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a b s t r a c t

Though carbon-based porous materials have improved lithium-sulfur (Li-S) battery performance
remarkably, the poor adsorption of polysulfides and their sluggish reaction kinetics limits them from
practical application. On the other hand, the presence of lithium metal especially under the highly
reactive polysulfide environment causes safety concerns. Herein, we use electrocatalytically active
cathode and metallic lithium-free anode to construct Li-ion polysulfide battery with enhanced revers-
ibility and safety. Stabilizing lithium polysulfides and enhancing the reaction kinetics with minimal
polarization using platinum/graphene composite holds the key to obtaining better performance, which is
realized against conventional metallic lithium as well as pre-lithiated porous silicon electrodes. The
electrocatalyst containing cathode composites are comparable with graphene-based electrodes
regarding enhanced specific capacity retention and better reversibility in charge/discharge behavior.
Furthermore, metallic lithium-free polysulfide batteries displayed exceptional performance with an
energy density of 450Wh kg�1 considering the weight of both the electroactive materials and a capacity
retention of about 70% for 240 charge-discharge cycles.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Li-ion batteries are today's ultimate energy storage system
boosting the mobile world, power-hungry laptops, and other
portable electronics. These rechargeable power sources have been
at the forefront of energy storage systems due to the unique com-
bination of high energy density and light weight [1]. However, if the
future energy needs are taken into account, the current pace of
technological progress will be unable to sustain the demand due to
their limited energy storage electrodes (graphite and LiMnO2) [2].
Beyond the limitations of Li-ion batteries (typically around
150e200Wh kg�1), lithium-sulfur (Li-S) system is promising
owing to its low cost and high theoretical energy density
(~2567Wh kg�1), safety, a wide temperature range of operation
and eco-friendliness of the sulfur electrode [2e5]. Nevertheless,
practical applications of the Li-S battery are hindered by issues like
short cycle life, poor coulombic efficiency, poisoning of Li anode,
self-discharge, etc. [4,6e8]. Such performance limitations are
generally originated from the insulating nature of sulfur and
parasitic reactions of its discharge products with the highly reactive
negative electrode (metallic lithium) [6].

Remarkable achievements have been accomplished on the sul-
fur electrode side (cathode) through confinement approaches using
a wide variety of carbon materials, conducting polymers, metal
oxides and electrocatalytically active electrodes [9e16]. Though it
causes equal problems as that of the sulfur cathode, research
spotlight on lithium anode is not as much as its counterpart.
Moreover, the presence of lithium metal is unsafe for any
rechargeable Li-battery due to dendrite formation, mossy metal
deposits and its possibility to penetrate through a separator
(causing an internal short circuit) during the charge/discharge
process [17,18]. Despite recent advances in the protection of the
metallic lithium electrode, success is limited due to lack of stability
of the passivation layer, especially upon continuous cycling in Li�S
batteries [19e22].

To realize the practical applications with high energy density
and safety, constructing a metallic lithium-free negative electrode
for a rechargeable sulfur-based battery is not only an immediate
necessity but also a challenging task. In this regard, silicon (Si) is a
favorable alternative electrode for metallic-lithium due to its high
theoretical capacity and lower alloying/de-alloying potential vs. Li/
Liþ [22,23]. However, to combat its large volume expansion during
the charge-discharge process, nanotechnology-based methodolo-
gies have been used as contemporary research efforts to stabilize
their structural integrity [23,24]. Among various architectures,
three dimensional (3-D) porous silicon electrodes are capable of
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reducing internal stresses/fracture upon electrode expansion and
compression during the charge-discharge cycling process [24e26].
To make use of the best of high capacity electrodes such as sulfur
and silicon, it is a prerequisite that lithium should be incorporated
into either cathode or anode prior to cell assembly.

For integration of Li, Aurbach et al. reported the full cell
configuration based on lithiated silicon and sulfur-carbon com-
posite with a specific capacity of 600 mAh/g for initial cycles
[27,28]. However, drastic capacity fade is observed after ten cycles
with an increase in the internal resistance due to the formation of a
thicker passivation layer possibly on either of the electrodes upon
cycling. Consequently, other pioneer researchers also demon-
strated the feasibility of the system using various lithiated silicon
structures or Li2S as starting materials [28e31]. For instance, Li-S
full cell concept is demonstrated using lithium sulfide against
aluminum and graphite anodes [32]. Similarly, a Li-ion sulfur bat-
tery was fabricated using carbon coated lithium sulfide (Li2S) and
electrodeposited silicon [30]. Most of these reports use carbons as a
conductive matrix for cathodes, which is believed not to be effec-
tive to trap dissolved lithium polysulfides (LiPS) due to their non-
polar nature [33e35]. In the same line, though the sulfur com-
posites with carbons replete with a wide range of workable po-
tential window, an increase in internal resistance over cycling
makes them unsuitable for practical applications [23,27,28,30].
Recently, we have shown that the polar-natured metals on gra-
phene have a strong affinity towards negatively charged dissolved
polysulfides [36e38] which traps and eventually converts them
electrocatalytically on the cathode surface [39]. Such a process
provides stability against polarization and eventually leads to long
cycle life in a narrow working potential window. Hence, based on
their catalytic properties towards LiPS conversion reactions, selec-
tive electrocatalysts on graphene nanosheets could enhance reac-
tion kinetics by decreasing internal resistance in the full cell
configuration. Herein, we successfully revealed that the combina-
tion of electrocatalytically active composite cathode with 3-D
porous metallic lithium-free anode are optimum to build high en-
ergy density and safer Li-ion polysulfide systems.

2. Experimental section

2.1. Preparation of electrocatalyst-anchored-graphene composite
cathode

Electrocatalyst-anchored-graphene (Gr) composite is prepared
using a polyol approach, wherein functionalized graphene
(200mg) was added into ethylene glycol (200mL) with an effective
stirring under Argon gas flow. Then, calculated amount of hexa-
chloroplatinic acid (H2PtCl6) was added as platinum (Pt) source
with a continuous stirring and heating at 180 �C. After refluxing the
solution for about 8 h with sodium borohydride (NaBH4) at pH 11,
the suspended Pt anchored graphene composite was collected and
filtered, whichwas then dried at 90 �C for 12 h. Typical step-by-step
procedure for graphene functionalization and polyol reduction
process has been reported elsewhere [37].

2.2. Fabrication of electrode material

3-D porous silicon electrodes were fabricated using electro-
deposited porous nickel (Ni) on stainless steel as current collectors.
Amorphous siliconwas deposited conformally by plasma enhanced
chemical vapor deposition (PECVD) on pre-deposited porous Ni/
stainless steel substrate. The uniform conformal Si coating was
achieved by tuning experimental parameters such as carrier/
reacting gas (N2/SiH4) mixture flow, substrate temperature,
chamber pressure, and deposition time. Details pertinent to the

preparation of three-dimensional porous Ni current collectors
which in turn morph into silicon electrodes are reported previously
[26,40]. Themass loading of Si coated on Ni was found to be 0.5mg/
cm2 per electrode and this value was used for capacity normali-
zation. Electrochemical lithiation of 3-D Si was performed by
fabricating cells with 3-D Si as working electrode, metallic lithium
as a counter/reference electrode and 1M of lithium bis (tri-
fluoromethanesulfonyl) imide (LiTFSI) in triethylene glycol
dimethyl ether (TEGDME) as an electrolyte with celgard as a
separator.

2.3. Coin cell fabrication

Standard 2032-coin cells were used to construct half cells and
full cell sulfur battery configurations. Graphene composite is mixed
with conductive carbon (Super-P) and polyvinylidene fluoride
(PVDF) binder in the weight ratio of 80: 10: 10 using N-methyl-2-
pyrrolidone (NMP) solvent to obtain a thick slurry. Such slurry
was applied on an aluminum foil current collector and dried in an
oven at 80 �C to evaporate NMP solvent. Prior to use as a cathode,
the coated electrode was roll pressed to get uniform thickness. The
Gr and lithiated porous siliconwere used as-such to construct their
respective half cells and full cell configurations. Half cells were
assembled using above-said electrodes as working electrodes and
lithium metal as counter cum reference electrode. To prepare full
cells, known molar concentration (0.6M Li2S8) of catholyte was
used as the active material as a part of electrolyte which consists of
1M LiTFSI and lithium nitrate (0.5M, LiNO3) in TEGDME solvent
and Celgard as a separator. Li-ion polysulfide full cells were fabri-
cated by matching the capacities of individual electrodes in
respective half-cell configurations.

2.4. Characterizations

The morphology of the electrodes before and after cycling was
characterized by a JSM 401F (JEOL Ltd., Tokyo, Japan) SEM and a JEM
2010 (JEOL Ltd, Tokyo, Japan) SEM. Cyclic voltammograms (CV) and
electrochemical impedance spectra's (EIS) were recorded in the
potential range from 1.5 to 0.05 V and the frequency range from
100 kHz to 100MHz respectively using Bio-logic (SP-200) electro-
chemical workstation. Charge-discharge studies at different cur-
rent rates (from C/10 to 1 C rate) were carried out on ARBIN charge-
discharge cycle life tester.

3. Results and discussion

To eliminate the explosive and expensive metallic lithium anode
and to retain the performance of sulfur cathode, a high capacity 3-D
porous silicon electrode was used to assemble high energy density
Li-ion polysulfide battery. Silicon electrodes were assembled with
desired porosity using engineered Ni current collectors as reported
in our earlier studies [26,40]. Firstly, porous Ni current collectors
were prepared by selective etch-out of Copper (Cu) component
from electrodeposited Cu-Ni alloy. Then 3-D silicon electrodes were
attained by the conformal coating of amorphous Si on porous Ni
using PECVD method. Fig. 1a shows the scanning electron micro-
scopy (SEM) images corresponding to the cross-sectional view of
porous Ni current collector deposited on stainless-steel substrate
and inset shows the top view. Uniform pore size (~1 mm), pore
distribution and thickness (~5 mm)were achieved by optimizing the
electrodeposition procedure. Conformal coating of Si on such cur-
rent collectors was performed with an optimized thickness of
0.5 mm, as confirmed from a thickness profiler and SEM images
(Fig. 1b).

Fig. 1c represents the cyclic voltammograms of 3-D Si electrode
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in the potential range of 1.5e0.05 V vs. Li/Liþ at a scan rate of
0.1mV s�1. A distinctive difference between the first and second
cycle is due to the formation of solid-electrolyte interphase (SEI),
generally associated with the film-like growth during initial lith-
iation of Si electrode. The large current in a first backward scan
from 0.34 to 0.05 V is attributed to Li-rich Li-Si phase, the reduction
in peak currents and broadening of the peak (0.49e0.05 V) on
subsequent CV scans reveal the formation and charging (double
layer capacitance) of the passivation film. On the forward scan,
current peaks at 0.19, 0.38 and 0.58 V were observed due to the de-
lithiation from the Li-Si phases. Thus, the perfect overlapping of
redox peaks with repeated cycling confirms the stability and
integrity of silicon electrodes. Further, galvanostatic charge-
discharge studies of 3-D Si electrode at a constant current rate of
0.2C were performed, and the obtained results are displayed in
Fig. 1d. From the inset of Fig. 1d, it was observed that Si electrode
displayed well-defined discharge-charge plateaus corresponding to
the lithiation and de-lithiation process. Herein, the consistency in
voltage profiles upon cycling is characteristics of amorphous silicon
coated conformally on 3-D Ni current collectors. Remarkably, the
capacities for first discharge and charge were 2430 and 2210 mAh
g�1 respectively, signifying a coulombic efficiency of 91% with
minimal loss of capacity during SEI formation. A slight increase in
specific capacity appeared for early cycles owing to the improved
utilization of silicon electrode as test progressed. From the cycling
characteristics, a stable coulombic efficiency was observed (99.5%)
with minimal capacity fade with progressive cycling. However,
capacity retention behavior was improved for further cycling, for
instance, 16% capacity loss for second hundred cycles against 39%
for first hundred cycles demonstrates the stability of 3-D Si for long
cycling full cell applications. Additionally, the performance at high
currents such as C/2 and C-rates was also exceptional with specific
capacities of 2210 and 1830 mAh g�1 respectively (Fig. S1), and

corroborates the high rate capability of silicon electrodes.
On the other hand, cathode half-cell was constructed with an

electrocatalyst-containing Graphene composite and was evaluated
in comparison with pristine graphene in regard to LiPS conversion
reactions. Fig. 2a shows a SEM image of as-prepared graphene
which reveals randomly oriented nanosheets with several microns
in lateral size and ripple-like paper morphology. However, Pt
functionalized graphene sheets (Fig. 2b) shows the spatial presence
of Pt nanoparticles with a uniform size of 5 nm which is attributed
to an efficient glycol-reduction process. To assess the electro-
catalytic activity of Pt/Graphene and Graphene against polysulfides,
three-electrode cyclic voltammetry (CV) experiments were per-
formed at 0.05mV/s scan rate and shown in Fig. 2c. During cathodic
sweep, anodic shift in reduction potential and large current density
were observed at intermediate LiPS reaction for Pt/Graphene
(2.25 V vs. Li/Liþ) compared to the Graphene electrodes (2.22 V vs.
Li/Liþ) indicating facile conversion of LiPS from soluble to insoluble
state (Li2S/Li2S2) on Pt surface. The accelerated reaction kinetics on
Pt is ascribed to its polar nature and electronic conductivity which
helps in adsorption of liquid LiPS (Lewis acid-base interaction) and
to convert them into the end products in an effective manner. Such
an interaction reduces the polysulfide shuttling effect in the cell
and increases the discharge capacity. Similarly, in reverse sweep, a
more cathodic shift in LiPS oxidation potential and enhanced cur-
rent density were obtained on Pt/Graphene (2.42 V vs. Li/Liþ)
compared to the Graphene electrode (2.47 V vs. Li/Liþ). More
importantly, the peak at 2.2 V corresponds to the decomposition of
Li2S, that is essential for sequential oxidation process for solid sulfur
formation, is much pronounced in Pt/Graphene which indicates the
enhanced kinetics of LiPS oxidation reaction. Thus, the electro-
catalytic surface certainly influences the reversibility of reaction
which is always beneficial to obtain improved cycle life perfor-
mance along with round-trip efficiency.

Fig. 1. Cross sectional SEM images of a) porous Ni current collector (inset-top view), b) PECVD coated Si to form 3-D porous electrode, c) cyclic voltammograms of 3-D Si vs. Li/Liþ in
the potential range of 0.05e1.5 V at a scan rate of 0.1 mV/s and d) cycling performance of 3-D Si electrode at a current rate of 0.2C. (For interpretation of the references to colour in
this figure legend, the reader is referred to the Web version of this article.)
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To elucidate the catalytic surface effect on LiPS redox, kinetic
analysis such as Tafel slope measurements were performed from
the linear region of polarization curve, as shown in Fig. 2d. The Pt/
Graphene shows Tafel slope value of 178 mV/dec and 274 mV/dec
for reduction and oxidation processes respectively, which were
very low compared to that of Graphene. In addition, exchange
current densities obtained from extrapolation of the current axis in
Tafel plot were found to be higher on Pt/Graphene (1.5*10�2 A/cm2

for reduction and 8.03*10�3A/cm2 for oxidation) surface compared
to the Graphene (6.51*10�3 A/cm2 for reduction and 5.63*10�3A/
cm2 for oxidation). The obtained low Tafel slope and higher ex-
change current density values of Pt/Graphene surface corroborates
its electrocatalytic activity on LiPS redox reactions. Hence, having
electrocatalytic materials as a cathode host surface apparently re-
duces the Li-S cell polarization and enhances the cycle life perfor-
mance by lowering the redox overpotentials and accelerating the
LiPS reaction kinetics. To appraise electrochemical cycling behavior,
charge-dischargemeasurements were performed at 0.2C rate in the
potential range between 1.5 and 3.0 V. In order to have a fair
comparison, the concentration and amount of LiPS (600mM and
10 ml) and electrolyte were kept constant during cell fabrication.

Fig. 2e depicts the comparative charge/discharge plateaus of
pristine Graphene and Pt/Graphene electrodes in a view tomonitor
polarization differences upon long cycling. Both the electrodes
exhibit two distinctive discharge plateaus at 2.4 and 2.0 V corre-
sponding to formation of medium-chain LiPS (Li2Sn n� 4) and
short-chain LiPS (Li2Sn n¼ 1e3) respectively. Herein, Pt/Graphene
electrode exhibits reduced polarization, at any depth of discharge,
with a value of 0.51 V compared to 0.62 V for pristine Graphene
which indicates the facile reaction kinetics enhancement for LiPS
conversion reactions in case of Pt/Graphene. More notably,
charging at lower potential suggests the conversion of short-chain
to long-chain polysulfides, which are more electrochemically active
and helps to limit the loss of active mass in the form insoluble Li2S,
thereby enhancing the cycle life. The retention of specific capacity
of the electrodes over the number cycles has been displayed in

Fig. 2f. The Pt/Graphene electrode exhibits a specific capacity of 810
mAh/g at a current rate of 0.2C while the graphene electrode shows
about 620 mAh/g with a gradual capacity fade over 100 cycles.
Though initial capacities are comparable for both the electrodes, a
clear difference was seen in capacity retention over the cycling due
to the incapability of adsorbing and converting short-chain LiPS on
the pristine graphene electrodes. Such stability of the capacity
values on Pt/Graphene electrode is attributed to its inherent
properties such as high conductivity of composite, polysulfide ab-
sorption, and conversion ability. At the end of the 100th cycle, Pt/
Graphene electrode exhibited a capacity of 732mAh g�1 with a
capacity retention of about 86%, whereas pristine Graphene elec-
trode delivered as low as 471mAh g�1 (~50%) representing
improved LiPS reversibility. Hence, electrocatalytically active
metals like Pt are crucial to enhance LiPS reversibility and reaction
kinetics by protecting active surface for further reactions, and thus
Pt/Graphene can serve as host for LiPS on the cathode side for Li-ion
polysulfide full cell configurations.

For the fabrication of full cell Li-ion polysulfide batteries, pre-
lithiated 3-D porous silicon was taken as an anode and Pt/Gra-
phene as a cathode in a TEGDME electrolyte containing 0.6M
polysulfides. For better comparison, pristine graphene cathode was
also used to build a full cell in an identical manner to realize the
effect of electrocatalysis on electrochemical performance. To bal-
ance the full cell configurations, the weight of silicon and sulfur in
the form of polysulfides have been matched with respect to their
individual specific capacities on half-cells. As prelithiated Si was
used in the anode, the fabricated cell was in a charged state with an
open circuit voltage of about 2.1 V. Thus the test started with dis-
charging to 1.5 V at a current rate of 0.2C. Fig. 3a displays charge-
discharge plateaus of Li-ion polysulfide battery with pristine Gra-
phene cathode wherein profiles are signature of sulfur electrode
with average discharge voltage around 1.82 V. Though it exhibits
high initial capacity of 600mAh g�1 owing to the nanosheets layers
accommodating the polysulfides, a rapid capacity loss within a few
cycles was seen which indicates the poor adsorption capability of

Fig. 2. FE-SEM images of a) pristine graphene,b) Pt nanoparticles decorated graphene sheets, c) three-electrode cyclic voltammogram of LiPS redox reaction on pristine graphene
(black) and Pt/graphene (red). Scan rate: 0.05mV/s d) Tafel analysis (h vs. log j mA/cm2) on LiPS redox reaction, e) galvanostatic charge-discharge profiles and f) cycling perfor-
mance. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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sulphiphobic Graphene surface followed by gradual capacity fade
with cycling. Notably, steady increase in the polarization with
cycling is possibly due to the solution resistance originating from
the ineffective conversion of LiPS and inherently poor conductivity
of both electrodes (Graphene and Si). Furthermore, deposition of
insulative species of short-chain LiPS on the electrode's surface
worsen the situation, thus the second discharge plateau disappears
from the voltage range investigated (Fig. 3a and 40th cycle). Hence,
it is clear that usage of high capacity electrodes such as silicon and
sulfur to construct high energy density storage system is entirely
reliant on regulated polarization via. utilization of LiPS and its
effective reversibility. The underlying mechanism would be
reduction in activation energy for polysulfide conversion reactions
by catalytically active cathode surface and thus enabling battery
operation in a narrow potential window.

Interestingly, catalyst-containing Pt/Graphene cathode based
full cell showed minimal change in discharge plateaus with an
increased number of cycles, which is an indication of the enhanced
reversibility of polysulfides during charge/discharge process.
Herein, Pt plays a constructive role in improving reaction kinetics
and thereby protecting surface active sites for further redox re-
actions, as understood from the voltage profiles (Fig. 3b). Further-
more, we have observed the stable specific capacity for Li-ion
polysulfide cell that consists of Pt/Graphene cathode over 240 cy-
cles with 0.147% of capacity loss per cycle, while Graphene elec-
trodes has 2.6% capacity loss per cycle for the first 10 cycles
followed by 0.54% capacity loss per cycle over 130 cycles, could
endure only about 100 cycles. Due to the inherent electrochemical
activity of Pt particles, they largely have control over polarization in
the charge-discharge process (Fig. 3c) and delivers stable capacity
of about 597mAh g�1 with extended cycle life. It is noteworthy to

know that the Pt/Graphene cell exhibits almost double the energy
density of commercial Li-ion batteries (450Wh kg�1, based on the
weight of both electrode materials) with 70% capacity retention
even after 240 charge-discharge cycles. Such exceptional perfor-
mance of currently studied Li-ion polysulfide cells is attributed to
the combination of catalytically active Pt/Graphene cathodes and 3-
D porous silicon anodes as evidenced from the excellent capacity
retention and coulombic efficiency. Contrarily, the catalyst-free
electrode is not feasible to build metallic lithium-free high energy
density batteries even though it provides high capacity at initial
cycles.

In order to understand the reversibility of lithium polysulfides
conversion reactions and their impedance behavior, cyclic vol-
tammetry (CV) and electrochemical impedance spectroscopic (EIS)
studies have been performed on Li-ion polysulfides full cell
configuration. Fig. 4a shows that representative CVs at a scan rate of
0.2mV s�1 which consist of two reduction peaks at 2.2 and 1.7 V,
corresponding to conversion of elemental sulfur to higher order
polysulfide (Li2S8) and lower order lithium polysulfides (Li2S2 and
Li2S) respectively. Upon the forward scan, a broad oxidation peak at
about 2.1 V and a sharp peak at 2.4 V were seen owing to reversible
conversion of lower order LiPS to higher order ones and sulfur
respectively. Herein, oxidation peaks, especially the broad peak at
2.1 V is quite different from that of the sulfur half-cell (vs. Li/Liþ,
Fig. S2) possibly due to poor conductivity and slightly higher lith-
iation potential in the full cell configuration. To get further insights,
we have fabricated three-electrode configuration cells with a
platinum wire as a third reference electrode, provided all other
parameters remain unaltered (Fig. S3). Based on the results, it was
concluded that the counter electrode plays a crucial role in altering
not only the shape of the CV but also shifting the potentials of redox

Fig. 3. Charge/discharge profiles of Li-ion polysulfide battery a) Graphene, b) electrocatalytically active Pt/graphene composite as positive electrodes vs. LixSi as negative electrode
and c) cycling performance of Li-ion polysulfide batteries at 0.5C.
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reactions marginally. However, overlapping of curves as the num-
ber of CV scans increases strongly suggest the robustness of the
system and capability of long cycling.

Further, electrochemical impedance behavior of individual
electrodes and the full cell with their combinationwas investigated
to understand the internal resistance changes that influence the
overpotential and polarization. As expected, solution resistance
was about 20U which is slightly higher compared to the
polysulfides-free electrolyte (Fig. 4b and Fig. S4). It is important to
note that solution resistance remains constant as cycling pro-
ceeded, due to the excellent reversible nature of polysulfides by
electrocatalytically active electrode. This process indicates the
absence of unreacted dissolved polysulfides in the electrolyte.
Similarly, minimal change in interfacial resistance was observed
with cycling due to the facile kinetics of conversion reactions
originated by Pt-containing an electrode. Hence, the present full
cell configuration is feasible for long cycling within the operable
potential window. On the other hand, the impedance was
measured in equilibrium conditions before cycling and after five
charge-discharge cycles, in both the configurations such as indi-
vidual electrodes vs. Li/Liþ and their full cell configuration. Typical
Nyquist plots of 3-D porous silicon and Pt/Graphene are shown in
Fig. S4a and b, respectively. At high-frequency region, the spectra
indicates the ionic conductivity of polysulfide free electrolyte to be
about 12.5 U, which is used to fabricate silicon half cells. As the
frequency sweeps to lower values, the spectra appear as a
depressed semicircle with the diameter representing the charge-
transfer resistance (10.5U) which mostly depends on the passiv-
ation layer present on the silicon electrode. On the other hand, the
polysulfides containing electrolyte with Pt/graphene electrode vs.
Li/Liþ exhibits a slightly higher resistance of 19U possibly due to
the presence of insulating nature of sulfur species. Similarly, the
charge-transfer resistance of the Li-S half-cell exhibits marginally
higher value of about 54U as contributed by more number of
resistive elements in the electrode.

4. Conclusion

In summary, electrocatalyst-containing cathode composite was
used to catalyze lithium polysulfide reversibly with reduced over-
potential especially with prolonged cycling. Silicon morphs into a
3-D porous structure and was pre-lithiated to be uses as a metallic
lithium-free anode against lithium polysulfides on Pt-graphene
composite cathode. Such a novel configuration of the Li-ion poly-
sulfide battery revealed a specific capacity of 597mAh g�1 with 70%
capacity retention over 240 cycles. The exceptional electrochemical

performance was attributed to the improved reaction kinetics by
the inherent electrochemical activity of Pt/Graphene electrode and
structural stability of 3D Si anodes. Finally, the full cell exhibited an
energy density of 450Wh kg�1 with an average voltage of 1.9 V,
which is almost double that of the commercial Li-ion batteries.
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