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Flexible energy storage devices with high energy density and excellent mechanical properties have
attracted great interest in the development of flexible electrodes. However, flexible electrodes don't have
current collectors, limiting their battery performance. To improve the performance of flexible electrodes,
a cobalt-based (Co-based) current collector was designed and fabricated. It is proved that the Co-based
current collector is promising due to high conductivity, light weight, continuity and close contact with
the electrode. Meanwhile, when the Co-based current collector is applied in lithium—sulfur batteries, it
can physically and chemically restrict polysulfides and inhibit the shuttle effect. As a result, Li-S batteries
assembled with Co modified electrodes deliver a specific discharge capacity of 899 mA h g~* at 1C. And
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Introduction

Due to the increasing demand for multifunctional electronic
devices to be lighter, thinner, and smaller, flexible electronic
devices have become one of the most intensive research hot-
spots.™” Flexible electrodes, as the key to flexible electronic
devices, have been extensively studied in different materials and
manufacturing technologies.>* Flexible electrodes are explored
for high energy density batteries since they can achieve high
active material loading and rapid Li" transmission as well as
avoid heavy metal current collectors.>® For example, a meso-
porous hierarchical NiCoSe,-NiO composite self-supported on
a carbon nanoarray electrode achieves a cycle capacity of
919.43 mA h g at 0.2C with a high sulfur loading (3.5 mg
em %) In addition, 3D porous frameworks,® doping polar
materials® and doping polar groups'® can enhance the electron/
ion conductivity between the flexible electrode’s interior and
interface; doping SO,>~ anions in a 3D PPy-SO, inter-connected
framework skeleton enhanced the conductivity of PPy to accel-
erate the electrode reaction.'* However, due to the lack of
current collectors, the electronic conduction in the electrode

“College of Chemical Engineering, State Key Laboratory of Materials-Oriented
Chemical Engineering, National Engineering Research Center for Special Separation
Membrane, Nanjing Tech University, Nanjing, 211816, China. E-mail: yuying2020@
njtech.edu.cn

*Department Division of Energy Storage, Dalian Institute of Chemical Physics, Chinese
Academy of Sciences, Zhongshan Road 457, Dalian 116023, China

“University of Chinese Academy of Sciences, Beijing 100049, China

t Electronic ~ supplementary information (ESI) available. See DOI
https://doi.org/10.1039/d3ta06966d

5760 | J Mater. Chem. A, 2024, 12, 5760-5767

even after continuously running for 200 cycles with a high sulfur loading of 8 mg cm™*.
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can only rely on the conductive skeleton of the electrode. The
electronic conduction between the flexible electrodes and plate
or shell of batteries is limited by point-to-point conduction,
which limits battery performance. In addition, it is too hard to
weld the tabs on the flexible electrodes without current collec-
tors. As a result, it is difficult for a further scale-up process in
practice, such as assembling soft pack batteries. Therefore, how
to configure current collectors for flexible electrodes has
become a challenging topic.

Metal foil current collectors with excellent electron conduc-
tivity have been widely used in traditional energy storage
devices, e.g. aluminum (Al) foil and copper (Cu) foil. However,
a metal foil current collector is easily separated from the elec-
trode material when the electrode is bent or the active material
loading of the electrodes is high. Meanwhile, the high area mass
of metal foil will also reduce the energy density of batteries. It is
an excellent solution to modify the surface by using metal foil
via reactive-ion etching or other processes.' For example, a thin
copper layer current collector (<1 pm) made by RF-magnetron
sputtering provides flexibility to the electrode and has high-
lighted the performance of Si anodes.*® An ultrathin Ni-P layer
made by the quasi-stable electroless deposition method is
proposed to fabricate flexible electrodes with satisfactory elec-
trochemical performance and flexibility."* However, the
research on current collectors is not yet satisfactory. Typically,
conductivity of current collectors and complexity of the
production process still hinder their practical application.

Herein, a Co-based thin layer was prepared to modify the
flexible porous electrode via electroless deposition, which is
a mature industrial application technology due to its simple

This journal is © The Royal Society of Chemistry 2024
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process equipment, uniform coating and high substrate selec-
tivity. The Co-based layer has good stability and high conduc-
tivity. It's also continuous and closely in contact with the porous
electrode; thus it can work as a current collector to enhance the
electronic conduction of the electrode. In addition, it is re-
ported that cobalt compounds can fix polysulfides and catalyze
the electrochemical reaction of Li-S batteries.***” As a result,
lithium-sulfur (Li-S) batteries with high theoretical specific
capacity (1672 mA h ¢ ') and energy density (2600 Wh kg™ ') are
selected as an example to test the cobalt-based current collector
performance.'®*' Based on the characterization and analysis of
the Co-based layer structure and physical properties, the
working mechanism and application feasibility in Li-S batteries
with high sulfur loading are deeply investigated.

Experimental
Preparation of the S/C composite

The synthesis procedure of the S/C composite was reported*
and summarized as follows. 10 g KB nanoparticles were heated
to 900 °C at 5 °C min ' under an argon atmosphere in
a furnace. Then a flux of steam (600 ml min~") was introduced
for 90 minutes. Thereafter the furnace was cooled down to room
temperature. After mixing the obtained product and sulfur in
a weight ratio of 1: 3, the mixture was ball-milled for 6 h and
then heated at 155 °C for 15 h in an argon filled vessel. Finally,
the S/C composite with 75 wt% S was obtained.

Preparation of electrodes

The flexible electrodes were obtained by phase inversion as in
our previous work.” In short, a homogeneous slurry was cast
onto a clean and flat glass plate. Next, the glass plate coated
with the slurry was immersed in a water coagulation bath, and
then the wet electrode was peeled off spontaneously. The wet
electrode was washed with deionized water and then freeze-
dried at low temperature (<—40 °C) and pressure (<10 Pa). The
freeze-dried electrodes were used as a control and labeled as PE
(porous electrodes). The sulfur loading of electrodes is
controlled by the thickness of the blade-coating slurry.

For electrodes with 2.5 mg cm ™2 sulfur loading, the homo-
geneous slurry was prepared by mixing 80 wt% S/C composite
and 20 wt% polyvinylidene fluoride-hexafluoro propylene
(PVDF-HFP) in 1-methyl-2-pyrrolidinone (NMP). The solid
content is 11.4 wt%.

For electrodes with 8 mg cm™> sulfur loading, the homoge-
neous slurry was prepared by mixing 65 wt% S/C composite,
10 wt% Super P and 25 wt% polyvinylidene fluoride-hexafluoro
propylene (PVDF-HFP) in 1-methyl-2-pyrrolidinone (NMP). The
solid content is 17.4 wt%.

The cobalt-based current collector modified flexible porous
electrode was prepared by electroless deposition. The PE and
nickel foam were made to come into close contact and then
fixed on the glass plate to prevent being damaged during the
electroless deposition process. Next, the electrode with nickel
foam and the glass plate was placed in an electroless bath and
heated in an 85 °C water bath for 4 h. The schematic diagram of
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electroless deposition is shown in Fig. S1.1 The electroless bath
consisted of cobalt sulfate (CoSO,-7H,0, 24 g L"), sodium
hypophosphite (NaH,PO,, 28.8 g L~'), ammonium sulfate
((NH4),804, 14.4 g L"), and sodium citrate (Na;C¢H50,-2H,0,
14.4 g L"), The pH of the electroless bath was adjusted to 8.8 by
using ammonia solution (NH;3-H,0). The electrode after elec-
troless deposition was washed with deionized water and then
dried in an oven at 60 °C and marked as PE-Co.

Materials characterization

Microstructural analysis of the samples was conducted by
scanning electron microscopy (SEM, JSM-7800F). The electrodes
were vacuum dried at 152 K for 24 h before being subsequently
transferred to a Micromeritics ASAP 2460 for N, adsorption
measurements performed at 77 K. The BET specific surface area
and the volume of the cathode pores were estimated based on
the obtained isotherms. Three-dimensional imaging was per-
formed by X-ray tomography (XRT, Versa XRM-500). The accel-
eration voltage of the X-ray tube is 80 kV, the sample stage
rotates 360°, two-dimensional projections are collected at equal
angular intervals, and then three-dimensional reconstruction is
performed. The exposure time for each projection is 10 s. The
pixel size of the reconstructed image is 0.6791 um. The atomic
force microscope (AFM) images were acquired by using a PARK
XE-100. The surface species and their chemical states were
analyzed by X-ray photoelectron spectroscopy (XPS, ESCA-
LAB250xi, Thermo Fisher). X-ray diffraction (XRD, DX-2700)
operated at 40 kV and 30 mA with Cu-Ka radiation (A = 0.154
nm) was used for crystal structure analysis and the XRD data
were collected in the 26 range from 10° to 90° at a scanning rate
of 1° min~". The sulfur content of electrodes was determined by
using thermogravimetric analysis (TGA, Pyris-Elmer), in which
the temperature was increased from 50 to 500 °C with a heating
rate of 5 °C min~' under a N, atmosphere. The electrode
resistivity was tested by using a double electric test four-probe
tester (RTS-9). An HP-504 probe with an average probe
distance of 1.59 mm was used.

Electrochemical measurements

The electrochemical performance of the Li-S cells was tested
with CR2016 coin cells, which were constructed in an Ar-filled
glove box. Lithium foil (diameter: 16 mm and thickness: 700
pum) acted as the anode. The cathode and anode were separated
by Celgard 2325 membranes. The electrolyte is 1 M bis(tri-
fluoromethylsulfonyl) imide (LiTFSI) in 1,2-dimethoxymethane
(DME)/1,3-dioxolane (DOL) (1:1, v/v) with 5 wt% LiNO; addi-
tive. The electrolyte amounts added in the cell with 2.5 mg cm ™
and 8 mg cm 2 sulfur loading are 60 pL and 120 pL, corre-
sponding to electrolyte-to-sulfur ratios of 31 and 19 pL mg™*,
respectively. The cathodes were cut into pieces with a diameter
of 10 mm. The charge/discharge test was carried out using
a LAND CT-2001A system with voltages ranging from 1.75 V to
2.8 V for Li-S cells in a constant temperature box (25 °C). The
specific capacities mentioned in this article were calculated
based on active materials (1C = 1672 mA g '). The voltage
mentioned in this article was with respect to Li'/Li (vs. Li'/Li).
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The electrochemical impedance spectroscopy (EIS) measure-
ment was conducted under open-circuit conditions in the
frequency range from 3.0 x 10° Hz to 1.0 x 10> Hz with an
amplitude of 10 mV on a Solartron 1287 electrochemical work
station. The cyclic voltammetry (CV) curves were obtained for 6
cycles at a scanning rate of 0.1 mV s~ in the range of 1.75-2.8 V
via a CHI 604E. CV curves of symmetric cells were obtained at
a scan rate of 0.5 mV s~ (potential window —1.0-1.0 V) via
a CHI 604E.

Results and discussion

A Co-based current collector was prepared for improving elec-
trochemical performance of flexible electrodes via electroless
deposition.”** As shown in Scheme 1 and Fig. S1,7 a layer of
cobalt composite is in ocher and deposited on the surface of the
flexible porous electrode (named PE) after the simple electroless
deposition process (Fig. S21). Meanwhile, the electrodes still
maintain their flexibility (Fig. S1, Video S1 and S27) after elec-
troless deposition. The PE XRD peaks (Fig. S3) are consistent
with those of the sulfur and binder in raw materials. The XRD
pattern of PE after electroless deposition (labeled as PE-Co) is
similar to that of PE; only the peak intensity of each peak is
significantly weakened due to the presence of the coating layer.
In addition, no new peaks are observed in the PE-Co XRD
spectrum, indicating that the Co-based coating layer is
amorphous.

The microtopography of PE and PE-Co is shown in Fig. 1a-h
to observe the morphology and location of the electroless
deposition layer more clearly. The PE is porous with a fine pore
structure on the surface, which can facilitate ion transport. After
electroless deposition, PE-Co still maintains a porous structure
guaranteeing ion transmission (Fig. 1c), which is also
confirmed by the Brunauer-Emmett-Teller (BET) method
(Fig. S4 and Table S17), while the surface of PE-Co is much
different from that of PE. There are no pores but some spherical
particles on the PE-Co surface. Co-based particles are divided
into two types with a particle size of several micrometers
(Fig. 1e) and several nanometers (Fig. 1f), which is also proved
by atomic force microscopy (AFM, Fig. 1g and h). Furthermore,
from the element distribution in the electrode cross section

Co
/' PE
QL

Scheme 1 The structure of the electrode modified by using the Co-
based current collector (PE-Co).
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(Fig. 1i, j and S57%), the elements C, O, S and F are uniformly
distributed, which means the raw materials are evenly distrib-
uted in the electrode. The element Co is mainly distributed on
the upper and lower surfaces of the electrode, indicating that
the Co-based coating layer is mainly distributed on the surfaces
of the electrode as designed. This is also proven by high-
resolution X-ray tomography (XRT, Fig. 1k and 1).>**” Obvi-
ously, the Co-based coating layer is continuous and mainly
deposited on the both surfaces of the electrode. Fig. 11 clearly
shows the Co-based particle distribution in the electrode. On
the one hand, it can provide a continuous conduction path for
electrons and improve the current collection effect. On the other
hand, a continuous coating layer can physically inhibit poly-
sulfide dissolution out of the cathode and improve cycle
performance when applied in Li-S batteries.

Affected by the catalysis of nickel foam, many more Co-based
particles are deposited the upper surface of PE-Co (close to the
nickel foam side) than on the lower surface (close to the glass
plate side). Moreover, because the electroless plating solution
can enter the large open holes inside PE, there is a small
amount of deposition in the large exposed holes of PE-Co.

The four-probe technique was used to analyze the resistivity
of the Co-based coating layer as a current collector. As listed in
Fig. 2a, the resistivity of the PE-Co surface is only 13.9 Q ecm ™,
which is about half that of PE (28.3 Q cm™'). The Co-based
coating layer significantly improves the conductivity of the
electrode surface, and can be an excellent current collector and
further increase the utilization of the active material. In addi-
tion, the areal density of the current collector also has a great
impact on the energy density of batteries. The mass load of the
Co-based coating layer in PE-Co is estimated in accordance with
the sulfur content of PE and PE-Co. It can be calculated that the
sulfur content of PE and high-load PE is 60.0 and 48.8 wt%,
respectively, based on the mass ratio during the preparation.
According to thermogravimetry analysis (TGA, Fig. 2b), the
sulfur content of PE-Co and high-load PE-Co is 52.2 and
47.3 wt%, respectively. The mass loading of sulfur of PE-Co and
high-load PE-Co is 2.5 and 8.0 mg cm ™2, respectively. As a result,
it can be calculated that the Co composite content of PE-Co is
13.0 wt%, while the Co composite content of high-load PE-Co is
only 3.0 wt%. The corresponding Co composite loadings are
about 0.6 and 0.5 mg cm >, respectively. The areal density of
pieces of carbon-coated Al foil is about 3-5 mg cm ™2, which are
commonly used current collectors of cathodes in Li-S batteries.
Co-based current collectors with light weight can improve the
energy density of Li-S batteries. Therefore, the Co-based current
collector prepared by the electroless deposition process is
excellent due to its outstanding current collection effect and
light weight.

To explore the impact of the Co-based current collector in Li-
S batteries, X-ray photoelectron spectroscopy (XPS) of PE-Co and
PE-Co after cycling was analyzed. As shown in Fig. 2c, there are
some peaks corresponding to the S element for PE-Co. The
cobalt-based coating does not completely cover the internal PE,
causing some of the sulfur element to be exposed. So the XPS
spectrum of PE-Co shows the characteristic peaks of S-S at
162.1 and 163.5 €V.”®* Meanwhile, XPS of PE-Co has

This journal is © The Royal Society of Chemistry 2024
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Fig.1 (a) Cross-section and (b) surface morphology of PE. (c) Cross-section and (d—f) surface morphology of PE-Co at different magnifications.
(g and h) AFM phase images of the surface of PE-Co. (i) Cross-section morphology of PE-Co and (j) elemental mapping of Co. (k) 2D and () 3D
distribution of the cobalt-based coating in PE-Co acquired by X-ray tomography (XRT).
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Fig.2 (a) The resistivity of PE and PE-Co. (b) TGA curves of PE-Co and
PE-Co with high sulfur loading. XPS spectra for S of (c) PE-Co and (d)
PE-Co after cycling.

characteristic peaks belonging to sulfate or sulfite at 168.5 and
169.0 eV, which are residual or generated during the electroless
deposition.***" In addition, the XPS spectrum of the cycled PE-
Co (Fig. 2d) shows a new peak at 161.8 eV.** This is the char-
acteristic peak of the Co-S bond, indicating that there is
a chemical interaction between the Co-based current collector
and polysulfide. As a result, the Co-based current collector can
fix polysulfide within the cathode via the Co-S bond, thereby

This journal is © The Royal Society of Chemistry 2024

improving the cycle performance and life of batteries. The other
peaks in the XPS spectrum of PE-Co after cycling are charac-
teristic peaks of thiosulfate, sulfite and sulfate, which are
formed by oxidation of unstable polysulfide ions exposed to air
or the residue of sulphate.

In order to evaluate the influence of Co-based current
collectors on the electrochemical behavior of batteries, elec-
trochemical performance of batteries assembled with PE-Co
and PE was tested. The cyclic voltammetry curves of batteries
assembled with PE show two reduction peaks and one oxidation
peak similar to those of a typical Li-S battery (Fig. 3a and
S6at).** The two reduction peaks correspond to the two-step
reduction of sulfur to lithium sulfide (Li,S), and one oxidation
peak represents the reversible oxidation process of the
discharge product to elemental S. However, the cyclic voltam-
metry curve of batteries assembled with PE-Co is different from
that of batteries assembled with PE (Fig. 3a and S6bf). Their
oxidation peak splits into two peaks due to the Co-based current
collector improving the PE-Co conductivity and reducing
battery polarization.*® Thus, the potential difference between
oxidation peaks and reduction peaks in the CV curves of the
battery assembled with PE-Co is also significantly smaller than
that of PE. Moreover, batteries assembled with PE-Co have
larger peak current in the CV curves. In addition, the Tafel
slopes of the Li-S batteries assembled with PE-Co and PE
derived from the anodic peak and two cathodic peaks are shown
in Fig. 3b-d. By fitting the anodic and cathodic peaks, the
batteries assembled with PE-Co show lower Tafel slopes,

J. Mater. Chem. A, 2024, 12, 5760-5767 | 5763
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Fig.3 (a) CV curves of batteries assembled with PE and PE-Co at the 5th cycle. Tafel slopes from the anodic peak (b) and cathodic peaks (c and d)
of the CV curves. (e) CV curves of symmetric cells at 0.5 mV S, (f) EIS plots of batteries assembled with PE and PE-Co. The inset shows the used
equivalent circuit. () Rate performance of batteries assembled with PE and PE-Co at various C-rates from 0.1 to 1C. (h) Charge/discharge curves
of batteries assembled with PE-Co at various C-rates from 0.1 to 1C. (i) The dQ/dV ~ V curves of batteries assembled with PE and PE-Co
discharged at 0.2C. (j) Cycling performance of batteries assembled with PE and PE-Co at 0.2C. (k) Cycling performance of the Li-S batteries
assembled with 8 mg cm™2 sulfur loaded PE-Co at 0.1C.

indicating that the Co based current collector has catalytic
activity for the reduction and oxidation of Sg, LiPSs, and Li,S,/

Li,S.3*

5764 | J Mater. Chem. A, 2024, 12, 5760-5767

To further demonstrate the effectiveness of Co-based current
collectors in catalyzing the conversion of LiPSs, symmetrical
cells with Li,Ss were assembled. As shown in Fig. 3e, the current
response of PE-Co symmetrical cells is higher than that of the

This journal is © The Royal Society of Chemistry 2024
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PE electrode, further confirming the catalytic activity. Fig. 3f
shows the electrochemical impedance (EIS) test results of
batteries assembled with PE and PE-Co. The electrochemical
impedance spectra are composed of a semicircle and a diagonal
line, which represents the charge transfer resistance (R..) at the
electrode/electrolyte interface and the Warburg impedance
(Wy)- According to the equivalent circuit fitting shown in Fig. 3f,

the R of batteries assembled with PE-Co is only 65.2 Q cm ™,

while the R, of batteries assembled with PE is 421.1 Q cm™?,
which is almost 6.5 times that of batteries assembled with PE-
Co. This is because the Co-based current collector improves
the electrode conductivity and reduces charge transfer resis-
tance. Meanwhile, the diffusion coefficient of Li* (D) of PE-Co
(4.74 x 107" ¢cm® s7') is found to be 4.3 times that of PE
(1.09 x 107 em? s7') via quantitatively analyzing the rela-
tionships between Z' and w ** in the low frequency region
(Fig. S7 and Table S2t).** So the better rate and cycle perfor-
mance of batteries with PE-Co can be expected.

The rate performance of batteries assembled with PE and PE-
Co was tested from 0.1C to 1C (Fig. 3g and h). The specific
discharge capacity at 0.1, 0.2, 0.5 and 1C of Li-S batteries
assembled with PE-Co are 1280, 1077, 975 and 899 mA h g™*,
respectively. When the rate returns to 0.1C, the specific
discharge capacity recovers to 1084 mA h g '. While the
batteries assembled with PE show 1125, 897, 757, 612 and
897 mA h g ' at 0.1, 0.2, 0.5, 1 and 0.1C (Fig. S81). Two types of
electrodes have similar matrix and internal Li" diffusion paths.
Therefore, the only reason for the improvement of battery rate
performance is that the continuous Co-based current collector
PE-Co improves the conductivity of the electrode and sup-
pressed the dissolution of polysulfides.

It is well known that it is difficult for sulfur to fully partici-
pate in the reaction due to its poor conductivity during the first
discharge process. Meanwhile, soluble intermediate product
generating during the reaction and diffusing into the electrolyte
can lead to the loss of active materials. Therefore, the capacity of
first discharge is always less than the theoretical specific
capacity (1672 mA h g ). The first discharge specific capacity of
the battery assembled with PE-Co is up to 1253 mA h g~ " at 0.2C,
which is significantly higher than that of PE (983 mA h g~ ",
Fig. 3j). The huge difference in the first discharge specific
capacity is due to the influence of the Co-based current collector
on the electrode surface. The Co-based current collector
improves the electronic conduction of the flexible electrode and
hinders the diffusion of polysulfides by providing physical
barriers and chemical force. As a result, it increases the utili-
zation of sulfur and the specific capacity of the first discharge.
In the subsequent cycle, the continuous Co-based current
collector still plays a role and improves the cycle performance of
batteries. Moreover, the dQ/dV ~ V curves of batteries dis-
charged at 0.2C can further illustrate the advantages of the Co-
based based current collector. As shown in Fig. 3j, reversible
capacity remains at 624 mA h g™, corresponding to a high
capacity retention of 55.6% (calculated based on the 3rd
discharge specific capacity) for batteries with PE-Co after 300
cycles, which is much better than that of PE (discharge specific
capacity at the 300th cycle: 396 mA h ¢~ and capacity retention:

This journal is © The Royal Society of Chemistry 2024
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44.5%). The cycle stability and discharge capacity have also
been improved at a current density of 1.2 mA (Fig. S97). In
addition, the sulfur fixation effect of the Co-based current
collector is also further proved by the visual experiment
(Fig. S107).

To further investigate the practicality of Co-based current
collectors, cathodes with high sulfur loading were prepared
with the same method. The electrochemical performance is
shown in Fig. 3k. Batteries with 8 mg cm ™ sulfur loaded PE-Co
display 1363 mA h g~ ' at 0.05C in the initial discharge and
1140 mA h g at 0.1C after activation, indicating that the Co-
based collector improves the electronic conductivity of elec-
trodes. An excellent capacity of 639 mA h g~' and capacity
retention of 56.1% could still be obtained after 200 cycles. This
is obviously because the Co-based current collector can also fix
polysulfide and inhibit polysulfide shuttling. As shown in Table
S3,7 compared with high load flexible batteries, the battery
performance has advantages over assembled non-carbon 3D
skeleton electrodes, which are slightly inferior in conductivity to
carbon 3D skeleton electrodes (such as graphene, carbon cloth,
etc.), especially porous electrodes made by phase inversion. This
also indicates that cobalt based current collectors are suitable
for non-carbon 3D skeleton electrodes and can further expand
their development advantages.

In order to study whether the Co-based current collector can
adapt to the charge and discharge process or not, the
morphology of PE and PE-Co after cycling was observed. As
shown in Fig. 4 and S11,t both PE and PE-Co after cycling show
similar morphology to that of electrodes before cycling. Addi-
tionally, the Co-based current collector still retains close contact
with the porous electrode during cycling, and the metal Co
particles have no noticeable cracks or defects. As for the
perspective of element distribution, the distribution of C, O and

Co

Fig. 4 (a) Surface and (b and c) cross-section morphology of PE-Co
after cycling and elemental mapping of (d) C, (e) O, (f) Co, (g) S and (h)
F.
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F elements has not changed, and they are still evenly distributed
in the electrode. The S element distribution has nothing to do
with the electrode structure, and it is evenly distributed in the
entire electrode space, which is mainly because sulfur dissolves
and redeposits during the charge and discharge reaction. The
element Co is still mainly distributed on the electrode surfaces.
The Co-based current collector can still maintain its original
shape and adapt to the volume change during the charging and
discharging process. It can always play roles of “current
collection” and “inhibiting polysulfide shuttling” during the
charging and discharging process.

Conclusions

In summary, a cobalt-based current collector was designed and
prepared via a simple electroless deposition method. It is
a wonderful current collector for flexible electrodes because it is
not only lighter than commonly used metal foil current collec-
tors (Al or Cu foil), but also has high conductivity due to its
continuity and close contact with the electrode. When applied
in Li-S batteries, Co-based current collectors can also strongly
immobilize polysulfides through physical barriers and chemical
bonding. Benefiting from the Co-based current collectors,
a high S utilization of 899 mA h g™ " can be realized at 1C. A high
reversible capacity of 624 mA h g~' and capacity retention of
55.6% can also be achieved at 0.2C after 300 cycles for batteries
assembled with Co-based current collector modified electrodes.
Even when the sulfur loading increases to 8 mg cm 2, the
batteries still show a high specific capacity of 1140 mA h g™ " at
0.1C. Based on our results with a thin Co-film as a current
collector, the battery performance has been improved, which
highlights the application for flexible electrodes.
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