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A novel ultra-lightweight three-dimensional (3-D) cathode system for lithium sulphur (Li-S) batteries has 

been synthesised by loading sulphur on to an interconnected 3-D network of few-layered graphene (FLG) 10 

via a sulphur solution infiltration method. A free-standing FLG monolithic network foam was formed as a 

negative of a Ni metallic foam template by CVD followed by etching away of Ni. The FLG foam offers 

excellent electrical conductivity, an appropriate hierarchical pore structure for containing the electro-

active sulphur and facilitates rapid electron/ion transport. This cathode system does not require any 

additional binding agents, conductive additives or a separate metallic current collector thus decreasing the 15 

weight of the cathode by typically ~20-30 wt%. A Li-S battery with the sulphur/FLG foam cathode 

shows good electrochemical stability and high rate discharge capacity retention for up to 400 

discharge/charge cycles at a high current density of 3200 mA g-1. Even after 400 cycles the capacity 

decay is only ~0.064% per cycle relative to the early (e.g. the 5th cycle) discharge capacity, while 

yielding an average columbic efficiency of ~96.2%. Our results indicate the potential suitability of 20 

graphene foam for efficient, ultra-light and high-performance batteries. 

Introduction 

There is an increasing demand for lightweight rechargeable 

batteries to meet the special needs for the next-generation high-

performance electronics.1 Sulphur can react with metallic lithium 25 

to form Li2S with a large negative free energy change, which can 

be harnessed in a battery with a two-electron reaction with 

lithium as the anode and sulphur as the cathode. Therefore, a 

lithium-sulphur (Li-S) battery has a high theoretical specific 

capacity (1675 mAh g-1 of elemental sulphur) and a high nominal 30 

energy density (2500 Wh kg-1 of cell weight),2-11 which offers the 

prospect of a significant energy density improvement compared 

to the mainstream lithium-ion batteries (150 Wh kg-1).12-15 

Furthermore, elemental sulphur is readily available and poses less 

risk to the environment than the transition element oxides and 35 

phosphates that are currently used in the lithium-ion (Li-ion) 

batteries.6, 7 Therefore, sulphur has been considered as a very 

promising cathode material for the next generation of high energy 

density rechargeable batteries. 

 However, the development of Li-S battery technology has been 40 

plagued by problems arising from the highly insulating nature of 

sulphur (5×10-30 S cm-1 at 25 °C) and the high solubility and 

diffusivity of lithium polysulphides in the electrolyte.4, 8, 16, 17 The 

polysulphides formed as intermediate products from  

electrochemical reduction of sulphur in the organic electrolyte 45 

can diffuse across to cause parasitic reactions resulting in lithium 

anode corrosion and low columbic efficiency. This redox shuttle 

mechanism16, 18, 19 is mainly responsible for the commonly 

observed poor cycle life of Li-S batteries. To address these issues, 

several scientific and technological innovations have been 50 

proposed which include forming a protective film on the lithium 

anode,20 optimizing the electrolyte,21, 22 and fabricating composite 

electrodes of sulphur/polymer23-26, sulphur/metal organic 

framework (MOF)8, 27 and sulphur/carbon8, 16, 28-36.  

 Recently, graphene powder, a material with a high 55 

conductivity and large theoretical surface-area, has been 

employed in combination with sulphur to form a cathode for a Li-

S battery.32, 35-42 Graphene oxide has also been used to confine the 

diffusion of polysulfides, to overcome the poor cycle 

performance of the sulphur based cathode but its conductivity is 60 

much lower than graphene.32, 34, 42 However, most of the reported 

cathodes formulated using graphene powder and sulphur as 

starting materials  have required the use of polymeric binders and 

carbon black additives to ensure mechanical stability and 

electrical connectivity of the composite. Hence, the overall 65 

energy density of resulting electrodes is reduced by the increased 

weight of the cathode due to carbon black additives32, 34, 37-39, 42 

(typically ~10-20 wt%) and binders32, 34, 37-42 (typically ~10 wt%). 

Further, these composites contain many interfaces and grain 

boundaries resulting in several irregularly connected carbon 70 
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networks. These interfaces act as scattering centres for electron 

transport leading to increased internal resistances of the cathode 

of a Li-S battery. Therefore, binder and carbon additive – free 

cathode can offer flexibility in developing new porous cathode 

designs. In recent times, binder-free graphene/sulfur composite 5 

materials have been reported as a cathode in Li-S battery system, 

which demonstrate a great potential of using graphene to load 

sulphur as a novel cathode structure. 36, 43 

 In this work, we report on the design of an ultra-light Li-S 

battery cathode based on loading sulphur onto a free-standing 10 

porous and interconnected 3-D network of FLG foam via a 

sulphur solution infiltration method. The FLG foam is 

synthesised by chemical vapour deposition (CVD) from a catalyst 

metal template, which is scalable and emerging as one of the 

most promising routes to high quality graphene production.44-46 15 

The excellent electrical conductivity and 3-D interconnected 

structure of the FLG foam facilitates rapid electron and ion 

transport. Departing from the normal practice in conventional Li-

S batteries, we have been able to eliminate additional components 

such as metal current collectors, conducting additives such as C-20 

black and binders such as polytetrafluoroethene (PTFE) from the 

cathode system. The sulphur/FLG foam 3-D network structure 

shows excellent high-rate cycle stability and high columbic 

efficiency over 400 cycles when used as a cathode in a Li-S 

battery.  25 

Experimental  

Preparation and characterization 

A few-layered graphene (FLG) foam was synthesised by CVD 

via a sacrificial Ni foam template (Alantum Europe GmbH, pore 

size ~450 µm, area density 420 gm-2 and thickness 1.6 mm) from 30 

CH4 and H2 at atmospheric pressure in a hot walled tube furnace 

at a 1000°C. 44-47 After the CVD growth process, the FLG 

covered Ni scaffold was trimmed along the edges to create access 

for the etchant and the scaffold was subsequently etched using 

0.5 M FeCl3 solution to obtain free-standing FLG foam. This was 35 

followed by repeated washing in deionised (DI) water and a final 

etch in 10% HCl to remove trace Fe contamination. The FLG 

foam was then washed again in DI water and subsequently rinsed 

in iso-propanol (IPA) and left to dry in ambient air.  

 Elemental sulphur powder (99.98%, Aldrich) and the FLG 40 

foam were dried in vacuum at 80 °C before use. Then, 0.1 g 

sulphur was dissolved in 30 mL toluene (Sigma-Aldrich, 99.8%, 

anhydrous). The sulphur/FLG foam cathodes were prepared by 

infiltrating the sulphur solution into the FLG foam by drop 

casting. More specifically sulphur solution was dropped onto the 45 

FLG foam and then allowed to dry for a few minutes. The 

sulphur content in sulphur/FLG foam composites was calculated 

by the mass change in the FLG foam before and after sulphur 

infiltration. The process of drop coating was repeated until the 

amount of sulphur required was added to the graphene structure. 50 

The loading density of sulfur was approximately 2.0 mg/cm2. The 

amount of sulphur introduced could be controlled by varying 

either the concentration of sulphur in the toluene solution and/or 

by repeating the drop casting process.  

 X-ray diffraction patterns were collected using a Bruker D8-55 

advance powder X-ray diffractometer with a Cu K-α source 

operated at a power of 1600 W (40 mA, 40 kV). Scanning 

electron microscopy (SEM) and energy dispersive X-ray 

spectroscopy (EDX) were performed in a Philips XL 30 SEM 

and/or a JEOL 5800 LV SEM. Raman spectra were measured 60 

using a Renishaw In-Via spectrometer with a 532 nm wavelength 

laser. 4 probe devices were fabricated using silver paste to 

contact wires to the FLG foam and measured using a Keithley 

source measurement unit. Transmission electron microscope 

(TEM, FEI Tecnai F20-G2 FEGTEM) was performed by 65 

preparing a dilute ethanol suspension of the as-prepared FLG 

foam via ultrasonic dispersion and drop casting it on a copper 

grid covered with a carbon film. The surface area of the FLG 

foam was estimated using the Brunauer–Emmett–Teller (BET) 

equation for the relative pressure range (P/Po) of 0.002 to 0.3. The 70 

saturation pressure, Po, corresponds to approx. 103.4 kPa. Non-

local density functional theory (NLDFT) calculation was used to 

generate the pore size distribution data, based on the carbon slit 

pores geometry assumption. 

 75 

Figure 1. Schematic representation of the different steps in the synthesis 

of the sulphur/FLG foam composite along with SEM images and EDX 

spectra of the (a) Ni foam, (b) post FLG CVD on the Ni foam, (c) free 

standing FLG foam after Ni scaffold etching and (d) sulphur/FLG foam. 

The Si and O peaks in the EDX come from the Si/SiO2 (300 nm) wafer 80 

used to support the sample in the SEM. 
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Electrochemical measurements 

Lithium batteries were assembled in a glove box under argon 

atmosphere. Lithium metal (99.99%, Sigma-Aldrich) was used as 

the anode and the reference electrode. The separator was a 

commercial micro-porous polypropylene product (Celgard 2400). 5 

Copper foil was used as the anode current collector while no 

cathode current collector was required as the monolithic graphene 

network was able to provide this function. 1.0 M LiN(CF3SO2)2 

(1 M) (99.95%, trace metals basis, Sigma-Aldrich) salt dissolved 

in a mixture of dioxolane (DOL) (99.8%, Sigma-Aldrich) and 10 

1,2-dimethoxyethane (DME) (99.5, Sigma-Aldrich) in a volume 

ratio of 1:1 containing LiNO3 (1 wt%) was used as the 

electrolyte.  Galvanostatic charge/discharge tests were performed 

to evaluate the electrochemical capacity and cycle life of the 

electrodes at room temperature using a LAND-CT2001A 15 

instrument (Wuhan, China). 

 

Results and discussion 

Figure 1 shows a schematic overview of the different stages 

involved in the synthesis of the sulphur/FLG foam along with 20 

EDX spectra and SEM images of each stage. A Ni foam scaffold 

was used as a catalyst template for graphene CVD. The initial Ni 

foam shows only Ni (EDX peaks at ~ 0.8, 7.5 and 8.2 kV, Fig. 

1a). After the CVD process, a carbon peak (~0.2 kV) along with 

the Ni peaks is observed in the EDX spectra while the 3-D foam 25 

structure is preserved (Fig. 1b). The subsequent removal of the Ni 

scaffold gives rise to a free standing hollow interconnected 3-D 

FLG foam and EDX spectra show only peaks corresponding to 

carbon and no peaks for Ni, indicating that the etching was 

complete and effective (Fig. 1c). We note that additional peaks 30 

for Si (1.7 kV) and O (0.5 kV) are attributed to the Si/SiO2 wafer 

on which this particular sample was mounted to obtain SEM 

images. Upon sulphur infiltration, the EDX spectra of 

sulphur/FLG foam confirm the presence of sulphur (~2.2 kV) and 

carbon and the SEM images show that the resulting sulphur/FLG 35 

foam retains the interconnected 3-D composite network (Fig. 1d).  

 We further characterized the FLG structures using optical 

microscopy, SEM, TEM and N2 adsorption/desorption isotherms. 

Fig. 2a and 2b show that the FLG foam has an integrated 3-D 

macro-porous structure with pore diameter of ~50–200 µm 40 

providing a stable reservoir for electrolyte. However, the higher 

magnification SEM image (Fig. 2c) shows large surface ripples 

and wrinkles in the FLG. Such morphology can favour uniform 

sulphur loading on to the FLG foam by our facile solution 

infiltration method (see Fig 3a-c below). Low-magnification 45 

TEM images (Fig. 2d and 2e) show a continuous sheet/film like 

morphology, which could be due to the dispersion of the FLG 

foam in ethanol for drop casting on the TEM grid. The high-

resolution cross-sectional TEM image (Fig. 2f) shows ~5 

graphene layers stacked on top of each other with a spacing of 50 

~0.34 - 0.35 nm. Top view TEM imaging (Fig. 2g) clearly shows 

a graphitic hexagonal honeycomb lattice and a fast Fourier 

transform shows diffraction spots consistent with FLG (see inset). 

This is further corroborated by Raman spectroscopy (Figure 4e) 

which shows distinct 2D (~2700 cm-1) and G (1600 cm-1) peaks 55 

with a IG/I2D ratio >1 and a 2D peak that cannot be fitted with a 

single Lorentzian peak, as expected for FLG.48 There is no 

observable D (~1350 cm-1) peak, indicative of the high crystalline 

quality.48 N2 physisorption measurements give sorption isotherms 

(Fig. 2h inset) at 77 K which is a combination of Type I, 60 

characteristic of microporous materials, and Type IV, 

characteristic of mesoporous materials. Besides, type H3 

adsorption hysteresis loops, without any limiting adsorption at 

high p/po, are observed with aggregates of plate-like particles rise 

to slit-shape pores.49 It further demonstrates the layered structure 65 

of FLG. Additionally, the FLG foam shows a hierarchically 

porous structure (Fig.2 h) with a surface area of 160 m2 g-1. It 

exhibits micro- (< 2 nm), meso- (2–50 nm), and macropores (>50 

nm) structure with a rather high proportion of micropores which 

is known to help improve cycle-life by retaining polysulphides in 70 

such pores.8, 31, 50, 51 As deduced from transmission electron 

microscope image analysis, the formation of the nanoporous 

structure could arise from two potential schemes (Fig. 3). The 

staggered stacking like morphology of the FLG multi-layer sheets 

can be clearly observed in the TEM images (Fig.3a inset and Fig 75 

Figure 2. (a) A photograph of a 45x45 mm2 free-standing FLG foam. (b), (c) SEM images of the FLG foam at low and higher magnification. (d), (e) 

Low-magnification TEM images of the FLG foam. High-resolution TEM images of the FLG foam (f) cross section and (g) lattice fringes with FFT in 

the inset. h) N2 adsorption/desorption isotherms of the sample (adsorption: ●; desorption: ○), and their corresponding pore size distribution. 
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S1). As shown, FLGs are stacked with either staggered 

orientations which is similar to stacked envelopes (Fig. S1a) or as 

wrinkled plates with undulating surface of FLG (Fig. 3b inset). 

Both Fig. 3a and 3b provide explanations for the formation of 

stable hierarchical porous structures. These variations in textural 5 

characteristics were further studied to reveal the underlying 

relationship between the FLG textures and the Li–S battery 

capacities/cycle stabilities. 

 SEM images in Fig. 4a and 4d show the change in surface 

morphology upon infiltration with 52 wt% sulphur. The wrinkles 10 

and ripples observed earlier on the FLG (Fig. 2c) are no longer 

seen. An EDX elemental map for carbon (Fig. 4b) and sulphur 

(Fig. 4c) corresponding to the SEM image in Figure 4a indicate a 

uniform distribution of sulphur across the surface of the FLG 

foam. This is further confirmed by Raman spectroscopy (Fig. 4e) 15 

where the 52 wt% sulphur/FLG foams clearly showed distinct 

peaks at ~153, ~218 and ~473 cm-1 corresponding to elemental 

sulphur.52 

 

 20 

Figure 3. TEM images of FLG foam with pictorial  mechanism schemes 
for forming hiearchical porous structure. 
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Figure 4. SEM images of sulphur/FLG foam with 52 wt% sulphur at (a) 

low and (d) high magnification shows the change in surface morphology 25 

upon sulphur infiltration. EDX elemental maps of (b) carbon and (c) 

sulphur corresponding SEM image in Fig. 4 (a) showing the uniform 

distribution of sulphur across the surface of the FLG foam. (e) Raman 

spectra and (f) XRD pattern for sulphur, the FLG foam and the 

sulphur/FLG composite.   30 
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Figure 5. Rate and cyclic performance of the sulphur/FLG foam 

composites with 52 wt% sulphur. (a) Initial discharge/charge curves and 

(b) cycle performance of samples at a specific current of 800 mA g-1.  (c) 

Capacity of the battery charged/discharged at a constant specific current 5 

of 3200 mA g-1 for 400 cycles after activation at 400 mA g-1 during the 4 

initial cycles. The electrochemistry test is between 1.5 and 3.0 V (vs 

Li+/Li) in the electrolyte (LiN(CF3SO2)2/ DOL:DME=1:1(v/v)) containing 

LiNO3 (1 wt%). 

 To investigate the process of infiltration of sulphur, X-ray 10 

diffraction (XRD) patterns of the elemental sulphur, FLG, 

sulphur/FLG composites infiltrated with 52 wt% sulphur were 

performed (Fig. 4f). While sharp diffraction peaks are seen for 

pure sulphur powder (indicating the presence of elemental 

sulphur in a crystalline state with an orthorhombic structure) and 15 

the FLG foam (peaks ~26o and ~55o corresponding to graphite 

reflections), no sulphur related reflections are seen for the 

sulphur/FLG composite. During the drop casting based 

infiltration of sulphur on FLG, elemental sulphur is expected to 

diffuse into the pores and coat the graphene surface. The 20 

combination of XRD patterns with the SEM image (Fig. 4d), 

Raman and the EDX maps (Figs. 4a, b and c) indicate that the 

sulphur might be a in highly dispersed amorphous state31 not 

detectable by XRD but clearly seen in the EDX and Raman 

spectra.  25 

 The composite was incorporated as a cathode in a Li-S battery 

and Fig. 5a shows initial discharge/charge curves for cells at a 

specific current of 800 mA g-1 with the sulphur/FLG foam 

composite as a working electrode containing 52 wt% sulphur in 

an electrolyte made of 1.0 M LiN(CF3SO2)2 salt dissolved in a 30 

mixture of dioxolane (DOL) and 1,2-dimethoxyethane (DME) at 

a volume ratio of 1:1 containing LiNO3 (1 wt%). An initial 

discharge capacity of 820 mAh g-1 was observed. The discharge 

curve demonstrates three main potential regions. The first region 

is nearly a plateau at 2.4 V, a second region sloping down from 35 

2.4–2.1 V and a third region as a plateau at 2.1 V (vs. Li/Li+). 

These signatures correspond to the formation of long-chain 

soluble lithium polysulfides (Li2Sn; where n is typically 4–8) in 

the first 2-regions and short-chain solid sulphides (Li2S2 and 

Li2S) in the final plateau.16, 19, 53 40 

 It should be noted that the first main plateau is observed 

clearly, indicating that sulphur containing compounds is 

entrenched in the various hierarchical nano-pores of the FLG 

foam, such that a two-phase region exists in the early part of the 

discharge cycle. The ability to sequester higher-order polysulfides 45 

within the cathode is considered critical for improving cycle life. 

The potential hysteresis phenomenon is observed in the low 

potential plateau, which is typically presented in micro-pore rich 

cathodes.8, 31, 50, 54 The low potential reduction could be due to the 

extra electrode polarization required to overcome the 50 

nanoconfinement barrier of strong adsorption energy.8, 31, 50, 54 

Sulphur embedded in the narrow pores of FLG undergoing  

electrochemical reaction during the discharge process needs to 

overcome the absorbing energy, leading to the observed  

discharge potential hysteresis. On the other hand, it is also noted 55 

that the low-molecular (S2-4) forms of elemental sulphur in a high 

dispersion state and a short chain configuration inside the narrow 

micropores are unstable due to their high energy state (low 

potential difference versus metallic lithium) as compared to large 

molecules of elemental sulfur with crown rings, which leads to 60 

the electrochemical reduction process starting from S2-4 to S2-.31, 50 

Such behaviour will also result in the observed discharge 

potential hysteresis. 

 Fig. 5b shows the cycling behaviour of the sample at 800 mA 

g-1. After an initial capacity loss during the settling of the battery, 65 

the sulphur/FLG composites exhibited good capacity retention 

upon cycling. The capacity was found to stabilize at 518 mAh g-1 

at the current density of 800 mA g-1 after 50 full cycles. This can 

translate to 1.04 mAh/cm2 of area capacity, which is comparable 

with previous reports (Fig. S2).55 An average coulombic 70 

efficiency, calculated as the ratio of discharging and charging 

capacity, of 99.2 % is achieved indicating reversibility of the 

electrochemical reactions and excellent capacity retention. 

 
Figure 6. Cycle performances of the sulphur/FLG foam with 52 wt % S , 75 

63 wt % S and 70 wt % S in the electrolyte (LiN(CF3SO2)2/ 

DOL:DME=1:1(v/v)) containing LiNO3 (1 wt%) at the current density of 

3200 mA g−1 
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 Fig. S3 shows galvanostatic measurements of the high-rate 

capacity of the samples at room temperature with increasing 

values of charge/discharge current densities of 400, 800, 1600 

and 3200 mA g-1 applied successively. The cell was discharged 

and charged over cycles at different current densities, followed by 5 

recording the discharge/charge curves. The same pattern of 

discharge and charge voltage plateaus even at very high current 

densities is observed, providing evidence for identical 

electrochemical processes at all current densities. The cycle 

performance of the cells at a high current density is illustrated in 10 

Fig. 5c. These results indicate the abuse tolerance of the battery 

when subject to high current drain or power usage. The superior 

high-rate discharge capability of the cathode is ascribed to fast 

charge-transfer kinetics arising from the high electrical 

(electronic and ionic) conductivity of the 3-D FLG foam network. 15 

After conditioning the cell at 400 mA g-1 for 4 cycles, the 

electrode was discharged and charged at 3200 mA g-1. An initial 

discharge capacity of 1143 mAh g-1, which is ~68% of the 

theoretical capacity, is observed. At the current density of 3200 

mA g-1, the measured discharge capacity is 402.8 mAh g-1 in the 20 

5th cycle. Furthermore, after the 400th cycle using a high current 

density of 3200 mA g-1, the present working electrode still 

retained a discharge capacity of ~300 mAh g-1, which 

corresponds to a decay of only 0.064% per cycle when compared 

with discharge capacity at the 5th cycle. This represents good 25 

electrochemical stability and high rate discharge capacity 

retention (i.e. up to 400 discharge/charge cycles) of the Li-S 

batteries. The composite also shows a coulombic efficiency as 

high as 94.6% after 400 cycles at high current. The average 

coulombic efficiency is calculated to be 96.2%, indicating 30 

reliable stability.  

 To further understand the sulfur loading ability of FLG foam, 

the composites with 63 and 70 wt % at the current density of 

3200 mA g-1 after conditioning for 4 cycles are presented in Fig. 

6. The composite with 63 wt% sulphur still presented good initial 35 

discharge capacity of 1008 mAh g-1 with good cycle stability 

after 200 cycles. When the sulphur content was increased to 70 

wt%, both initial discharge capacity and the cycle stability 

deteriorated due to the pore- narrowing and full saturation of the 

micropores, which prevent passage of solvated electrolyte 40 

molecules. Therefore, the sulphur/FLG composite with 

appropriate sulphur content, normalized with respect to the total 

cathode weight can endure high current densities and yet retain 

good stability upon cycling. This is advantageous for abuse 

tolerance of lithium batteries with high power and long cycle life. 45 

The improved high-rate capability of our samples is attributed to 

the fast charge-transfer kinetics arising from the interconnected 

structure of the FLG foam.  

 

Figure 7. SEM images (a, b) and a scheme of the fast charge-transfer 50 

kinetics (c) inside the sulphur/FLG foam cathode. 

 The 3-D sulphur/FLG composite provides not only high rate 

cycle stability for the Li-S battery, but also good columbic 

efficiencies, due to the structural features of the FLG foam. 

Figure 7 outlines a proposed electron transfer model to rationalise 55 

the experimental observations above. The FLG foam in principle 

works as a current collector which when loaded with sulphur can 

be used as a cathode for Li-S batteries. The excellent electrical 

conductivity and interconnected 3-D network of the electrode 

enable rapid electron and ion transport at the FLG/electrolyte 60 

interfaces. The conductivity of the FLG foam at ~2.25 S cm-1 

(measured using a 4 point probe method and using the thickness 

of the foam i.e. 1.6 mm) further supports this hypothesis. We note 

that this value of conductivity is consistent with other reports in 

literature44, 56 and is much higher than for reduced graphene 65 

oxide, carbon nanofibers and other carbon materials used for Li-S 

batteries reported earlier.35, 36 Furthermore, micropores (< 2 nm) 

help improve cycle life by effectively confining polysulfide anion 

diffusion in the organic electrolyte.8, 31, 50 Since the proportion of 

micropore is quite large in the FLG foam, stability in cycle life is 70 

also observed. We emphasise that electrochemical performance 

achieved in the sulphur/FLG composite is without metal current 

collectors, conducting additives, and binders. Beside, the capacity 

is comparable with the reports in literatures and the long cycle 

rate performance even better.32, 34-38 75 

 We propose the initial irreversible reaction probably occurs at 

the sulphur-FLG interface due to the favourable electron transport 

from conductive FLG to sulphur. The capacity loss in the 

following cycles is due to the solution and diffusion of some of 

the polysulphides (in the 2nd voltage region) and thus the 80 

polysulphides cannot be completely converted into elemental 

sulphur in the oxidation process during charging.3, 9-11, 53 While 

the FLG foam only has a relatively low surface area of ~160 

m2/g, thus resulting in relatively lower discharge capacity, 

especially in the lower potential plateau.16, 57 But the composite 85 

network presents excellent electrochemical stability and high rate 

discharge capacity retention, from the 3-D foam micro-porous 

structure. The network provides a direct conductive pathway for 

the rapid ion-electron exchange and external electron transport. 
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Further exploration and improvement of sulphur cathode 

composites would be an important step towards the development 

of future high energy rechargeable battery system. A significant 

weight reduction from removal of additional metal current 

collectors, conducting additives or binders can be achieved. The 5 

excellent electrical conductivity and pore structure of the FLG 

network can be used in many other hybrid electrode applications. 

To cope with the lower capacity issues, hybrid structures 

combining both FLG foam and other high surface area 

conductive materials are currently being investigated.  10 

Conclusions 

In summary, we have developed an ultra-lightweight 3-D 

sulphur/FLG foam lithium-sulphur battery cathode, which does 

not requires any metal current collectors, or conducting additives, 

and binders, thus offering comparable or better sulphur loading 15 

with respect to total cathode weight. The as-prepared electrode 

composite demonstrated excellent high-rate discharge stability as 

cathode in a Li-S cell. The improved high-rate capability is 

attributed to fast charge-transfer kinetics enabled by the 

conductive interconnected FLG foam network with high 20 

electrical conductivity. Compared with the 5th cycle discharge 

capacity, the capacity decay is as small as 0.064% per cycle at a 

high current density of 3200 mA g-1 and an average coulombic 

efficiency of 96.2 % over 400 cycles. The results show that 

loading electrode materials on a free-standing interconnected 25 

FLG foam network can be a promising design for rechargeable 

batteries with high rate performance. We plan further studies of 

other form factors and loadings to increase the overall capacity of 

such batteries.  
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