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Electrochemical Voltage Generators
The first battery was the voltaic pile invented in about 1800 by
Alessandro Volta. This comprised a stack of pairs of silver and
zinc disks, each pair separated by a brine-soaked board. For
many years from 1836 the standard form of battery was
the Daniell cell, with a zinc anode, a copper cathode, and a
porous-pot barrier separating the anode electrolyte (copper
sulfate) from the cathode electrolyte (sulfuric acid). The leadacid storage battery was invented by Gaston Planté in 1859
and the wet Leclanché cell, the prototype for the modern dry
cell, by Georges Leclanché in 1865.

Electrochemical Voltage Generators
• Electrolyte is typically an acid
• Anode and Cathode are different metals

Electrochemical Voltage Generators
• The internal chemical reaction within the battery between the
electrolyte and the negative metal electrode produces a build
up of free electrons, each with a negative charge, at the
battery's negative (-) terminal - the anode.

• The chemical reaction between the electrolyte and the
positive (+) electrode inside the battery produces an excess of
positive (+) ions (atoms that are missing electrons, thus with a
net positive charge) at the positive (+) terminal - the cathode
of the battery.

Electrochemical Voltage Generators
The electrical pressure or potential difference
between the + and - terminals is called voltage or
electromotive force (EMF).

Connect a load across the
battery terminals and you
get electron flow.

Electrochemical Generators
The venerable carbon-zinc cell
was invented in 1865 and was
the most common small battery
throughout most of the
20th century until largely
supplanted by alkaline cells.

Electrochemical Generators
Primary Cells
In primary cells the electrochemical
reaction is not reversible. During
discharging the chemical
compounds are permanently
changed and electrical energy is
released until the original
compounds are completely
exhausted. Thus the cells can be
used only once.

Examples: carbon-zinc dry cell,
lithium battery, silver oxide battery,
alkaline battery

Electrochemical Voltage Generators
Secondary cells
In secondary cells this elecrochemical
reaction is reversible and the original chemical
compounds can be reconstituted by the application
of an electrical potential between the electrodes
injecting energy into the cell. Such cells can be
discharged and recharged many times.
Examples: lead acid, Sealed Lead Acid,
nickel cadmium (NiCd),
nickel metal hydride (NiMH),
Lithium Ion, Lithium Polymer (LiPO).

The Charging Process
The charger strips electrons from the cathode leaving it with a
net positive charge and forces them onto the anode giving it a
negative charge. The energy pumped into the cell transforms
the active chemicals back to their original state.

The Cell
Cells using aqueous electrolytes are limited in voltage to less
than 2 Volts because the oxygen and hydrogen in water
dissociate in the presence of voltages above this voltage.
Lead Acid cells (2.0 v per cell), Alkaline (1.5 v per cell)
NiCd or NiMH cells (1.2v per cell)

The Cell
Lithium Ion batteries which use non-aqueous electrolytes do
not have this problem and are available in voltages between
2.7 and 3.7 Volts. However the use of non-aqueous
electrolytes results in those cells having a relatively high
internal impedance.
•
•
•
•

primary lithium 3V
lithium-ion 3.60V/cell
Li-cobalt voltage comes to 3.60V/cell
Li-manganese 3.80V/cell
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Charging

Shift in rechargeable battery market 1991 to 2009

Nickel Cadmium (NiCd)
Advantages: Excellent cycle life, long shelf life, fast simple
charge, low internal resistance, high discharge rate, desirable
low temperature performance, forgiving if abused, easy
storage and transportation

Limitations: Low energy density, memory effect, high selfdischarge, environmentally unfriendly
Popular Applications: Two-way radios, portable medical
equipment, power tools and consumer products

Nickel Metal Hydride (NiMH)
Advantages: High energy density - 40% higher capacity over
standard NiCd, less prone to memory effect, easy storage and
transportation, environmentally friendly, popular substitute
for alkaline with similar voltage and performance,
advantageous in high current applications

Limitations: Short life cycle, limited discharge current, high
internal resistance, more complex charge needed, high selfdischarge, high maintenance – performance degrades if
stored in elevated temperatures
Popular Applications: Communication devices, audio/visual
equipment, emergency lighting and consumer products

Charging Nickel-based Batteries
•

Consumer chargers do not always terminate the charge correctly. Remove the
batteries when perceived full.

•

Do not charge at high or freezing temperatures. Room temperature is best. Read
more about Charging at High and Low Temperatures.

•

Do not use chargers that cook batteries. If no alternative exists, charge under
supervision and remove the battery when warm to the touch.

•

Nickel-based batteries are best fast charged; a lingering slow charge causes
memory.

•

Below 70 percent, the charge efficiency of an industrial NiMH is close to 100
percent; the battery the pack remains cool.

•

Not all NiMH can be charged fast. Excess heat buildup-up is caused by a charge
current that is too high, overcharge or and aging battery. Read more about Ultra-fast
Chargers.

Charging Nickel-based Batteries
•

A NiMH charger can charge NiCd, but not the other way around. The original NiCd
chargers would overcharge NiMH.

•

To charge NiMH with a NiCd charger, estimate the time and disconnect the charger
manually. Do not leave NiMH on charge longer than needed (full charge detection
may not work and the trickle charge current is too high for NiMH).

•

Do not leave a nickel-based battery in the charger for more than a few days, even
with correct trickle charge. Remove and apply a brief charge before use.

•

Nickel- and lithium-based batteries require different charge algorithms. Unless
provisions are made, these two chemistries cannot share the same charger.

Lithium Ion
Lithium Ion Cells
Rather than the traditional redox galvanic action, Lithium ion secondary
cell chemistry depends on an "intercalation" mechanism. This involves the
insertion of lithium ions into the crystalline lattice of the host electrode
without changing its crystal structure. These electrodes have two key
properties:
1. Open crystal structures which allow the the insertion or extraction of
lithium ions
2. The ability to accept compensating electrons at the same time
Such electrodes are called intercalation hosts.

Lithium Ion
In a typical Lithium Ion cell, the anode or negative electrode is based on
Carbon and the cathode or positive electrode is made from Lithium Cobalt
Dioxide or Lithium Manganese Dioxide. (Other chemistries are also
possible)

Since Lithium reacts violently with water, the electrolyte is composed of
non aqueous organic Lithium salts and acts purely as a conducting
medium and does not take part in the chemical action, and since no water
is involved in the chemical action, the evolution of hydrogen and oxygen
gases, as in many other batteries, is also eliminated.

Lithium Ion

•

During discharge Lithium ions are dissociated from the anode and migrate across the
electrolyte and are inserted into the crystal structure of the host compound. At the same
time the compensating electrons travel in the external circuit and are accepted by the host to
balance the reaction.

•

The process is completely reversible. Thus the Lithium ions pass back and forth between the
electrodes during charging and discharging. This has given rise to the names "Rocking chair",
"Swing" or "Shuttlecock" cells for the Lithium ion batteries.

Lithium Ion
Advantages of Lithium Ion

•
•
•
•

Wide variety of shapes and sizes efficiently fitting the devices they power.
Much lighter than other energy-equivalent secondary batteries.
No memory effect.
Self-discharge rate of approximately 5-10% per month, compared to over
30% per month in common nickel metal hydride batteries, approximately
1.25% per month for Low Self-Discharge NiMH batteries and 10% per
month in nickel-cadmium batteries.

Lithium Ion
Advantages of Lithium Ion
• According to one manufacturer, lithium-ion cells (and, accordingly, "dumb"
lithium-ion batteries) do not have any self-discharge in the usual meaning
of this word. What looks like a self-discharge in these batteries is a
permanent loss of capacity.
• On the other hand, "smart" lithium-ion batteries do self-discharge, due to
the drain of the built-in voltage monitoring circuit.

Lithium Ion
Disadvantages of Lithium Ion - Cell life
•

•

•

•

Charging forms deposits inside the electrolyte that inhibit ion transport. Over time,
the cell's capacity diminishes. The increase in internal resistance reduces the cell's
ability to deliver current. This problem is more pronounced in high-current
applications. The decrease means that older batteries do not charge as much as
new ones (charging time required decreases proportionally).
High charge levels and elevated temperatures (whether from charging or ambient
air) hasten capacity loss. Charging heat is caused by the carbon anode in earlier
versions. This was typically replaced with lithium titanate which drastically reduces
damage from charging, including expansion and other factors.
A Standard (Cobalt) Li-ion cell that is full most of the time at 25
°C (77 °F) irreversibly loses approximately 20% capacity per year. Poor ventilation
may increase temperatures, further shortening battery life. Loss rates vary by
temperature: 6% loss at 0 °C (32 °F), 20% at 25 °C (77 °F), and 35% at 40
°C (104 °F).
Many types of lithium-ion cell cannot be charged safely below 0°C.

Lithium Ion
Disadvantages of Lithium Ion
•

When stored at 40%–60% charge level, the capacity loss is reduced to 2%, 4%, and
15%, respectively. In contrast, the calendar life of cells is not affected by being kept
at a high state of charge.

•

If overheated or overcharged, Li-ion batteries may suffer thermal runaway and in
extreme cases this can lead to combustion. Deep discharge may short-circuit the
cell, in which case recharging would be unsafe.

•

To reduce these risks, Lithium-ion battery packs contain fail-safe circuitry that
shuts down the battery when its voltage is outside the safe range of 3–4.2 V per
cell. When stored for long periods the small current draw of the protection
circuitry itself may drain the battery below its shut down voltage; normal chargers
are then ineffective.

Lithium Ion
Battery Run Away looks like this:

http://www.youtube.com/watch?v=gcd34tt8YPU

http://www.youtube.com/watch?v=SMy2_qNO2Y0&feature=related
http://www.youtube.com/watch?v=-DcpANRFrI4

Lithium Ion
Other safety features are required in each cell:
• Shut-down separator (for overtemperature)
• Tear-away tab (for internal pressure)
• Vent (pressure relief)
• Thermal interrupt (overcurrent/overcharging)
• These devices occupy useful space inside the cells, add additional points
of failure and irreversibly disable the cell when activated. They are
required because the anode produces heat during use, while the cathode
may produce oxygen. These devices and improved electrode designs
reduce/eliminate the risk of fire or explosion.
• These safety features increase costs compared to nickel metal hydride
batteries, which require only a hydrogen/oxygen recombination device
(preventing damage due to mild overcharging) and a back-up pressure
valve.

Lithium Ion
Prolonging battery pack life
• Avoid deep discharge and instead charge more often between
uses, the smaller the depth of discharge, the longer the
battery will last
• Avoid storing the battery in full discharged state. As the
battery will self-discharge over time, its voltage will gradually
lower, and when it is depleted below the low-voltage
threshold (2.4 to 2.9 V/cell, depending on chemistry) it cannot
be charged anymore because the protection circuit (a type of
electronic fuse) disables it.
• Lithium-ion batteries should be kept cool; they may be stored
in a refrigerator.

Lithium Ion
• The rate of degradation of Lithium-ion batteries is strongly
temperature-dependent; they degrade much faster if stored
or used at higher temperatures.
• The rate of degradation of Lithium-ion batteries is also related
to battery charge level; they degrade much faster when at
100% charge, than at lower charges. Since batteries die if
deep discharged (depleted) and since a battery has some selfdischarge it is frequently recommended to store batteries at
40% charge level.

Life Cycle

Lithium Ion
Guidelines for Charging Lithium-based Batteries
•

A portable device should be turned off while charging. This allows the battery to reach the
threshold voltage unhindered and reflects the correct saturation current responsible to
terminate the charge. A parasitic load confuses the charger.

•

Charge at a moderate temperature. Do not charge below freezing.

•

Lithium-ion does not need to be fully charged; a partial charge is better.

•

Chargers use different methods for “ready” indication. The light signal may not always
indicate a full charge.

•

Discontinue using charger and/or battery if the battery gets excessively warm.

•

Before prolonged storage, apply some charge to bring the pack to about half charge.

•

Over-discharged batteries can be “boosted” to life again. Discard pack if the voltage does not
rise to a normal level within a minute while on boost.

Lithium Ion
If a lithium-ion battery must be left in the charger for
operational readiness, some chargers apply a brief topping
charge to compensate for the small self-discharge the battery
and its protective circuit consume. The charger may kick in
when the open-circuit voltage drops to 4.05V/cell and turn off
again at a high 4.20V/cell. Chargers made for operational
readiness, or standby mode, often let the battery voltage drop
to 4.00V/cell and recharge to only 4.05V/cell instead of the full
4.20V/cell. This reduces voltage-related stress and prolongs
battery life.

Lithium Ion
Some portable devices sit in a charge cradle in the on
position. The current drawn through the device is called the
parasitic load and can distort the charge cycle. Battery
manufacturers advise against parasitic load because it induces
mini-cycles. The battery is continuously being discharged to
4.20V/cell and then charged by the device. The stress level on
the battery is especially high because the cycles occur at the
4.20V/cell threshold.

Lithium Ion
A portable device must be turned off during charge. This
allows the battery to reach the set threshold voltage
unhindered, and enables terminating charge on low current. A
parasitic load confuses the charger by depressing the battery
voltage and preventing the current in the saturation stage to
drop low. A battery may be fully charged, but the prevailing
conditions prompt a continued charge. This causes undue
battery stress and compromises safety.

Charging
• Just as you have experienced with your car
battery life/capacity varies with age and
abuse!
• Watch battery voltage and shut down when
low voltage critical is reached!

The End

