis , NN ; e
: maxide fuel cells §2-9] Many snches have observed (GO nang composity

materials decornte
decorated with myetal and repored that the resalmge materials hasve enhineed

Wopere At are abse |
Praperties that are absent i their s winal camponents | 10

The functionalization of metal o nanogomposite on the grapheie it mpreves

the performance of et -
Performance of imetal oxide msnocomipasite, which exbh properties ke aeelemernation
and Ostwald rpening. The vomposite ol saphene swoth meral vaades Ghe S0 A0

A

I Yt )s § e

CosOa NboOs, VO Fetd amnd Rty b Prosaedd e gl ey, s ol crron e aloand
psucdocapacitunce behas wnn OYCLCORIR T P ves e ae tadneall clectrneal
{'Undl)k‘“\'ll_\'. PUU( L‘]C(llsl\’h(ll]l(;\l v b gl NTETS TS (AL TSR | R TSR L L T A TR ATRTY

syvslem cnn.sx,\(ing ol pr;sp]mc cathode and NI Oy ey Toes ot teated S s tatslity s

hvbrd supercapaciton | Lo

Synthesis of reduced graphene oxade NbO- sanocotposite and s steaceead optical and

clectrochenucal properties have been reported Shishan O ot ol studied the photocataly g

R B R

appheations  of  graphene nanoclusier  decorated  mobua oande anasiber |
Nb:Os graphene based pscuda capaciine electiode tor asvmimictnne supereapac tor dis beet

reported by Kong et al with a specitic capacitance vadae af SCEac b o 2 e s W gy o

al I'C]‘\‘ll'lcd the  labnication of  Invbid Glectrochenneal canacnoe St o minder e
Nb:Os geaphene and studied the electrochemial claricienisies wi soe b e i
capacity of SN T’ art 01 g [PHONR U anchored erapnen. \/:__;::,:~ ST
gy e Y PRINCIPA
= ™ Sri Jagadguru Renukachzsy~ ©~'7e
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; 34 e 't

o aanee value ol 341

anthestized with low amount of graphene content with the capacianee

gns Ag ' [20]

: IL‘\ *'I'\'
| ! WA ||'\\l“]l1(l\| \
|I1 ‘h I‘[ S My e !\_';lllml. ll\L‘ \Il!hr\\\ ﬂl vl '[ ) \4" ( 1, Nt

| | | ¥ th' I‘Ill“.l“l)l\ 0
‘ \l|l|l|H.1|!|.l| 111 '\l U\l I\(], ] "“wn ] ree (~l]|{‘|| ‘ lu\ ”\L‘”I\‘l‘ Ik'\ll“\d (811

saesneosurfaees: The
homogencous composite with uniforn distnbation ol Nbpte on the graphe!

fusesas as . 2 . g MIPOSHesS WeTe
structural, eptweal and clectrochemical properties of the r(GO-Nh:() nanot |

£ e A s e and Nbx():
\\\IKHLIII\\l“\ studied and the results were L'Ul“["i“'k"l with ure ."”“PhLI

manoparticles

Y1 Materials and Method

20 Materials
e materials used tor the entire work with all the speaifications. purnity. grades. structural

 chenueal formulas with supphier names are mentioned in the Table |

‘e d Deralls abowr the chemicals used

\aterials : Formula Specifications Suppliers
soedium Nitrate NaNQO; Molar mass: 84 9g/mol Merck, Bangalore
~alphurnc acid 1280 Molar mass: 39.9 g/mol  Sigma Aldrich
vivdrogen peroxide H:0: Molar mass: 34.01 g/mol  Merck, Bangalore
Citasstum permanganate KMnQO: Molar mass: 1380 g'mol  Merck.Bangalore
cobium chlornde NbCls Molar mass: 270.1 7g/mol  Sigma Aldrich
n-Sodium citrate Na:CoHsOr  molar mass: 294 10 g/mol Merck

sadium Sulplite NaxSOs molar mass: 126.0 g/maol  Merck, Mumbal

2.2 Experimental
2.2.1 Synthesis of Graphene Oxide (GO)

Graphene oxide (GO) was prepared by lg NaNO: and 2g of graphite powder was added o

1000ml beaker which was placed in ice bath and temperature was maintained from 0-6°C.

I — _‘__”——_— -
Tl 43
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Then 98%u HESOL was added 1011 slowly The reaction misture with 1ee bath was kept on

magnetic strrer with constant stirmmge Accnrately g of KMnOwas added very stowly

mstalments with ducation of 3 howes While addmg KMNaO: the nustane starts 1o spill and

L X . nl
T TV BSOS 15 o INSRRTaIE catiian T e Tk Jvond explosion Atter 2 hours

the beaker was remoy ed trony e bath ad was placed onachot plate with m ineticshirrerand

femperature wis maontmned ar S0 The colour slow v chages 19 hrawnish hlick and the

temperature was inereased ¢y ey halfan hour Afier 2 hours add 1o ml ol 10 with constunt

stiering and by tming o heat Then 8O ml 1O was added to erminate the reaction and 10

remove exeess KNMnOs When ppt settles down vellow colour suolutton s obtained  The

obtained solution was filtered using Buckner funnel and thea placed in hot airoven af less

than 90 ¢ overmight

2
“sd

Y Py : Do) Sl :
.2 Preparation of Nb:OsrGO nanocomposites

In & typical synthesis process. 0.3 ¢ of the reduced graphene oxide was dispersed in distitled
water and sonicated for 3 b Then 0.1 g af NbCls was added and stirred using a magnetic
stirrer Adter 1h, 1% sodium citrate was boiled far §§ minutes and 100mg ol sodium sulphite
m S ml of distilled water were added to the solution and stirred for 3 hours, cooled to the
room temperature. The solunon was filtered using 4 Wattman filter paper and the product

washed with distilled water and ethanol for several times. The prepared composite solution

was dried in vacuum at 333K for 24 h 1o obtain the rGO-NbxO< panocomposiie.

3. Result and Discussion
3.1. X-Ray Diffraction Studies

[he phase composiion and  the coystalliity ol the powder was detected by Xeray
diffractometer using the Shimadzu-7000 X-ray diffract meter with monochromatized Cu Ka
radiation. The NRD of rGO. Nbh:O« and Nb:O<rGO were shown in Fig, 4.1 a) o Fig. 4.3 ¢).
The average crystallite sizes of particles were wssessed m agreement with Scherer’s equation

using full width at half maxaimum (FWHM) evidence

0.9 2
D = —— i (1) —
feostd F o
PRINCIPAL
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w here Koo constant depends on the gram shape {about Q.00), 2. the X- ray w;n.-clcm_.(h {0 1541R

ard [ the fall width ot halt maximumm (FWHM) of the diltraction hne and @; the diffracnon

Ak

™

W

e — Np, OG0
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srtars Ry [COe}

4000

2000 4

b ———— T T T Y

T v -
. o - ” T T T
M YL ICN% 40 a4

(0

S —
1 T X2 i Y
N1 G5 60 6% 70 7% A0 RS o ¥ y
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2 Thele (Degree|

o PARD spectrum of a) graphene oxide b) Nb2OQsirGO.

caleulated mean crystallite size of the rGO, Nb2Os and Nh:0s/rGO were found to be 14,
nd 9.8 nm. The peaks shown in the XRD patiern of NbaOs/rGO arc intense and sharp,
ssenting pood crystallinity of the prepared sample. No evidence of impurity peaks was
“ed. which indicated that high pureness. The strong and narrow peak signifies that the
et has well erystalline nature of particles. The Scherer’s equation and Williamson and
'W-H) method were used to calculate the total crystalline sizes of rGO, Nb2Os and
GO, The W-H method recommended that when the domain effect and lattice micro
1 effect were together concurrently working, their mutual effects gives the final hne

dening FWIM which was the sum of grain size and lattice distortion.
) i ;
o6 = e{4sinf) + = (2)

Ihe equation (2) indicates a straight line between dsinl and Beosl) wheree: the strain
assuciated with the nano composites. The intercept (0.902/D) ol the line gives crystallite size
(1)1 and slope of line gives the strain (). The values obtained from above equation werc

analogous with the erystallite size caleulated from Scherer's equation. The other structural

e

— e
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parameters such as distocation densiy (83, steanm (01 and stacking Fault (SF) were contralled
h\ the .'I\‘L'UIH)\.‘H]\HI)_’ connedian he Jdislocnnon doensiy and -;:;u'klng fanlt were estimateqd

Py osing the follow g relatons

S = D: t3)
c — Bcos

: : {4)
L . (3)

4543 rn;:b

3.2 Field Emission Scamning Electron Microscopy and EDS Studics

The energyv-dispersive X-ray (EDX) analyses were obtained for as prepared materials to
confirm the existence of Niobium, Oxygen and Carbon as the elementary components in the
marphology of the prepared composites was studied by Field emission scanning electron
microscope (FE-SEM) and the images are shown in Fig.2. The morphology of NbaOs/rGO
composite contains graphene sheets and it is abserved that NbaOs is intercalated between the
graphene sheets as shown in Fig.2. Higher magnification mage conlirms the paper hke
structure of graphene with Nb:Os attached on the surface. The inerease in the graphene
weight percent causes the aggregation of NbaOs with graphene and hence graphene siructure

becomes irregular lake-like morphology as shown in the magnilicd image,

Fra 2 EDANAESEM mteragydp s of Nt e Go nan COMPOSIIe

46
RINCIpaL,
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LA Fourier transforms infrared spectrometer studices

Nh:()ar( i)

l} ) N ey & . o g . 4 ”
PR measarements way carricd out o obtwm  further insights on

TR i 3 . LAY R L8
I OMPOSIEes as shown m Fig 3. The broad band observed at 3430 cm for the

adsorbed

FT-1R

sonthesized samples corresponds 1o the O 11 stretching vibration of physically
waterand orinterealated water molecules in the GO and GO nanocomposites. Yiee
roaksat 1724 em ' (C=0) stretching vibration of —=COOH group), 1624 cm (€ C stretching
thranan) 1231 em ' (C-0 stretching vibrations in epoxide), 1084 cm ' (C-OH stretching
Prtion o alkoxy group). The FT-IR spectrum of NbxQs shows a band al S10 em'!

buted to the Nb-O vibration of the Nb:Os crystal.

ss [——Nb,0,/rGO|

50 —

45 —

40

Transmittance

35 —

) T P
4000 3500 3000 2500 2000

T

T Y

T T T
1500 1000 500

Wave number (cm™')

Pow 3 EDAXGFESEM micrographs of Nb>Os/irGO nano composite

3.4 Band gap analysis

In the present case optical studies of the unirradiated and electron irradiated films were
carried out i the wavelength range 190-700 nm. Here for any set of measurements, first the

wavelength sean is performed withowt the sample as reference in the beam path and then the

ter and kept in the

samples are placed within the sample holder having a hole of 2 mm dian

RINCIPAL ~ *
Sri Jagadguru Renukacharya College
of Science, Arts & Commerce
Bengaluru-560 009.



Research 2020

Applicd Materials and 'l'o(-hnnlnn_\' 2020, An Approach tn Trans-Disciplinary
S

4. Fleetrochemieal Studies

A0, Cxelie Voltammetry studies

( U025 ol
l"‘- et A\ .“].”f‘.\l\_ Ihc \\\‘rk”‘!.! ‘\,‘lk‘(‘“'l‘(l(' (P\]h‘( ). |(l()| WIS I“Cp:‘“:d [RESARTRNURIS o
s SO il b solution
e st (475 3 ul L‘."«'ll‘]ll(\‘ (S S S l|lll|\.\ ol |)n|\I(‘llil”“"“""lw]"”" (I [E1)

} v . » [N |Ul .l|1n“|
whn b was added s g PDinder and Blended by Baned PRSI with o mortal A <1

; . ’ - ol Wi ssed ononicke
HEmites antd a aniform thin sheet achieved. The oblained thin sheet wis pre sed o el

< R : ¢ : wh i active material
mesh e about T em) o ercate o wood conductivity with the Ni mesh and active materia
Ihe obtamed clectrode was dried at S0"C for 48 hours and the prepared clectrodes were Kepl

.\....,_ . ) . . 3 e S,
tor 20 davs elecirode setting because for stability of the clectrode s shown m gt

Graphite

Electrod Crushed
e compound crushing

Foo S Vethiod of Preparation of working clectrode using araphite and binder

An electrochemical measurement comprises three electrode system having active material,
Ap ApCl electrode and a platinum as counter electrode, CV measurements were apphied m
the putential range -0.6 10 0,02 V using 3M KOH as shown in the Fig.6 a) and Fig.6 b). In

Fig.6 w) and Fig.6 b). the electrochemical reversibility was calculated by sceing of the

difterence between the Eo and Eg at 0,01 Vis scan rate, The results revealed that the electrode
;;-,_'._—_—’_'__“139
NCIPAL
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rexersibiliy reaction of NbOs rGO ¢ Table M was decreased as compared to that of rGO ang
CNcnrves displans a quasi-rey ersible clectron tramsler process representing that capaciniyg
behaviour was predonimantly based on the redox. mechanism According to the Randles.

Sevaik equation for rex ersible process, e hewght current s denoted by the equation,
Ip=2.69 x10%% at fx A x DV () xy?

where s the number of electron transterred m the reachion, the active surface area (A,
diffusion co-clficient Dy, scanming rate (v) and nnpal coneentration of the chemical (Cy
respectively The greater hinear association involving in peak current (1ip) and number of
clectron transfened () confiom dun the electrode reaction of GO and NbOTGO was
measured by hvdrogen diffusion co-efficient (D1 The increased D values of Nb2054G0)
revealed  that electrochemical activity are more effective compared o that of (GO

respectively,

0.0006 - a) r(.)

— N s

Som\ s
= -0 0006 - — 1 N
TS mN i
-0.0008—. ——— 20h MmN A
«0.0010 280N
= 31t mM
-0.0012 r ¥ ' N T v T T
0.0 0.1 -0.2 0.3 0.4 -0.8 0.6
Potential Vas Apingel
0.0004 4 D) Nb,O i1 GO
0.0002 A
~

£ 0.0000
=
-

L. bl LURTTR O
__-0.0002 -4 y : Ry
c | ——— &V
“
ot i | 100 i\ iy
=-o.0004 R0 N iy

b e LU [ FRTT AN
<0.0006 DA NTIRNEN
i | VTP RFTTR TN

-0 0008 T v T T T T T T
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Potentinl Vovs Ag/Apel

Fig 6. CVeurves of a) rGO b NbOsirGO
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V2 v
J VNIV = (o~ X fo 1l

I i
IMwe look above equation integrate the lelt side

S - A ) e o N
-’\'1 I (V)edV = Arca represents the iuca ol the CNat the ventre

V) X dV o Y X X Aren
2 the equation (4) becomes

vz i . o
Area — fl.) (Cp X o x k)dl = (S) lorspeehe matersl the Cp. muk canstant

= the mtegral equation (3) becomes solved as

Arca = (IV-VCp Xy X K

During the charging ol capacitor then the Arein A and the equation hecnmes

AL =(V-V) Cp X m X K

Sumillarlv. during discharging capacitor the area A and the equanion beemmes

A= (VN Cpxm X k

From the caleulinons of area o\ instde the OV cunve we has o b stshiate equation (3 9) o

equation (3,10}

A= Ay | (NN UpXm X k|- (VN Cpxeme XK

A2 (Vv CpXxmx k]

AL (Va-VCpXm X K
A _=gpOr Cp- -
=l : 2m xivi-v

2(vz-viymx k

where Cp - Specific capacitance Fao A Arcaonside the OV curse umit AV

Y T—
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- . il dilference
mo s efactive. k= oseans rate of matenal CV (otal ranged s the patentil

g % . qu foar-hi the
wndes e OV ol yoltage range 1we wall hive cauatian cin he used o g

< !
R ' e 1o be 45 by
sprec e capacitance vadues of /GO and Nb-O« rGo were calenlated STTUR CRTETUNE L

ad LEV L e respectiinely
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