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Cover Story...

Toshibas new Lithium-ion Super Charge battery can recharge 80% of a
batterys energy capacity in only one minute.
by Shirley Georgi

This is about 60 times faster than the typical Lithium-ion battery which is in mass usage today. A breakthrough technology
applied to the negative electrode uses new nano-particles to prevent organic liquid electrolytes from reducing during battery
recharging. The nano-particles quickly absorb and store a vast amount of lithium ions, without causing any deterioration in the
electrode.
The top graphic on the cover compares the superb characteristics of the new Toshiba battery with a high power typical Lithiumion battery and capacitor. The specifications in the lower chart, shown on the cover, emphasize how this new Lithium-ion battery
technology is not only appropriate for hybrid electric vehicles and backup and emergency power systems but also mobile devices.
To date, the company has built two prototype batteries. The smaller version has a capacity of 600 mAh and retains 99 percent of
its capacity after being charged 1,000 times. The larger prototype has a capacity of 3,200 mAh. Toshiba is intending to
commercialize the technology for automotive and industrial applications in 2006 and then, as a next step, consider developing
it for consumer electronics devices.
This battery is said to cross-the line between new and current batteries (i.e., high capacity Lithium-ion and Nickel-metal hydride
batteries as well as capacitors). In addition to excellent recharge performance, the new Toshiba super charge battery offers
higher energy density. This small and light, new battery offers a high level of storage efficiency; the prototype battery is only
3.8 mm thick, 62 mm high and 35 mm deep and has a capacity of 600 mAh. This 600 mAh capacity, laminated Lithium-ion battery
was discharged and fully recharged 1,000 times at a temperature of 25 0 C and lost only 1% of capacity during the test.
Batteries Digest Newsletter and Batteries
Digest Website is published monthly. ISSN
No. 1086-9727, © 1995-2005 by Teksym
Corp. They contain current information
about the business, the technology and
the applications of batteries, fuel cells and
photovoltaics. The purpose of this
publication is to promote electrochemical
technology which improves the quality of
life as it relates to safety, the environment,
the economy, energy independence and
physical health.

The new battery also operates well in extremes of temperature. It discharges
80% of its capacity at -400 C, against 100 % ambient temperature of 250 C, and
loses only 5% capacity at temperatures as high as 45 0 C after 1,000 cycles.
These characteristics assure the wide applicability of the battery as a power source
for products as diverse as hybrid vehicles and mobile phones.
The eco-friendly battery can quickly store energy produced by locomotives and
automobiles. This speedy and highly effective recharge characteristic of the
battery will support CO2 reduction, as the battery can save and reuse energy that
simply was previously wasted.
Information and visuals are courtesy of Toshibas press website, http://
www.toshiba.co.jp/about/press2005
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Page 109 - 2

Batteries Digest Newsletter

Editor, Shirley A. Georgi, M.A.
Shirley@batteriesdigest.com
Technical Editor, Donald K. Georgi
Donald@batteriesdigest.com
Advertising coordinator & Webmaster,
Timothy Georgi
763-473-9788
Tim@batteriesdigest.com
Communications DirectorToby Georgi,AKC
Toby@batteriesdigest.com
E Mail: Staff@BatteriesDigest.com
Website: www.BatteriesDigest.com

Batteries Digest

1261 Townline Road
Maple Plain, MN 55359

www.BatteriesDigest.com

BD109D
April 2005

The State of Lithium-ion Thinking - Part 3
Cathodes, Anodes, Electrolytes and Separators

From the Power Sources 41st Conference

by Shirley and Donald Georgi

Research first has to point to fundamental paths which may
lead to improved batteries, but it must also identify and explain
those paths which do not lead to possible improvements.
Because many of these investigations are in very fundamental
electrochemistry rather than involving complete battery
construction, the interest may be limited to only a few readers.
Those with more global interests may only want to scan the
work described, while some will find it an alert to obtain greater
detail about the full presentation, and possibly connect with
authors to share ideas which might lead to further growth of
the technology.

Cathodes

5.1 High Performance Ni-Based Lithium-ion Cathode
Material Designed for Potential Use in Hybrid-Electric
Vehicles: Many researchers have worked with LiNiO2-based
materials with the goal that these materials could be the next
generation cathode materials for Lithium-ion batteries.
Interest in nickel-based cathodes has been lead by two drivers,
increased capacity and lower cost. However, maintaining
adequate safety while keeping high capacity and power has
been a challenge.
This paper, discussed TIAX, LLCs results of calorimetric
studies on a new Ni-based (doped) cathode material
formulated into electrodes for use in HEV (Hybrid Electric
Vehicle) electrodes. Results of their on-going study show
that new LiNiO2-type cathodes can be made safer than
previous results reported due to lower chemical reactivity.
Optimizing the formula for coating the cathodes has made
April 2005
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an improvement in safety. With this optimization, gains in power
are also being maximized. Long term cycle life evaluation is in
progress for HEV type applications. As of the date of the
presentation, the new LiNiO2-based cathode material shows
extended cycling at 10% DOD (80%SOC), with greater than 15,000
cycles. Testing is on-going. Results to date look promising.
5.4 Thermal Behavior of Vanadium Pentoxide Aerogel and
Ambigel Cathode Materials: The U.S. Naval Surface Naval
Warfare Center is studying the electrochemical behavior of
amorphous vanadium pentoxides hydrogels which have shown
potential as high energy density electrodes in rechargeable lithium
batteries.
Figure 8: Isothermal plots of % crystallization vs. time.
DSC

Sample: V2O5 Ambigel Batch 101
Operator: S. Dallek
Run Date: 17-Jun-03 09:56
Comment: rate: 32 deg C/min atm: N2 (70 cm3/min)

P e rc e n t C ry s ta lliz a tio n

Possibly the most difficult group of presentations in this
overview of the 41st Power Sources conference is that of the
electrodes, electrolytes and separators. The work reported is
very complex because investigators are looking into the
innermost interactions of the chemistry often to produce
minuscule improvements in energy density, cycle life, calendar
life and safety. Improvements sought are not earth shaking
revelations of performance, but rather incremental
improvements. If one envisions the millions of Lithiumion
batteries produced each month and then analyzes what a one
percent improvement would do to that group of millions, and
the ensuing billions thereafter, the small improvement
becomes a gigantic contribution to the total energy produced.
Because of this large base of Lithium-ion cells produced, the
quest for continual incremental improvement is fueled with
money to fund research such as is described below.
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From presentation 5.4 These isothermal plots are very useful
for predicting the behavior of thermal unstable materials.
The plots show that the fraction of material that would
crystallize at these temperatures is very small. In fact, at
temperatures of 120-1800C, the fraction is insignificant.
(Reproduction permission is by Naval Surface Warfare
Centers Carderock Division, with special assistance from
the author, S. Dallek.) +

Exo up

T A I nstruments

The content in this research included thermoanalytical methods
for determining water content, vanadium oxidation state and
crystallization kinetics of vanadium pentoxide aerogel and ambigel
cathode materials. Water content and vanadium oxidation state
were determined by TGA (thermogravimetric analysis) and
crystallization behavior was determined by DSC (differential
scanning calorimetry). Results of these tests allow for correlation
www.BatteriesDigest.com
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of thermal analysis results with electrochemical discharge
behavior. The isothermal plots shown in Figure 8 are very
useful for predicting the behavior of thermal unstable materials.
The plots show that the fraction of material that would
crystallize at temperatures of 120-180 0 C is very small. This
valuable information can provide the basis for further
development of these rechargeable cathode materials.
20.6 Degradation of Lithium Rechargeable Batteries: This
presentation used one of the classical techniques for
technology progression - the forensic investigation of the
internal elements of the batteries from the normal, worn out or
otherwise failed condition. The target chemistry in this case
is Lithium-vanadium pentoxide, which is a rechargeable lithium
battery. The degradation mechanisms observed are similar to
those reported for other lithium rechargeable chemistries.
Analysis consisted of a battery test system, electron
microscopy, and NMR investigation. Depositions of lithium
and aluminum on the surface of the cathodes in depleted cells
was observed, with reduced porosity of the electrode. Lithium
deposition leads to dendritic growth shorting of the battery
and such shortings have also been reported in Lithiumpolymer cell investigations. The combined observations
suggested that the capacity degradation was due to the
decomposition of the organic electrolyte during charge and
discharge cycling. Depletion of the solvent plus thin film
deposition on the cathode increased cell impedance leading
to battery failure.

In this reported work, nanostructure powders were prepared
with nominal 50 nm crystal size. From these materials, test cells
were produced to obtain the charge and discharge Voltage
curves, the retention capacity with cycling and the specific
capacity of the cathodes. The energy density measured was
550 Wh/kg for the cathodes, and discharge Voltages were
comparable to current cells. Capacity fade for the nano
structured cells was not significant in limited cycling. As this
technology is refined, the energy density of cells will be improved
and will allow less expensive and safer materials to provide
performance better than that seen in todays cells.

Anodes

5.5 High Capacity Anode Materials for Lithium-ion Batteries:
Carbon anodes have been popular in Lithium-ion batteries
because of their characteristics of exceptional reversibility and
safety. Alternative, silicon-based anodes, are interesting to
explore because their high theoretical discharge capacities of
4000 mAh/g in comparison to typical carbon-based anodes which
Discharge Capacity vs. Cycle Number

PNG-Si
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PNG-Si-C
PNG-Si-C
PNG-Si-C
PNG-Si-C

Discharge Capacity (Ahr)

23.1 LiNi xCo 1-xPO 4 (0#X#1) Cathodes: Investigations
centered on the use of lithium transition
metal phosphates with an ordered olivine
structure LiMPO4 (specifically, LiNiPO4 8.1
LiCoPO4 solid solutions) as a potential
7.9
cathode improvement of capacity and
7.7
Voltage. The goal was to study the
7.5
discharge capacity of a series of materials
7.3
based on these solutions. The findings
7.1
noted that LiNiPO4 and LiNi0.8Co0.2PO4
6.9
yielded no capacity on discharge.
6.7
However, LiNi0.5Co0.5PO4, LiCo0.8Ni0.2PO4
6.5
and LiCoPO4 exhibited Voltage plateaus
around 4.65 - 4.8 Volts versus Lithium on
6.3
discharge with capacities between 35-72
6.1
mAh/g. The discharge capacity was
5.9
enhanced with increasing amount of Co
5.7
in the materials.
0
1
2

cost and safety over cobalt and nickel cathodes. A major
drawback of ordinary manganese based cathodes is that they
exhibit significant capacity fade and do not come close to the
theoretical energy density of 950 Wh/kg. It is thought that the
material suffers from a poor rate of diffusion of lithium ions into
the cathode particles. Producing cathodes with much smaller
particles, as is done in nanostructures, can provide the needed
shorter diffusion distance for the intercalating lithium ions.

29.3 Nanostructured Electrodes for
Next Generation Rechargeable
Electrochemical Devices: Based on the
promised improvements from nano
structured materials, the concept has
been applied to cathodes of Lithium 
ion batteries. The target is to improve
the performance of manganese dioxide
based cathodes because of the lowerPage 109 - 4
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From presentation 5.5 The data shows the first ten cycles for all of the 7 Ah cells.
Significant differences exist between the carbon-coated silicon (Si) material and
the Si material without carbon coating. The CVD procedure for carbon deposition
improved specific capacity and fade rate. PNG-Si cells peaked at 7.1 Ah and faded
to 6.3 Ah by the tenth cycle. The PNG-Si-C cells had a higher capacity of 8.0 Ah and
a smaller fade rate that resulted in 7.3 Ah after ten cycles. Coating of the silicon
particles that are on the graphite surface have greater reversibility than noted with
the silicon particles on PNG-Si. ( Reproduction is by permission of Lithion, Inc.,
with special thanks to the author, Santo Iaconetti.) +
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8.1 Carbon-Carbon Composite - A High Capacity Anode for
Lithium-ion Battery Systems: LiTech , LLCs researchers have
proposed carbon-carbon (C-C) composite as an anode for
Lithium-ion batteries where the practical capacity is in the range
of 200-220 mAh/g. Because carbon-carbon does not contain
any inactive materials , the entire composite electrode is active
for Lithium-ion intercalation. The paper described preparation
of the C-C composite as well as its physical mechanical and
thermal properties in the range of 200-220 mAh/g.
The paper described preparation of the C-C composite as well
as its physical mechanical and thermal properties.
The C-C composite electrode had the following characteristics:
 low irreversible capacity loss/low surface area and no foreign
materials and surface functional groups. The irreversible
capacity loss of this C-C composite anode is only 3% compared
to 8% for most carbon/graphite materials.
 high cycle life/high interlayer spacing with low surface area
and strong mechanical integrity. In a cycling test at 200C, the
cell was discharged at a constant current of 1C and charged at
the same constant current rate to 4.2 V and then held at a
constant Voltage for 3 hours. The behavior of a C-C compositebased Lithium-cell delivered over 500 cycles with less than 10%
capacity loss.
 low self-discharge/low surface area. The cell lost about 2%
capacity after storage for one month. Commercial Lithium-ion
cells usually have a loss ~ 8% capacity after storage for one
April 2005
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In one test, 1) Natural graphite (PNG) materials and 2) PNG
materials with carbon coating (PNG-C) and 3) silicon embedded
onto the graphite surface (PNG-Si) and 4) a carbon-coated
version of PNG-Si (PNG-Si-C) were analyzed in 7 Ah prismatic
cells. Discharge capacity was compared to the number of cycles
as well as the specific capacity compared to the number of
cycles. Some findings were: The fade rate was less with the
carbon coating. Specific capacity increased with the coated
material. There are similarities in the specific capacity and
reversibility in the initial cycling of the PNG and PNG-C materials.
Cycle life improvement can be enhanced with carbon coating
on the graphite. More cycles need to be completed for additional
performance data on the carbon coated material. See above
data chart, Discharge Capacity vs. Cycle Number.

Voltage, Temperature, Current Response during
Charge-Overcharge of a Lithium-ion Cell at 1C rate:
Anode: C-C Composite; Cathode: LiCoO2.
Temperature (°C)

The study found that silicon-based anode materials showed
improved electrochemical performance when particles were
carbon-coated via CVD. Milled silicon powder displayed much
less irreversibility than the CVD coated version of silicon, which
remained coulombicly efficient for about 40 cycles. It has been
shown that optimizing the CVD system for more uniform and
repeatable coatings can extend cycle life.

month at ambient temperature.
 no adverse effects during over-discharge and absence of
copper substrate. Because the C-C composite anode does not
contain any metal substrate, there is no adverse effect on
overdischarge.
 low heat generation during overcharge along with low surface
area and low coefficient of thermal expansion and absence of
thermal gradient. Carbon-carbon composites physical
properties are very favorable to minimize the side reactions that

Voltage (V)

have 290 mAh/g. But because there is poor reversibility of the
alloying reaction between lithium and silicon at room
temperature, work has been done to successfully coat carbon
onto silicon powder using a CVD (chemical vapor deposition)
method to improve electrochemical performance.
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From Presentation 8.1 Voltage and temperature response
are shown during charge/overcharge at a constant
current of 700 mA (1C) until the cell Voltage reached
the upper set-up limit of the channel (12V) when it was
allowed to go to a rest period. Although there was an
increase in cell temperature during overcharge to 380C
from 21.40C, there was no fire, smoke or explosion.
(Reproduction is by permission of LiTech, LLC, with
special thanks to the author, Sohrab Hossain.)
Time(h)

generate heat during overcharge.
LiTechs researchers note that the C-C composite anode should
be considered as a strong candidate for the anode of the next
generation for Lithium-ion batteries.
10.4 A Study on the Characteristics of Passive Films on the
Surface of Graphite Anodes in Polysiloxane based Electrolyte:
The mechanism of passive film formation on the surface of
highly oriented pyrolytic graphite (HOPG) charged in
polysiloxane-based electrolyte was studied. Polysiloxane has
been studied as a suitable electrolyte in a lithium battery because
of its high conductivity which exceeds that of polyethylene
oxide (PEO) , a well-known polymer currently being used.
In the study, the researchers at the Material Science department
of the University of Southern California and Quallion, LLC
centered their work on understanding why polysiloxane results
in poor cycling capability. The researchers correlated this
www.BatteriesDigest.com
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characteristic to the nature of the SEI (solid electrolyte interface)
film. In the investigation, the graphite surface was charged
with polysiloxane-based electrolyte with lithium
bis(oxalo)borate(LiBOB). To better understand the formation
mechanism and structure of the SEI layer on the graphite,
scanning microscope (SEM) examination and Auger electron
spectroscope (AES) measurements were completed.
Figure 10. Discharge curves of coin cells with
polysiloxane based electrolyte added with different amounts
of VEC

From Presentation 10.4 Vinyl ethylene carbonate (VEC)
was used as an additive in the experiment. The discharge
curve of coin cells with polysiloxane-based electrolyte
added with different amounts of VEC are shown. The
polysiloxane-based electrolyte cell without VEC does not
deliver any discharge capacity. (Reproduction permission
is from Quallion LLC, with special thanks to the author,
Hiroshi Nakahara.) +
Vinyl ethylene carbonate (VEC) was added to the polysiloxanebased electrolyte to reform graphite surface (suppress film
formation) which led to a positive gain in the discharge property
of the LiCoO2 VEC graphite lithium battery. VEC additives were
shown to increase conductivity of the system. These results
could lead to a pathway of improvement of intercalation/
deintercalation in lithium batteries having a graphite anode
and polysiloxane-based electrolyte with LiBOB.
23.2 Electrochemical Behavior of Tin Oxide Nanoparticles
as a Material for Negative Electrodes of Li-ion Batteries:
Lithium alloys have been considered as alternative electrode
materials for anodes of rechargeable Lithium-ion batteries. The
Li-Sn compounds are of special interest because lithium can be
inserted electrochemically, reversibly, into tin to form alloys of
high Lithium content up to Li17Sn4, having 790 mAh.g. However,
a problem exists in that in the process of insertion, pronounced
volume changes occur which lead to an intrinsic instability of
the lithiated alloys in solutions. This problem can be avoided
if the size of the metallic host is kept small. The purpose of this
paper centered on an investigation of the electrochemical
Page 109 - 6
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lithiation/delithiation process of negative electrodes based on
nanosized particles of tin oxide (SnO) for rechargeable lithium
batteries.
Based on initial results of the experiment, nanometer size SnO
power was found to be more effective as an active electrode
material than micrometer size SnO. SnO nanoparticles for Lithium
battery anodes is a promising material but extensive practical,
engineering-related work must be done to make the SnO
nanomaterial useful for this battery application.
23.5 Performance Characteristics of Lithium-ion Cells
Possessing Carbon-Carbon Composite-Based Anodes
Capable of Operating over a Wide Temperature Range:
Solving the challenging temperature requirements, especially
low temperatures to -400 C, for batteries has been a strong
goal for NASA. In this presentation, researchers at JPL (Jet
Propulsion Laboratories) shared results of the performance
characterization of prototype Lithium-ion cells with carboncarbon composite anodes developed by LiTech, LLC (MER
Corporation). (See Presentation 8.1 in this summary for more
information on the carbon-carbon composite electrode
developed by LiTech, LLC.)
Both 4 Ahr and 700 Ahr cells were evaluated. Electrolyte types
varied so that data on low temperature performance could be
obtained. Some of the results were as follows:
 At a temperature of -200 C, one of the 4 Ah cells with a
quaternary electrolyte had good charge and discharge
performance with over 81% of room temperature capacity with
a C/10 rate (over 122 Wh/kg.).
 At a temperature of -400 C with a C/20 discharge rate (room
temperature charge), more than 80 Whr/kg were delivered.
 At temperatures lower than 20 0 C, the quaternary low
temperature electrolyte outperformed the binary mixtures.
Discharge capacity as a function of discharge current and
temperature was measured for a 700 mAH LiTech Lithium-ion
cell containing a quaternary JPL low ethylene carbonate -content
electrolyte. With discharge rate (C/5 to C/20) and temperature (200 to -500 C) reasonable performance was obtained to -50 0C at
a C/20 rate.
 To obtain very low temperature performance < - 500 C,
improvements need to be made in the lithium kinetics and/or in
low temperature electrolyte ionic conductivity.
A most positive highlight of the study was a high specific energy
cell containing a novel carbon-carbon composite anode material
which provided excellent low temperature performance using
advanced low temperature electrolytes.
26.4 Safe Design Composite Material in Negative Electrode
for Lithium-ion Cell: The Army is investigating polymer pouch
cells to gain higher energy for a given volume. This paper
specifically discusses the possibilities of the MER Corp.
(LliTech, LLC) cell which has the carbon fiber and has been
reported to handle overcharge and undercharge without
incident.
www.BatteriesDigest.com
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To conduct the study, the U.S. Army Research, Development,
and Engineering Commands Communications, Electronics,
Research, Development and Engineering Center (CERDEC)
utilized Sonys UP383562A cells as a comparison and control
with the MER cells. The MER cells performed well in tested
conditions such as storage, low temperature and high rate
discharge and cycle life. These cells also tolerated at least 50%
overcharging capacity and overVoltage to 4.6 Volt without any
physical changes. The cell cycling test results indicated that
the cycling between a 4.2 Volt charge and 0 capacity for
discharge appeared to decrease the useable capacity rapidly.
No dimensional changes (bulges) were noted in the MER cell
during low Voltage discharge cycling.
26.5 Evaluation of Novel Carbon Based Additives in Li ion
Anodes: ITT Industries -AES, Inc. is researching fullerene soots
as an additive to the graphite-based anode for the Lithium-ion
battery in order to improve graphites rapid capacity fade when
repeatedly cycled. Various ratios of fullerene soots to graphite
were used in electrode preparation as well as types of soot. Arc
generated soots using 10% fullerene soot to 90% graphite have
displayed the best results. An initial specific capacity of 334
mAh/g was observed and showed less than 1.5 % decrease
over 200 cycles.
Electrolytes:

were cast from solutions out of polymer and salt, then dried and
experimentally measured for conductivity and transference.
Data of the impedance and melt temperatures are included. The
materials were found difficult to dry, and all materials formed
contained some solvent. Conductivity which is low at room
temperature can be improved with plasticized material to increase
conductivity to 10-4 S/cm. Future investigation will center on an
improvement in conductivity. Low transference is also
suggested to be a critical factor in limiting performance in highpower or in low-temperature applications.
14.1 18650 Li-Ion Cell Building for Electrochemical and
Thermal Abuse Testing at Sandia National Laboratories: This
presentation describes a program in which 18650 size cells were
constructed using a special fire retardant additive in the
electrolyte to determine ways to improve the thermal abuse
tolerance of cells. Three salts and two additives were
investigated. Testing results for the cells included cycling,
impedance measurements and temperature variations to
characterize performance. Baseline cells vented and went into
thermal runaway at 192 0 C. Cells with supposed improved
thermal abuse tolerance provided more gentle venting response
in some cases but reduced thermal runaway at temperatures as
0
low as 140 C. A major milestone for this project was to prove an
in-house capability for fabricating Lithium  ion cells with new
materials which could provide the high reproducibility needed
for quantities of experimental cells.

10.1 Conductivity of POSS-PEO(n)8 Based Solid-State
Electrolytes: In search of solid-state electrolytes which have
liquid  like conductivity for Lithium-ion batteries, polymers
with low glass transition temperatures are candidates to
provide high conductivity with the mechanical properties of
a thermoplastic film. Materials with chemical designations,
far more complex than are usable in this overview, were
investigated for conductivities. Conductivity variation with
the amount of inorganic materials were related to variations
in the glass transition temperatures which ideally will be low
for battery applications. This is fundamental work can be
applied to a next generation of investigation which would
include such materials for polymer electrolyte applications.
10.2 Ionic Transport Properties of Polyimide Based
Electrolyte Films: This work is fundamental research to
investigate the polyimide Matrimid from the viewpoint of
using it as a high-energy lithium battery electrolyte. Films
April 2005
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7.4 Non-Flammable Polyphosphonate Electrolytes: This work
involves the use of phosphorus chemistry to develop
Figure 4: Impedance comparisons for SNL cell with that of
electrolytes for better flammability performance. Using
two commercial cells
differential scanning calorimetry and thermogravimetric
analysis, comparisons of the experimental polyphosphonates
Comparison of impedance of SNL cell with that of
to control electrolytes showed polyphosphonates exhibited
the commerecial 18650 cells
lesser reactions prior to lithium melting. This suggests a
smaller contribution of that electrolyte to thermal runaway.
Identification of such chemistry improvements is the basis
0.02
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Panasonicat 4.1V
for choice of materials for future investigations to increase
SNL 4.1V
safety.
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From Presentation 14.1 The data shows the lower impedance
of the SNL built 18650 cells which are optomized for power
rather than capacity. The commercial cells have capacity of
2,200 mAh whereas the SNL cell has only 920 mAH capacity
which is the result of thinner electrodes to maximize power.
Other data showed the effects of two flame retardant additives
and a comparison of three salts in electolytes.(Reproduction
permission is from Sandia National Laboratories, with special
thanks to the author, G. Nagasubramanian.) +
www.BatteriesDigest.com
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26.3 Suppression of Decomposition Reactions of LithiumIon Battery Electrolytes: Working with a concept that Lithiumion batteries have power loss and capacity loss, especially at
high temperatures, this presentation pursued thermal
decomposition of electrolytes as a major contributor. Lewis
bases such as pyridine can be added into the electrolyte to
prevent the decomposition of the electrolytes. It is thought
that the additives prevent the generation of catalytic
fluorophosphates. To test the concept, cathode materials were
prepared and subjected to various electrolytes to determine the
formation of surface films. Spectroscopy was used to determine
the results. It was concluded that the addition of these additives
(i.e. Pyridyne) to the electrolyte retards the growth of surface
films.
Co and Ni content on the surface of LiCoxNi1-xO2 particles
stored at 100 oC for 336 h.
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From Presentation 26.3 This data provides a measure of the
Co and Ni content of the cathode materials. While the data
for Ni and Co is not as clear as that previously observed for
F and P, the concentrations of Ni and Co on the surface of the
particles is higher in samples that contain thermal
stabilizing additives. HMPA appears to inhibit the formation
of surface films on LiCoxNi1-xO2. (Reproduction is by
permission of University of Rhode island, with special thanks
to the author, Brett Lucht.) +
32.2 Characterization and Performance of LiBOB as
Electrolyte Solute for Li-ion Devices: The lithium salt LiBOB
[Lithium bis(oxalato)borate] is considered a possible alternative
to the standard LiPF6 because it exhibits stable performance at
elevated temperatures. This investigation extended the
understanding of the good and bad features of LiBOB.
Electrochemical, spectroscopic and assembled cell performance
analysis were made.
Photoelectron spectroscopy was used to characterize the
anodes surface chemistry when contacted by LiBOB. The
stability of the electrolytes with the cathodes was investigated
in a kinetic manner. Interactions with the cobalt-based cathode
materials are different from that with the nickel based cathode.
Page 109 - 8
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From Presentation 32.2 There is an apparent gap between
the thermal stability of the two electrolyes on the nickel
based cathode surface at higher temperature. The chemical
inertness of the BOB- anion resulted in better OCV
retention, supporting the idea that LiBOB contributes to
improved cell performance at high temperature.
(Reproduction is by permission of Army Researech
Laboratory, with special thanks to the author, Kang Xu.) +
A 12 percent post storage capacity loss was observed with
LiBOB and a cobalt cathode. Impedance spectroscopy showed
a tenfold increase in cell resistance, indicating a continuous
reaction between the LiBOB and the cathode surface.
When observing overcharge, the LiBOB offered a higher
protection against oxidative decomposition, demonstrated by
the delay of onset of the decomposition current.
As fundamental research, this work shows promise for LiBOB
as a future electrolyte but further improvements are needed.
32.3 Effect of LiBF4 on the Cycling Performance of Li-ion
Batteries: There is an alternate lithium salt, lithium
bis(oxalato)borate more commonly referred to as LiBOB which
may have as advantages of cycling stability at elevated
temperatures and a unique ability to form protective films on
graphitic anode surfaces. This presentation is a continuing
analytical effort to determine the possible uses of LiBOB in
place of the current LiPF6. The effects of standard and LiBOB
electrolytes were analyzed both for cathode and anode materials
used in Lithium  ion batteries. The results showed that there
is promise for this approach, but that additional changes to the
salt must be made before use in a practical battery.
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conductivity and viscosity for a variety of
common, new and proposed electrolytes from
data of previous studies. With such a
comprehensive overview, choosing salts
based on the application requirements will be
more effective.

Dischare Voltage profile for selected cells in Table 1 at -200 C.
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From Presentation 32.3 Every cell that contained some amount of LiBF4 showed
evidence of lithium plating in the discharge curve at - 20 0 Cand irreversible
capacity loss during subsequent room temperature cycling. These results lead
to the conclusion that LiBF4 is involved in the formation of a more resistive SEI
layer on the anode that lowers the rate of lithium action into the anode more than
other common salts. (Reproduction is by permission of Yardney Techncal
Products, Inc., with special thanks to the author, Thomas Bararich.) +

The data showed that the behavior of the
LiBOB electrolyte is governed mostly by the
high viscosity, whereas the LiBF4 is governed
by its strong ion association and the LiPF6 by
both. LiPF6 is more conductive than LiBOB.
LiBF 4 is favored for low temperature
applications, but LiBOB is not suitable for low
temperature applications. The lithium salts
seem to have a higher solubility in carbonate
solvents than the ammonium salts. The
ammonium salts have more conductive
electrolyes when dissolved in carbonate
solvents than have the lithium salts.
Separators:

Tg / K

8.3 Performance Evaluation of Battery
Separator Materials for use in Organic and
Alkaline Electrolytes: The target application
for this presentation is lithium primary and a
Silver-zinc battery chemistries. Because
32.4 Change of Conductivity with Salt Molality, Solvent Lithium-ion also uses organic electrolytes, the information is
Composition and Temperature and Its Mechanisms for PC- relevant to this chemistry. Data is presented on absorption,
DEC and PC-EC Solutions of LiBF4, LiPF6, LiBOB, Et4NBF4, porosity, dry and wet thickness, and resistance and resistivity.
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Batteries/ Business

Batteries -Rechargeable magnesium

EaglePicher Holdings, Inc. and EaglePicher Incorporated
(collectively EaglePicher) receives Court approval on FirstDay Motions in its voluntary Chapter 11 bankruptcy on April
12, 2005 filing. EaglePicher received an interim $50 million debtin-possession (DIP) financing from a bank group led by Harris
Trust and Savings Bank, subject to conditions and limitations.
The final DIP hearing will be held on May 18, 2005, at which time
and interim facility will expire. EaglePicher is negotiating a
permanent DIP with Harris. CEO and President Bert Iedema said,
Having secured interim DIP financing and approval of our firstday motions gives EaglePicher forward momentum toward
restructuring the company.

Idea One, through its subsidiary Advanced Technology
Upgrading, Ltd. (ATU), builds the worlds first successful
lab-tested magnesium rechargeable battery. The Company, in
cooperation with Professor Doron Aurbach of Israels Bar
Ilan University and Tadiran Batteries Ltd., are developing the
next generation of battery technology based on a magnesium
battery.

Dutch investment Granaria Holdings owns the operating
business of EaglePicher.. EaglePicher Holdings, Inc. is the parent
of EaglePicher Incorporated which is headquartered in Phoenix,
Arizona.
Energizer Holdings, Inc. develops hybrid batteries with Techtium
Ltd. of Israel. Techtium, a semiconductor company, develops
hybrid batteries designed to extend battery life for portable
electronic devices. Energizer and Techtium will work to integrate
the Techtium hybrid battery and charging technology powered
by Energizers batteries into new portable electronic devices.
Johnson Controls, Inc. (JCI) agrees to buy Delphi Battery. In
March 2005, JCI said it would buy Delphi Corps global auto
battery business for $212.5 million. Gregg Sherill, vice president
of JCIs automotive battery group, said, We expect that this
acquisition will enable us to...develop a leadership position in
Asia, and become the primary supplier of original equipment
batteries to the worlds largest automaker (General Motors).
Delphis Lead-acid batteries have annual sales of approximately
$600 million and Delphi has operations in more than 10 countries,
including jooint ventures in South Korea and China. A final
agreement is being worked out and the transaction is expected to
be completed sometime this summer.
Page 109 - 10

Batteries Digest Newsletter

Average Mercury Content in Batteries
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Although the company has several divisions, it is best known in
the battery industry for its Defense and Space Power segment
which makes batteries for satellites, launch vehicles and missiles.
EaglePichers Commercial Power systems unit also makes batteries
for medical and telecommunications applications.

Batteries/Mercury Content
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Wang-Jung-chang, ruling Democratic Progressive
Party Legislator-at Large in Taiwan, said in a press
conference (04/14/2005) that batteries sold in Taiwan
originating from SW Asia and China have dangerously
higher levels of mercury than Taiwans allowed level of
5ppm maximum. He said many of these batteries are
illegally smuggled into the country. (He quoted research
data, seen in the above chart, conducted by Yuan Ze
Universitys Center of Environmental Sciences.) He said
about 74% of batteries sold in Taiwan are from SE Asia
or China. Only about 15% of the batteries in Taiwan are
recycled and the remainder end up in incinerators or
landfills. He called on the Cabinet-level Environmental
Protection Administration to conduct a nationwide census
on batteries.
He also noted that U.S. and Japanese-made batteries have
average mercury content of only 0.13 ppm. +
www.BatteriesDigest.com
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Idea One and Professor Aurbach have tested and patented the
chemistry for rechargeable magnesium battery systems that
can be recycled thousands of times with very low capacity
fading. Laboratory tests have verified that the battery can
recharged over 3,000 times and can produce up to 1.1 to 1.3
Volts per a single cell, with energy density comparable to existing
systems. The batterys overall performance has been
independently verified by the U.S. Department of Energy. The
battery is expected to be commercially available in less than a
year for many applications, including uninterruptible electric
power for computer networks, electricity for storage for power
generation plants and utilities, electric vehicles and portable
powered devices.
Aurbach and his team are currently looking for
ways to increase the energy density of their
magnesium batteries. Idea One anticipated that
with additional research, the energy density of
rechargeable magnesium batteries can be
increased by 50%, and there may be the
possibility of developing magnesium batteries
with working potentials higher than 1.5V and
theoretical energy density higher than 200 Wh/
Kg, making them ideal for use as an electric
vehicle battery.

and other accessories were destroyed by law-enforcement
authorities in 2003. (Dont get burned by phony cell
batteries, DailyBreeze,com, 04/25/05)To date, there are no
standards for batteries for cell phones. However, the IEEE and
the Cellular Telephone and Internet Association, with oversight
from the Consumer Products Safety Commission, are
developing voluntary design and performance stndards. The
goal is to complete these standards by late 2005.
Nokia, the worlds largest cell phone manufacturer, has begun
branding its batteries with difficult-to-reproduce holograms
and a 20 digit code placed under a scratch-off label to tell
consumers the batteries are not counterfeit.

Batteries/Safety

Sona Development Corp. of British Columbia,
Canada expects to introduce this patented
technology to commercial markets and will
complete a private placement of between $1.5
and $3.0 million before acquiring Idea One.
Batteries/Recycling
The Rechargeable Battery Recycling
Corporation (RBRC) states that North
Americans recycled 7.7% more batteries in
2004 than in 2003. For 2004, the nonprofit
groups recycling program collected more than
4.4 million pounds of rechargeable batteries in
the U.S. and Canada.
INFORM, Inc., a national environmental research
organization, notes that these figures are falling
below expectations. Although the figures
initially look positive, Bette Fishbein, INFORMs
senior fellow commented that the goals of
RBRC created in 1998 are not being met. Ms.
Fishbein noted that in 1998 RBRC forecast
recycling 14.3 million pounds of batteries in 2003
and 16.9 million pounds by 2004 in the U.S.
Batteries/Safety

On March 23, 3005, the U.S. Consumer Product Safety Commission
recalled the batteries from 47,000 RCA portable DVD players with a
model number DRC600N. These units were sold in retail stores
nationwide from September 2002 through July 2003.
The battery in the units can overheat and explode while recharging,
posing a burn and fire hazard to consumers. Thompson Inc. of
Indianapolis, IN, listed as the manufacturer/importer of the units,
received 11 reports of batteries overheating and five reports of batteries
exploding. Two individuals suffered burned fingers from picking up the
battery after it overheated.The manufacturer of the battery is not noted,
but the units were listed as Manufactuered in China.
(BD Note: Based on the application of the battery and the overheating
and exploding problem, the chemistry is most likely Lithium-ion.)
Thompson Inc will replace the batteries in these units. The number to
call is (800) 821-5875. +

The Editors of Consumer Reports note that
worldwide, more than 5 million phony cell-phone batteries
April 2005
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Ask Isidor About Batteries...

Q: How are cell phone batteries Serviced??

Isidor Buchmann (Isidor.Buchmann@cadex.com) is the founder and CEO of Cadex
Electronics Inc., in Vancouver BC. Mr. Buchmann has a background in radio
communications and has studied the behavior of rechargeable batteries in practical,
everyday applications for two decades. Award winning author of many articles and
books on batteries, Mr. Buchmann has delivered technical papers around the world. +

With the move to Lithium-ion, fewer cell phones batteries are
failing during the warranty period than was the case with nickelbased chemistries. Lithium-ion is less temperamental than nickel
and needs less customer preparation. Yet, the volume of
returned batteries remains relatively high. A study shows that
15% of all handsets sold require some warranty repair and the
battery is a large contributor to such service.
The reasons for the failure are multi-fold. The battery may not
have been properly charged before use. Perhaps the packs
remained on the shelf too long or the charger is not functioning
correctly. Lack of battery understanding may also be to blame.
The true reason may never be known.

To satisfy the customer and honor warranty obligations, the
stores provide a replacement battery, no questions asked.
Competition makes it tough to do otherwise. The faulty batteries
are then returned to the manufacturer for replacement.

batteries returned under warranty exhibit non-correctable faults.

Not all batteries and handsets brought in for service fail due to
manufacturers defects. Some batteries get damaged due to
dropping and other physical abuse. A Service Manager of a
leading cell-phone manufacturer hinted that coffee submersion
is a common cause of failure. The acid in the coffee manages to
corrode the electrical conductors in the handset and the battery.
Coffee submersion occurs when the user accidentally mistakes
the cup of coffee with the charger or cradle.

To reduce the flow of warranty goods, some manufacturers
began charging $35US for no-fault returns. With the added cost,
the dealers had no other option than to continue accepting and
replacing returns from fickle customers. Warehouses started to
fill with dead merchandise; and in 1997 a critical mass was
reached. The cost of exchange, lost time by retail staff, shipping,
warehousing and paying a subsidy for a replacement phone
became a multi-million dollar problem.
Returned cell phone
batteries: 80-90% of
the returned batteries
have either no fault or
can easily be restored
with a battery analyzer.
The batteries are warehoused for eventual
service or recycling.
Battery returns represent a million-dollar
problem +

Phone manufacturers are aware that 80-90% of the returned
batteries have either no problem or can easily be restored with
a battery analyzer. The remaining 10-20% can often be revived
by reactivating the safety circuit with a boot program and by
applying charge/discharge cycles. Only a small percentage of
Page 109 - 12
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Refurbishing, a cost-effective exercise

In an effort to salvage returned batteries, some mobile phone
manufacturers segregate battery packs according to purchase
www.BatteriesDigest.com
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date. Packs returned within the thirty-day warranty period are
marked type B. The batteries are then consolidated and sent
to a regional service center where they are serviced. Batteries
that are clean, (have no coffee residue) and regain a capacity of
80% or higher, are relabeled and sold at a discount price. The
refurbishing program reclaims over 90% of the returned batteries.
On the strength of the success, some battery-refurbishing
houses have extended the service to include batteries that are
up to one year old. Repairing these older packs yields a 40-70%
restoration rate. Managers have indicated that effectively run
battery refurbishing centers manage to generate a profit. Equally
importantly is the environmental benefit in restoring rather than
disposing of a battery.

Storefront battery service

Servicing a batteries at point-of-sale is becoming a viable
alternative to sending the pack to central service centers. With
storefront service, the pack goes no further than to the store
that sold the goods.
Checking a battery and assessing its status is one thing 
fixing the problem and handing a repaired battery back to the
customer is another. Modern battery analyzers are equipped
with rapid-test programs that assess the battery state-of-health
in a few minutes. Some analyzers (Cadex) offer a boost program
to wake up seemingly dead batteries because regular chargers
can no longer recharge these packs. The service takes only a
few minutes.

How does a battery fall asleep? A Lithium-ion may become
dysfunctional if discharged too deeply without applying a
recharge after use. The boost program applies a gentle charge
current to reactivate the batterys safety circuit. A fast-charge
follows. To demonstrate the effectiveness of boost, 27 of 92
returned Lithium-ion batteries were permanently restored with
the boost function of a battery analyzer (Cadex C7400) at the
Cadex test laboratory.

If a pack requires a complete service of priming and
reconditioning, the customer is asked to come back later.
Alternatively, a refurbished battery can be given as a
replacement. Only batteries with mechanical defects or those
with non-correctable electrical problems need replacement.
Connecting the battery to the analyzer has been a major
challenge for customer service staff. Setting the correct battery

parameters and selecting a program is another hurdle. If a store
handles a limited number of phones or if trained staff is not
available, custom battery adapters are the answer. Custom
adapters are made for a specific battery type and allow easy
insertion of the battery. A wrong connection is not possible.
Because of the firm contact provided between battery and
analyzer, the custom adapters produce the most accurate
readings, especially on rapid-testing. (Cadex offers the
SnapLock custom adapters that automatically configure the
analyzer to the correct setting.)

Service technicians dealing with a multitude of batteries may
prefer a universal battery adapter. This requires programming
the battery analyzer to the correct battery chemistry, Voltage
and milliAmpere rating. Once set, these parameters can be stored
in those adapters equipped with a memory chip. (The Cadex
adapters hold up to 10 battery configuration codes. If more
storage is needed, a PC with BatteryShop software will be
required. With a PC, the user can program the analyzer by
clicking the mouse on the selected battery.)

Why was storefront service not done earlier?

Point-of-sale service has only become feasible with modern,
easy-to-use battery analyzers. Older units were designed for
trained technicians and engineers. The programs consisted of
cycling to remove the memory on nickel-based batteries.
Lithium-ion no longer suffers from memory and cycling has
little effect on improving this battery chemistry.

Today, customers want fast service and are not prepared to
wait for long service procedures. Neither can the equipment be
tied up for any length of time. One of the key features of the
modern battery analyzer is the ability to assess the battery
quickly and apply the needed repairs in minutes rather than
hours

Offering battery test service at storefronts improves customer
service and enhances overall customer satisfaction.
Organizations using modern battery analyzers have reported
sharp reductions in service related expenses. Manufacturers
support storefront service and often furnish the participating
dealers with battery analyzers of choice. This trend is growing.
With camera phones and increasing use of data transmissions,
the battery is becoming a critical part in the overall performance
of a cell phone.
BD

Advertise in the
Batteries Digest Web Site

www.BatteriesDigest.com Call (763-479-6190)
April 2005

Batteries Digest Newsletter

www.BatteriesDigest.com

Page 109-13

Portals

To W hat others are Saying

Batteries,Automotive/hybrid
GM AND DAIMLER ARE STEPPING ON IT
In order to catch up to the Toyota hybrid offerings now well into its
second generation, GM and Daimler are forming a team to develop
hybrids for the market by 2007. By that time, Toyota will have 200,000
hybrids on the road backed by significant patents, and manufacturing
and support experience. GM plans to offer an SUV which will improve
gas mileage by 25% to 21 MPG (Ed note: burp!).
Business Week, December 27, 2004, p. 49
*
Batteries/Lead-acid/Horizon
During the exciting, but technologically unchallenged 1990s,
Electrosource developed the Horizon battery which replaced the
lead plates with fiberglass coated lead, providing some increase in
energy density. Last year the bankrupt company was bought by
Eagle Picher which has set up a plant in China. Is there a future for
this battery configuration?
Batteries & Energy Storage Technology, autumn 2004, pp. 8384
*
Batteries/Lithium-ion/polymer
Nanostructured MnO2-Based Cathodes for Li-Ion/Polymer
Cells
The work is intended to extend the current energy density from 150175 Wh/kg to 250 Wh/kg. Cathode structures have average size
crystallites of 50 nm. and deliver energy density of 440 Wh/kg.
Limited cycling testing showed good capacity with no fade. Present
work is being conducted with small laboratory cells which require
further research into the crystalites and the addition of dopants.
NASA Tech Briefs, April 2005, p. 48
*
Batteries/Iron-metal hydride
Rechargeable Fe (III/Vi) super-iron cathodes
Nickel or iron metal electrodes nominally accept 1 electron per ion,
but hexavalent or superoxidized iron can accept three electrons per
ion, substantially increasing the energy producible. Prototypes made
before the turn of the century employed sand grain sized particles,
but new work at the Israel institute of Technology has achieved
nano scale superoxidized iron with 200 cycle life. The technology is
a promising step in the increasing capability of batteries, but it will
require years of continued development.
Chemical Communications 6, March 10, 2004, pp. 628-629
*
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Batteries/Microbatteries
Financing will power Elk River battery firm to 06
Cymbet Corp, a startup focusing on the development and
production of microbatteries which will be included in integrated
circuit packages to power the device through its life, was
awarded $16.5 million in a second round of private financing.
The technology is a thin-film process licensed from the federal
government and could find application in medical devices, cell
phones and sensors.
StarTribune, December 21, 2004, pp, D1-D2
*
Fuel Cells/Stationary
Are Stationary Fuel Cells Ready for Market?
The theme of this review describes the substantial improvements
in the technology, but yet, the underlying answer to the title
question seems to be No! PEM fuel cells still suffer from limited
life and high cost. To evaluate the performance of stationary
fuel cells, a nonprofit organization, Houston Advanced Research
Center (HARC) has been formed. Current units being tested
are in the 1 to 5 kW range. HARC results will evaluate
performance and cost per kW; there will be continual comparison
milestones. Stay tuned!
Fuel Cell Magazine, December 2004, pp. 16-18
*
Fuel Cells/Miniature
MEMS: ANEW POWER SOURCE FOR PORTABLES
Toshiba announced a MEMS- based direct methanol fuel cell
with a 140 cc capacity and 1 W output for 20 hours at the March
IEEE 2005 Conference. It includes micropumps which circulated
gasses and liquids.
*
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Miscellaneous/Automotive
U.N. study forecasts job less for American auto workers
Parts making operations which have already begun to move to
China will also increasingly gravitate to Eastern Europe, and
India, according to a ;144 page study by the International Labor
Organization. China will double the number of workers in this
sector by 2015. The reason for the increase of jobs is the Chinese
benchmark wage of $1.30/hour, compared to wages 25 times
greater in the U.S. and 30 times greater in Germany.
The Desert Sun, January 8, 2005, p. E2
*
Miscellaneous/Communications
Wireless Control That Simply Works
If you havent yet succumbed to the variety of wireless RF
protocols, such as CDMA, GSM, Bluetooth, Wi-Fi, Wimax or
any of there variations, now is the time to add one more wireless
acronym because it will be a platform for a lot of portable power
demand.
Its name is ZigBee and although it will be a relatively slow, it
will be a highly reliable link for data communications and control.
The medium could be applied to centralize automation
temperature data throughout a process, control secure access

Ask George
about
Separators

through doorways, or have detailed real-time patient data
throughout a hospital ward.
Zigbee is serious stuff because there is an IEEE Standard 802.15.4
dedicated to it. There will be 16 channels in the 2.4 GHz band, 10
at 915 MHz and one at 868 MHz. The lower frequencies will use
direct sequence spread spectrum (DSSS) while the 2.4 range
will use offset-quadrature phase shift keying (O-QPSK.) (Ed.
note: Now that you know this, you are armed with the potential
to be the biggest bore at the next cocktail party...beware!)
Zigbee Special Report, A Supplement to Electronic Design
*
Miscellaneous/Pollution
Fuel Standards for boats, trains set by state board
California adopted additional clean air requirements on
November 18, 2004 which exceed Federal standards, but no
objections were raised by special interest groups. The new
standards will cut airborne particulates from locomotives and
watercraft by 25%, NOX by 3% and sulfur oxides by 78 %.
Implementation will be in 2006 in the south coast region and
statewide by 2007.
The Desert Sun, November 19, 2004, p. A17
BD

Q: I have chosen the surface area of my AGM
Lead-acid battery separator; can I determine
the average fiber diameter of this VRLA
battery separator from this value?

ANSWER: Yes, an estimated average microglass fiber can be determined based on
your surface area utilizing your B.E.T. surface area results. A good reference for
this type of calculation can be found in an article by Stephan E. Gross,Diameter
Measurement of Glass Microfibers Using BET Surface Area Analysis, TAPPI 1988 Nonwoven Symposium. Another reference is Fiber diameter measurement
of bulk man-made vitreous fiber by A.R. KOENIG, Analytica chimica Acta.
280(1993) 289-298 .
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MEETINGS

Consult the Meetings page of www.BatteriesDigest for more information

May 2005

June 2005

2005 Joint Service Power Expo
May 2-5, 2005
Tampa, FL
www.ndia.org
Fuel Cell 2005
June 7-8, 2005
Minneapolis, MN
www.FuelCell-magazine.com

See BD Website for attendance discount
*
Junior Solar Spring Northeast Championship
Over 200 middle school students with model solar cars
www.nesea.org
July 2005
SOLAR 2005
www.ases.org
Tel: 1-303-443-3130, E Mail: ASES@ases.org
August 2005
Energy Technology Expo & Conference
Bringing together all segments of the renewable energy
industry
www.energytechexpo.com
September 2005
Portable PowerConference& Expo
www.PortablePowerConference.com
November 2005
2005 Fuel Cell Seminar
www.fuelcellseminar.com
*
2004 NASA Aerospace Battery Workshop
Huntsville, AL
Tel: 1-256-544-3345
http://ntf-2.msfc.nasa.gov/battery/nsf

December 2005
Electric Drive Transportation Assn. Conference & Expo.
December 6-8, 2005
Vancouver, B.C., Canada
www.edtaconference.com
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January 2006

Consumer Electronics Show
Las Vegas Convention Center
Las Vegas, NV
www.cesweb.org

February 2006
Tactical Power Sources Summit
Washington D.C.
Pre Conference Workshop
Multi-Track Event: Batteries, Fuel Cells, Alternative Power
Sources, Power In Action (Case Studies)
www.IDGA.com
Sponsorship: 212-885-2719, sponsorship@IDGA.com
Info & Registration 1-800-882-8684, info@IDGA.com
*
April 2006
Battery Council International
Tel: 1-312-644-6610
Battery Council International sponsors an annual meeting to
promote higher standards of quality, technical and environmental
awareness in the Lead-acid battery industry worldwide. BCIs
convention is designed to provide a forum for discussion on
the latest advances and concerns for the battery industry.
E-Mail: Ann_Noll@sba.com
www.batterycouncil.org
*
NESEA Tour De sol
The Great American Green Transportation Festival and
Competition
www.TourdeSol.org
June 2006
42nd Power Sources Conference
Philadelphia, PA
Contact Ralph Nadell at Rnadell@pcm411.com
October 2006
Occupational Health, Safety and
Environmental Protection Conference
www.batterycouncil.org
April 2007
EVS
info@evs21.org
Tel: +377 97 77 54 21
The Worldwide Battery, Hybrid and Fuel Cell Electric Vehicle
Symposium & Exhibition
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