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ABSTRACT

Lithium based battery type supercapacitors has replaced the batteries for electric energy storage. A novel improved
occurs in energy density and the electrodes carried the good electrochemical performances of specific capacitance,
charge-discharge, high power density and high life cycle. In this paper describes, the lithium combined with metal/
transition metal oxides/ carbon based material or conducting polymer as an electrode in the lithium based battery
type supercapacitors. In addition, to that this cathode material has synthesized in different methods and mention
with their characterization, electrochemical performances and applications fromthe literatures.
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INTRODUCTION

Supercapacitor electrodes have to store large amafienergy in the small volume which is otherwéstied such
as double layer capacitors, ultracapacitors, gafthcitors or power cache, supercap, superbattewempcapacitors
and electric double layer capacitors (EDLC). Theesaapacitor having a lot of applications inelectircuits, UPS
systems, power conditioners, welders, invertergyraabile regenerative braking systems, power sapptiameras,
power generators, power quality, etc. Supercap etigs are quickly charged and discharged tharb#iteries,
good stability and high power density, however thgging of energy density. To rectify these proldem
supercapacitor electrodes are impregnated diffgrebised on that it is classified [1] shown in they.1.
Supercapacitor is divided into three types (i) elecdouble layer capacitors (ii) pseudocapacitfiiy hybrid
capacitors, their depends on the non-Faradaic pspdeéaradaic process and combination of both pseses
respectively. The charge particles transfer thraihghsurface between electrode and electrolyte,redox reaction
occur in Faradaic process. The no transfer of @sang the non-Faradaic process [2], the schemgpiresented as
shown in the Fig.2.

The electric double layer capacitor is subtitledthg carbon electrodes of activated carbon, aercgddon and
carbon nanotubes [3, 4]. Pseudocapacitor is digithgd by conducting polymer electrodes and mexideo
electrodes [5, 6]. The third type of hybrid sup@aeitors has subclass of composites hybrids, asyrienebrids
and battery-type hybrids supercapacitors [7, 8d&iery-type hybrids are the merging of supercdpexielectrode
with the batteries material like lithium, potassiwmsodium [10, 11, 12]. Hereby, lithium storagechemisms of
Li,X/M (X=0, F, N or S where M=Fe, Co, Ni, Cr, Mn, Capmpounds interface area have extremely largs, thi
conventional mechanism can be formed the bridgerdsst a supercapacitor and a battery electrode. [1tBjum
based battery —type supercapacitor is powered &yditeries and can overcome the drawback of erdeggity.
This hybrid supercapacitor made in any shape, Bgt#, weight, cost effective, flexible and biodadable which is
used in electronic devices, aircrafts, automobjpésnes, and car batteries etc.
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Fig.1 Classification of Supercapacitor
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Fig.2 Faradaic and non-Faradaic process

In this article, we reported the overview of lithmubased cathode material used in the battery tyiwich

supercapacitors from the literatures in which tls#pe electrode preparation methods, charactéoizat
electrochemical performance and their applicatidiiee battery type supercapacitors proved that thb énergy

storage, good specific capacitance and long litdecy

BATTERY-TYPE HYBRIDS
Cathode materials preparation, characterization and electr ochemical performance
A stoichiometric cubic spinel lMns0;, nanoparticle was used as the cathode materidiesiaed by a very simple

sol-gel method. Basically, the spinel-type lithiumanganese oxides have more advantages are envit@ime
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friendly, potentially low cost and recently the laats have been widely surveyed. LTMnsO,, was prepared by
using LiAc2H,0 and MnAg.4H,0O dissolved with distilled water and start to stity citric acid was added in the
above solution and then, ammonia solution was dedpmtil the pH value of 8-9. Finally clearsolutioocurred,
the sol was continuously heated and stirred urailewwas removed from the sol and resultant a vsgel was
obtained. The gel precursors were preheated dvthéemperature of 300 °C for 2 hin air and o#d. After the
calcination LiMnsO,, nanoparticle was prepared. The nanoparticle wasactaized by X-ray diffraction (XRD),
scanning electron microscope (SEM) and the measnerof electrochemical properties was studied by th
Li;Mns0O;, as the cathode material and activated carbon @€C)he anode material within aqueous electrolyte,
which provides good electrochemical performanceds.fiyibrid cell exhibited an estimated specific aafysof 43 F

g ! based on the total weight of the active electrod¢erials. LiMnsO,,/AC pseudocapacitor also exhibited good
cycling performance with the capacity fading rafe0d078 F g per cycling over 1,000 cycles at the current
density of 100 mA g[14].

The composite material of LiM®, (LMO) and activated carbon (AC) as the positivecglbde and AC as the
negative electrode used to form the hybrid supewwitqr [15]. They prepared the different compositiof
electrodes shown in tableland investigated thecdit@pee balance. The hybrid supercapacitor of (LMAC)/AC
have the high electrochemical performances thawelderode of LMO/AC. Especially, at volume ratmfLMO +
AC)/AC = 1: 1.7 and 1: 2 was best electrochemiogpedance spectra, rate charge—discharge anc cycl
performance. And the specific volumetric capacieanef 32.7 Fcrhand 36.1 Fcrhand retention rate of 88.4% and
90.0 %, respectively at above volume ratio of (LM&&)/AC. Finally, the result to expose the additiof AC to

the positive electrode of LMO has improved eledterical performances of the LMO /AC system.

The review paper of research progress in high geltspinel LiNjgMn; 5O, material provides an overview of the
material synthesis in different methods of solatest sol-gel, co-precipitation, characterizatidfe& of doping and
effect of coating on the battery performance aradhplication in asymmetric supercapacitors. §.iNin, 0, as
the cathode combine with the activated carbon asatode could provide the high energy density far t
supercapacitors and excellent electrochemical pegoces. In addition LiNgMn; sO,4 electrode shows the high
voltage of 4.7V, good life cycle, rate capabiliyd thermal stability, which alsosuitable for thkilim-ion batteries
[16]. Song Yi Han et al synthesized the compositidriithium metal oxide (LiTisO;,, LiMN,O,) and reduced
graphene oxide (RGO) by solvothermal treatment.yTheported the first nanocomposites of;TiO;,-RGO
showing the better anode performance with a ladigcharge capacity 0£175 mAhg" and also enhanced the
photocatalytic activity by the coupling with RGOeRt LiMn,O,~RGO nanocomposite was exhibit the greater
electrode performance than LiMDy. In these compounds has electrocatalytic actielgctrode activity, and redox
catalytic activity etc. LTisO1, -RGO, LiMn,O; —RGO nanocomposites used in the form of electrfmie
supercapacitor application [17]. Lithium manganesi&le as cathode and the activated carbon as amitldén a
mild Li,SO, aqueous electrolyte were used for the hybrid sigpexcitor. In this paper discussed the electroatemi
behaviors of LiMaO,. This hybrid cell reveals the cyclic voltammetrgshthe two pairs of redox peaks located at
voltage of 1.0 and 1.13 V, charge/discharge studiealcurrent rate of 3 mA/érbetween the sloping voltage of 0.8
to 1.8 V and the outstanding cycling performanceless than 5% capacity loss upto 20,000 cyclesOaC1
charge/discharge rate.

The new concept of carbon/ LiM@, /aqueous electrolyte of hybrid electrochemicalesoppacitor overcome the
drawback of the electrolyte depletion and increatfed energy density. It is used in the energy gm®rdevice
especially for electric vehicle (EV) with a longatiyng life, high energy density, high power, lowstolow toxicity

and more safety, etc [18]. Nanocrystalline My@Benegative electrode, LiMf, positive electrode and aqueous
LINO; electrolyte were used for the new type of asymimesupercapacitor. They discussed the electrode
preparation, characterization and the electroch@nperformance. Specific capacitance of anode attode
material has a 99 Ffand 130-100 mAHg under 10-100 C rate, respectively. The increasie aviode-to-cathode
mass ratio (A/C) increased with increasing the #igegower and specific energy of the full-cell. &lasymmetric
cell exhibits good cycling stability and signifidhnslower self-discharge rate than symmetric oélIMnFe0O, or

the other asymmetric cells [19].

Xuebu Hu et al investigated the hybrid battery—scggacitor of LiTisO;, anode and a LilviD,/activated carbon
(AC) composite cathode. The prepared anode mateyidhe solid state reaction method and cell wagnatl a
cathode, polypropylene membrane as a separatomanbde with the 1M LiRFelectrolyte in the mixture of
ethylene carbonate, dimethyl carbonate and ethylaathyl carbonate (1:1:1 by weight). The electrocical
performances of cyclic voltammograms, electrochaimimpedance spectra, rate charge—discharge anié cyc
performance testing were studied. They comparedhi® hybrid battery—supercapacitor good electrodbaim
properties to the hybrid capacitor AC/,LisO;, and the high capacity from secondary battery Li®W Li,TisO1o.
Moreover, the supercapacitor has good cycle liffopmance at 4C rate, the capacity loss in congtarrent mode
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is no more than 7.95% after 5000 cycles, and tpadty loss in constant current—constant voltagearie no more
than 4.75% after 2500 cycles [20].

The authors described the compounds are carbooftddy conventional supercapacitor, lithium ion fdrion

battery, asymmetric hybrid supercapacitors useresteuctured LiTisO,, as anode, activated carbon / LiGoO
LiMn,0O,4 as cathode and an acetonitrile electrolyte coimgia lithium salt. Fig.3 shows the overview of @dlvices
was built using common plastic Li-ion technologyeleped by Telcordia Technologies. And in this papes
compared to the specific energy, specific powest-éharge capability, low temperature operatiorglesiife and
self-discharge of five energy storage devices @4abl[21].

The lithium boron oxide (LBO) -modified LiM#®, cathode powder was prepared by a one step pradess
ultrasonic spray pyrolysis method. The powder h@®scal shape, dense structure, and large graiisithat 1
and 5 wt% glass material have a best performancgared to the without LBO and 2, 3, 4 wt%. Li)}N powder
morphological characteristics, discharge capagities cycle properties were improved using the tamdiof the
Li,O-2B,0O5 glass material. The discharge capacity of Lilnpowders without any glass material decreases from
116.3 to 92.6 mAh §after 100 cycles, the reduced capacity being 80%heinitial capacity. However, the
discharge capacity of the LiM@, powders with 1 wt% glass material decreases frainQLto 113.2 mAh g after
100 cycles; thus, the capacity retention is 86%hef initial capacity. The optimum amount of the LRBfass
material is 1 wt% of the LiMyO, powder. The addition of an appropriate amount BOLglass material improves
the first charge/discharge capacities, Coulombficiefcies, and cycle performances of the powd&e LBO
glass material covering the LiM@, powders improves the electrochemical propertigh®fpowders by decreasing
the reactivity of the powders with acidic electtely [22].

The cathode nanofiber of LipiCoy O, was prepared by electrospinning and charactebgettiermal analysis, X-
ray diffraction, FTIR and scanning electron miciasg studies. The asymmetric supercapacitor cell falascated
and electrochemical performance was found by cyetitammetry studies, impedance measurements, eharg
discharge studies. Which exhibited a highest sjgecéfpacitance of 72.9 F'gcharge transfer resistance of 505
energy density and power density of the capacitnas180.2 Wh k§and 248.0 W kg, respectively [23].
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CH,CN, NELEF,15M
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Liien
Carbonates, LIFF; 1M
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Fig.3 Overview of the components used in the family of electrochemical storage devices developed by Telcordia Technologies since 1994
[21]
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Tablel
Properties C/C LTO/C | LTO/LCO | LTO/LMO | Li-ion
Weight (g) 8.8 11.7 9.9 9.5 3.6
ESR at 1000 Hz() | 0.0225] 0.033 0.039 0.032 0.09
ESR Q cnt) 1.74 5.1 6.03 4.95 N/A
Capacity (mA h) 26 56 208 170 141
Energy 0.39 0.76 3.3 3 10
Power 9 10 7.5 7.6 5.4
Fast charge 10 9.4 9.1 8.2 3.9
Cycle-life 10 7.5 0.57 0.08 2.6
Self-discharge 7.48 7.98 9.49 9.01 1(

Lithium ion intercalated manganese oxide as cathodeerial and activated carbon as anode materidl ini a
neutral LpSO, aqueous electrolyte were used for hybrid supeitgra The electrochemical study was carried by
cyclic voltammetry, charge/discharge. Accordinghe charge/discharge process, Li ions moved froenadectrode

to another electrode and the ionic conductivityéased in the function of electrolyte. This hybsighercapacitor
worked in the principle of “rocking chair batteryThey optimized the ratio of the positive/negatitectrode mass
loading 2:1 and an operating voltage of 0.8—-1.8Tke cell cycling performance was studied which bitad the
less than 5% capacityloss over 20,000 cycles & tharge/discharge rate [24]. Kyoungho Kim et altsgsized
the Non-aqueous supercapacitors with lithium ttasimetal oxides. /AC composite as used as thieockt The
LiMn 0O, electrochemical properties were analyzed by AC thapee, charge-discharge test and cyclic voltammetry
The results of cyclic voltammetry and AC impedanacalyses showed that the pseudocapacitance mayfretem
the synergistic contributions of capacitive ancaéic effects; the former is due to the electricldedayer which is
prepared in the interface of activated carbon amric electrolyte, and the latter is due to thercalation of
lithium (Li+) ions. The specific capacitance andergy density of a supercapacitor improved as thgulin
transition-metal oxides content increased, showdid® increase compared to those of supercapacitog aspure
activated carbon positive electrode [25].

CONCLUSION

In this review provide the useful information tdol energy storage source of supercapacitors. \8udsed about
the supercapacitor classifications of (i) electtauble layer capacitors (ii) pseudocapacitors fiibrid capacitor,
based on the presence of electrode material aretiadly the lithium based battery type cathode mtérom the
literatures. The positive electrodes bifyMnsO;,, LiMN 04 LiNigsMn; g0, LigTisO1, -RGO, LiMRO, —RGO,
LiMn,O,4/activated carbon (AC) composite, LiCeo@nd LiNiy4,C0y O, are used to make the battery type hybrid
supercapacitors. Lithium intercalated metal oxidthode as a barrier between supercapacitor andttgsies. Each
material exhibited the improved charge storage dispersion with in the electrodes, which has heélipeovercome
the energy density and as well as increased ther efectrochemical properties of power densityleyie time,
specific capacitance, high charge-discharge, etc.
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