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Figure 1 XRD patterns of LMTO and LMTO/S (a), TGA curves of
LMTO and LMTO/S (b) (color online).
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Figure 2 SEM (a, b), TEM (c, d), and HRTEM (e, f) images of LMTO
and LMTO/S (color online).
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Figure 3 Cross section of LMTO/CL separator (a) and contact angel
test between different separators and electrolyte (b).

I AR T L Do ol b, 254 7 ARAR Ht
HEMKAEH R E . I E4b I 7 i 28 T dE—
WA, CLIRREA 2 By b S B, 7eiich
ZE{HR(LMTO/S-CL, 0.32 V), MLMTO/CLF@ 52 % Hy
W G B R BT 2, SEIl T BRI R A S
(LMTO/S-LMTO/CL, 0.28 V), F&HLMTOI)HE K5k
PER3E | 2 B ERAE S SO R T AL, IS T
RIS, F54b, AN 3T (¥ 70 0 26 0 El4c

1553



e ST

<K HH

Li,MnTi;Og 44 K FURL7E FRL AR HL b R XL T e 3

1500 2.8
o ——LMTO/S-CL ——LMTO/5-CL
s |(2) I MTOR IMTOICE —— LMTO/s-LMTO/CL]
= S-CL ——S-LMTO/CL
‘é /—S-LMTO/CL —S-CL
~ 10004 05C 224
[} . @
ES) < %
2 S
=3 =] -~
% ‘k‘t’\?\, c
S 5004 7 Ty, > 2.0 \
2
@
2 )
@ 0L T T T 1.6 T T T
0 100 200 300 0 500 1000 _1]500 2000
Cycle number Capacity / mAh g
2.8 3.0
- —01C LMTO/S-CL
w | (9 —0sC () 15t
Z 1 —2nd
= 1C 1.5
Z 244 ¢ « —3rd
2 NS =
& <
2 = 0.0-
=
2 3
S 2.0 E
é 5_1.5.
]
@
=
2 LMTO/S-LMTO/CL,
1.6 T T T 3.04— : r T T
0 500 1000 1500 2000 18 20 22 2.4 2.6 2.8
Cycle number Votalge / V
4 4
(e) LMTO/S-LMTO/CL () —LMTO/S-CL
—1st ——LMTO/S-LMTO/CL
24 ——2nd 2
—3rd | <«
<
g &
=
0 = 0
[ 50
@ bl
E 5
=
Q-2 o 24
A ; J y ’ 44— . . . .
18 2.0 22 2.4 2.6 2.8 18 20 22 24 76 28
Votalge / V Votalge / V
000 1000
(@) ~0~LMTO/S-LMTO/CL | (h) —o— LMTO/S-LMTO/CL
- ) )
o0 = 1c
Z 15004 0.1C 0.1C E 750
£ ‘\ / Z 3
2 = ;
2 1000 \ f G s00
Bt \0.5C 05c/ S 500+
H \ H
5 1c 1c B]
o 500 \ 2 2 250
| 3
g 2
2 @
a0 0

14 21 28 35
Cycle number

7

<

& 4

0 60 80
Cycle number

T T
0 20 100

A T) R/ R I 2L 25 v b PO 0 A 1 i () S Bl 70 TSR T (). LMTO/S-LMTO/CL ML AR AEAS [ LU0 25 - 1) 7 T o

2(c)~ AT IR 5 22 L (R AR 22 T 2 (d~) . LMTO/CLIR 1B 2H 26 Lt ) £ R 1L (@) FIAE 1 CHLVRUES 2 T BRI 3R I BE (h)

(GETAS)

Figure 4 Cycling performances (a) and charge-discharge profiles for the first cycle (b) of different electrodes/separator, charge-discharge curves of
the LMTO/S-LMTO/CL electrode at 0.1 to 2 C (c), CV curves (d—f) of batteries assembled with different separators, rate performance (g), and cycling
performance at 1 C (h) of batteries assembled with LMTO/CL separator (color online).
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Table 1 Comparison of electrochemical performance of this work with recently published LSBs

Initial capacity

Finally capacity  Sulfur loading (mg
2

Material Current desity (C) Cycle number (mAh g_l) (mAh g_l) em™) Ref.
OD-LTO@NC 0.5 200 1176 863 1.44 [19]
MoS,@CNTs 0.5 500 1291 718 1.50 [20]

Ni@C(Zn) 0.5 500 749 461 3.00 [21]

CoP@C 0.5 100 1238 1142 - [22]

MnO, 0.5 200 1164 893 2.50 [23]
FeCoNGr 0.5 500 856 408 1-1.5 [24]
CoO-CNTs 0.5 450 1000 750 1.00 [25]
LMTO 0.5 300 1059 797 1.00 AL
LMTO 1 100 557 1.00 AL
F 2 Li,MnTi;0¢5 CRIE SCHRH LI, TisO o 8 5 T4 B R ot b
Table 2 Comparison of lithium-ion diffusion coefficient of Li,MnTi;Og and Li;TisO,, reported in the open literatures
Material Peak I (cm2 sfl) Peak 11 (cm2 sfl) Peak IIT (cm2 sfl) Ref.
LTO-CNF - 1.78x107° [9]
LTO-AQ@PDA 5.14x107° 1.76x107° 9.27x107° [13]
M-LTO 4.04x107° 7.75%107 1.05x1077 [31]
LTO 1.06x107" - [32]
G-LTO - 1.15x107 [33]
LMTO 2.25%107° 1.31x107° 1.61x107* AR3L
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Dual-function application of spinel Li,MnTi;Og4 nanoparticles in
lithium-sulfur batteries
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China
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Abstract: The limited lifespan and poor rate performance of lithium sulfur batteries (LSBs) are caused by “shuttle
effect” of long-chain polysulfides and the intrinsic poor conductivity of sulfur, which severely hinder their practical
application. Herein, Li,MnTi;O4 (LMTO) nanoparticles are prepared via a sol-gel method. And LMTO nanoparticles are
designed as both sulfur host material and functional separator coating in LSBs for the first time, which can greatly
promote diffusion rate of Li” and long-term cycling stability of LSBs. Fine LMTO nanoparticles as a sulfur host not only
provide abundant chemical active sites but also reduce the loss of the active sulfur. What is more, LMTO functional
separator coating could play as polysulfide adsorbent agent and impede the shuttle effect of LiPSs. Consequently, the
assembled cell shows a fast Li" diffusion rate during the charge-discharge process (D Li+=2.25X1075, 1.31x10 ", and
1.61x10 * em’ s_l), indicating rapid reaction kinetics of LSBs. Under the LMTO functional separator coating, the
Li,MnTi;O4/S electrode achieves a high initial discharge capacity of 1059 mA h g_1 at 0.5 C and remains reversible
capacity of 797 mAh gf1 after 300 cycles. The performance of dual-function modified batteries is better than that of
single-function modified batteries. This dual-function application strategy of LMTO provides a theoretical support for
LSBs with a high capacity and long life.

Keywords: Li,MnTi;Og, sulfur host, functional separator coating, bifunctional material, lithium-sulfur batteries
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