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Sulfur/carbon (S/C) nanocomposite-filled polyacnitdle (PAN) nanofibers (denoted as S/C/PAN) are
synthesized as a long life and high capacity cathmaterial for lithium-sulfur (Li-S) batteries. the
S/C/PAN nanofibers, the sulfurized PAN matrix actg only as ionic and electronic channels to allow
Li* and electrons to arrive at and react with the S4Goparticles, but also as a protective barrier to
prevent the S/C nanoparticles from contacting witkctrolyte, thus avoiding the discharge intermiedia
of sulfur to dissolve in and react with the orgacéebonate electrolyte. Since the redox reactiosutitir

in the nanofibers occurs mostly at the interior 8f€rface through a solid state reaction mechanilken
microstructures and electrochemical interfaceshi nanofibers cathode remain stable during repeated
cycles. As a consequence, the S/C/PAN cathode detratma high reversible capacity of 1179 mA™h g
at a current rate of 200 mA'ga high Coulombic efficiency of ~100% after a feycles, a good rate
capability with 616 mA h gat 4.0 A g and a long cycling stability with 60% capacityemetion over
400 cycles, showing a great prospect for Li-S Ipatpplications.

problems in the past decade. A major strategy ifaloicate
Introduction nanostructured sulfur/carbon (S/C) composite byrégpating
sulfur molecules into the nanopores of conductivarbon
so matrixes to make them electrochemically active.iM#s porous
carbon materials such as carbon nanotubes and ibersjf*®
micro- or meso-porous carbott&® porous hollow carborfS;?°
carbon nanospheré%®2°% gnd graphenté®®* have been
extensively investigated as sulfur hosts becaus¢hef high
ss electronic conductivity and particularly, abundapére volume,
which provide not only confined channels to restithie outward
diffusion of polysulfide intermediates, but alsoffsient void
space to accommodate the volumetric expansionlffrsiduring
cycling. Furthermore, the adsorption propertiepafous carbon
0 matrixes are also helpful to trap the dissolved/qdfide anions
within the pores and thus to alleviate the shugtkffect. Though
these methods could improve the electrochemichtation and
the cycling stability of sulfur electrode considdsa it is still
difficult to avoid the diffusion lose of sulfur ke weak physical
s adsorption between the nonpolar carbon and thelyhigblar
polysulfide anions. Therefore, the shuttling of ysollfides as
well as the capacity fading still remains a problfmnthe S/C
composites.

With the rapid development of advanced portableteaics,
zero-emission electric vehicles and renewable pateations, low
cost and high capacity batteries are in great ddméor
widespread electric storage applicatidfisin this technology
development, lithium-sulfur (Li-S) batteries havdtracted
particular attention as a promising candidate fextigeneration
energy-storage devices because of their high thiearenergy
density (2600 Wh K@), wide availability, low cost and non-
toxicity of sulfur resources, all of which offer ropetitive
advantages for large scale applicatidhs.

Despite such significant advantages, realizingaztpral Li-S
battery is difficult, primarily due to the intrirssidrawbacks of
sulfur electrod&:*?As is well known, sulfur and its discharge
products (LS, and LipS) are electronically and ionically
insulating, which leads to a poor electrochemiddization of
sulfur cathode. Besides, the dissolving and cormmgshuttling
of lithium polysulfides generated as intermediatesng charge—
discharge processes in the electrolyte can causmiseapacity
fading and low coulombic efficiency. Moreover, tHarge
mechanical stress induced by the volume expansam &ulfur To improve the cycling stability of the S/C comgesi a
(d=2.03 g_crﬁ) to its dlschargg product, lithium sulfide {8 d_ 7o number of additional strategies have been proptsetlleviate
=16649 crr?)_, may break the .|ntegr|_ty of sulfur. cathO(_je, which the shuttle effect. These include: 1) inserting aribr layer
accelerqtes, in turq, _the capacity fadl_ng. Theesfomproving the (mesoporous silica and &); or microporous carbon) in-between
electronic conductivity, accommodating volume charg well the cathode and separator to capture polysulfitterirediates®
as avoiding the dissolution of polysulfides playa aqual 372) tailoring electrolytes to restrain polysulfidgssolution, or

|m_r|)_ort§nce to act;lleve Ia Stablﬁ su.lfurl cathﬁde. bility afff 75 replacing the organic electrolytes with ionic liuglectrolytes,
0 Improve t e electrochemical rechargeability 8 polymer and “solvent-in-salt” electrolytes to loweobwn the
electrodes, considerable efforts have been madeldoess these
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mobility of polysulfides®“? 3) employing LINQ or B.S; as A commercial microporous carbon, BP2000 (Black Be2000,
safeguard additives to passivate the Li surfacethnsl to inhibit Cabot Corporation), with an average particle sifel® nm,
the reduction of higher order polysulfide ions ldnanode®**** ¢ surface area of about 1306 gt and average pore size of 0.7 nm,
and 4) encapsulating S/C composite with conducpetymer was adopted as conductive matrix to fabricate QIBposite.

s such as polythiophenes, polypyrr8té” Nevertheless, in most The C/S composite was prepared by a conventiondt- me
cases, the discharge capacity of the S/C compositésiecay diffusion method. First, BP2000 was mixed with $meld sulfur
slowly with increasing cycle numbers. To gear the&SLbattery at a weight ratio of 1:4 in a planetary mill (QMA®, Nanjing,
research towards practical applications, more #ffetrategies, s China), then, the mixture was sealed in a stairdesss vessel and
especially those that can greatly depress or ewiiy dliminate heated at 155 °C for 6 h. After cooling down, théamed sample

o the diffusion lose of the polysulfides are highlgsidted for  was ground by ball-milling at a rotation speed 602pm for 6 h
developing cycling-stable sulfur cathodes. to obtain S/C composite.

A few of previous studies have demonstrated tha of
organic carbonate-based electrolytes widely usedcumrent
lithium ion batteries can effectively suppress digsolution loss 7 PAN with a molecular weight of 150 000 was purclagem

15 of the reaction intermediates of sulfur, enablifg tsulfur-  Sigma-Aldrich. N, N-dimethyl formamide (DMF) wasagsas the
encapsulated microporous carbon spheres to achhégh solvent of PAN and dispersant of S/C composite.nspg
coulombic efficiency (approaching 100% after 3 egyl and  solution was obtained by adding the S/C composit8 Wwt. %
excellent cyclability’® However, this strategy is difficult to apply PAN/DMF solution and then fine-grinding in a MiniiM
for the conventional sulfur cathodes due to thé ligactivity of s Pulverisette 23 (Fritsch, Germany) with an osddlatfrequency

0 carbonates with polysulfidés, which makes sulfur almost of 35 Hz for at least 3-4 h. The mass ratio of 8é@hposite to
entirely inert. To avoid this situation, it seenitt the sulfur ~ PAN was designed as 5:2 in the spinning solution.
nanoparticles should be embedded in the interi@ropbres of
the carbon matrixes, so as to reduce the dirediacomith the
carbonate electrolyte. This is the reason why tie#i wyclable =~ The synthetic processes of th8/C/PAN nanofibers are

25 S/C composites in the carbonate-based electralgfEsted so far s schematically illustrated in scheme 1. The spinrsofytion was
are all sulfur-encapsulated microporous Carbonmﬁéo’zs contained in a syringe with a stainless steel m0Z@l47 mm

Another sulfur electrode compatible with carboriaased  internal diameter). The nozzle was connected tagh-toltage
electrolytes reported so far is polyacrylonitrildfsr (PAN/S)  regulated DC power supply (Model DW-N503-1ACDF, rijie,
composites, which are usually obtained by heatimgivaure of ~ China). A constant volume flow rate was maintaingd a

2 PAN and sulfur to make PAN cyclized, dehydrogenizewt! ss Syringe-type infusion pump (Model LSPO1-1A, Sharig@hina).
finally sulfurized®® Benefiting from the electrical and ionic An applied voltage of 16 kV, solution flow rate@8 mL H', and
conductivity of the thus-sulfurized PAN frameworithese distance between the nozzle-tip to the aluminiuihcialector of
composites usually demonstrate high sulfur utigraand stable 10 cm were found to provide a steady electrospmpiperation.

Preparation of electrospinning solution

Electrospinning and heat-treatment

cycleability in the carbonate-based electrolytesweler, the low The as-collected nanofibers were heat-treated atpﬂmilzgd
s sulfur content in the PAN/S composites (< 40 wt.tiiders their s temperature of 280 °C for 3h with a heating rat& 6€ min™ in
battery application. a sealed stainless steel autoclave. During thisess) PAN

Enlightened from the structural features of bothfusu  Polymer chains were cyclized and dehydrogenatedet®asing
encapsulated microporous carbon spheres and PAWgasites, Small hydrogen sulfide (%) molecules, the resulting carbon
here, we proposed a new strategy to develop cyslialgle sulfur ~ double bonds were instantly sulfurized by the sulfm the

welectrodes in carbonate-based electrolytes by edihgd s carbon matrix?
sulfur/carbon composite nanoparticles into a'-danductive
polymer matrix, thus preventing the direct conticsulfur with
liquid electrolyte. In such a material, "Lions and electrons
transport through the polymer matrix into the iterof the
4s cathode to react with the embedded sulfur, thusdawp the
dissolution of the intermediates into the bulk &lggte.

To realize this concept, we prepare8/C composite
nanoparticle-filled PAN nanofibers (denoted as BAN) by a
single-nozzle electrospinning technique and subssguneat-

so treatment at 280 °Go make PAN sulfurized and therefore
conductive Benefiting from the structural features, the thus
preparedC/S/PANnanofiber cathode has good compatibility with
the conventional carbonate-based electrolytes ahébiés high
Coulombic efficiency, long cycle life and good ratapability,

ss showing a great prospect for battery applications.

Scheme 1 Schematic diagram of the preparation processhoiC/S/PAN
Experimental nanofibers.

Preparation of S/C composite

2 | Journal Name, [year], [vol], oo—oo This journal is © The Royal Society of Chemistry [year]
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Structure char acterization with a diameter of 1 cm for assembling cells. Trdiscwere

The morphological and structural characteristics tioé as- assembled in an argon-filled glove box with a mpowus

prepared fibers were examined by X-ray diffracti®dRD), mlembrlane (Cecliggrd 5300) ZS separator. 'Ijh(;.org{amlzopate
scanning electron microcopy (SEM), transmission ctebe egctro yte used in this study was 1 M Lip#issolved in a
s microscopy (TEM) and X-ray photoelectron spectrasctXPS). m|xtur¢3T of propylene carbonate .(PC), ethylene cmtm (EC),
The XRD patterns were recorded with a Shimadzu >@®DO and diethyl carbonate (DEC) in a V°'9me ratio oft:3,
(Kyoto, Japan) diffractrometer by using a Cw karget at 40 kV purchased from the Perfqrmance Matenals_ CompareyreF
and 30 mA with a scan rate of 4 © IrSEM and TEM images Suzhou). The galvanostatlc_ charge and discharges me_;re
were taken with a SUPRA 55VP FESEM microscopy (Eeis performed at a voltage interval of 1.0-3.0 V usig
10 Sigma) operated at 15 kV and a Tecnai G2 F30 (FEI, “ programmable computer-controlled battery (.:hargeTZC(C).;A
Netherland) at an accelerating voltage of 300 l&spectively. Land .Battery Testing System, Wuhan,. China). Thgcu’;pe
The TEM was coupled with an energy dispersive X-ray capacny was calculated on the mass Welght of trsin the
spectrometer (EDX) for determining the chemical position of composne f|.bers. C¥C"C voltammetric measure_[n emere
the samples. XPS was performed on a Thermo FisBEAEAB carried out with the coin cells at a scan rate.&frdV s* using a
15250 X-ray photo-electron spectroscope using Al K-rays * CHI 660c electrochemical workstation (Chen Hua rimsents
(1486.68 eV) as the excitation source under amhigh vacuum. Co., China).
The binding energies were calibrated relative ®@is peak . .
(284.8 eV). All the high resolution spectra were Results and Discussion

obtained under constant analyzer energy (CAE) muttepass  The C/S/PAN composite nanofibers were prepared
2 energy of 20eV and step size of 0.05eV. The sulfur content in glectrospinning the dispersion of S/C composite iRAN/DMF
the composite nanofibers was determined by elethentlysis ¢, solution, followed by heat-treatment at 28G to make PAN
using a Vario EUII elemental analyzer. sulfurized. The mass ratio of S/C composite to Pgdlymer
Electrochemical measurements was 5:2 in the electrospinning solution. The S/@gosite was
obtained by a melt-diffusion technique to dispessdlimed
sulfur in microporous BP2000 matix at 155 °C. Thkus content

* ssin the S/C composite was 80 wt. %. The morphologg a
structural features of the as-prepared C/S/PANrfibsere
characterized by SEM, TEM and XRD. As revealed ey $EM
image in Fig. 1a, the as-prepared fibers have smewtface and
uniform morphology with a diameter in the rangel©0~200 nm.

All the electrochemical tests were carried out gsi916 coin-
25 type cells with lithium foil as both anode and refece electrode
The cathode was prepared by coating the slurrhefQ/S/PAN
nanofibers, Ketjen Black conductive additive ancboaymethyl
cellulose (CMC) binder in a weight ratio of 70:20:ih distilled
water on aluminum foil and followed by drying at 8C in
s vacuum for 12h. The as-prepared electrode was ritat disks

60

Fig. 1 SEM image (a); TEM image (b); the correspondingneletal mapping of carbon (c) and sulfur (d) foraiseprepared C/S/PAN nanofibers.

This journalis © The Royal Society of Chemistry [year] Journal Name, [year], [vol], oo—o0 | 3
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The TEM image in Fig. 1b shows a dense surfacehef t
composite nanofibers without any discernable poyosi
Apparently, this structural feature is beneficial grevent the
electrolyte penetrating into the interior spacehaf fibers and to
block off the direct contact of embedded S/C naniges with
the bulk electrolyte, so as to avoid the side feadbetween the
reaction intermediates of sulfur and carbonate esdb; thus
enabling the fibrous sulfur electrode compatiblethwithe
carbonate-based electrolytes. Nevertheless, theedueld S/C
nanoparticles can not be discerned from the TEMgendue to
their deep encapsulation in the fibrous matrix & as the very
low contrast of the sulfurized PAN and the S/C cosite. The
corresponding elemental mappings in Fig. 1c andeidonstrate
a homogeneous distribution of both carbon and suliuthe
composite nanofibers. To further characterize theictire
features of the C/S/PAN fibers, the fibers were effitand the
cross-section was viewed by SEM. The SEM imageiinSRa
reveals that the S/C nanoparticles (strong contragtre
homogeneously dispersed and embedded in the aelfuP AN
matrix (weak contrast). The corresponding elemenggpings in
Fig.S1b and 1c also display a homogeneous disivibutf both
carbon and sulfur over the cross-section, indigattirat the sulfur
is indeed inside the fiber matrix. The contentsoffur in the
nanofibers is determined to be 53% by elementdysisa

3

1

o

15

20

2!

a

The phase structures of S/C composite and C/S/PAN

nanofibers were characterized by X-ray diffractiofRD) as
shown in Fig. 2. The XRD pattern of the pristinen@s also
displayed for comparison. As observed in Fig. 2 phistine S
exhibits sharp and intense diffraction peaks, iatig its
presence in a highly crystalline state. In the ca$eS/C
composite, the peaks belonging to crystalligepBases are still
visible, but their intensities are substantialljdueed due to the
uniform distribution of the sulfur in the BP2000 tnta After
further electrospun with PAN and subsequently hesited, the
C/S/IPAN nanofibers show featureless diffractionthvé broad
and weak band at62 ~25, characterizing the amorphous
structure of carbon and PAN matrix. This suggelséd the S/C
composite were deeply embedded and well dispersttiPAN-
40 based nanofibers.

3

o
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Fig.2 XRD patterns of (a). sublimed sulfur, (b). C/S qusite and (c).
the as-prepared C/S/PAN nanofibers.

X-ray photoelectron spectroscopy (XPS) was usetutiher
4s characterize the chemical composition of C/S/PAMdfibers.

Fig. 3a shows the XPS spectra in the C 1s regitedrcurves
reveal that the C 1S band can be split into theskg. The main
peak at 284.6 eV corresponds to th&tsridized carbori® The
peak at 285.5 eV can be partially ascribed to th® Gonds?
s0 suggesting successful sulfurization of PAN in tleatitreatment
process. The minor peak centered at 286.6 eV caitifiieuted to
the C-O species formed by carbon oxidation duritg t
sulfurization process. The XPS spectra of the S(FAg. 3b)
shows an overlapped band with two shoulder baridse main
ss peak is virtually composed of two strong peaksG8.3 eV and
164.7 eV, which have an energy separation of 1.2aad an
intensity ratio of 2:1, obviously due to S 2p 1lfdaS 2p 3/2
doublet of elemental ¥.This observation demonstrates that the
sulfur in the nanofibers exists dominantly in asneéntal state.
e Nevertheless, the lower binding energy of S 2p 8tate
(163.5eV) than elemental sulfur (164.0eV) revehks presence
of C-S bond in the nanofibers. The minor peak cedtat 168
eV arises from the sulphate species most likelynéat by the
oxidation of elemental sulfur during the prepatjgmocess. The
es peak at 161.7 eV can be attributed to the adsoibstl by-
product generated in the sulfurization reaction.
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Sulphate species
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Binding Energy ( eV )
Fig.3 XPS analysis of C/S/PAN nanofibers. (a) C 1s spatt(b) S 2p

spectrum.

T T
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The electrochemical performances of the as-prepaf8(PAN
nanofibers were evaluated as cathode for Li-S tiastén coin
cells. The coin cells were assembled with electeolyf 1 M
LiPFy/PC-EC-DEC (1:4:5, by vol.). Fig. 4a shows the wycl

75 voltammograms (CV) of the C/S/PAN nanofiber cathdde
carbonate-based electrolyte at a scan rate of U.§mAs can be
seen, the composite nanofibers exhibit two cathpdaks in the
first cycle: a small one at ~ 2.3 V (vs. Lifliand a large one

4 | Journal Name, [year], [vol], oo—oo
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starting at ~1.8 V. The small peak disappears #ifeffirst scan, 1s PAN matrix and to arrive at the S/C nanoparticles sulfur
while the onset potential of the large peak shifisa more reduction. This is confirmed by the fact that thé @eak of the
positive value of 2.1 V at the subsequent scans. dpearance  as-prepared nanofibers resembles very much theteoPAN/S
of the high potential peak demonstrates the existarf a small composite in the shape and posittdanother question is the

s amount of residual sulfur on the surface regiothefnanofibers,  positive shift of the reduction peak after the tfiscan. This
which is reduced to form high-order polysulfides tlme first 20 phenomenon is most likely caused by the largerstlae to the
cathodic process and reacted with carbonate salvéitte low volume expansion of the embedded sulfur in théainieduction,
potential peak arises from the S/C nanoparticldseelted within which requires an additional polarization and tfeee produces
the sulfurized PAN fibers, where sulfur is reducitijated and such a potential hysteresis. For anodic scan, ardingle peak

w finally converted to lithium sulfide (LE). Nevertheless, the appears at ~2.4 V, reflecting the oxidation reactiof the
reduction potential of the S/C composite in suchNF#ased s reduction product LB. In the following scans, the cathodic and
nanofibers is much lower than the thermodynamioealf sulfur.  anodic current peaks become almost unchanged ipdbition
A possible explanation is that a large mass transftarization is and intensity, demonstrating a high cycling stapilof the
needed for driving the Liions to pass through the sulfurized S/C/PAN nanofiber cathode.

0.05 4 b 1st cycle
30 ' +  2nd cycle
_ 3th cycl
. 0.004 =5 v cycle
g t a5k 10th cycle
S 258
—-0.05 3 \
= > .
S > 20
E-0.104 ©
=
O 1st cycle 5 15
z \
0154 2nd cycle o it \
3rd cycle 1.0
0.20 1 T T . . T T v T
10 15 20 L 25 30 ] 500 1000 1500 2000
- Potential (V vs. Li'/Li) Capacity (mAhg ')
2000 120
o . d
200mAg a 1500 4
< 1500 e —~
_:1:0 sgmeny - 100 g_ ‘_"nn 200mAg"
< 3 = 4 400mAg" N
T o« g B00mA g’ 200mAg
é 1000 4 o E1 E %glsA 1 . et
=y o0 X e, 278 35 ')
£ . - :_;, B M
S o 8
& 500+ a 2 5004
L6 = ©
X
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Fig.4 Electrochemical performances of the C/S/PAN ndmesfcathode using the electrolyte of 1 M LiFFC-EC-DEC: (a) Cyclic voltammograms in the
initial three cycles within the voltage range d Y- 3 V (vs. Li"/Li) at a scan rate of 0.1 mV*s(b) Discharge/charge voltage profiles at a curdemsity
35 of 200 mA ¢; (c) Cycling performance and Coulombic efficieryves, and (d) Rate capability at various curdemsity from 200 mA§to 4.0 A g~

The galvanostatic charge—discharge behaviors oSto#PAN soat the first discharge and subsequently deactivatedthe
nanofibers in carbonate-based electrolyte are showang. 4b. In subsequent cycles due to the side reaction betwebsulfide
accord with the CV curves, the nanofiber cathodpldys a two-  anions and carbonate solvents, resulting in thapgisarance of
staged potential profile with a short plateau &tigher potential  short plateau at 2.4 V after the first dischargong with the

10 0f 2.4 V and a long plateau at a lower potentiat-df.7 V at the  lower discharge plateau, the nanofiber electrodmvshonly a
first discharge, giving a total discharge capaoft069 mA h &. s single charge plateau at around 2.2 V. The chaagadities are
Since the second cycle, the short plateau at 2disdppears, 1179 mA h @, 1137 mA h ¢ and 1126 mA h §in the first,
while the lower plateau at 1.7 V becomes steepershifts to 1.8 ~ second and third cycle, respectively, showing & trigversible
V with the discharge capacity down to 1183 mA-hand the  capacity of the S/C/PAN nanofiber cathode. Althoutite

4s Coulombic efficiency up te96%. Apparently, the short plateau reversible capacity is sufficiently high, therellstixists a large
at 2.4 V should be attributed to the reductionesfidual sulfur, e irreversible capacity of ~ 886 mA hdn the first cycle. Except
which is produced by the deposition of vaporizetluswon the for the part of the irreversible capacity due te teduction of the
outer surface of nanofibers during cooling downerafheat-  surface sulfur at 2.4 V, the major part of irrevigles capacity (~
treatment. These residues were reduced to high-padgsulfides 580 mA h @) delivered at the potential below 1.7 V is

This journalis © The Royal Society of Chemistry [year] Journal Name, [year], [vol], oo—o0 | 5
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the previously reported S/C composites that cyabethe ether-

e0 based electrolytes. To achieve high sulfur contemhicroporous
carbon matrix with highly developed surface ared porosity
should be developed and used in this kind of cort@o3his
work is under investigation in our Lab.

exclusively attributed to the formation of SEI filom the surface
of nanofibers. The low Coulombic efficiency56%) in the first
cycle quickly increases to 96% in the second cgalé to 99% in
the third cycle, suggesting that SEI film is ragifibrmed in the
sinitial cycles. This SEI film can act as a proteetilayer to
prevent polysulfides from reacting with carbonasesdxd
electrolyte and therefore to improve the cyclapiliof the
nanofiber cathode.
The cycling performance of the S/IC/PAN nanofibehode in
10 carbonate-based electrolyte is given in Fig. 4c. aAtturrent
density of 200 mA d, the reversible capacity of the nanofiber
composite is 1183 mA h't] at the 2nd cycle and gradually ! e o
decreases to ca. 795 mA H gver 150 cycles and then maintains PAN matrix to prevent their direct contact withdid electrolyte,

stable at subsequent cycles. Even cycled for nhame 400 cycles, ™ thus making this material electrochemically a_ctii/re th_e
15 the nanfiber cathode can still retain a quite ligpacity of > 730 carbonate-based electrolytes. The S/C/PAN nanoBathode in

mA h g, demonstrating a stable cycling performance. Asatso c?f'rb'onate-be:jsed elect.rolyte shows ¢ almost 192% Gtoio
be seen from Fig. 4c, after the first three cycths, Coulombic efficiency and a capacity retention of ~ 730 mAhayer 400

efficiency of the nanofiber composite reaches yeHdl0% during c;//cl;as These efgbcellent fe;lectrochempgl perfc;lrrrmnoé the
extended cycling. The high reversible capacitygloycle life and ™ S/C/PAN nanofibers ~offer - competitive — advantages

2 high Coulombic efficiency suggest that the sulfedZ2 AN matrix constructing cycling-stable Li-S batteries. The elastructure and
can effectively confine the S/C composite and dimbithe working mechanism of the S/C/PAN nanofibers mayjgt® new
polysulfide intermediates insight into the design of long life and high capacsulfur

In addition to the high capacity and strong cydigbi the cathodes for practical development of Li-S batterie
S/C/PAN nanofiber cathode also demonstrates anllexteate
25 capability. As shown in Fig. 4d, the nanofiber &lede delivers a
discharge capacity of 1164 mA gt 200 mA ¢, 973 mA h ¢
at 400 mA ¢, 893 mA h ¢ at 800 mA @ and 745 mA h g at
2.0 A g*. Even at very high rates of 3.0 A gnd 4.0 A ¢, this
electrode can still deliver considerably high reilgle capacities
20 0f 676 mA h @ and 616 mA hg, respectively. Once the current
density returns to 200 mA™gat the end of rate-cycling, the85 Notes and references
discharge capacity of the electrode recovers to @ h ¢*
immediately, showing a strong tolerance for highreat impact.
The above-presented results clearly demonstrate e +86-27-87884476; Tel: +86-27-68754526; E-mail:xpai @whu.edu.cn

s S/IC/PAN nanofibers possess not only high capadity ng-  + Electronic Supplementary Information (ESI) avaliéa The cross-
term cyclability, but also excellent rate capabiliBuch superior s sectional-view SEM image and the corresponding eleai mapping of

Conclusions

es In summary, we have successfully prepared S/C/Pahbfibers
using a single-nozzle electrospinning techniquelinad with a
subsequent sulfurizing reaction. In the as preparaabfibers,
S/C nanoparicles are embedded homogenously inulfigrized

for
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A cycling-stable sulfur electrode in carbonated—based electrolytes is developed by embedding

S/C nanoparicles in the PAN-based nanofibers.



