SF-123A LITHIUM BATTERIES
A POWER SOURCE FAR SUPERIOR TO ALKALINE BATTERIES

THIS PRODUCT INFORMATION DOCUMENT APPLIES TO:
SF2-CB, SF2-CB-24M, SF6-BC, SF12-BB, SF12A-BB-CS-4M, SF12A-BB CS, SF72-BB, SF400-BULK, SF1200-BULK, SF38400-BULK

CR123A LITHIUM VS. ALKALINE (AA)
The biggest difference between CR123A lithium batteries and alkaline batteries is voltage. The CR123A’s chemistry (LiMnO2),
gives it a nominal voltage of 3.0 volts in comparison the alkaline’s 1.5 volts in the traditional sizes of AAA, AA, C, and D. CR123A
batteries are roughly one third (1/3) the physical size of the traditional AA alkaline battery and provide approximately double the
energy capability/capacity.
AA alkaline = 1.5 volts - 2.7Amp hr = 4.05Watt hr
CR123A Lithium = 3.0 volts - 1.5Amp hr = 4.50Watt hr

FLASHLIGHT USES
There are four (4) distinct advantages that the CR123 battery has over alkaline cells:
1. Shelf life
2. Discharge capability
3. Capacitance
4. Operational temperature(s)
The CR123A battery has greater capacitance in a smaller package as shown below. When using an alkaline powered flashlight, each
time the light is cycled it becomes dimmer, unless there are new batteries installed. This is due to alkaline cells not maintaining their
operational voltage(s) very well over their life cycle. CR123A cells have a much “flatter” discharge curve (see Figure 1). This means
that over the life the lithium battery, the flashlight maintains its brightness far better than when alkaline batteries are used.
Alkaline battery powered lights stored for use in an emergency may not be appropriate for use in colder areas; the alkaline cells can
freeze. Below are typical operational temperatures for alkaline vs. CR123A batteries cells:
AA alkaline: 0° – 130° F
CR123A: -40° – 140° F

CR123A Cell

Alkaline AA Cell

CR123A lithium batteries clearly provide an advantage in colder climates.
A CR123A battery has a ten (10) year shelf life; alkaline have an approximate 7 year shelf life.
The cost of a CR123A battery tends to be slightly higher (average $.30) The photos below show a high quality, CR123A battery cell
option that is more affordable than average, along with a typical alkaline AA cell.

MSDS
Material Safety Data Sheets (MSDS) are a sub-requirement of the Occupational Safety and Health Administration (OSHA) Hazard
Communication Standard, 29 CFR Subpart 1910.1200. This Hazard Communication Standard does not apply to various subcategories
including anything defined by OSHA as an “article”. OSHA has defined “article” as a manufactured item other than a fluid or particle;
(i) which is formed to a specific shape or design during manufacture; (ii) which has end use function(s) dependent in whole or in
part upon its shape or design during end use; and (iii) which under normal conditions of use does not release more than very small
quantities, e.g. minute or trace amounts of a hazardous chemical, and does not pose a physical hazard or health risk to employees.
Our batteries are defined as “articles” and are exempt from the requirements of the Hazard Communication Standard; hence an
MSDS is not required.
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OPERATING VOLTAGE
Operational voltage during discharge is dependent on the load discharge and temperature. Typical discharge curves for LiMnO2
cylindrical cells at room temperature (20°C or 68°F) are shown below in Figure 1. End or cutoff voltage, at which point most of the
capacity has been expended, is approximately 2.0 Volts.
Figure 1: Typical profile for constant current discharge of LiMnO2 CR123A 20°C

(Graph provided by Duracell)
The LiMnO2 cell’s voltage profiles are relatively flat throughout most of their discharge cycle with a gradual slope toward end of their use.
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CAPACITY
Cell capacity is the period of time that a cell expends useful voltage. Capacity equals the amount of current withdrawn from the cell
multiplied by the number of hours that the cell delivers current to a specific end-point voltage. Rated capacity is typically what a
cell delivers under specified conditions of temperature and load. Usually CR123A cells deliver less than rated capacity when loads
are heavier and/or when operating in lower temperatures than their ratings. Conversely, CR123A’s capacities are usually greater than
their rated value(s) when higher temperatures and/or lighter loads are encountered (see Figure 2).
Figure 2: Capacity of a typical CR123A cell as a function of continuous discharge rate and temperature to a 2.0 volt cutoff.

(Graph provided by Duracell)

EFFECT OF TEMPERATURE
LiMnO2 cells are capable of performing over a wide temperature range. The temperature range recommended for each cell type
is a function of cell construction and seal design. Although -20°C to 60°C is the range in temperature recommended for optimum
efficiency, LiMnO2 cells are currently being used in applications ranging from -40°C to 71°C.
LiMnO2 cells are designed to operate effectively during high rates of discharge at very low temperatures. In Figure 3, the performance
of the CR123A cell is shown at selected temperatures from -20°C (-4°F) to 60°C (140°F). Good voltage regulation is evident over the
entire temperature range. The SF123A LiMnO2 cell’s ability to perform at extreme temperatures is far greater than most replacement
battery types.
Figure 3: Effect of temperature on CR123A at 30 mA continuous current.

(Graph provided by Duracell)
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ENERGY DENSITY
Energy density: the ratio of the energy available from a cell to its volume or weight.
A comparison of the performance of various battery systems is normally made on practical, delivered energy density per-unitweight or volume using production-based cells and performance as opposed to theoretical energy density. To determine the
practical energy density of a cell under specific conditions of load and temperature, multiply the capacity in ampere-hours that the
cell delivers under those conditions by the average discharge voltage, and divide by cell volume or weight.
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Additionally, losses due to cell polarization on discharge are not factored into theoretical values. Consequently, comparative testing
may show that the battery system with the higher theoretical value does not deliver higher actual energy output. Comparing energy
densities, one must consider the influence of cell size, internal design (bobbin or spiral-wound configuration), discharge rate, and
temperature conditions, as these parameters strongly impact performance characteristics.
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SPIRAL-WOUND LITHIUM CELLS VERSUS CONVENTIONAL CELLS
Figure 4 shows a comparison of the performance of LiMnO2 spiral-wound cylindrical cells and similar-size conventional cells, under
favorable conditions on a weight (gravimetric) basis.. The energy delivered by the LiMnO2 cell is two to four times greater than the
practical energy delivered by many similar-size conventional cells. This advantage becomes more significant at low temperatures.
FIGURE 4: Gravimetric energy density comparison of primary cylindrical cells.

(Graph provided by Duracell)
Figure 5 shows a comparison of the performance of spiral-wound LiMnO2 cells with similar-size conventional cells on a volumetric
basis. Under favorable conditions of load and temperature, LiMnO2 cells deliver considerably more energy on a volumetric basis
than the conventional zinc systems shown.
FIGURE 5: Volumetric energy density comparison of primary cylindrical cells.

(Graph provided by Duracell)
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SHELF LIFE AND PERFORMANCE AFTER STORAGE
In order to withstand extreme fluctuations in temperatures and humidity conditions, and perform after long periods of storage, a
battery must have a precise balance of cell chemistry and internal and external hardware. LiMnO2 batteries are designed to store
exceptionally well under a range of environmental conditions (Figure 6).
FIGURE 6: Capacity retention characteristics at various storage temperatures.

(Graph provided by Duracell)
LiMnO2 batteries have superior capacity retention characteristics, with capacity determined to be over 97 % after five (5) years
at room temperature. In addition to having excellent capacity retention characteristics, LiMnO2 spiral-wound batteries possess
excellent rate retention capabilities. When discharged under a continuous or intermittent drain after very long storage periods,
LiMnO2 batteries maintain their ability to perform on demand.
Figure 6.1 illustrates the ability of the spiral-wound CR123A cell to operate at high rates of continuous discharge, even after years
of ambient storage or after long periods at high temperatures. As shown, 3.3 years of ambient storage is equivalent to 60 days of
storage at 60 °C or (140°F).
FIGURE 6.1: Continuous discharge of fresh versus stored CR123A cells at 8 ohms at 0°C (32°F).

(Graph provided by Duracell)
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Figure 6.2 shows the ability of the CR123A to perform at high current pulse drains after lengthy storage periods. Unlike liquid cathode
lithium systems, such as lithium-thionyl chloride, voltage delays do not pose a problem when using LiMnO2 batteries. Many common
scenarios require the absence of a voltage delay for immediate start-up of battery-powered devices even at very low temperatures.
FIGURE 6.2: Pulse Discharge of fresh versus stored CR123A cells at 20°C (68°F), 3 seconds on, 7 seconds off at 1.2A.

(Graph provided by Duracell)
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