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. . Li-S vs. Other Cell Chemistries
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” Mechanism and context of Li/S Battery
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Li-S Cell Configuration
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High theoretical capacities (n>1)
Resistance to overcharge

Wide operating temperature range
Resource-rich

Environment- friendly

Design diversity
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7 Mechanism and context of Li/S Battery
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mia YR E AR A ERk A A RIF S HERNEE
25 M MR UERR TS W) R A R 3

Maintaining the active material in an intimate contact
with an electron conductive Matrix
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Mesoporous carbon  Micropores of carbon spheres Carbon nanotubes
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Different solvents and additives or using polymer-type of
electrolyte to improve the electrochemical compatibility
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Activated carbon-sulfur composite materials

TREGRE £104 % & £20 4 & HOx &%
& ik /mAh-g* & #/mAhg! 2 %/mAhg! ik
Synthesis method (initial discharge (after 10 cycles) (after 20 cycles) (capacity remaining
capacity) y y after 20 cycles)
I : T8 0
Adding directly 947.0 631.8 558.7 59.0%
5 A
Rty 1057.8 689.7 607.7 57.4%
Ball-milling
H AL 0,
A H e (70%) 1180.8 942.1 863.3 73.1%

Thermal treating

K BB BB E#81% T RS ENT0% K B R -TE R E SR . BRR-TE
MR AR B R FL L A 85X 1180.8 mAh/g, IEMEYI A A70.5%, EIREE
20 JE I T A R B PR $77E863.3 mAh/g.

70%Sulfur-actived carbon composite was synthesized via an two-step thermal
treating method. The initial discharge capacity of the active material was 1180.8 mAh/g,
sulfur, the efficiency of active material was 70.5% and remaining capacity was 863.3
mAh/g sulfur after 20 cycles.
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Activated carbon-sulfur composite materials
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MWCNT-sulfur composite materials

TRALRE £10:k s & %20k % & W20RRE
wE¥ /mAh-g* % &/mAh.g! &%/mAh.g? # 45 £
Sulfur containing (initial discharge fter 10 cvel fter 20 cvel (capacity remaining

capacity) (after 10 cycles) (after 20 cycles) after 20 cycles)
70% 1189.1 942.5 892.7 75.1%
75% 1205.7 781.8 715.9 59.4%
80% 1099.5 790.8 787.4 71.6%
85% 1272.8 1035.4 912.6 71.7%
90% 1222.8 1001.3 896.1 73.3%

KEAZHSBEMA A ZHE THRESENSWHERT-ZEBRAPAKREESHE.
SEESMRIERME LA E1X1272.8 mAh/g, FEMEMIRFIEERAT6.0%, BIFEF20FBHE

REIXRIFE2.6 mAhlg, BEREBEFRIXT1.7%.

85%Sulfur-MWCNT composite was synthesized via an two-step thermal treating
method. The initial discharge capacity of the active material was 1272.8 mAh/g, sulfur, the
efficiency of active material was 76% and remaining capacity was 912.6 mAh/g sulfur after
20 cycles.
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MWCNT-sulfur composite materials
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Sulfur/polythiophene with core/shell structure
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Synthesis of the S-PTh composites.

KABRMEURENTZE, SHEBXEEMFREREM FIEMR.

Novel sulfur/polythiophene composites with core/shell structure composites
were synthesized via an in situ chemical oxidative polymerization method.

Electrochemical and Solid-State Letters, 13 4 A29-A31 2010

J. Phys. Chem. C 2011, 115, 6057-6063
L
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Different ratios of the sulfur/polythiophene composites were characterized by
elemental analysis, FTIR,XRD, SEM, TEM, and electrochemical methods conforming
that polythiophene was uniformly coated onto the surface of the sulfur powder to form
a core/shell structure
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A suitable ratio for the composites was found to be 71.9% sulfur and 18.1%
polythiophene as determined by CV and EIS results.
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The initial discharge capacity of the active material was 1119.3 mAh/g, sulfur and the
remaining capacity was 830.2 mAh/g sulfur after 80 cycles. After a rate test from 100 to 1600
mA/g sulfur, the cell remained at 811 mAh/g sulfur after 60 cycles when the current density
returned to 100 mA/g sulfur.
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Novel ionic liquids have been prepared based on lithium bis(trifluoromethane sulfonyl) imide

(LiN(SO,CF,),, LiTFSI) and 2-oxazolidinone (C;H.NO,, OZO) or organic substances with amide
group

@  Quantum chemistry calculations with nonlocal density function theory have also been performed to
have a comprehensive understanding to the structure—activity relationship and make functional
design of novel ionic liquids

@ lonic liquids have be a promising electrolyte candidate for lithium secondary battery, with high
safety and thermal stability.
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winsl, BSHHEEEYFEMCMBRERRE LIE BB MG EKSEE, FMFLIE T PCHEHILERE T
HFEMARARZE. FNBSEFRENEMEBL, HMIERMELIMN, Ce, o0, MLiFePO,-CHR T
7~ H BRI R FRAEME.

@i  The analyses of Physicochemical properties indicate that BS-based electrolyte have been a liquid in a wide

range of temperature and own the high ionic conductivity. Even in small additive amounts (5 vol.%) BS is
capable of preventing propylene carbonate (PC) co-intercalation into graphite flakes. The formation of a
compact and stable SEI film on the graphite flake surface is believed to be the reason for the improved cell
performance. In addition, the PC/BS electrolyte has been proved to have a high oxidation stability allowing

the cycling of a LiMn, ,,Ce, ,,0, and LiFePO,-C cathodes with good reversibility.
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Mixed electrolytes based on sulfone and isocyanate (TMS/PTSI electrolyte system)
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< The electrochemical stability window of the
TMS/PTSI composite electrolyte is around 5.5 V
vs. Li/Li*, and PTSI also possess relative lower
melting point and higher boiling and flash point
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High energy density Lithium-sulfur battery
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Sulfur composite optimization

Lithium anode surface modification
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Thank you all for your attention
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