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Abstract

There are several kinds of batteries such as zinc-air battery, lithium battery, Manganese dry battery, silver oxide battery,
sodium-sulphur battery, lead acid battery, metal hydride secondary battery, nickel-cadmium battery, lithium ion battery, alkaline
battery, etc. These days it has been widely studied for the recycling technologies of the used battery from view points of economy
and efficiency. In this paper, patents and published papers on the recycling technologies of the used battery were analyzed. The
range of search was limited in the open patents of USA (US), European Union (EU), Japan (JP), Korea (KR) and SCI journal
articles from 1972 to 2011. Patents and journal articles were collected using key-words searching and filtered by filtering criteria.
The trends of the patents and journal articles were analyzed by the years, countries, companies, and technologies.
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Table 1. Main content of patent and paper analysis
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Table 2. Technical clarification of recycling for spent batteries
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Fig. 1. Trend of the applied patent & paper by the year.
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Fig. 2. The numbers of patent & paper by the country.
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Table 3. Main applicants and organizations of patent & paper
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Mitsui Mining and Smelting (JP) 20 A AAL AT (KR) 14
Sumitomo Metal Mining (JP) 20 Universidade de Sao Paulo (BR) 14
=R AAAA Y (KR) 18 Universidade Federal Do Espirito Santo (BR) 12
Toyota (JP) 16 Central South University (CN) 12

JX Nippon Mining & Metals (JP) 12 Tsinghua University (CN) 10
Recytec (CH) 12 Universidade Federal de Minas Gerais (BR) 9
Mitsubishi Heavy Industry (JP) 10 Beijing Institute of Technology (CN) 7
TDK (JP) 10 Central Electrochemical Research Institute (IN) 6

Toshiba (JP) 10 Shanghai Jiao Tong University (CN) 6

Nomura Kohsan (JP) 10 Hokkaido University (JP) 5
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Fig. 3. The numbers of patent & paper for detailed technologies.
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Fig. 4. The patent & paper trends for pre-treatment technologies.
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Fig. 5. The numbers of patent & paper for pre-treatment
technologies.
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Fig. 6. The patent & paper trends for recovery technologies.
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Table 4. The number of applied patent/paper by nationalities of applicants & authors in each technology
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Table 5. Pre-treatment technology analysis by major applicants & organizations

59 =8
FaEAQ A T8 A
Mitsubishi Heavy (JP) 7 Nankai University (CN) 2
Merck Patent (DE) 4 Universidade de Sao Paulo (BR) 2
SR A2 AT (KR) 3 Hokkaido University (JP) 2
CT Umweltttechnik (CH) 3 Beijing Institute of Technology (CN) 1
Sumitomo Metal Mining (JP) 3 George Mason University (US) 1
Table 6. Metal recovery technology analysis by major applicants & organizations
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Mitsui Mining and Smelting (JP) 18 LA AL AT (KR) 14
Sumitomo Metal Mining (JP) 18 Universidade de Sao Paulo (BR) 12
A ARAATY (KR) 16 Universidade Federal Do Espirito Santo (BR) 12
Toyota (JP) 14 Central South University (CN) 12
Recytec (CH) 12 Tsinghua University (CN) 10
JX Nippon Mining & Metals (JP) 12 Universidade Federal de Minas Gerais (BR) 9
TDK (JP) 10 Central Electrochemical Research Institute (IN) 6
Nomura Kohsan (JP) 10 Beijing Institute of Technology (CN) 6
Toshiba (JP) 9 University of L'Aquila (IT) 5
Hitachi (JP) 8 Universidade Federal do Rio de Janeiro (BR) 5
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Fig. 7. The numbers of patent & paper for metal recovery
technologies.
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Table 7. The list of core patents & papers
7% E3 W5 /=5, Vol, Page FNEE)LE 22AAA
[EP]0804813 2002.03.27 CT Umwelttechnik AG
Az
[JP]3563897 2004.06.11
[JP]3434318 2003.05.30 Sumitomo Metal Mining, Sony
[JP]2010-174366 2010.08.12
[JP]3461300 2003.08.15
Nippon Mining & Metals
[KR]2011-0004303 2011.01.13
[JP]1998-238602 1998.08.25 Mitsui Mining & Smelting
[JP]2009-256741 2009.11.05
Kawasaki Steel
[JP]2010-277987 2010.12.09
[KR]0717389 2010.07.29 EERelEl sejol, 2w El(F), AAlt
[US]6524737 2003.02.25 Mitsubishi Heavy Industry
[JP]3516478 2004.01.30 Santoku Kinzoku Kogyo
[JP]3240814 2001.10.19 Hitachi
[JP]2011-222471 2011.11.04
FRAep)e A7
[KR]0712301 2007.04.20
[KR]0716199 2007.05.02
[KR]0975317 2010.08.05 SR ALY ATY
=& 3 [KR]0448272 2004.09.01
[US]6110433 2000.08.29 Varta Batterie Aktiengesellschaft
[US]7820317 2010.10.26 Recupyl
[JP]2005-149889 2005.06.09 Industrial Technology Research Institute
Hydrometall
yrometatiurgy Zhang P., Yokoyama T., Itabashi O.,
Volume 47, Issues 2~3, 1998 Suzuki TM.. Inoue K
Pages 259~271Y o '
Journal of Power Sources
Volume 92, Issues 1~2, 2001 Contestabile M., Panero S., Scrosati B.
Pages 65~69°)
Hydrometallurgy
Volume 52, Issue 3, 1999 Nogueira C.A., Delmas F.
Pages 267~287%
Ji 1 of P S
ournat of Fower sources Salgado A.L., Veloso A.M.O., Pereira D.D.,
Volume 115, Issue 2, 2003 Gontijo G.S., Salum A., Mansur M.B
Pages 367~3737) Ho 255 ? o
Hydrometallurgy Zhang P., Yokoyama T., Itabashi O., Wakui Y.,
Volume 50, Issue 1, 1998 Suzuki TM.. Inoue K
Pages 61~75% o :
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