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Abstract

Lithium-sulfur (Li-S) batteries show attractive prospects owing to their high theoretical energy density, but their
commercialization still faces such challenges as lithium polysulfides shuttling, severe volume change and consider-
able polarization. These stubborn issues place higher demands on each component in the battery, such as the
development of multifunctional binders with superior mechanical properties. Herein, ethoxylated trimethylolpropane
triacrylate was firstly introduced into sulfur cathodes, and in-situ cross-linked by ultraviolet (UV) curing combined
with traditional polyvinylidene difluoride binder (i.e., forming a binary binder, denoted as c-ETPTA/PVDF) to
construct high-loading and durable Li-S batteries. The covalently cross-linked ETPTA framework not only signifi-
cantly enhances the mechanical strength of the laminate, but also offers a strong chemical affinity for lithium poly-
sulfides due to the abundant oxygen-containing groups. Moreover, the moderate interaction force between ether
oxygen bonds and Liþ further accelerates the Liþ transport. As such, the S-c-ETPTA/PVDF electrode exhibited an
ultralow attenuation rate of 0.038% at 2 C over 1000 cycles. Even under a sulfur loading of 7.8 mgS$cm

�2, an average
areal capacity of 6.2 mAh$cm�2 could be achieved after 50 cycles. This work indicates that light-assisted curing
technology holds great promise in the fabrication of robust and high-energy-density Li-S batteries.

Keywords: Lithium-sulfur batteries; Ultraviolet curing; In-situ cross-linked; Multifunctional binder; High-strength
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1. Introduction

Lithium-sulfur (Li-S) batteries are recognized to
be one of the most promising next-generation en-
ergy storage systems owing to their delightful
theoretical specific capacity (1675 mAh$g�1), high
energy density (2600 Wh$kg�1), eco-friendly na-
ture and abundant sulfur resources [1,2]. However,
practical implementation of Li-S batteries is still
hindered by electrically insulating properties of S8
and Li2S2/Li2S discharging products, the notorious
shuttle effect caused by soluble lithium polysulfide
(LiPS) intermediates, and nearly 80% volume

fluctuation due to the Li2S formation during
discharge. These daunting challenges severely lead
to low sulfur utilization, irreversible capacity
fading, and poor electrode structural integrity
during cycling [3,4]. Till now, considerable strate-
gies have been adopted to address these issues,
e.g., the use of advanced nanotechnology to design
polar host materials [5e7], catalytic additives [8,9],
functionalized separators [10e12], novel electrolyte
additives [13] and solid-state electrolytes [14,15], as
well as Li-anode modified engineering [16,17].
However, current methods pay insufficient atten-
tion to the structural integrity of the electrodes.
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The influence of the volume effect of Li-S batteries
is still difficult to overcome during long-term
cycling.
Asan indispensable component of sulfur cathodes,

binders have received less attention, but in recent
years, multifunctional binders are increasingly
becoming an important strategy to construct durable
Li-S batteries. Conventional binders, such as poly-
vinylidene fluoride (PVDF) and polyvinyl pyrroli-
done (PVP) binders, are linear chain polymers with
weak LiPSs bonding ability [18]. Apparently, these
binders neither alleviate the volume change of the
sulfur cathode nor assist in anchoring the soluble
intermediates, thus failing to solve the electrode
collapse and loss of active materials. In response,
researchers designed and ameliorated binders with
amplepolar functional groups, suchasguar gumand
xanthan gum, to maintain electrode structural
integrity and effectively capture LiPSs [19]. Liu et al.
proposed a robust network binder by mixing two
polymers together via intermolecular interaction of a
large number of functional groups in them. Simi-
larly, tannic acid/poly(ethylene oxide) cross-linked
hybrid binder was also constructed based on rich
hydrogen bond network [20]. Apart from physical
cross-linked networks, binders based on chemical
cross-linking were also designed and they exhibited
the improved mechanical properties. Wang and co-
workers disclosed a cross-linked binder of carboxy-
methylcellulose (CMC) and citric acid (CA)
monomers by esterification between the eOH and
eCOOH groups, which contributed to crack-free
and compact electrodes [21]. However, the esterifi-
cation-based cross-linked networks usually require
harsh processing conditions, such as high tempera-
ture, protective atmosphere, etc. Therefore, mild and
more easily scalable chemical cross-linking tech-
niques are highly desirable. In-situ ultraviolet (UV)-
assisted curing is a promising and low-consumption
technology for the preparation of cross-linked poly-
mer [22]. Small molecules or oligomers in the elec-
trodes can be in-situ polymerized under UV light
irradiation in the presence of a small amount of
photo-initiator, which can provide a more uniform
anddenser network. In this sense, the construction of
UV-curable high-strength sulfur cathodes has
important application prospects.
Herein, ethoxylated trimethylolpropane tri-

acrylate (ETPTA) is firstly introduced into sulfur
cathodes and in-situ cross-linked by ultraviolet
(UV) curing (forming cross-linked ETPTA, denoted
as c-ETPTA). The c-ETPTA framework can effi-
ciently synergize with traditional polyvinylidene
difluoride (PVDF) binder to construct high-loading
and durable Li-S batteries. The synthetic process of

c-ETPTA/PVDF binary binder is illustrated in
Scheme 1a, which is cost-effective and can be
produced on a large scale. Upon in-situ cross-
linking, the photo-initiator 2-Hydroxye2-methyl-
propiophenone (HMPP) molecular was excited
under UV irradiation to release highly reactive free
radicals. The carbon-carbon double bonds (C]C)
in ETPTA were then activated and fully polymer-
ized with radicals to form a covalently cross-linked
c-ETPTA network. The detailed mechanism of UV-
initiated polymerization of ETPTA monomer is
presented in Scheme 1b. The unique advantages of
the c-ETPTA/PVDF binary binder are as follows: (i)
the in-situ strategy enables a more uniform
dispersion of the binder components, resulting in a
dense and robust network, (ii) the ETPTA compo-
nent with three ester groups and ether bonds
shows high polar property and strongly (de-)
complexing ability towards LiPSs, (iii) the moder-
ate interaction force between ether oxygen bonds
and Liþ further accelerates the Liþ transport.
Benefiting from these advantages, sulfur cathodes
using c-ETPTA/PVDF binder can retain intact
morphology even after long-term cycling and
exhibit enhanced reaction kinetics. Notably, the S-
c-ETPTA/PVDF electrode can maintain 61.3% of its
original capacity after 1000 cycles at 2 C, concur-
rently achieving an average Coulombic efficiency
over 99.9%. Moreover, the S-c-ETPTA/PVDF elec-
trode delivers a superior average areal capacity of
6.2 mAh$cm�2 even under a high sulfur loading of
7.8 mgS$cm

�2, showing great promise for com-
mercial applications.

2. Results and discussion

2.1. Preparation and characterization of c-ETPTA/
PVDF binder

The in-situ synthesis of the c-ETPTA/PVDF binder
was performed directly during the electrode prep-
aration. Firstly, the uniform electrode slurry was
cast onto the aluminum foil, and the laminate was
cured by exposure to UV light until the ETPTA was
fully cross-linked. Fourier-transform infrared (FT-
IR) spectrum was recorded to verify the chemical
environment of the as-synthesized S-c-ETPTA/
PVDF electrode. As shown in Fig. 1a, when the as-
prepared electrode was not exposed to UV irradia-
tion, a distinct characteristic peak corresponding to
C]C vibration peak appeared at 1650 cm�1, and
this peak disappeared after the UV curing, indi-
cating that a robust cross-linked c-ETPTA network
was fully formed [23]. Fig. 1b-c shows the surface
morphologies of S-PVDF and S-c-ETPTA/PVDF
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electrodes. Micron-scale cracks can be observed on
S-PVDF electrode, which interrupt the electron
transport network and reduce Liþ conductivity of
the entire electrode, resulting in a severer polari-
zation [24]. By contrast, the S-c-ETPTA/PVDF elec-
trode shows a seamless structure and uniform
distribution of active materials, which is ascribed to
a close contact between active materials and
conductive agents under the binding of c-ETPTA/
PVDF binder. The highly compact structure can be
confirmed by TEM characterization at larger mag-
nifications (Fig. 1dee). Moreover, Fig. 1f and S1
display that O, S, F and C elements are distributed
homogeneously in the electrode, indicating the
consistency of the in-situ cross-linking reaction of
ETPTA inside the electrode. Strong adhesion be-
tween the laminate and the Al collector is vital to
achieve advanced Li-S batteries. The peeling off test
of S-c-ETPTA/PVDF electrode proves closer contact
ability between the active materials and the current
collectors (Fig. 1g).

Electrolyte permeability of the electrode is
another key parameter of the binder. Herein, an
electrolyte uptake comparison test was performed
in the ether electrolyte. As depicted in Figure S2,
the uptake volume of the electrode using c-
ETPTA/PVDF binder (155%) is slightly lower than
that using PVDF binder (164%), validating a more
compact and denser electrode structure. More-
over, the electrolyte wetting feature was charac-
terized by contact angle measurements. As
displayed in Fig. 1h, the contact angle between
the electrolyte and the S-PVDF electrode interface
was 10.5�, while the contact angle with the S-c-
ETPTA/PVDF electrode slightly increased to
17.6�. This small increase is consistent with the
compact structure of the S-c-ETPTA/PVDF elec-
trode, but apparently does not have any effect on
mass transfer. The ability to enhance the
adsorption capacity to LiPSs is another important
indicator for evaluating Li-S battery binders. A
visualized adsorption test was conducted to

Scheme 1. (a) Schematic illustration of the synthetic process of c-ETPTA/PVDF binary binder and (b) detailed mechanism of UV-initiated in-situ
cross-linking of ETPTA.
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estimate the adsorption behaviors of the pristine
c-ETPTA binder towards soluble polysulfides
(inset in Fig. 1i). The addition of c-ETPTA mem-
brane to the pure Li2S6 solution presents dark
yellow. After 2 h, the solution color in the bottle
containing the c-ETPTA network fades from
brownness to nearly colorless, and the reddish
brown at the bottom is caused by the discolor-
ation after the adsorption of LiPSs by c-ETPTA.
Additionally, UVevis measurement was carried
out to test the liquid supernatant. As presented in
Fig. 1i, the adsorption signal of Li2S6 solution
(420 nm) significantly vanishes upon adding the c-
ETPTA binder [25], demonstrating that the polar
c-ETPTA binder with abundant ester groups has a
stronger affinity for LiPSs. Given the above, the

c-ETPTA binder shows an excellent dispersion
amongst active substances, close contact with Al
current collectors, suitable absorptivity of the
ether electrolyte, and strong LiPSs trapping abil-
ity, which is expected to improve the electro-
chemical performance of Li-S batteries.

2.2. c-ETPTA/PVDF binder enables durable Li-S
batteries

The electrochemical inertness and negligible
capacity contribution of the c-ETPTA/PVDF binder
were verified by cyclic voltammetry (CV) and gal-
vanostatic charge-discharge (GCD) tests (Figure
S3). Fig. 2a displays the CV profiles of S-c-ETPTA/
PVDF and S-PVDF electrodes at a scan rate of

Fig. 1. (a) FT-IR spectra of S-c-ETPTA/PVDF electrodes before and after exposure to UV rays. FESEM images of (b) S-PVDF and (c) S-c-ETPTA/
PVDF electrodes. (d, e) TEM images, and (f) corresponding EDS mapping images of highly integrated S-c-ETPTA/PVDF electrode. (g) Peeling off
test and (h) contact angle test using organic liquid electrolyte for S-c-ETPTA/PVDF and S-PVDF electrodes. (i) UVevis adsorption spectra of Li2S6
solution before and after adding cured c-ETPTA network. Inset: digital photographs of visualized adsorption test. Scale bar, (bec) 10 mm, (d)
500 nm, and (e) 2 mm.
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0.05 mV$s�1. For the S-PVDF electrode, two
apparent reduction peaks locate at approximately
2.33 V (labeled as C1) and 2.02 V (labeled as C2),
representing the transformation from S8 to soluble
long-chain polysulfides (Li2Sn, 4 � n � 8), and
further reduction to solid-state Li2S2 or Li2S [26,27].
During the reverse scan, an anodic peak (labeled
as A2) and a broad shoulder peak (labeled as A1)
appear at roughly 2.45 V and 2.55 V, respectively,
indicating the conversion of Li2S2/Li2S to lithium
polysulfide and then to S8 [28].
As regards the S-c-ETPTA/PVDF electrode, the

representative two pairs of reduction peaks and
oxidation peaks also can be observed, with the
increased current response and sharper shape.
Meanwhile, as displayed in Figure S5a, the
reduction/oxidation peaks of the S-c-ETPTA/
PVDF electrode obviously shift to higher/lower

voltages, implying promoted electrochemical ki-
netics and alleviated electrochemical polarization.
CV measurements at various scan rates from 0.1
to 0.5 mV$s�1 were implemented to investigate
Li þ diffusion behaviors of S-c-ETPTA/PVDF and
S-PVDF electrodes (Figure S5b-c). The linear re-
lationships between the peak currents of the
peaks A2, C1, C2 (Ip) and v1/2 are shown in Fig. 2b
and S6, indicating a diffusion-controlled reaction.
It can be seen that the S-c-ETPTA/PVDF electrode
shows more rapid Liþ diffusion behavior than S-
PVDF electrode, possibly ascribed to the abun-
dant ether oxygen bonds in the c-ETPTA network
that facilitate the Liþ transportation. The corre-
sponding Liþ diffusion coefficients are listed in
Table S1.
Fig. 2c displays the rate capability curves of S-c-

ETPTA/PVDF and S-PVDF electrodes. For S-c-

Fig. 2. (a) CV profiles at 0.05 mV·s�1, (b) linear plots of A2 anodic peak currents and (c) rate capabilities under various rates from 0.2 to 2 C of S-c-
ETPTA/PVDF and S-PVDF cathodes. (d) Discharge/charge profiles of the S-c-ETPTA/PVDF electrode at various rates. (e) Long-term cycling
performance of S-c-ETPTA/PVDF and S-PVDF cathodes at 0.2C and (f) the corresponding initial discharge/charge profiles. (g) Prolonged cycling
behaviors of S-c-ETPTA/PVDF and S-PVDF cathodes at 2 C (note: the capacity fluctuation of the S-PVDF electrode around 600th cycle is caused
by temperature change).
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ETPTA/PVDF electrode, the average specific ca-
pacities are 1152, 956, 870 and 699 mAh$g�1 at 0.2,
0.5, 1 and 2 C, respectively. When the rate comes
back to 0.5 and 0.2 C, the capacity can retain 926
and 998 mAh$g�1, respectively, which presents
96.9% and 86.6% high retention ratios of original
capacities, respectively. However, the S-PVDF
electrode shows an inferior rate capability, and
when the rate recurs to 0.5 and 0.2 C, the capacity
can only retain 91.1% and 81.8%, respectively.
Markedly, the c-ETPTA/PVDF binder is condu-
cive to superior redox stability and good ionic
conductivity even under high current rates. The
corresponding GCD plots at various rates are
depicted in Fig. 2d and S7a, displaying typical
discharging and charging plateaus that well agree
with the both reduction and oxidation peaks in
CV profiles. Figure S7b-c shows capacity contri-
butions at different plateaus, and the larger pla-
teaus capacities of S-c-ETPTA/PVDF electrodes
demonstrate their higher sulfur utilization. Given
the severe shuttling problem of sulfur-based
electrodes, especially at low current rates, long-
term electrochemical tests at 0.2 C were therefore
performed. As Fig. 2e demonstrates, the rapid
capacity fading of the S-PVDF electrode can be
clearly observed. In stark contrast, the S-c-
ETPTA/PVDF electrode maintains a high capacity
of 800 mAh$g�1 even after 200 cycles with an
average capacity decay rate of 0.12% per cycle,
confirming the strong trapping ability of c-
ETPTA/PVDF network for soluble LiPSs. More-
over, the corresponding GCD profile of the first
cycle is shown in Fig. 2f, the potential difference
(DU ) between the charge and discharge plateaus
of the S-c-ETPTA/PVDF electrode is obviously
smaller than that of S-PVDF electrode. Such lower
polarization mainly benefits from the crack-free
electrode structure by using robust c-ETPTA/
PVDF network. In addition, the GCD profiles of
the S-c-ETPTA/PVDF electrode at various cycles
are presented in Figure S8, confirming its stable
cycling against LiPSs shuttling. A prolonged
cycling test at 2 C was further conducted. As
Fig. 2g demonstrates, the capacity of the S-PVDF
electrode drops rapidly with an attenuation rate
of 0.07% per cycle after 1000 cycles. Note that for
the S-c-ETPTA/PVDF electrode, this decay rate is
significantly reduced to 0.038% per cycle. The
excellent cycling behavior of the S-c-ETPTA/
PVDF electrode is ascribed to the integrated
electrode structure supported by the c-ETPTA
network, rapid ionic transport and ample oxygen-
containing functional groups. Table S2 summa-
rizes the cycling performance of Li-S batteries
based on various kinds of reported binders in

literatures, and the S content (%), electrolyte
volume, S loading (mgS$cm

�2), etc. as main factors
are presented, further indicating the superiority
of the c-ETPTA/PVDF binder.
The self-discharge behavior in Li-S batteries is

mainly caused by the severe shuttle effect, leading
to the potential drop and capacity attenuation.
Herein, the self-discharge behaviors of S-c-ETPTA/
PVDF and S-PVDF electrodes were investigated
(Figure S9). It can be found that when PVDF is used
as the binder, the open circuit voltage (OCV) drops
more severely than the c-ETPTA/PVDF binder.
After 160 h, the OCV value of the S-PVDF electrode
drops significantly, while the voltage on the S-c-
ETPTA/PVDF electrode remains stable. This result
further demonstrates that the c-ETPTA/PVDF
binder has efficient LiPSs adsorption capacity and
greatly reduces the detrimental shuttling problem.

2.3. Ex situ analysis of the superiorityof S-c-ETPTA/
PVDF electrode

Electrochemical impedance spectroscopic (EIS)
measurements were conducted on the fresh and
cycled S-c-ETPTA/PVDF and S-PVDF electrodes.
As displayed in Fig. 3a, the EIS plots show a
depressed semicircle at the high frequency region
and an inclined line at the low frequency region
before cycling, corresponding to the charge trans-
fer resistance (Rct) and the Warburg coefficient
(W1), respectively [29]. The fitting impedance pa-
rameters are shown in Table S3. The S-c-ETPTA/
PVDF electrode exhibits a lower Rct (66.8 U) than
the S-PVDF electrode (92.7 U), which is attributed
to the highly integrated electrode structure. After
50 cycles at 0.2 C, a new interfacial contact resis-
tance (RSEI) at high frequency appears in the EIS
plot of cycled S-PVDF electrode, owing to the
irreversible formation of Li2S/Li2S2 product [30],
and Rct also can be observed at middle frequencies
(Fig. 3b). As listed in Table S3, the S-c-ETPTA/
PVDF electrode exhibits lower RSEI (13.7 U) and Rct

(9.8 U) than the S-PVDF electrode (27.6 U and
35.4 U). The lower RSEI suggests that less Li2S/Li2S2
is deposited on the electrode interface by using the
c-ETPTA/PVDF binder. The smaller Rct is attrib-
uted to dense cross-linked network and excellent
adhesion produced by the c-ETPTA/PVDF frame-
work, which maintains electrode structural integ-
rity and forms a continuous and enhanced
electron/ion transport network.
The batteries after cycling were disassembled to

evaluate the internal situation. FESEM images of
cycled cathodes are given in Fig. 3c and d. The S-c-
ETPTA/PVDF electrode presents a dense
morphology even after cycling for 100 times. By
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contrast, the loose S-PVDF electrode displays
obvious cracks and holes, resulting in poor adhesion
and reduced electronic conductivity. Apparently, the
c-ETPTA/PVDF network can accommodate volume
expansion to maintain the integrity of the electrode
structure during cycling. Compared with the tradi-
tional PVDF chain binder, the superiority of the in-
situ cross-linked c-ETPTA/PVDF binder is fully
demonstrated. The suppressed shuttle effect is also
verified by the study of the Li anode surface after 100
cycles. As depicted in Fig. 3e, a relative smooth and
intact surface can be observed for Li counter anode
by using the S-c-ETPTA/PVDF electrode. The c-
ETPTA/PVDF binder strictly prevents the LiPSs
diffusion frompenetrating through thePP separator,
thus avoiding side reactions on the lithium anode
side. By contrast, the Li foil facing S-PVDF electrode
is severely corroded (Fig. 3f). Such serious shuttle
effect is also reflected from the cycled PP separator in
the PVDF-based Li-S cell (Figure S10). Given the
above, the c-ETPTA/PVDF binder can significantly
reduce the active material loss and capacity fading.
X-ray photoelectron spectroscopy (XPS) was

employed to further study the interaction between
the S-c-ETPTA/PVDF electrode and LiPSs.
Fig. 3gei displays the deconvoluted S 2p, O 1s, and
Li 1s spectra of the cycled cathode. The S 2p peaks
between 160 and 166 eV are associated with the
terminal sulfur ST (162.3 eV) and bridging sulfur SB

(163.7 eV) of sulfur in polysulfides, indicating that
the LiPSs are effectively confined within the S-c-
ETPTA/PVDF electrode [31]. Stronger peaks
located in the 166e172 eV range represent the ex-
istences of sulfate and thiosulfate [32].
In the high-resolution O 1s spectrum, the peak at

around 532 eV represents the LieO chemical bonds
existing between the polysulfides and the oxygen-
containing groups of the c-ETPTA/PVDF binder
[33]. In the Li 1s spectrum, peaks located at 55.2 eV
and 55.7 eV are associated with the LieS and LieO
interactions between LiPSs and the c-ETPTA/PVDF
binder [34]. The XPS results support the conclusion
that the c-ETPTA/PVDF binder can greatly handle
polysulfides via chemical confinement and sup-
press the shuttle effect, thereby improving the
electrochemical behaviors of Li-S batteries.

2.4. c-ETPTA/PVDF binder promotes high-loading
Li-S batteries

High sulfur loading and high energy density are
driving forces for Li-S battery research. Actually,
high-sulfur-loaded electrodes pose great chal-
lenges, including increased polarization, limited Liþ

transport, and weakened adhesion between elec-
trodematerial and current collector, etc. To examine
the electrochemical performance under high sulfur
loading conditions, S-c-ETPTA/PVDF electrodes

Fig. 3. Nyquist plots of (a) fresh and (b) cycled S-c-ETPTA/PVDF and S-PVDF electrodes. Insets: equivalent circuit diagrams. (c, d) FESEM images
of S-c-ETPTA/PVDF and S-PVDF electrodes after 100 cycles. (e, f) FESEM images of the corresponding Li counter anodes after 100 cycles.
Deconvoluted XPS spectra of (g) S 2p, (h) O 1s and (i) Li 1s. Scale bar, (cef) 10 mm.
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with various loadings have been prepared, and the
corresponding thicknesses are shown in Figure S11.
When the sulfur loading is 2.8 mgS$cm

�2, an initial
capacity is close to 1000 mAh$g�1 at 0.2 C, and
discharge capacity canmaintain 70%after 100 cycles
(Figure S12).When the sulfur loading is increased to
3.1 mgS$cm

�2, a capacity of 900 mAh$g�1 can be
achieved in the first cycle and a retention rate of
68.6% can be maintained after 100 cycles
(Figure S12). When the sulfur loading reaches 4.8
mgS$cm

�2, the electrode thickness is about 100 mm
(Figure S11c), and its corresponding press density is
0.48 g$cm�3. The S-c-ETPTA/PVDF electrode shows
an initial capacity of ca. 5.5 mAh$cm�2 at 0.1 C, and
4.4 mAh$cm�2 can be maintained after 50 cycles,
concurrently achieving an average Coulombic effi-
ciency over 99.8% (Fig. 4aeb). The corresponding
GCD profiles with distinct voltage plateaus are
presented in Fig. 4c, indicating a low polarization.
When the sulfur loading is further increased to 7.8
mgS$cm

�2 (Fig. 4aeb), the S-c-ETPTA/PVDF elec-
trode can deliver an average areal capacity around
6.2 mAh$cm�2 at 0.1 C over 50 cycles. As Fig. 4d
demonstrates, c-ETPTA/PVDF binder-based Li-S
cells show higher areal capacity under high sulfur
loading conditions as compared to other binder-
based batteries [20,35e41]. Notably, the discharge
capacity in our work far exceeds that of commercial
LIBs of about 4mAh$cm�2. A soft-package battery is

therefore constructed (Figure S13), which can light a
string of colored LEDs (Fig. 4e), showing good
prospects for its practical application.

3. Conclusions

In summary, a novel c-ETPTA/PVDF binder was
successfully constructed for durable and high-
loading Li-S batteries by in-situ UV curing tech-
nique. The covalently cross-linked binder network
endows the highly integrated sulfur laminate with
strong adhesion and exceptional mechanical
properties. The abundant ester groups of the c-
ETPTA/PVDF binder display excellent sieving
capability towards LiPSs, which significantly alle-
viate the severe shuttling effect. Moreover, the
moderate interaction force between ether oxygen
bonds and Liþ further accelerates the Liþ trans-
port. Benefiting from these advantages, the c-
ETPTA/PVDF binder plays an important role in
the preparation of robust and high-energy-density
Li-S batteries. The S-c-ETPTA/PVDF electrode
exhibited an ultralow attenuation rate of 0.038% at
2 C over 1000 cycles. Even under a sulfur loading of
7.8 mgS$cm

�2, an average areal capacity of 6.2
mAh$cm�2 could be achieved after 50 cycles.
This work indicates that light-assisted curing
technology holds great promise in the fabrication
of robust and high-energy-density Li-S batteries.

Fig. 4. (a) Areal capacities of S-c-ETPTA/PVDF cathodes with sulfur loadings of 4.8 and 7.8 mgS·cm
�2 at the 1st and 50th cycle. (b) Areal capacity

and Coulombic efficiency of S-c-ETPTA/PVDF cathodes with sulfur loadings of 4.8 and 7.8 mgS·cm
�2 at 0.1C, respectively. (c) Discharge/charge

profiles of 4.8 mgS·cm
�2 sulfur loading cathodes at various cycles. (d) Comparison of areal capacities of high-loading Li-S batteries using various

binders. (e) Digital photograph of LEDs string powered by Li-S pouch cell using c-ETPTA/PVDF binder.
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The in-situ UV-curing method opens up new ave-
nues for the rapid and economical preparation of
highly integrated cross-linked electrode structures.
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