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Recent Development on Batteries of Deep-Sea Submersibles

YUAN Zhixiang', ZHANG Hao?, ZHANG Xue'? YANG Zhilin', ZHANG Botao', ZHANG Jianjun®, WU Tianyuan®, CUI Guanglei’
(1. School of Chemistry and Chemical Engineering, Qingdao University, Qingdao 266071, Shandong, China; 2. Qingdao Institute of
Bioenergy and Bioprocess Technology, Chinese Academy of Sciences, Qingdao 266101, Shandong, China)

Abstract: The deep-sea contains an abundant of natural resources and treasures that still remain unrecognized and unexploited. To
obtain these resources, developing advanced submersibles that are able to explore the deep-sea becomes a challenge. In the extreme
harsh environment such as ultra-high pressure and low temperature in the deep sea, the advanced deep-sea submersibles have to be
reliable and stable. In this regard, a power supply system is extremely important for the deep-sea submersibles because its
performance directly affects the operation capability, safety and reliability of the deep-sea submersible. Therefore, recent efforts have
been devoted to the development of deep-sea power sources. The existing deep-sea power systems have experienced the development
stages of lead-acid batteries, silver-zinc batteries, lithium-ion batteries, and high-energy-density solid-state lithium batteries. This
review elaborated the main classification of deep-sea power sources. In addition, the challenges and future development trends of
batteries for deep-sea submersibles were also discussed. It is expected that this review could provide a reference for the further
development of the power supply systems for more reliable and advanced deep-sea submersibles.
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Table 1 Representative deep-sea submersibles using lead-acid batteries or silver-zinc batteries

Submersible Country Launch date Battery type Energy/(kW-h™")  Diving depth/m Maximum speed/kt Time/h
Alvin Unite States 1964 Lead-acid battery 37 4500 1.35 4-5
Nautile France 1984 Lead-acid battery 38 6 000 2.50 5
Tansuo China 1994 Lead-acid battery 1000 4.00 6
Shinkai 6500 Japan 1989 Silver-zinc battery 86 6500 2.50 4
Jiaolong China 2012 Silver-zinc battery 110 7 000 2.50 8
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Table 2 Performance comparison of different batteries when used in deep-sea submersibles

Volumetric energy

Mass-energy

Sample Platform voltage/V density/(W-h-L") density/(W-h-kg 1) Charging time/h  Cycle life/th
Lead-acid battery 2.0 40-80 25-45 8-10 300
Silver-zinc battery 1.5 180-200 80-110 8-10 30
Lithium primary battery 3.6 800-1000 350-550

Lithium-ion battery 3.7 320-750 120-270 2-3 >500
Polymer-based solid-state lithium batteries 4.1 450-1200 220-550 3-10 >1 000
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