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IEFRAAR A, T UM R FE AR L i i A VR A,
R I AR T ANLiPS B PR TS AL (T 1), AR IE RS
TR (83 wit%). i Ek i (6.53 mg em™)Bi IE ML
Aty AR, AR ES TEESELEY
A BRI, i B R R AR R A

1528

3.0 =

2.8 1

Li,S,

2.6

2.4

2.2

Potential (V vs. LilLi*)

2.0

1.8 4

1.6 >
Capacity

1 (MEERRR ) TWOTEBR IEAR i B ek F P VR IR 2
Figure 1 (Color online) Functional schematic of TWO in the
discharge process of the sulfur cathode
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F X SR AT S (X-ray diffraction, XRD)FEAFTWO
FIS/ITWOR A EH SR RZE K, TE A F 4 L 7 B
(scanning electron microscopy, SEM)AIi% 5 Hi ¥ ik {3k
% (transmission electron microscopy, TEM)#HUR K}
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metry, TG)HiES/TWOR G A & &5 a5
Ah-1T TR i (ultraviolet-visible  spectroscopy, UV-
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R (cyclic voltammetry, CV)FIH k22T (elec-
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CHI660ER 1 Ak 22 T AE W (i R 1) FlZennium  XCHY
HL Ak 2% TAE S (Zahner) HEAT, i DU H A7 v L Oy
1.7~2.8 V(vs. Li/Li"), £ 70.1~0.5 mV s~ J5&
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30~70°C.  HL It AR I FE B FRL AR BRI/ E C T-4008 Y
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Figure 2 (Color online) Structural characterization of TWO and S/TWO composites. (a, b) SEM images, (¢) HRTEM image, (d) SAED pattern, and
(e) XRD pattern of TWO. (f) TG curve and (g) SEM image with the related elemental distribution mappings of S/TWO composites
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e TER e tE, HAE0 1 CER T E AERS

1057.43 mAh g~ '(vs. 989.79 mAh g5enr), TEFR200E
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Bt 70 28K o R e 30 R 6 s 2 AN O S R B (113
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668.33 mAh g~!, AR NTS.40%, FE RN
0.155%/4: . [N, SITWOR AR EA T A
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EAENLU TR . Bk, TERCRAITEG Y
B, TWOIRERHAL LI, TWOIF LA F I, IR
PIRIAL T SeBIL1,Ss A 5 — 1~ F &5 HLi, TWORY LA Ik
T, L, Li, TWOR RESERYF & AL AL F I b K
Li" PR B, PR H &I (TWO),



it 3Z
0.04 ~ 60
(a) TWO (b) 3.0 TWO (C) = TWO
0.02 v 284 fé; %] C2 :
5
o 5 264 s &b 02C
< 0.00 ” Z 401 oS 1C S5agae0
£ £ 24 8 bl ¢
§-0.02 < 224 - 8 Susageee
£ - s 2
5_0-04 0.1mvVs™ £ 20/ 01C 2nd ﬁ 20
;:td £ 18 3rd E Charge capacity
-0.06 3rd 161 (L; @ Discharge capacity
; ; : . , ) 0 . : . :
16 18 20 22 24 26 28 0 20 40 60 80 100 0 10 20 30 40
Potential (V vs. Li/Li*) Gravimetric capacity (mAh g™") Cycle number (n)
e
(d) ——S/TWO 242V ) 30 = ;
61— sieNT ~> SIONT _
&= 236V S, < S
> 3 2 &
-4 = £ >
< . 4 £
s 02mvs™’ 2.6 > :‘;
g - :
= = g 5
€ 0 s 22 8 o
g 5 2 2
G 2 227V g £ L0l ° smwo 120 S
3 199V 18] g o S/CNT 8
0 T T T 0
LR R 0 200 400 600 800 1000 1200 0 50 100 150 200
Potential (V vs. Li/Li") Gravimetric capacity (mAh g™") Cycle number (n)
(9)~ (h) ~ 1000
‘s 1200 - 100 ‘o Ooooooooooooooomooooooomoooooooooooooo%oooooooooooocx)ooc 100 _
< [— B 2 02C X
Z I~ g g | 2
£ 100> 005¢ leo » £ °° 05C 02C 80 3
Z 8001 01C g & Ceassascos k]
S : L ) S 600 1C L o
S 600 60 % § ®ocssscsss 60 £
] Lo © g 00853000 lao 2
£ 4004 2 2 4004 5C £
g § ¢ Coseseses® 5
E 2004 © SMWO r20 3 E lo 3
H 6.53 mg cm? S § 294 gtwo ©
5] 0 T T T T T T T 0 © . , . . : 0
0 20 40 60 80 100 120 140 160 0 10 20 30 40 50 60
Cycle number (n) Cycle number (n)
i) ~
@ T 800 -100
o —_
£ g
E 600 1C 80 =
2 5]
5 L60 'S
§ 400 £
o r40 -2
2 8
© 200 o
£ 20 3
3 S/TWO (s}
& 04 . , . . 0
0 200 400 600 800 1000

Cycle number (n)

B 3 (MK E)TWORS/TWOE &M R AL FIERE. TWORI(@)CVIlIZ . (b)AT = AR IR (0.1 C, 1 C=150 mA g~ )HI(c)fFRPEAE
2% SITWOMS/CNTE S A RHI(A)CVIZ: . (o)1 A s R AR EREMIZE (0.1 C, 1 C= 1675 mA g 7); SITWOR &M R ) TE R 2k T

IIEPIERRINZE . (h)RESIERE LA ) K IIRFERE N Z(1 ©)

Figure 3 (Color online) Electrochemical performance of TWO and S/TWO composites. (a) CV curves, (b) galvanostatic charge/discharge profiles in
the initial three cycles (0.1 C, 1 C=150 mA g_l), and (c) rate property of TWO electrode. (d) CV curves, (e) initial charge/discharge profiles, and (f)
cycle performance of S/TWO and S/CNT electrodes at 0.1 C (1 C = 1675 mA g ). Cycling performance of S/TWO electrode (g) at high sulfur loading,

(h) various currents and (i) large current (1 C)

AT B % SeEAR G AL A LioSs. 7RG 2ELLSsf% bl
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(a)FIES3). Bl 1.9 VI TWOHLIE GE N TWO Dis-
1.9) LcE sy, IFmAGE BB, Rk

10 minfi5, KoM O AR MAGLL @, Il A
v €8, W B0 O 5 A8 B AT S LIPS, X R I ikl
AL, TWO N BB T Li B AL ALHIK A B Li Fi -+
P 25 A5 H, AR LR s A,

BHIS, LipS, 78k oW B 5 der itk — 2] 1 Li, TWO
B AL R, &l 4(b)FT7R, TWO Dis-1.95LiPSH)
AHEAE I EE 58, XF 0 Lip S, v R (2 5 W] i, JfHH R LIS,
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Figure 4 (Color online) Research on sulfur dissolution behavior and interfacial evolution of TWO electrode. (a) Visual images of sulfur dissolution on
the discharged TWO electrode to 1.9 V (TWO-1.9). (b) UV-vis spectra of Li,S, solution after soaking pristine TWO, carbon paper and TWO-1.9
electrodes with the corresponding optical inset. (c) S 2p, (d) W 4f, and (e) Ta 4f core levels of TWO-1.9 before and after Li,S, interaction, along with (f,
2) TEM images and (h, i) SAED patterns. (j) Illustration of the promoted conversion from LiPS to Li,S by the Li" intercalated TWO
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Figure 5 (Color online) Electrochemical kinetics of the electrodes. Temperature-dependent EIS of S/TWO and S/CNT discharged to (a) 2.1 V and (b)
1.7 V, respectively, along with the (c) corresponding Arrhenius plots. Contour plots of CV curves for (d) S/TWO and (e) S/CNT cells. (f) The calculated

Li-ion diffusion coefficients for the related redox processes
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Lithium-intercalation type Ta,WQg hosts enabling
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Lithium—sulfur (Li-S) batteries have been widely recognized as one of the most promising candidates for next-generation high-
energy-density secondary battery systems owing to their cost advantage as well as their high theoretical energy density (2600 Wh
kg~' and 2800 Wh L") endowed by the use of sulfur cathodes (1675 mAh g™ ") and lithium anodes (3860 mAh g™"). However, the
existing shuttle effect of soluble intermediate lithium polysulfides (LiPS) easily induces their free diffusion and active material
loss, while the intrinsically slow redox kinetics of the sulfur cathode severely restrict sufficient redox conversion, thus impeding
the commercial application of Li—S batteries.

As a result, intercalation-type Ta,WOg (TWO) microspheres with high crystallinity and regular morphology were synthesized
through a simple hydrothermal method and employed as the host materials for sulfur cathodes. The TWO microspheres, which are
assembled using nanorods, provide abundant catalytic active sites and exhibit excellent reversible lithium-ion deintercalation/
intercalation behavior within the operating voltage window of Li-S batteries (1.7-2.8 V vs. Li/Li"), based on the redox processes
of Ta*"/Ta*" and W*"/W*".

The subsequent characterization results demonstrate that TWO hosts possess strong adsorption capability toward LiPS, along
with rapid color fading and vanishing characteristic peaks in the ultraviolet-visible spectra, as well as function as a redox mediator
to catalyze the electrochemical conversion of sulfur species. Specifically, lithium ions are embedded into TWO to form Li,TWO,
which can promote the dissolution transformation of elemental sulfur to LiPS by serving as a transfer mediator for lithium ions and
electrons. This further lowers the conversion energy barrier between sulfur species adsorbed on its surface and the final reduction
products (Li,S,/Li,S), as well as facilitates their sufficient conversion by directly contributing lithium ions from Li,TWO to LiPS.

Consequently, the electrochemical performance of the related Li—S batteries is distinctly enhanced compared with that of
batteries using carbon nanotubes or Ta,Os as cathode hosts. The redox processes are ameliorated by the high peak currents, large
peak areas, and low polarization potential differences in the cyclic voltammetry curves. Meanwhile, the dissolution polarization
of sulfur on the host materials is reduced significantly, accompanied by a larger discharge platform. Additionally, the subsequent
charging overpotential can be relieved, thus indicating the promotion of both sulfur dissolution and the mutual conversion
between LiPS and Li,S. Hence, the corresponding S/TWO cathode exhibits excellent sulfur utilization and cycling stability. The
initial capacity is improved to 1057.43 mAh g_1 at 0.1 C and remains stable after 200 cycles with a low capacity-attenuation rate
of 0.164% per cycle. Similarly, the electrode with a relatively high sulfur loading of 6.53 mg cm ™2 exhibits a high initial capacity
(1076.89 mAh g~' at 0.05 C) and excellent cycling stability with a capacity retention of 75.40% over 160 cycles at 0.1 C.
Additionally, the related rate property can be improved from 0.2 to 5 C. The corresponding S/TWO cathode shows stable cycling
for 1000 cycles at 1 C with an initial capacity of 651.03 mAh g~' and a low capacity-decay rate of 0.053% per cycle. Therefore,
the designed TWO host materials with superior lithium deintercalation/intercalation capabilities can significantly improve the
utilization of active sulfur species in the cathode and enhance the electrochemical performance of Li—S batteries. This study serves
as a reference for the development of other efficient host materials and facilitates the advancement of Li—S batteries.

lithium—sulfur batteries, lithium ion intercalation-type host materials, tantalum tungsten oxide, catalysis, redox
mediator
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