
Primary Lithium And 

Lithium Ion Chemistries



Lithium Ion Cells

Lithium Ion batteries are the rechargeable versions of primary lithium cells.  There 

are many different chemistries in the lithium ion family. Each chemistry has slightly 

different properties.  The LIT2024 3.7V is an example of an ICR18650.  It contains 

the most volatile of these chemistries -- Lithium Cobalt Oxide (LiCoO2). If a cell is 

Lithium Cobalt Oxide, it will have ICR in the name. The C in ICR relates to Cobalt.  

This chemistry, due to its volatility, requires a PCB or Protection Circuit Board

either on the cell itself or attached to the pack that is comprised of these cells. 

PCB's help protect against runaway thermal reactions during charging and 

discharging -- a built in safety switch and battery management system (BMS).  A 

PCB prevents a Lithium Ion or Lithium Polymer pack from being over-discharged, 

short circuited, or exposed to a charging voltage that is dangerous. LIT2024 has a 

flat top and has no PCB, so if you were to use this cell for pack building (and you 

shouldn't) you would need to add a PCB to the packs you built with it.



LIT2014 is a stocked example of an ICR cell.  2600mah. 3.7V. Button Top.  Mainly used for flashlight 

applications -- It definitely requires the PCB that it has built in under the shrink wrap.

Our LIT2012 was an example of a Lithium Manganese Nickel (LiNiMnCoO2) cell.  Button Top 

2200mah. 3.7V.   It showed INR in its name as in INR18650.  The N in INR relates to Nickel.  This is 

somewhat less volatile than the ICR's, so slightly more stable -- still requires a PCB however. Again 

this is basically a flashlight cell.

LIT3016 is an example of a Lithium Manganese Oxide (LiMn2O4) cell.  Called an IMR.  The M in IMR 

relates to Magnesium. This is the most stable (least volatile) of the 3.7V lithium ion chemistries. 

2000mah. Flat Top.  This chemistry is used almost exclusively for E-cigarette applications due to its 

stability.  Because it is so stable, it is often used without a PCB.  The LIT3016 has no PCB.  The IMR 

chemistry is also known for its high discharge current.  The LIT3016 has a 20A discharge current and 

the LIT3022 has a 35A discharge current.  E-Cigarette users prefer cells with high discharge currents 

because that property helps yield large amounts of vapor in these devices.  You may type ECIG into 

the Quick Search on the Product Portal to view all of our E-cigarette battery offerings.

The LIT0402 is an example of a Lithium Iron Phosphate (LiFePO4) chemistry.  3.2 volts instead of 

3.7.  Called an IFR.  The F in IFR relates to Ferrous or Iron.  Flat top--no PCB.  This is by far the most 

stable chemistry.  They don't require a PCB.  They are used in a lot of solar lighting applications and 

they are also used inside of our LFL series batteries also.  At 3.2 volts, these cells can be used to 

create packs that are close to 6 and 12 volts. Type LFL in the Quick Search on the Portal to view this 

product line.



A good article on these chemistries is at:

http://www.candlepowerforums.com/vb/showthread.php?317698-

Lithium-IMR-vs-ICR-vs-IFR

Lithium-Ion chemistry batteries are not typically sized like AA, AAA, 

C, Sub C, D etc. cell.  Instead, they have three letter chemistry 

designations followed by a 5 digit number that indicates metric size.  

Some, but not all, of the 5 digit sizes do conform roughly to the 

standard consumer cell sizes however.  Examples of these 5 digit 

sizes are 10440 (AAA), 14500(AA), 14650, 16340, 17500(A), 18350, 

18490, 18500, 18650, 26650.  The 5 digit designations relate to each 

cell’s metric size.  Examples of this are a 14500 being 14mm in 

diameter by 50mm in length or an 18650 being 18mm in diameter by 

65mm in length.  The first two of the 5 digits relate to diameter and 

the last three relate to length.
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Here is a helpful chart that relates to some of the chemistries discussed :



Currently there are no commercially available rechargeable Lithium Ion chemistries that 

deliver the 1.2 volts as offered by NICD or NIMH chemistries, or the 1.5 volts offered by the 

alkalines that are used in typical consumer applications.  If they ever do become available, 

we’ll pick them up, but for now – there are no rechargeable Lithium Ion AA’s or AAA’s that 

would replace NICD or NIMH cells for everyday 1.2V or 1.5V applications.  Don’t give a 3.7V 

LIT3010 AA to someone asking for a rechargeable lithium ion AA without first asking what 

voltage they need for their application. The LIT3010 won’t replace NIMH/NICD.

Lithium Ion cells are far more volatile than primary lithium cells. The rule of thumb is that 

in most cases you can work with and weld primary lithium cells with our store’s existing 

welder------but not with rechargeable lithium ion cells that have an INR, IMR, ICR, IFR 

prefix shown ahead of the cell size. These require a unique and expensive welder that 

measures the voltage of the battery during the 1/10 second weld. They require a specially 

trained and certified user of such a welder. There must also be a safe room nearby with fire 

suppression that is equipped with a “bomb box” where you can toss the battery if it goes 

into thermal runaway.  Even if the batteries already have solder tabs on them, it’s still 

risky to work with a battery that’s not attached to some kind of control circuit.

So if it is lithium and it is rechargeable, you shouldn’t work with it or weld on it. Cells like 

our LIT1954, LIT2060, LIT2150 and most of the Saft and Tadiran brand product we carry, are 

typically primary and non-rechargeable and OK to work with. So Lithium Ion and Lithium 

Polymer rechargeable NO ----- Primary Lithium non-rechargeable YES.



**Also do keep in mind that building or rebuilding of lithium ion packs can often 

require a new UN38.3 Approval for the rebuilt pack that can often cost well over 

$1000.  That is why we are seeing many stateside rebuilders turn away from 

rebuilding these unless they are going to do a significant volume with a particular 

SKU that would eventually offset this large cost of getting a pack recertified.

Lithium Ion Batteries do not charge below 32° Fahrenheit.  They also do not 

perform well in sub-zero temperatures.  Many Lithium Primary batteries on the 

other hand can discharge in temperatures as low as -40° Fahrenheit.  They 

are often used in outdoor applications in winter temperatures.

Above from http://batteryuniversity.com/
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Lithium Ion batteries should not be fully discharged before attempting 

recharge.  In other words do not drain them fully.  Recharge them at any 

point above being fully discharged—you don’t need to worry about a memory 

effect with lithium ion batteries.  If you let the voltage of a lithium ion cell 

drop too low, it can go into what is called a protection mode, from which 

recovery is not possible through normal charging protocols.  Lithium ion 

batteries are sensitive to being overcharged.  It is best not leave them on a 

charger continuously even if you are fairly confident of that charger’s ability 

to float charge them.



Lithium Polymer cells are similar to lithium ion cells and are equally as volatile 

(don’t weld to them either).  They are 3.7 volts and rechargeable.  They are 

often called lipo or lipoly cells.  They differ from the lithium ion cells in that 

they are usually not cylindrical.  They are advantageous in that they can be 

formed to almost any shape and size, but are typically flat and rectangular and 

have what appears to be a type of foil wrap over them for protection.  They 

are very energy dense and have applications in many portable devices such as 

cell phones, digital cameras, GPS devices, music players, PDA’s, medical 

devices, etc.   In these devices, you won’t usually see the cell itself exposed, 

as it will be inside of a custom hard case of some sort that is proprietary to the 

device.  We carry a good deal of aftermarket product for the types of 

commercial devices listed above.  However, if it is not a commercial product 

for everyday uses like those mentioned above that a manufacturer has made 

thousands of, it is not likely that an aftermarket version will be available for 

it.  



Lithium polymer cells are sized numerically also.  Let’s say for 

example you see ST053548 imprinted on a lithium polymer cell.  You 

can make the assumption that this cell is 5mm thick by 35mm wide by 

48mm long.  The number imprinted on the cell (minus the letters up 

front) will usually yield you the size of the cell.  Let’s try another one.  

An AS032040 would most likely be 3mm thick by 20mm wide by 40mm 

long.  There are literally hundreds of different sizes of lithium 

polymer cells.   Unlike cylindrical lithium ion, where if a rebuilder has 

some inventory on about 8 cell sizes, he can rebuild about anything, 

someone wishing to rebuild lipo battery packs would need a 

considerable inventory of hundreds of sizes just to get started.  

Because of this need for so many sizes, you won’t find many (if any) 

lipo rebuilders in the States and you won’t find distributors (including 

us) who have stock on small quantities of lithium polymer batteries.  

When it comes to raw lithium polymer cells, we can most likely get 

hundreds of any given size from overseas, but not just one or two of a 

particular size here stateside.  It is typically OEM manufacturers who 

have good access to Lipo cells, but not distributors looking for one or 

two. Usually when you see a raw lipo cell in a device, the demise of 

that battery will signal end of life for the device. 



Primary Lithium Cells



I referred earlier to the lithium primary non-rechargeable cells you can weld to 

and build packs with as being cells like our LIT1954, LIT2060, and LIT2150 along 

with most of the Saft and Tadiran brand product we carry.  These primary cells 

come in different chemistries, the two most common being Lithium Manganese 

Dioxide which operates at 3 volts (e.g. PHO0015) and Lithium Thionyl Chloride

which operates at 3.6V (e.g. LIT2060).  One important thing to remember when 

you look at Primary lithium cells is that they can be configured internally to give 

up their energy in different ways and at different rates.  Some cells are spiral 

wound inside, some are not, and some have other complex designs to either slow 

or hasten the discharge, or increase the pulse capability.  Always look at 

specification sheets or datasheets of a cell to make sure you’ve got the correct 

one to match your application.  Just because a cell has a high or matching mah 

capacity does not mean it is the cell for you.  A lithium D is not a lithium D is not a 

lithium D.  They are not all the same.  This is also true of lithium AA’s and 1/2AA’s. 

Look at the examples of two primary lithium D cells below:



Example One below shows a 9000mah cell that gives continuous current of 100mA and 

has a maximum pulse capability of 200mA.  This cell gives up its current very slowly, 

and because of that it would last a long time in an application that is well matched to 

its discharge rate.  The cell below probably would be well suited to an application like 

a water meter that does not demand a lot of current all at once and needs to slowly 

discharge over a long period of time.

Lithium D Example 1



Now look at Example Two. 

Lithium D Example 2

The above shows a lithium D with 6000mah that has a maximum 

continuous current of 1500mA and a maximum pulse capability of 

2500mA.  This cell is designed and constructed to give up its energy very 

quickly. 



If a rebuilder were to put Example 2 in the same water meter application 

mentioned above because they had a sense that all lithium D’s were 

interchangeable, they might not get a good result.  Example 2 would give up 

its energy very quickly and not deliver the long slow discharge actually 

needed for that application.  It would likely be interpreted that Example 2 

cell was a bad cell and had failed, but the real problem would have been the 

use of the wrong cell in the wrong application.  Just something to keep in 

mind when putting lithium cells in different applications.  They can be 

constructed differently internally to deliver varying results and discharge 

rates for different applications.  Compare specification sheets or datasheets 

of your possible alternatives if you are unsure.  You will find the same kind of 

differing discharge characteristics in primary lithium AA’s and ½ AA’s also.  

The cells may all look alike, but make sure you look deeper into the specs to 

make sure you are finding one that matches your application or the cell that 

you are replacing.

An interesting thing to note is the tradeoff you see between capacity and 

discharge rate.  When you get the higher discharge rate, you can expect to 

get a lot lower capacity cell as seen in Example 2.  This tradeoff is dictated 

by the interior construction of the cell.  Primary lithium batteries, even 

though the same chemistry, can be designed to discharge very differently due 

to the structural design of the interior of the cell. The interior construction 

of the cell will also affect the capacity.



If you are ever asked by an end user or customer to replace a primary lithium 

battery with a lithium ion rechargeable one in an application so they can 

recharge it, I would recommend that you convince them to do otherwise.  You 

will typically see completely different discharge rates and lower capacities in 

lithium ion cells versus similarly sized primary versions of a like size cell or 

pack.  You most likely won’t have the welder required to make the switch, 

and you will be faced with the almost impossible challenge of finding a 

charger to charge the newly revised pack.  Any money saved by having a 

rechargeable cell in the application, must be weighed against the deficits 

created by the lower capacity and discharge rates your customer will 

experience with the new rechargeable version.  



You will occasionally get a request to provide a rechargeable version of a 3 volt 

Lithium Manganese Dioxide battery like a PHO0015 or PHO0210. By their nature, 

rechargeable lithium ion batteries fall into the 3.2 to 3.7 volt range, so this will 

be over-voltage for a 3 volt application. Some manufacturers will attempt to 

create a rechargeable 3 volt version by using a 3.2 volt lithium iron phosphate cell 

and adding a resistor to bring the voltage down slightly. This works for the most 

part, but do be aware in sensitive equipment and incandescent bulbs where 

filaments are involved, the triggering of the resistor at start up can sometimes be 

too slow and higher voltages might reach a device and damage it. I don’t 

recommend this type of conversion for that reason, and also because the lithium 

ion version of the primary cell will always have far less capacity than the primary 

version did, which can lead to customer dissatisfaction with run time.

Sometimes you will see Lithium Ion batteries rated at 3.6 volts and other times 

they are rated at 3.7 volts. The open circuit voltage of these cells typically falls 

somewhere between these two values and manufacturers will round up, or they 

will round down when they rate it. So don’t be too alarmed if two cells are rated 

differently by a tenth of a volt. The 3.6 volt version and the 3.7 volt version are 

identical and interchangeable. It is totally a rounding issue and nothing more. 

This applies to packs of these cells in series also. A pack with 3 lithium ion cells in 

series can be considered to be 10.8 volts if the cells are called 3.6 volts 

individually, but the same pack with cells called 3.7 volts would be considered to 

be 11.1 volts. If you put them on a voltmeter however, they will register at the 

same voltage.



Another primary chemistry that we see a lot of from Energizer in particular 

is the Lithium Iron Disulfide (LiFeS2) chemistry.  It is unique among lithium 

primary cells in that it delivers 1.5 volts instead of the higher 3 volts or 3.6 

or 3.7 volts you see with other primary lithium chemistries.  This makes it 

appropriate and safe for consumer applications that require the 1.5 volts 

that is delivered by alkalines.  These cells function in temperatures down to 

-40° Fahrenheit, so use them for outdoor applications of AA’s and AAA’s 

where alkalines won’t function.  For now, this chemistry is proprietary to, 

and patented by Energizer for use in their Ultimate and Advance Lithium 

AA’s and AAA’s (e.g. PHO0003, LIT0023).  Energizer does not currently 

market this chemistry for C and D sizes.  We will certainly develop this 

product category when Energizer’s patent expires on it, but that is not in 

the foreseeable future.  When you see Duracell and other name brands 

offering this chemistry, you will know Energizer’s patent has expired on it 

and everybody (including us) will be developing competitive versions of it.



Below is an informative chart that offers some important information regarding primary 

lithium chemistries in coin cells and some cylindrical cells.  The "BR" type cell is a 

Polycarbonmonoflouride lithium chemistry.  "BR" type cells are better for hotter 

temperatures and have a more steady/stable voltage profile with longer reliability.  "CR" 

type cells are a Lithium Manganese Dioxide chemistry and are better suited to pulse 

discharge applications and are better for cold temperatures.  The chart below was 

provided to us from Panasonic.



Here is some important information regarding the approximate shelf life of some 

of the primary and rechargeable lithium chemistries that we currently offer:

Note the five to ten year shelf life for the lithium primary chemistries. Keep 

in mind that the 2 year shelf life expressed for the rechargeables is only that 

short if they are never charged. A lithium ion battery that is put into use and 

regularly recharged will have a longer life than 2 years.  Just how long, is 

determined by how they are used and cycled.


