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Abstract

The supercapaciive charging/dicharging (C/DC) response of lonthanum-based perovsking owides,
ohtamed By witrasonic spray mpvelysis (USP), war dizcused accarding fo palvamostatic and the
dynamic ac impedance ODC data. We have mthesad perovikine (vpe lanthanum sronfum cobalt
oxide (LS00, LagsSra Loy by USP ond mied LSCORw(: by suhrequens Rydrothermal
impregnation mathod. The obizined compositer were mvestieated a1 electrode jor electrochemical
spercapacitors and thefr elecrachemical perfarmances have been mvestigared. Micrertrucnires
and surfince morphologies, abserved by scanming electron micrercomy, Gppears orymialline with
pherically-shaped mm-sized particler. The amm of owr work war shdy gf srucaral and
elecrochemical propersies of temay perovskite and LSCORe: ar o mupecapacitive material off
improved stabiny with respect fo carbonacecus ones. Powmtiostolic ac impedance analysis has
indicated lower charge rangfer resistmce of the LSCORu, sample confirmimg it enhanced
elecrachemical perfbrmancer. The measurements mdicated that nanocompasite LICORuO 2 is more
suirable catalytic materigl with mproved electroc hemical performances.

1. Introduction

In development of advanced electrochemical ensrgy starage devices to comprehend both high-power
and high-energy densities such as fuel cells, rechargeable batteries and supercapacitors, an electrode
mawmmnspau.ﬁl: and stble stucture is desirable for the penstration of elecmolytes and
Teactants mio the whole elecirode matrix [1]. The main direction in the fisld of renswable enerey was
the development of higher power and more ensrgy-dense siorage devices, such as supercapacitors
[2]. Therefore, supercapacitors have attracted considerable attention in recent years as a promising
EneTEY storage system [3). Supercapacitors are devices capable of managing high power rates
compared to typical batteriss [4]. Although supercapacitors provide up to one thousand times higher
poweT in the same volume, they mnmabmmsmnmﬂﬁmmmofm:nasmﬂurgmhle
batteries, which & usually 3-30 times lower [4].

Perov:kites oxides have been artracted much attenfion in past decades because of their stable
strwchure, bigh-temperatore sustairability, catabytic ]Jmperrfanﬂmmalm]em:uhd fuel cells, SOFC
[3]. Perowskites are compounds that have the peneral formula ABO.: eriginated from CaTiQk,
discovered in 1839 by Gustav Raose [3]. hmbmpleutﬂe:mmismd;fmﬂlﬂmm
like lmthanom, with dedecabedral co-ordmation, and B is a transition metal having siz-fold
coardination [§]. The exidation state of cation and fonic radil of A and B depends on the struchare of
the perowskite materal which enahbles the tadoring of its properties. The synthesiz route and confrol
of morphalogy of the perovskite materials are very crucial and have strongz impact on their properdes
[6]). Instead nfmdﬂfusaimh]emeﬂ]n‘udﬁ the use of perowskite oxides has the potential to
enhance the stability of the supercapaciter due to the different charge starage abiity. Therefore, the
mnalysts of electrochemical properties and charee storape capacity of different perovskite materials
asspciated with the usage of different elecirolyte system has been explared [3].
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Among perovskite matenals, simontimm-substtoted lanthamm cobaltite, La, 51,000, & (L%C0), has
been studied as a promising candidate for electrode materials for this purpess [7). L3C0 is a
perovskite-type oxide with high electronic and somic :mdu.ctivitrinwjde range of temperatures and
is considered for use in high temperature ceramic membranes and devices such as elecirelysers and
SOFC [8). Additionally, the specific capacitances ofﬂm perovskite can be enlarged by doping by La,
Co, Cr, Fe, Bu, Ca, Mg and Sr on A and'or B-sites, which chamges the LSCO elecirochemical
‘behaviar considerably [9). One pessible way to improve perovzkite properties s the impreznation by
ruthenium oxide. Alkaline earth nithenates with perovskite strachire containing ruthenium on the B
positon have been shown to exhibit pseudocapaditance behawior [10]. These matenals show metallic
conductivity and are stable in aqoeews alkaline elecolytes [10].

Different processes for synthesis of perovzkite oxides are presented, such as direct annealng, solid
state reaction, mprepnation methed, bydrothermal treatment and wirtasonic spray pyrolysis [11.13).
Ulrasomic spray pyrodysis (USE) i a simple method to prepare sub-pum particles of metals and oxides
by atomizing the precursors. as well as homogeneous thin flms of varnous oxides and salphidss [13).
The advamiages of the method are simple and inexpensive the apparams (no vaomm system is
mecessary). and that deposition conditens and film composition are easily controlled. Herzin, two
different kinds of lanthamum-based perowskite were prepared. La..51..Co0, (LSCO) and
L300 Fu0,. trough one-step USP synthesis and subsequent hydrothermal deposition.

1. Experimental

11, Marerial synshesis

LansSmnaColy was synthesized through a simple one-step ulmasonic spray pymelyss (USF).
Lanthammm nitrate, strontum nitrate ad cobalt nitate were used as precursars. Ajomization of the
obtxined solution after dissolution of precursors m water took place in an ulimsonic atomizer
(Gapusol 8001, EEIFrance) with a mansducer to create the aerosol. The resonant fTequency was
selected to be 2.5 MHz Under spray pyolysis conditions. nirogen flows contimoously through the
guartz tabe (at a flow rate of the 7 L min"). Atomized dropletz of the solution of La, 5r, and Co
nifrates, generated m the uliasonic aomizer, were forther wansported by Camier gas fo a verdcal
fumace (Thermosar, Aachen). After thermal decomiposition of mansported aerosol in the fiurnace, the
formed LECO powder was collected on an electrostatic precipitator.

Prepared USP L5C0O powder was suspended in water and pH was adjusted to 1000 by NaOH i a
stiming dispersion. we added FuCl: sokotien with pH kept constant. The stmng was contimued for 1
h o obtain stable precipitate. The resulted mixtwe was cenmifuzed and washed with water and
ethapo] follewed by drying at 130 °C for 3 h. The black-colored powder is labelled as LSCORu0-.

1.2, Characterigation technignes

The marpholozgy of as-prepared L300 and LSCO/ERnd, (20 wt?: Fody) was investigated by
scanning electron microscopy (SEM) by a microscope VEGA TS5 51 30MM. Tescan, Czech Bepublic.
The electrochemical behavier of the powders was sudied with elecwochemical mpedance
spectroscopy (EIS). oyclic voltanmetry (CV) and zalvanostatic charge/discharge (G-C/0C) tests. All
elecirachemical measurements were performed m a three elecirode amangement connected with an
glectrochemical work station BioLogic, SP-240, France. A platinum fodl and HyHgO/1M KOH
slectrode (£ = (098 Vvs NEE at 25°C) were used as counter and reference electrods, respectively.
The working elecirode was In'eparedbvdjspm':ingl_sm and LSCO R0, powders m water. Then,
the mixtore was untformly spread on GC elecmode. The working elecrode geometric area exposed
1o elecmolyte was 0,39 cm® The cell was filled with 0.1 M KOH electrolvte and purged with M. for
30 min prior to and contirueusly during all elecrochemical measurements.
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3. Results and discussion

Morpholozy plays an important role in the electrochemical studies of matenal since it is supposed to
allow maxmmum avalability of active sites [6.14]. SEM images of LSCO and LSCO/Ru0; are shown
in Figure 1. It was found that as-prepared LSCO powder had a spherical morphology with a sphere
diameter in the range of 0.5 - 3 pm. Figure 1 represents the LSCO/Ru0; powder with the same
spherical shape with slightly different surfaces. It can be seen that fabnicated RuO, is placed onto the
LSCO surface. The particle size of RuQ; on the surface of LSCO particle is around 2-3 nm The
enlarged view in Figure 1c shows that RuQ, is uniformly armanged on whole surface of powder.

(€
Figure 1. SEM microphotographs of (a) LSCO and {3) LSCO/RuO: powders.

capacitive performance of the samples, with and without ruthenium oxide, was systematically
mugatedb) employing EIS (Figure 2) and G-C/DC (Figure 3) measurements. The Nyquist plots
consisted of two regions; one is a well-defined semicircle in the high frequency region and second is
a straight sloping line in the Jow frequency range. The diameter of the semicircle comresponds to the
interfacial faradic charge transfer resistance (R.) of the redox reactions, which usually represents the
resistance of the electrochemical reactions at the electrode surface [15].
The best equivalent circuit mode that fits these plots is shown in mset of Figure 2, it consists of Ry
and CPE, are m parallel and in series with CPEa, while all are mn series with R.. The equivalent
circuits consist of the electrolyte resistance, R,. the charge transfer resistance, R, and constant phase
elements, CPEas and CPE;, which represent all the frequency-dependent elecrochemical phenomena,
suchastheofdaub]eh)wapxumm& and pore capacitance, C;, The fittmg resuits are listed in
Table 1. In the high frequency region, the semicircle of LSCO/Ru0; is smaller comparad to LSCO
powder. There is a contact resistance for LSCO of 1.34 kQ, while the supercapacitor exhibits a small
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resistance of 036 k2. This indicates the low charpe transfer resistance (Intrinsic resistance) and
excellent electronic conductivity which come from the Fo(: in nanocomposite powder.
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Figure 1 Nyguizt ploer gf LS00 and LSOO/Rw0: at room femperanre. The inser shows a
muagnjfication gf the high-frequency region and an equivalent electrical circwdt. Experimental
(ymebois) and fiting (lines) resuits of impedance spectrum with adapred EEC.
Table I Fitting waiuves gfelecrrical circuit parameters
Sample  B. (0 cm®) CPE; oy CFEa [ B (k0

(uFem7) (nFem™) cm?)
LSCO 12,7018 457031 0825 Q20097 0.66=0.5 1.34=0.002
LSCOEnD, T7T.&029 BI4xl74 08405 3300145 0BRSS 360005

In order to better understand applicability of LSC0 and LSCO/Eu(: as potential supercapaciar
elecirede material, G-C/DC cycles were measured in 0.1M EOH electrolyte at different CVDZC
currents of 50 and 500 pA as shown m Figare 3. The shape of the G-C/DC curves show deviation
from linearity due to typical psendocapacitive propertes [15.17]. Th.ecalmluedspen.ﬁ: capacitance
(C.F gy wsing G-C/DC oarves for LSCO for 50 and 500 pA are §0 and 30 F g, respectively. On
mznmﬂhm:penﬁ:capaume for LS3COFwD; at diferent currents trend 50 and 500 A are 104
and 90 F g, respectively.

Charpe-discharpe curves for L3C0 and LSCO/Ru0:. presenfed in Fizure 3a. showed a mangolar
shape with charge half-cycles and linear discharge for L%C0. and linear charpe-discharge for LSCO
with nathendum, which isa typical supercapacitor behavior. From these figores, it can be seen that the
L500/Fu0; has steep slope curves indicating beftter capacitive behavior with losing stability. The
miner charge discharge in the charging and the discharping potential windew indicate Faradaic redox

reactions.
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Figure 3. Galvanostate charge-dizcharge curves ab different currant densities: (@) 30 and 500 g4
af LS00 and LSCORu:in 0.1 W EQH

4. Conclusion

As comsidering all previous investipation from the micrestuctre (SEM. EDS and 3¥FD) and
electrochemical performances (CV, EIS and GCD) the LSCOF0O: shows superior capacitive
charactenistics than pure LSC0. Therefore, LSCO with 20 wi % of Ful; was designed as a nowel
electrode material to modify the raditonal perowskite oxides for the supercapacitors. It has a distinct
pseudo-capacitance effect and excellenmt elecirical propertes which are belpful to improwve the
electrochemical performance of the composite elecirodes. The LSCO/Rul: elecrode exhibifs an
improved specific capacitance of 104 F £ ' and enhane ed psendo-capacitive properties with mood mte
capability and better performance The present results demonstrate this material as a promising
elactrode material for higher specific capaciance.
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