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Shadow, Light, and Truth
BY  richard cadena and alan rowe

Avoiding the snap, crackle, and pop  
of lithium batteries

Pop quiz:
Lithium batteries recently overheated and/or caused a fire on an 

airplane in 

n  Dubai, UE

n  Sydney, AU

n  London, UK

It’s a trick question because there is no wrong answer; they are 

all correct. The fatal accident in Dubai was the result of a large 

shipment of lithium batteries catching fire and causing the pilots 

to crash their UPS airplane. The United States Federal Aviation 

Administration subsequently issued a safety alert warning of the 

risks of transporting large shipments of lithium batteries in cargo 

by aircraft, even though the US Department of Transportation had 

already disallowed loose lithium batteries in checked luggage in 

2008. What’s going on with lithium batteries?

A battery of reasons to care
The entertainment production industry uses lithium batteries in 

a wide variety of devices. In fact, if we consider the button cell 

batteries commonly used in data storage when a device is powered 

off, almost every electrical device we use has lithium batteries. 

Some lithium batteries can become incendiary if they are physically 

damaged, and since our gear is subject to rough handling, it is 

prone to the type of physical damage that can cause lithium battery 

accidents. Not all lithium batteries are as prone to fiery explosions—

some are more susceptible than others—so we should be aware of 

the hazards and what causes lithium batteries to heat up, catch fire, 

and explode.

Statistically speaking, the odds of a lithium battery going up 

in flames or exploding are very low, but as the headlines in the 

newspapers often remind us, when they occur they can have 

catastrophic results. Any type of energy storage device can potentially 

go up in flames or explode. It can happen to a gas tank, a lead 

acid battery, or any other type of battery, but lithium batteries, in 

particular, are susceptible because of their high energy density and 

their physical construction. And because lithium batteries are ideal 

for certain applications such as laptop computers, cell phones, video 

camcorders, and the like, they are being scrutinized more closely.

Battery chemistry
In the battery business, non-rechargeable batteries are known as 

primary batteries and rechargeable ones are known as secondary 

batteries. About three-quarters of all batteries sold today are 

secondary batteries and that number is increasing.

There are essentially three main battery chemistries commonly 

used today—lead-based, nickel-based, and lithium-based. Lead acid 

batteries have not changed much since they were invented in 1859. 

Of the three main battery chemistries, they are the lowest in energy 

density and because they have relatively large amounts of lead, 

they are also very heavy. They also have the ability to supply large 

amounts of current and they are very inexpensive to manufacture 

and buy. That explains why they are still in use today.

The nickel-cadmium (Ni-Cad) battery has been around since 
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1899, when it was invented by the Swiss engineer Waldemar Jungner. 

Ni-Cad batteries have much higher energy density than lead acid 

batteries and until the middle of the ninties they were by far the 

most popular type for portable electronics. However, cadmium is a 

toxin and an environmental hazard. If Ni-Cad batteries are disposed 

of in a landfill or incinerated, they can leach cadmium into the soil 

and water table or release it into the air.

In 1996, the United States enacted legislation to protect the 

environment against batteries containing mercury and cadmium. 

The Mercury-Containing and Rechargeable Battery Management 

Act, or the Battery Act, banned the manufacture of batteries 

containing large amounts of mercury, required manufacturers 

to disclose the contents of batteries containing cadmium, and to 

develop programs for their collection and proper disposal. Similar 

legislation was enacted in the European Union in 1991 (Directive 

91/157/EEC) and in 2006 (Directive 2006/66/EC).

Nickel metal hydride batteries became commercially viable in the 

late eighties and early nineties. They essentially replace the cadmium 

electrode in Ni-Cads with an alloy that absorbs hydrogen. They are 

not as energy dense as lithium-ion batteries and they also have a 

higher self-discharge, losing about 20% of its capacity in the first 24 

hours and about 10% per month after that.

Better living through chemistry
According to Isador Buchman, author of Batteries in a Portable 

World: A Handbook on Rechargeable Batteries for Non-Engineers, 

lithium batteries have been commercially available since the 

seventies, but only in non-rechargeable form. It wasn’t until the 

eighties that failed attempts to make a secondary lithium battery led 

to the invention of the lithium-ion battery.

The original lithium batteries used lithium metal, which is 

lightweight but which is unstable. According to the Federal Aviation 

Administration (FAA) of the US Department of Transportation, 

“Lithium metal batteries are highly flammable and capable of 

ignition. Ignition...can be caused when a battery short-circuits, is 

overcharged, is heated to extreme temperatures, is mishandled, or is 

otherwise defective.”

In a lithium-ion battery, the metallic lithium is replaced with a 

more stable carbon-based solution with lithium salt to act as an 

electrolyte or an electrically conductive medium. The result is a 

battery with a very high energy density but with less volatility than a 

lithium metal battery. Since Sony first invented them in 1991, Li-ion 

batteries have dropped in price considerably, and improvements 

in electrode materials have increased their capacity from 1,100 

milliamp-hours (mAh) to over 3000 mAh. In addition, spent 

lithium batteries are not considered hazardous waste, although they 

are easily recycled. (And recycling is definitely encouraged!)

Lithium-ion polymer batteries use a gelled electrolyte instead 

of a liquid electrolyte found in a Li-ion battery. They are similar, 

except that the Li-polymer battery has higher energy density and 

can be manufactured in a smaller package than Li-ion; however, 

they also cost more.

Pros and cons of li-ion
Lithium-ion batteries are easier to maintain than other types of 

batteries. They don’t require exercising (charging and discharging 

fully) nor do they suffer from “memory loss” (limited charge capacity 

due to repeated partial discharge). And since they have a relatively 

flat discharge curve and low self-discharge (internal discharge from 

inactivity), they lend themselves well to reliable charge metering. For 

all of these reasons, Li-ion batteries are very popular for a variety of 

applications and they are still gaining in popularity.

However, they are higher in cost, and, those troublesome 

headlines about exploding batteries raise the question of just how 

safe these power sources are. Because they pack a lot of energy in a 

small package, when they fail, they can fail in a big way. 

The familiar cylindrical Li-ion battery is really several individual 

battery cells rolled into in a single package. To keep the cells from 

shorting out, a separator is used between each cell. Should the 

separator fail, it can cause an electrical short between adjacent 

cells, which causes a large amount of current to flow and heat up 

the battery. That, in turn, can cause other separators to fail and it 

becomes a chain reaction, leading to what battery manufacturers, 

who are apparently so averse to using the word “explosion” that 

they have struck it from their lexicon, call “venting with flame” or 

“rapid disassembly.”

Since batteries are often judged by their energy-to-weight ratio, 

manufacturers strive to minimize the weight of their products. 

The separators are no exception, so in the effort to manufacture 

lightweight batteries, the separators can be very thin and lightweight 

but more prone to failure. Physical abuse or rough handling of Li-

ion batteries can result in damage to the separators and cause them 
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to vent with flame.

Rough handling is not the only means of damaging the 

separators. Manufacturing defects or poor quality control can 

lead to separator failure. During the manufacturing process, very 

small particles of metal can be trapped in the cells and cause a 

short circuit. Name-brand manufacturers are careful to minimize 

microscopic metal particles and to make the separators as robust as 

possible for the application. Off-brand battery manufacturers may 

not be as vigilant.

Venting with flame
Lithium-based battery accidents can be caused by a variety of 

reasons. Mixing fresh primary batteries with older primary batteries, 

for example, could cause high internal currents due to the lower 

voltage of the older batteries. That, in turn, could cause high 

temperature operation and thermal runaway.

Both lithium metal and lithium-ion batteries can release carbon-

dioxide and other gasses when they overheat, but they are designed 

and built to vent pressure that might build internally. In the event of 

thermal runaway, the pressure can build to extremes. The FAA tested 

the explosive power of lithium metal batteries, and they concluded as 

few as six CR2 batteries can cause an explosion so severe that it can 

rupture a five-gallon steel pail with a crimp-on lid or a 30-gallon steel 

drum with a gasketed metal lid sealed with a bolted compression ring.

A garage mechanic at the Oak Ride National Laboratory (ORNL) 

in Tennessee found out the hard way. He had a Surefire G2 Nitrolon 

flightlight in his shirt pocket when it “vented with flame.” The 

accident investigation report said that at the time of the incident, the 

flashlight contained one Surefire lithium battery and one Interstate 

lithium battery. Since the flashlight was sealed, the force of the 

pressure ruptured the flashlight at both ends and split the seam of 

the shirt pocket. The employee was lucky in that he only received 

minor abrasions on his chest.

The ORNL Safety Services Division drew several conclusions 

about the incident, which were published in a safety bulletin:

n  The flashlight contained a SureFire 3-volt non-rechargeable 

123 lithium battery and an imported Interstate 3-volt non-

rechargeable 123 lithium battery. When the batteries were changed 

out in the flashlight, one SureFire was installed and an imported 

Interstate battery was purchased at the garage stockroom, thinking 

it would compliment the other battery.

n  This type of lithium battery has a vent safety feature design and 

when used in a sealed flashlight, the safety feature is partially 

defeated by not allowing a vent path.

n  In this case, the manufacturer strongly recommends that the user 

use only their brand of lithium batteries, which contain built-in 

fault/heat protection, or those of other well-known manufacturers 

that have the same safety feature.

Lithium-based batteries should never be used in sealed containers 

such as flashlights, battery belt cells, underwater housings, et cetera, 

unless approved by the manufacturer for such use.

Safety features in Li-ion batteries
Manufacturers will typically recommend using only their brand 

of products but in this case it’s justified by the fact that there are 

safety features built into some lithium and lithium-ion batteries that 

are not readily apparent, including thermal protection and over-

pressure protection. Not all batteries have the same safety features.

In addition to internal safety features, some battery packs 

add external safety features including overcharge protection, 

overtemperature protection, and overcurrent protection. Most 

commercial battery chargers and devices that use lithium batteries 

have built-in battery management that limits the amount of charge 

a battery can receive. Rechargeable batteries should only be used 

with an approved battery charger for that specific battery type, 

according to manufacturer’s specifications. Under no circumstance 

should a non-rechargeable battery be placed in a battery charger, 

nor should any lithium-type battery be placed in a charger designed 

for NiCad or NiMH batteries.

It’s important to understand lithium and lithium-ion battery 

construction, operation, and safety features in order to use 

them safely. The recommended guidelines in the sidebar is 

designed to help identify and mitigate potential hazards of 

lithium batteries. It also contains recommendations for safe 

practices by qualified personnel. n
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Note: Always follow manufacturers 

guidelines when using lithium batteries.

Background
Lithium batteries are frequently used in 

many aspects of the entertainment industry, 

including, but not limited to: flashlights, 

computers, cell phones and similar 

devices, battery belts and packs, wireless 

transmitters, radios, musical instrument 

accessories, block camera batteries, digital 

SLR cameras, and solar-power systems.

identification
Lithium batteries are available in three 

different types: lithium metal, lithium-ion 

(Li-ion or LiOn); and lithium polymer 

(Li-ion polymer or LiPo). In addition, there 

are at least six different types of material 

used for the anode and cathode in Li-ion 

batteries. Their chemical names include 

lithium cobalt oxide (LiCoO
2
), lithium 

manganese oxide (LiMn
2
O

4
), lithium 

iron phosphate (LiFePO
4
), lithium nickel 

manganese cobalt oxide (LiNiMnCoO
2
), 

lithium nickel cobalt aluminum oxide 

(LiNiCoAlO
2
), and lithium titanate 

(Li
4
Ti

5
O

12
).

Lithium-type batteries can be labeled: 

“lithium,” “lithium metal,” “lithium Ion,” 

“lithium polymer,” or “LiPo.” Lithium-based 

batteries should never be used in sealed 

containers such as flashlights, battery belt 

cells, underwater housings, et cetera, unless 

approved by the manufacturer for such use.

Safety guidelines
n  NEVER mix batteries by type, age, or 

manufacturer.

n  NEVER allow lithium-based batteries 

to be damaged whether by puncture, 

crushing, squeezing, impact, excessive 

mechanical shock, vibration, or dropping.

n  NEVER expose lithium-based batteries to 

high heat.

n  NEVER allow conductive materials to 

bridge or short the contacts of the battery.

n  NEVER leave charging lithium batteries 

unattended.

n  NEVER charge any battery that is not 

designed to be recharged.

n  NEVER carry lithium-based batteries in 

pockets of clothing.

n  ONLY use batteries in approved devices as 

specified by the manufacturer.

n  ONLY use approved batteries in a device 

as specified by the manufacturer.

n  NEVER put lithium-based batteries in 

sealed containers such as flashlights, battery 

belt cells, underwater housings, et cetera.

n  ALWAYS secure lithium-based batteries 

to prevent their movement and to prevent 

contact with conductive materials.

electric shock hazard
Lithium batteries can present a serious 

or life-threatening shock hazard, 

especially when used in series or parallel 

combinations. Care should be taken to 

prevent personnel from making direct 

contact with any exposed conductor, 

terminal, or any uninsulated part of a 

battery circuit.

Commercial 
transportation of lithium 
batteries
The US Department of Transportation 

(DOT) has established guidelines 

concerning safe transport of lithium 

batteries by air, rail, highway, and water. 

These guidelines cover lithium batteries on 

both commercial shipping as well as those 

that are being conveyed on passenger craft.

As of January 2008, spare lithium batteries 

are not allowed in checked baggage.

Spare lithium batteries are allowed in 

carry-on baggage.

Larger lithium batteries rated between 

100 and 300 watt-hours with equivalent 

lithium content (ELC) of eight to 25 grams 

are limited to one installed in a device plus 

two spares.

Lithium-ion batteries rated for more than 

300 watt-hours or with ELC of more than 

25 grams are forbidden.

These and other guidelines for 

transportation of personal lithium batteries 

can be found on the DOT’s Pipeline and 

Hazardous Materials Safety Administration 

website at: http://www.phmsa.dot.gov/

hazmat or at www.Safe.Travel.dot/gov/

whats_new_batteries.html.

For transportation of larger shipments 

of lithium batteries, a detailed guidance 

document with revised 2012 regulations 

can be found on the web site of the 

International Air Transport Association 

(www.iata.org). See IATA Guidance 

Document: Transport of Lithium Metal and 

Lithium Ion Batteries at bit.ly/tgBicj.

Proper disposal
Some batteries, but not all, are considered 

hazardous waste but all batteries should be 

disposed of properly. Recycling batteries 

keeps toxins such as lead, cadmium, and 

mercury out of landfills and thus prevents 

them from leaching into the soil or venting 

into the atmosphere where they can cause 

serious health problems.

Recycle spent batteries by collecting them 

and taking them to a household hazardous 

waste collection center or recycling center.

To locate collection and recycling centers 

in the US and Canada, visit bit.ly/aH1MLn.

Some retailers accept batteries for 

recycling, including: Best Buy, Home Depot, 

Radio Shack, Sears, Staples, Target, and Wal-

Mart.

Never incinerate batteries of any type.

Fully discharge lithium batteries to 

consume the lithium content before 

recycling.

Recommended guidelines for the use and handling  
of lithium-based batteries in the entertainment industry
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