oth US-China EV & Batteries Workshop, 18-19, Aug. 2014, Seattle, USA




Brief Introduction of TIPS

Tianjin Institute of Power Sources (TIPS) Is the
earliest founded and largest comprehensive institute
In China, specialized Iin technical research and
product development, manufacture and application
of chemical and physical power sources.

TIPS has developed over 40 series, 500 more
spices of new products and set its technical
advantage In solar cell, lithium battery, alkaline
rechargeable battery, and electronic controller.

It has also carried out transfer of some
technologies, of which, the biggest project is that
TIPS set up Tianjin Lishen Battery Ltd.
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Brief Introduction of NKLPS

National Key Lab. of Power Sources |
Advanced Chemical Advanced Physical Evaluatlon &
Power Sources. Power Sources. Simulation
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Outline

>Introduction

»Effects of carbon/LAGP interlayer on

Li/S cell performance
»>SC & HC as anode material for SIB

>»Conclusion
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Introduction

What’s the next generation battery for energy storage
applications and EVs?

Li-S? LI-Air? SIB? MIB? FIB? RFB? or...

L ;1
S il

Electric vehicles Energy storage applications
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Reaction Mechanism of Li/S Cell
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LAGP Modified Separator

LAGP modified Separator

Li PP LAGP S

Fig. Image of Li-S cell with LAGP
modified Separator
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Fig. LAGP modified PP separator. (a) front view,
(b) side view.
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Effects of LAGP Modified Separator
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Fig. Comparison on discharge characteristics Fig. Comparison on Cycleability for Li-S cell
for Li-S cell with PP separator and LAGP with PP separator and LAGP modified PP
modified PP separator. separator.
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SEM Image of LI Surface

With LAGP-PP
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Carbon Coated Separator
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Fig. Image of Li-S cell with carbon Fig. Comparison on cycleability for Li-S cell with
coated separator. PP separator and carbon coated PP separator.
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Cell potential (V)

Specific Capacity ( mAh.g™)
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helpful on improving
the capacity and
cycleability of Li-S cell
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Na-ion Battery: SIB
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Bottlenecks for SIB
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Category Lithium Sodium
Cation radius(A) 0.76 1.06
Atomic weight 6.9 g mol! 23 g molt
EO (vs. Li/Li) 0 0.3V
Cost, Carbonates $5000/ton $150/ton
Capacity(mAh g1), metal 3829 1165

Coordination preference  Octahedral and tetrahedral

Octahedral and prismatic

= CETC Tianjin Institute of Power Sources



Preparation of SC and PSC
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Soft Carbon—SEM
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Soft Carbon-XRD

The (002) diffraction peak
of the CSC
became weaker
after doping phosphorus.

Intensity a.u.

2Theta deg. O
Sample 20,02 /° 20,0,/° dggp /A
CSC 25.736 44,132 3.4588
PSC 25.289 43.947 3.5188
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Soft carbon—Raman
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SC—Electrochemical Performance
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Fig. The 15t charge/discharge curves of Fig. Cycle performance of the CSC &

100 mA gtin 1M NaClO, (EC:DMC=1:1) in 1M NaClO, (EC:DMC=1:1)
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Hard Carbon—SEM & XRD
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HC—Electrochemical Performance
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Fig. The 1st charge/discharge curves of the Fig. Cycle performance of the HC at
HC at the current density of 100 mA gtin the current density of 100 mA gtin 1M
1M NaCIO,(EC:DMC=1:1) NaClO, (EC:DMC=1:1)
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Conclusion

» Cycleability of Li-S has been improved using carbon
coated or LAGP modified separator.
»Phosphorus doping can significantly improve the

electrochemical performance of SC in SIB. The PSC
delivered a high specific capacity of 251 mAh/g at the
1st cycle and a better cycle performance.

» A low-cost material - bamboo based hard carbon
exhibited an excellent electrochemical activities for SIB.
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