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sufide™
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Fig. 4 SEM images of Li metal (A), Li-Al alloy (B) and Li-B alloy (C) with no treatment; SEM images of Li metal (D), Li-Al al-
loy (E) and Li-B alloy (F) in electrolyte without polysulfides after 50 cycles; SEM images of Li metal (G), Li-Al alloy (H)
and Li-B alloy (1) in electrolyte with polysulfides after 50 cyclest™
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Tab. 1 Performance comparison of carbon samples for supercapacitor

- Specific Specific
Tap density/ Specific Carbon  pacitance in capacitance in Mesopore  Average
Moisture/% Ash/% . surface area/ . - .
(g-mL?) (- gY) content/% water system/ organic system/ ratio/%  diameter/nm
(F-g") (F-g")
Our sample 0.90 0.28 0.42 2508 99.68 254 148 19.4 1.73
Sample 108 027 041 2201 99.73 247 140 153 1.84
from Japan
Sample 240 031 040 2432 99,57 267 154 189 1.74
from Korea
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Tab. 2 Classification of supercapacitors

Classification of

- | 1l
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1l \Y

Electric double layer

Name of capacitor .
capacitor
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mechanism of the
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layer
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mechanism of the
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Electric double
layer

Pseudocapacitor

Pseudocapacitance

Pseudocapacitance

Battery type supercapacitor
A B

Hybrid capacitor

Electric double Electric double
layer layer

Electric double layer
+ Redox reaction

Electric double layer Electric double layer

Pseudocapacitance . .
p + Redox reaction + Redox reaction
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A Review of Electrochemical Energy Storage Researches in
the Past 22 Years

YANG Yu-sheng”
(Research Institute of Chemical Defense, Beijing 100191, China)

Abstract: In this paper, research activities from my groups in the field of electrochemical energy storage are reviewed for the
past 22 years, which is divided into three sections. The first section describes the researches related to high specific energy and high
specific power energy storage devices, including lithium sulfur batteriies (sulfur composite cathode material, lithium sulfur battery
fabrication, lithium boron alloy as lithium sulfur battery anodes, and sulfur lithium-ion battery new system), supercapacitors (super
activated carbon, capacitive carbon prepared from phenolic resin, carbon nanotube array parasitic pseudo-capacitive energy storage
materials, necessary properties of capacitive carbons, nickel hydroxide xerogels pseudo-capacitive energy storage materials, the de-
velopment of capacitors, and the determination of “the fourth type” supercapacitors), and lithium-ion batteries (the confrontation
between lithium-ion batteries and renewable fuel cells, the cathode material of dual variable-valency elements, lithium cobalt phos-
phate cathode materials, and high-power lithium-ion batteries). The second section describes the researches linked to a large-scale
energy storage battery, including new systems of flow battery (dual function flow battery of energy storage and electrochemical syn-
thesis, all metal compounds single flow battery, and organic compound positive electrode single flow battery), revitalizing lead-acid
batteries (promoting new technology of lead-acid batteries, lead-carbon battery and new grid of lead-acid battery), and economic
benefit calculation method of energy storage battery (station). The third section describes the research roadmaps in the development
of electric vehicles including hydrogen fuel cell electric vehicles and pure electric vehicles and hybrid electric vehicles, the sugges-
tions in the development of electric vehicles in China, striving for the rationalization of subsidies for electric vehicles, adhering to
the purpose of “energy saving and emission reduction” of electric vehicles, and putting forward “direct drive electric vehicles for
power generation”. Three opinions based on my experiences are provided at the end of this paper.

Key words: electrochemical energy storage; lithium sulfur battery; supercapacitor; lithium-ion battery; flow battery; lead-acid
battery; electric vehicles
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