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PREFACE

The activitics of the Internalional Conference is in line and very appropriate with the vision and mission of
the UBL to promote training and education as well as research in these areas.

On behave of the First Intemational Conference of Enginecring and Technology Development (ICETD
-012) organizing committee; we are very pleased with the very pood responses especially from the
keynote speakers and from the pasticipants. It is noteworthy 1o point out that about 43 technical papers
were received for this conference

The participants of conference come from many well known universities, among others: Universitas
Handar Lampung, Intemational Islamic University Malaysia, University Malaysia Trengganu, Nanyang
Technological University, Curtin University of Technology Australia, University Putra Malaysia, Jamal
Mohamed College India, ITH, Mercu Buana University, National University Malaysia, Surva Institule
Jakarta, Diponogoro University, Unila, Universitas Malahayati, University Pelita Harapan, STIMIK
Krsten Newmann, BPPT Lampung. Nurtanio Umiversity Bandung. STIMIK Tarakanita, University
Sultan Ageng Tirtayasa, and Pelita Bangsa,

Fwould like to express my decpest gratitude 10 the International Advisory Board members, sponsors and
alio welcome to all keynote speakers and all participants. | am also grateful to all organizing comnutice
and all of the reviewers which contribute to the high standard of the conference. Also [ would like to
express my deepest gratitude to the Rector which give us endless support to these activitics, such that the
conference can be administrated on time.

Bandar Lampung. 20 Juni 2012

Mustofa Usman, Ph.D
ICETD Chairman
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Abstract— This document gives formatting instructions for
authors preparing papers for publication in the Proceedings
of an UBL-ICETD conference. The authors must follow the
instructions given in the document for the papers to be
published.  You can use this document as both an
instruction set and as a template into which you can type
your own text. The present paper reviews the development of
zinc-air battery. Due to its high energy density advantage,
the electrochemical system has been extensively studied and
developed. However, major problems associated with the
electrochemical system remain a formidable challenge, the
utmost being to develop an electrically rechargeable zinc-air
battery. Efforts made to overcome or mitigate the limitations
concerned can be conceptually classified either as solving
problems or seeking solutions. The changing paradigm from
the electrically rechargeable system to the mechanically
rechargeable system is illustrated as an example. Emerging
innovations in smart active labels - flat, flexible and
functional devices, particularly in healthcare industry,
instigated the authors to develop zinc-air battery as a
prospective micro-power source for smart active labels. The
thin battery technology developed, in collaboration between
IHUM and BPPT, is of low cost, comprises of green
electroactive materials, and able to operate in quasi-neutral
electrolyte. These features fulfil the criteria for the battery to
be incorporated into disposable smart active labels.

Keywords: Zinc-air battery; MCM-41 membrane; micro-
power source; smart active labels

I. INTRODUCTION - A BREATHING BATTERY

Metal-air batteries are popularly dubbed as breathing
batteries. They are unique in that they utilize oxygen from the
ambient air as one of the electroactive materials. Hence this
provides them with a practically inexhaustible and free
oxygen supply from the ambient air. Since the atmospheric
oxygen does not require storage, it reduces the battery weight

and simplifies the battery design. Consequently, the metal
active material can accommodate the whole battery
compartment producing a lightweight, high energy density
battery.

In view of this performance potential, much effort has been
devoted towards the development of metal-air electrochemical
power systems. Other advantages of the metal-air type of
system include flat discharge voltage, the capacity is
independent of load and temperature within the operating
range, long dry storage, ecological friendly and low cost on
metal use basis (Hamlen, 1995). Although progress has been
made with this system over decades, a number of significant
limitations still remain. Among others; the electrolyte drying
out and carbonation once exposed to air, air-cathode flooding,
low power output, limited operating temperature range due to
its aqueous-based electrolyte and metal anode corrosion in a
caustic alkali electrolyte. Metals that have been considered for
use in the metal-air electrochemical power source are
aluminium, cadmium, calcium, cobalt, ferum, lithium,
magnesium and zinc (Othman, 2003).

In comparison with other metals, zinc possesses several
advantages. It is the most electropositive metal that is
relatively stable in caustic alkali electrolyte and it is the most
active metal that can be electrodeposited from an aqueous
bath (McBreen, 1984). These attractive electrochemical
properties of zinc, besides its abundance and low cost, make it
the most widely used active material in primary battery
industry over a century. Moreover, zinc is compatible with
most conventional positive electrode materials, which makes
it an effective anode material for a large number of primary
and secondary batteries.

Il. ELECTROCHEMICAL PROPERTIES OF ZINC-AIR CELL

The overall cell reactions of a zinc-air cell can be
summarized as follows (Crompton, 2000; Hamlen 1995)
At cathode:

0,+2H,0+4e—>40H"  E°=+040V (1)
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At anode: 2Zn—27Zn* +4e 2
2Zn** +40H” —2Zn(OH), E°=-125V  (3)
2Zn(OH), —2Zn0+2H,0 @
Overall:

2Zn+0, —»2Zn0O E°=+165V  (5)

Based on the theoretical cell voltage of 1.65 V and
considering ZnO as the final reaction product, zinc-air cell has
theoretical specific energy density of 1085 Wh kg™ (Appleby
et al., 1976; Cairns, 1981). Practical values of 300 Wh.kg™
and 90 Wh.kg™ have been achieved for primary and secondary
cells respectively (Muller et al., 1994).

The nominal open circuit voltage (OCV) for a zinc-air cell
is 1.4-1.5 V. Depending on the external load, the initial
discharge at 20°C ranges from 1.5 to 1.35 V (Oman et al.,
1995). As the air cathode is not chemically altered during
discharge, the cell voltage remains quite stable with 0.9 V the
typical end voltage. Thus, the discharge curves are relatively
flat. Below the limiting current, the cell is capable of
discharging approximately the same capacity. However as the
discharge current approaches the limit, polarization of the cell
voltage increases hence the cell delivers less than the rated
capacity. The discharge rate is dependent upon the rate at
which air can be admitted. Usually, for high discharge
applications air blowers are needed. Zinc-air cell is also
sensitive to electrical abuse. It cannot be quick-charged, and
might be permanently damaged if it is discharged below 0.9 V
(Will, 1998).

I1l. PRESENT STATUS AND CHALLENGES

A wide variety of zinc-air batteries have been developed
since Alfred Smee (1840) first described a primary, acidic
zinc-air cell in the literature. At present, commercial zinc-air
batteries are mostly of primary type while the electrically
rechargeable types are still troubled with rapid capacity fading
of zinc electrode and stability of air electrode.

3.1 Primary zinc-air battery

Primary cells have been in commercial production since the
1920’s in the form of large wet cells (up to 2000 Ah) for
remote power such as railway signalling, marine navigation
lighted aids (buoys) and lighthouses (Cahoon et al., 1971).
Solar cells and other secondary cells now substitute many of
these applications. Currently, zinc-air button cells are used
almost exclusively in miniature hearing aids. The construction
of high energy zinc air button cells is made possible by the use
of very thin air electrodes and Teflon insulation. The button
cells exhibit very good performance and have replaced both
the mercuric oxide and silver oxide button cells of equivalent
design. Compared to the mercuric oxide and silver oxide cells,
the zinc-air cell is approximately 40% lighter but possesses
twice the capacity at the same operating voltage and besides,
it is environmentally benign. Other primary zinc-air battery
applications include pagers, voice transmitters, portable
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battery chargers, continuous power-on appliances and medical
monitoring devices such as telemetry. In all these applications,
the batteries are usually discharged at low current densities
over long periods. In 1999, Electric Fuel Corp. introduced a
primary 3300 mAh zinc-air battery, of prismatic design, for
the cellular phone market (Goldstein et al., 1999). The big
advantage despite the fact that they are not rechargeable is that
their working capacities are several times that of present
lithium batteries. However, the non-rechargeable paradox put
the product at disadvantage.

3.2 Secondary zinc-air battery

The development of electrically rechargeable zinc-air
batteries has been frustrated by the problems associated both
with the air cathode and zinc anode. AER Energy Resources
Inc. (2001) under license from Westinghouse Electric Corp.,
Pittsburgh and Dreisbach Electromotive Inc. (DEMI), first
introduced electrically rechargeable zinc-air batteries for
portable computer notebooks into the market but without
much success. Most probably this was due to the battery
system’s external design and weighty form (1.36 kg). The
following section highlights the main obstacles towards
realizing a rechargeable system.

3.21 Zinc anode

The main issue concerning zinc electrode is its short and
unpredictable lifetime, causing fast capacity drop with cycling.
This problem is as a result of zinc electrode shape change and
the formation of unwanted zinc morphologies (dendrites,
filamentary growths and nodules) after repeated charge-
discharge cycling (Mc Breen, 1984; Mc Larnon and Cairns,
1991). Two important characteristics of zinc; high solubility
of the zinc oxidation products in the alkaline electrolyte and
its rapid electrochemical kinetics, are the root cause of the
problem. During initial stage of discharge in a basic solution,
zinc is oxidized to a solid form either zinc oxide or zinc
hydroxide (Falk and Salkind, 1969),

Zn+20H " —ZnO+H,0+2e ®)
or
Zn+20H " —Zn(OH), +2e %

Then these compounds dissolve to form complex zincate ions,

Zn0+20H" +H,0—Zn(OH)Z ®)
or
Zn(OH), +20H" —Zn(OH)> ©)

Numerous inorganic and organic additives have been
investigated to limit the discharge product solubility and
mobility. One of the widely studied additives is calcium
hydroxide (Wang, 1990). However, the incorporation of
calcium hydroxide is found to be most effective in 20 w/o
KOH concentration. At higher concentrations the electrode
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shape change and solubility increases, hence affecting the
capacity retention and cycle life (Gagnon et al., 1987).

Another common feature arising from the charge-discharge
cycling is the dendrite growth that could protrude the cell
separator, causing internal short-circuiting. One approach is to
develop a foolproof dendrite resistant separator. The use of a
membrane separator instead of a microporous separator could
provide a much lower rate of active material migration and
probably no deposition of zinc oxide within the separator, but
at the expense of high rates of electrode shape change
resulting from poor mass transfer, due to the electro-osmotic
pumping effects (Gagnon et al., 1987; Choi et al., 1976; Mc
Breen, 1972; Lundquist, 1983).
3.22 Air Electrode

The oxygen reduction process is complex and it involves a
rate-limiting stage, which affects reaction kinetics and finally
the cell performance. This stage relates to the formation of

hydroperoxide ions HO, (Bender et. al, 1995; Vincent et. al,
1984),

Stage 1: O, +H,0+2e—>HO,+0H"
Stage 22 HO,+H,0+2e —>30H"

(10)
(1)

Only the initial stage is reversible (Vincent et. al, 1984).
The decomposition of the hydroperoxide ion, i.e. stage two, is
the key rate-limiting stage. Catalytic compounds are needed to
accelerate this reaction. These catalysts are typically transition
metal compounds such as oxides and organometallic
complexes, noble metals and their compounds, and mixed
metal compounds including rare earth metals (Vincent et. al,
1984). Besides, the hydroperoxide ions may undergo other
reactions with the current collector to form metal-oxygen
bonds which, in turn, may be reduced. Also the ion itself may
decompose to reform oxygen,

2HO, —»20H " +0, (12)
Another main issue concerning the air electrode is the
catalyst stability during charging. During recharge oxygen is
evolved at the air electrode. Therefore, the catalyst embedded
in the air cathode must be resistant to oxidation when oxygen
is produced at the air electrode. Even noble metal catalysts
such as platinum reveal deep surface oxidation, which are
detrimental to their catalytic efficiency (Hamlen, 1995).
Another attempt is to introduce an auxiliary (third) electrode
to be used during charging in order to protect the air electrode
from oxidation and degradation (Postula et al., 1970; Hattori
et al., 1973). Though the air electrode does not participate in
the charging cycle, placing the third electrode between the
anode and cathode still exposes the air electrode to the
degradation due to the possible contact with the cross-diffused
evolving oxygen (Hattori et al., 1973).
3.3 A mechanically rechargeable system — A changing
paradigm

ISSN 2301-6590

An innovative concept of refuelable zinc-air power system or
‘mechanical charging’ is introduced to overcome the issues
involving the zinc anode and air cathode. As a result, the zinc
shape change and dendritic growth are essentially eliminated,
the large voltage losses at the air electrode and its fast
degradation due to oxygen evolution during charging is
mitigated, and the battery cycle life is determined primarily by
the life of the air electrode.

John Cooper of the Lawrence Livermore Laboratory
patented a refuelable zinc-air battery in 1993 (Cooper, 1995;
Cooper and Krueger, 1997). The battery is charged with an
alkaline electrolyte and zinc pellets which are consumed into
zinc oxide and potassium zincate during the discharge process.
Refuelling aka ‘charging’ involves draining and replacing the
spent electrolyte and adding a new charge of zinc pellets that
takes about 10 minutes. This short refuelling time is
particularly attractive for electric vehicle (EV) applications.
Metallic Power Inc. of California also developed a prototype
of refuelable zinc-air battery system for EV propulsion
(Goldstein and Koretz, 1998). The battery system design
consists of zinc pellets 0.5-0.8 inch diameter suspended in
KOH electrolyte. An electrolyte management unit circulates
the electrolyte and remove the reaction product to a special
container.

Electric Fuel Limited (EFL), on the other hand, employed
mechanically replaceable zinc cassettes. After discharge the
cassettes that now contain zinc slurry can be replaced with
fresh cassettes in 30 seconds. A central electro-winnowing
recharging facility is needed to restore the zinc electrode and
thus no material is wasted. A 146 Wh kg 650-kg unit has
been tested in 3.5-ton German Deutsche Post Mercedes Benz
vehicles and gave them 300-km range with a single charge
and 110 km h™ top speed (Goldstein et al., 1999).

The zinc-air battery ranks among the promising candidates
for electric vehicle propulsion. Its theoretical specific energy
density is several times higher compared to other
electrochemical systems. The success of EFL’s mechanically
rechargeable zinc-air system further instigated the realization
of a practical electric vehicle. Its innovative solution
eliminated the need to solve the long-standing issues
pertaining to both zinc and air electrodes. However this
approach requires investment in new infrastructures which
will definitely disadvantaged its widespread acceptance.

IV. ZINC-AIR BATTERY AS MICRO-POWER SOURCE FOR
SMART ACTIVE LABELS

Healthcare industry ranks among the largest industries
worldwide. Emerging do-it-yourself healthcare initiatives are
driving innovations in “smart active labels” i.e. flat, flexible
and functional devices (Chan, 2000; Tréek et al., 2001;
Demongeot et al., 2002; Kardas et al., 2006; Naszladya et al.,
1998). These new display-type plastic smart card devices
include among others blood glucose monitors, drug-delivery
patches, cosmetic patches, Radio Frequency ldentifications
(RFIDs) data loggers and surveillance devices, sensors and
displays. These devices require flexible thin-film batteries that
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perform best at body temperature and humidity, contain no
hazardous materials, safe and environmentally friendly.

Zinc-air battery fulfils the requirements as the prospective
micro-power source for “smart active labels”, in particular the
disposable type medical microchips application. The authors
have developed a thin, high energy density zinc-air battery
utilizing MCM-41 inorganic membrane technology. MCM-41
material belongs to a group of mesoporous materials known as
M41S (Saputra et al., 2011). This class of material is
characterized by its hexagonally ordered, uniform nano-
channels with large surface area (Kresge et al., 1992). A
functional prototype of Zn/MCM-41/air cell measured 1 cm?
area X ca. 300 um thick and weighed 50 mg, possessed
electrochemical characteristics of comparable performance
with commercial cell, namely, open circuit voltage of 1.5 V,
limiting current density of 42 mA cm, optimum power of 40
mW cm, and volumetric energy density of 840 Wh I* rated
at 20 mA (Saputra and Othman, 2012). Zinc-air system is also
capable to operate in quasi-neutral electrolyte (Jindra et al.,
1973), for instance in phosphate buffer electrolyte of pH 6.5.

V. CONCLUSION

Although commercial zinc-air cells have been in production
since 1920s, the electrochemical system is still receiving
considerable interest but of opposite energy density
requirements. In high energy density applications, zinc-air
system is being developed for powering electric vehicles.
Since the system is not electrically rechargeable, the
mechanically rechargeable concept is currently adopted.
However this approach requires investment in new
infrastructures which will definitely disadvantaged its
widespread acceptance. On the other hand, zinc-air system is
also explored for applications in microscale MEMS devices
which usually consume power in the microwatt range. This
prospective application is very promising since the cell could
be made very thin with high power density. Though it is not
rechargeable, there are numerous throw-away or single use
applications which need on board micro power source such as
the cosmetic and drug delivery patches.

REFERENCES

[1] AER Energy Resources Inc. (2001). State-of-the-art in air mover
design for zinc-air batteries, AER Energy Resources Inc. White Paper,
Release 1.0, April 25.

[21 Ahmad, AA., Othman, R., Yusof, F. and Abdul Wahab, M.F. (2011).
Zinc-laccase biofuel cell, lUM Eng. J., 12, 153-160.

[31 Appleby, A.J. and Jacquier, M. (1976). The C.G.E. circulating zinc/air
battery - a practical vehicle power source, J. Power Sources, 1, 17-34.

[4] Bender, S. F., Cretzmeyer, J. W. and Reise, T. F. (1995). In Linden, D.
(ed.). Zinc/air cells, in handbook of batteries (2nd edn.). New York:
McGraw-Hill, Inc., 13.6.

[5] Cahoon, N.C., and Holland, H.W. (1971). The alkaline manganese
dioxide:zinc system, in: The Primary Battery (\Vol.1), G.W. Heise, and
N.C. Cahoon (Editors), Wiley, New York, 239-262

[6] Cairns, E.J. (1981). Secondary batteries — new batteries: High
temperature, Comprehensive Treatise of Electrochemistry , Plenum
Press, New York, 13, 341-370.

[7] Chan, A. T. S. (2000). WWW-+smart card: towards a mobile health
care management system, Int. J. Med. Inform. 57, 127-137.

(8]

(]
[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]
[23]
[24]
[25]

[26]

[27]
[28]
[29]
[30]

[31]

[32]

[33]

[34]

[35]

ISSN 2301-6590

Choi, K.W., Bennion, D.N., and Newman, J. (1976). Engineering
analysis of shape change in zinc secondary electrodes 1. Experimental,
J. Electrochem. Soc., 123, 1628-1637.

Cooper, J. (1995). Powering Future Vehicles with the Refuelable
Zinc/Air Battery, Science & Technology Review, 10.

Cooper, J., and Krueger, R. (1997). The zinc-air refuelable battery:
Alternative zinc fuel morphologies and cell behavior, 12th Annual
Battery Conference on Applications and Advances, California, 99.
Crompton, T.R. (2000). Battery Reference Book, 3rd edition, Elsevier,
12.1-12.5.

Demongeot J., Virone, G., Duchéne, F., Benchetrit, G., Hervé, T,
Noury, N. and Rialle, V. (2002). Multi-sensors acquisition, data fusion,
knowledge mining and alarm triggering in health smart homes for
elderly people, Comptes Rendus Biologies, 325, 673-682.

Falk, S.U., and Salkind A.J. (1969). Alkaline storage batteries, John
Wiley and Sons Inc. Chap.3.

Gagnon, E.G., and Wang, Y-M. (1987). Pasted-rolled zinc electrodes
containing calcium hydroxide for use in Zn/NiOOH cells, J.
Electrochem. Soc., 134, 2091-2096.

Goldstein, J.R., and Koretz, B. (1998). Ongoing tests of the Electric
Fuel zinc-air battery for electric vehicles, in: Proceedings of the 13th
Annual Battery Conference on Application and Advances, IEEE, 7-11.
Goldstein, J.R., Brown, I., and Koretz, B. (1999). New developments
in the Electric Fuel Ltd. zinc/air system, J Power Sources, 80, 171-179.
Hamlen, R.P. (1995). Metal/air batteries, in: Handbook of Batteries, D.
Linden (Editor), Mc Graw-Hill Inc., 2" Ed., 38.1-38.45

Hattori, S., Yamaura, M., Kawamura, C., and Yoshida, S. (1973). A
new design for the rechargeable zinc-air battery, Powr Sources 4, 361-
379.

Jindra, J., Mrha, J. and Musilov4, M. (1973). Zinc-air cell with neutral
electrolyte, J. Appl. Electrochem. 3 (1973) 297-301.

Kardas, G. and Tunali, E. T. (2006). Design and implementation of a
smart card based healthcare information system, Comp. Met. Prog.
Biomed. 81, 66-78.

Kresge, C. T., Leonowicz, M. E., Roth, W. J., Vartuli, J. C. and Beck, J.
S. (1992). Ordered mesoporous molecular sieves synthesized by a
liquid-crystal template mechanism, Nature, 359, 710-712.

Lundquist, Jr. J.T. (1983). Separators for nickel-zinc batteries, J. Mem.
Sci., 13, 337-347.

Mc Breen, J. (1972). Zinc electrode shape change in secondary cells, J.
Electrochem. Soc. 119, 1620-1628.

Mc Breen, J. (1984). Rechargeable zinc batteries, J. Electroanal. Chem.,
168, 415-432.

Mc Larnon, F.R., and Cairns, E.J. (1991). The secondary alkaline zinc
electrode, J. Electrochem. Soc., 138, 645 — 663.

Muller, S., Holzer, F., Schlatter, C., Comninellis, C., and Haas, O.
(1994). New generation of rechargeable zinc-air batteries,
Electrochemical Society Proceedings, 94-14, 135-145.

Naszladya, A. & Naszlady, J., (1998). Patient health record on a smart
card, Int. J. Med. Inform., 48, 191-194.

Oman, H., and Gross, S. (1995). Electric-vehicle batteries, IEEE AES
Systems Magazine, 102, 29-35.

Othman, R. (2003). Studies on alkaline zinc-air cell employing gelled
electrolyte, Ph.D Thesis, University of Malaya, Kuala Lumpur.

Postula, J.J., and Thacker, R. (1970). On the use of third electrodes in a
secondary zinc-air battery, Energy Convers, 10, 45-49.

Saputra, H., Othman, R., Sutjipto, A. G. E. and Muhida, R. (2011).
MCM-41 as a new separator material for electrochemical cell:
Application in zinc—air system, J. Mem. Sci., 367, 152-157.

Saputra, H. and Othman, R (2012). A high rate Zn/MCM-41/air cell,
ISESCO J. Sci. Technol. 8, 44-53

Smee, A. (1840). On the galvanic properties of the metallic elementary
bodies, with a description of a new chemico-mechanical battery, Phil.
Mag. Il1. 16, 315-321

Tréek, D., Novak, R., Kandus, G. & Suselj, M. (2001). Slovene smart
card and IP based health-care information system infrastructure, Int. J.
Med. Inform., 61, 33-43.

Vincent, C.A., Bonino, F., Lazzari, M., and Scrosati, C. (1984).
Modern Batteries; An Introduction to Electrochemical Power Sources,
Edward Arnold (Pub.) Ltd., 90



1% International Conference on Engineering and Technology Development
(ICETD 2012)

Universitas Bandar Lampung

Faculty od Engineering and Faculty of Computer Science

[36] Wang, Y-M. (1990). Effect of KOH concentration on the formation
and decomposition Kinetics of calcium zincate, J. Electrochem. Soc.,
137, 2800-2803.

[37] Will, F.G. (1998). Recent advances in zinc/air batteries, Proceedings of
the 13th Annual Battery Conference on Applications and Advances, 1-
6.

ISSN 2301-6590






