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M Abstract

Batteries have evolved in close relation to the electronic devices in which they are used while constantly striving to make bat-

teries smaller, cheaper, and longer lasting.

The common carbon-zinc battery consists of a zinc casing (anode) that contains a layer of electrolyte paste separated by a

layer of paper from a mixture of manganese dioxide and powered carbon, which is packed around a carbon rod (cathode).

Because this structure is relatively simple, a domestic industry was easily established early on, and at one time, there were

many manufacturers of carbon-zinc batteries in Japan.

But the really significant improvements in carbon-zinc battery performance —reduced variation in performance, elimination of
electrolyte leakage during use, improved discharge performance, and so on—came after a decade-long period of study after
World War 2 ended in 1945. Research was stimulated first by acquisition of technology from the U.S, then further promoted by
the establishment of the Committee of Battery Technology under the auspices of the Electrochemical Society of Japan.
Especially in the early years, the Committee of Battery Technology met practically every month to resolve technical problems
relating to carbon-zinc batteries. Through these activities, all the technicians and engineers working on batteries were able to
develop a shared basic knowledge of battery-related technology. This accumulated knowledge led to significant gains, and

indeed was the foundation of the remarkable advances in battery technology that began in Japan in the 1960s.

Meanwhile, semiconductor-related technology was also making spectacular progress starting in the 1950s, when the transistor
radio appeared as one of the first mass consumer electronic products. From the 1960s through the 1980s, integrated circuits
advanced to new levels of density and higher performance even while consuming less power. This paved the way for further
miniaturization of electronic devices. Many of the consumer electronic products so pervasive today emerged from this period

including portable headphone stereo players, quartz watches, handheld LCD TVs, digital cameras, and many other products.

Development of consumer electronics directly increased demand for rugged and reliable batteries. The period also saw a great
increase in the varieties and sizes of aqueous electrolyte 1.5-volt batteries. For example, different kinds of batteries were devel-

oped including cylindrical alkaline manganese batteries and button-type silver-oxide batteries.

The range of types of batteries further increased with the development of 3-volt batteries based on non-aqueous electrolyte.

These included manganese dioxide-lithium batteries and carbon monofluoride-ithium batteries.

By the 1990s, the power supply of microprocessors, DRAMs, and semiconductor devices had been reduced below 5 volts, and
by 2000 the power supply had been pushed below 2 volts. Even as consumer products were being implemented more compact-
ly, they were being continuously improved with more features and more advanced features with each successive upgrade.
This of course created more diverse demands on batteries to support a wider range of voltage characteristics, smaller batteries
providing higher output, batteries for semiconductor memory backup, and other special requirements. People also became
aware of the adverse environmental effects of mercury in discarded dry batteries, so efforts are now under way to develop a

new kind of dry battery that does not include mercury.
This report highlights key milestones in the history of batteries based on zinc anodes that were first developed in the 1830s.

Tt details the relations between Japan's battery technologies and constituent material technologies and needs; discusses other

technology sectors in relation to batteries, and mentions R&D initiatives to address environmental concerns of society.
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#53 TR OREF1981 ELEDORLE L

2002F DB D LLE®
Initial Performance Improvement
(1981) (2002)
Grade tems HH HMH HH HH-P HH-U
Chemical Properties
MnO: % 92.18 92.15 91.85 92.18 92.21
Mn % 60.69 60.34 60.34 60.35 60.36
H:0 % 1.36 1.26 1.32 1.27 1.41
Fe % 0.007 0.007 0.005 0.006 0.006
Pb % 0.0001 0.0001 0.0001 0.0001 0.0001
Cu % 0.0001 0.0001 0.0001 0.0001 0.0001
Ni % 0.0002 0.0002 | 0.0001 0.0001 0.0001
Co % 0.0008 0.0008 | 0.0001 0.0001 0.0001
Cr % 0.0004 0.0004 | 0.0008 0.0008 0.0008
Sh % 0.0001 0.0001 | <0.0001 | <0.0001 | <{0.0001
As % 0.0001 0.0001 | <0.0001 | <0.0001 | <0.0001
Mo % 0.0002 0.0002 | <0.0001 | <0.0001 | <0.0001
Na % 0.22 0.22 0.20 0.20 0.20
NH3 % 0.001 0.001 0.001 0.001 0.001
802 % 0.02 0.02 0.02 0.02 0.02
S04 % 0.87 0.87 0.84 1.00 1.00
pH (Water Method) 6.4 6.8 6.7 6.5 6.5
Physical Properties
Bulk Density glem? 1.71 1.56 1.76 1.80 1.83
Tapping Density glem?| 231 2.16 2.35 243 2.50
S.5.A (by BET Method) | m¥fg 47 49 48 37 34
X-ray Pattern T -MnO2 T -MnO: T -MnO: T -MnO: T -MnO:
-200 mesh (Dry Sieve) % 89.2 100.0 89.9 89.8 89.9
-325 mesh (Wet Sieve) % - 96.6 - - -
pH-Potential(at pH=6) v 0.815 0.815 0.850 0.851
Neutralizer NaOH NaOH NaOH NaOH NaOH
Main Use AlkMn?| Mn ¥ AlkMn " | AlkMn"| AlkMnY
Alk Mn *
U Alk.Mn : Alkaline Manganese Battery
2 Mn : Manganese Dry Battery
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