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Batteries can be categorized in two ways, by application (what they are used for) and construction (how they are built).  Nearly all large rechargeable batteries in common use are Lead-Acid type. The acid is typically 30% Sulfuric acid and 70% water at full charge.

1 Application

The major applications are starting/automotive, marine, and deep-cycle.  Starting batteries are usually rated at "CCA", or cold cranking amps, or "MCA", Marine cranking amps - the same as "CA". 

Any battery with the capacity shown in CA or MCA may not be a true deep-cycle battery. It is sometimes hard to tell, as the terms marine and deep cycle are sometimes overused.  Unfortunately, the only positive way to tell with some batteries is to buy one and cut it open.

1.1 Starting, Lighting, Ignition SLI

Starting (sometimes called SLI, for starting, lighting, ignition) batteries are commonly used to start and run engines. Engine starters need a very large starting current for a very short time.  Automotive batteries will generally fail after 30-150 deep cycles, while they may last for thousands of cycles in normal starting use (2-5% discharge).

1.2 Marine

Many (most?) Marine batteries are usually actually a "hybrid", and fall between the starting and deep-cycle batteries, while a few (Rolls-Surrette and Concorde, for example) are true deep cycle. In the hybrid, the plates may be composed of lead sponge which is coarser and heavier than that used in starting batteries. It is often hard to tell what you are getting in a "marine" battery, but most are a hybrid. "Hybrid" types should not be discharged more than 50%. 

1.3 Deep Cycle

Deep cycle batteries are designed for prolonged discharges at lower current and not for high current discharges. Deep cycle batteries are used for applications that will consume between 20% and 80% of the battery's capacity.

Deep cycle batteries are further broadly divided into cycle and float applications. 

Cycle/cyclic application are where the battery is repeatedly deeply discharged (in applications that will consume between 20% and 80% of the battery's capacity) and then recharged. Examples of cycling applications are recreational vehicle (RV), marine, wheelchair, golf cart, solar electric (PV), backup power, boat "house", and folk lift trucks. For more information about larger deep cycle batteries, please read the excellent Ultimate Deep Cycle Battery FAQ. 

Standby/Float applications are where the stationary battery should have a low self-discharge rate and long shelf life but be occasionally deeply discharged.  It is used to provide back-up power during loss of the primary source of power such as uninterruptible power systems (UPS), emergency lighting, telecommunications systems, etc. 

Generally, cycling batteries have shorter lives, fewer cycles and cost less than float batteries. The chargers for cycling and float batteries are different as well.

2 Construction

2.1 Physical Size

Many batteries have a "group" size, which is based upon the physical size and terminal placement. It is NOT a measure of battery capacity. Typical BCI codes are group U1, 24, 27, and 31. Industrial batteries are usually designated by a part number such as "FS" for floor sweeper, or "GC" for golf cart. Many batteries follow no particular code, and are just manufacturers part numbers.  Battery Council International (BCI): http://www.rtpnet.org/~teaa/bcigroup.html 

2.2 Chemical Composition
2.2.1 lead-antimony/antimony

Maintenance (as opposed to low/non maintenance) use lead-antimony.  The Antimony increases plate life and strength, but increases gassing and water loss.  The self discharge of batteries with Lead-Antimony plates can be high - as much as 1% per day on an older battery. A new AGM typically self-discharges at about 1-2% per month, while an old one may be as much as 2% per week.

2.2.2 lead-antimony/calcium (dual alloy or hybrid) plates.

2.2.3 lead-calcium/calcium. 

Used in AGM or gelled deep-cycle batteries

2.2.4 Reactions

As the cells are discharged, the sulfate ions are bonded to the plates — sulfuric acid leaves the electrolyte. The process is reversed when the cell is recharged. A fully charged lead-acid cell has an electrolyte that is a 25% solution of sulfuric acid in water (specific gravity about 1.26). A fully discharged lead-acid cell has virtually no sulfuric acid in its almost pure water electrolyte (specific gravity about 1.00).
•Discharging Reaction:

–Pb + H2SO4  PbSO4 + H2 + 2 electrons
–PbO2 + H2SO4 + 2 electrons  PbSO4 + H2O + O2

•Recharging Reaction:

–PbSO4 + 2 electrons + H2  Pb + H2SO4
–PbSO4 (-2 electrons) +  H2O + O2  PbO2 +  H2SO4 

2.3 Application’s Construction Implications

Starting batteries have a large number of thin plates for maximum surface area. The plates are composed of a Lead "sponge", similar in appearance to a very fine foam sponge. This gives a very large surface area, but if deep cycled, this sponge will quickly be consumed and fall to the bottom of the cells.

Deep cycle battery plates have SOLID Lead plates - not sponge. 

Unfortunately, it is often impossible to know the plate construction in some of the discount stores or places that specialize in automotive batteries.

Thickness  of the positive plate matters because of a factor called "positive grid corrosion". This ranks among the top 3 reasons for battery failure. The positive (+) plate is what gets eaten away gradually over time, so eventually there is nothing left - it all falls to the bottom as sediment. Thicker plates are directly related to longer life, so other things being equal, the battery with the thickest plates will last the longest. 

Automotive batteries typically have plates about .040" thick, while forklift batteries may have plates more than 1/4" (.265" for xxx). The typical golf cart will have plates that are around .07 to .11" thick.

2.3.1 Construction for Deep Cycle Cycling Application

The two most common types of deep cycle batteries for cycling applications are flooded cell and sealed valve regulated (VR).

2.3.1.1 Flooded Cell

Flooded cell (wet/liquid electrolyte) may be standard, low maintenance (the most common) or maintenance free.

2.3.1.1.1 Standard

Removable vent caps use to inspect electrolyte and add water.  A few industrial batteries have special caps that convert the Hydrogen and Oxygen back into water, reducing water loss by up to 95%. The popular HydroCaps for flooded batteries do the same job for conventional ("wet"), golf cart, and fork-lift batteries.  Plates are 5% antimony and 95% lead.

2.3.1.1.2 Low maintenance 

have lead-antimony/antimony or lead-antimony/calcium 
(dual alloy or hybrid) plates.  Vent caps are hidden.  Plates are 3.4%  or less antimony and the rest lead.

2.3.1.1.3 Maintenance free 

Use lead-calcium/calcium. (or Strontium) The advantages of maintenance free batteries are less preventive maintenance, up to 250% less water loss, faster recharging, greater over charge resistance, reduced terminal corrosion, and up to 400% less self discharge. However, they are more prone to deep discharge (dead battery) failures due to increased shedding of active plate material and development of a barrier layer between the active plate material and the grid metal. Finally, maintenance free batteries are generally more expensive than low maintenance batteries.  Note that VRLA and SLA are also free of maintenance!  No vent caps.  (The case has small vents at both ends.)

2.3.1.2 Sealed Valve Regulated (VR)

A valve-regulated sealed lead-acid cell is defined as cell that is sealed and fitted with a valve which opens to vent the cell whenever the internal pressure of the cell exceeds the pressure external to the cell by a set amount. (Also referred to as a SEALED CELL, RECOMBINANT CELL, OXYGEN RECOMBINANT CELL, and MAINTENANCE-FREE CELL {although this is a misnomer}.)

Gas-recombinant VRLA (Valve Regulated Lead-Acid) or SLA (Sealed Lead-Acid
) batteries are generally divided into two groups, gel cell and AGM (Absorbed Glass Mat). VRLA batteries are spill proof. They can be used in semi-enclosed areas in almost any position, near saltwater, and in high vibration applications; are totally maintenance free; and have a longer shelf life. Their disadvantage is the high initial cost (two to three times over a flooded low maintenance deep cycle battery) but arguably can have an overall lower total cost of ownership due to a longer lifetime and no "watering" labor costs.

2.3.1.2.1 Gelled

All gelled are sealed and a few are "valve regulated", which means that a tiny valve keeps a slight positive pressure.

Gelled batteries, or "Gel Cells" contain acid that has been "gelled" by the addition of Silica Gel, turning the acid into a solid mass that looks like gooey Jell-O.  The advantage of these batteries is that it is impossible to spill acid even if they are broken. However, there are several disadvantages. 

· They must be charged at a slower rate (C/20) to prevent excess gas from damaging the cells. They cannot be fast charged on a conventional automotive charger or they may be permanently damaged. 

· They must be charged at a lower voltage than flooded or AGM batteries. 

· If overcharged, voids can develop in the gel which will never heal, causing a loss in battery capacity. 

· In hot climates, water loss can be enough over 2-4 years to cause premature battery death. 

The newer AGM (absorbed glass mat) batteries have all the advantages (and then some) of gelled, with none of the disadvantages.

2.3.1.2.2 AGM (Absorbed Glass Mat)

A newer type of sealed battery uses "Absorbed Glass Mats", or AGM between the plates. This is a very fine fiber Boron-Silicate glass mat. These type of batteries have all the advantages of gelled, but can take much more abuse.  

These are also called "starved electrolyte", as the mat is about 95% saturated rather than fully soaked. 

AGM batteries have several advantages over both gelled and flooded:

· Since all the electrolyte (acid) is contained in the glass mats, they cannot spill, even if broken.

· Since there is no liquid to freeze and expand, they are practically immune from freezing damage.

· Nearly all AGM batteries are "recombinant" - what that means is that the Oxygen and Hydrogen recombine INSIDE the battery. These use gas phase transfer of oxygen to the negative plates to recombine them back into water while charging and prevent the loss of water through electrolysis. The recombining is typically 99+% efficient, so almost no water is lost.

· The charging voltages are the same as for any standard battery - no need for any special adjustments or problems with incompatible chargers or charge controls. And, since the internal resistance is extremely low, there is almost no heating of the battery even under heavy charge and discharge currents.

· AGM's have a very low self-discharge - from 1% to 3% per month is usual. This means that they can sit in storage for much longer periods without charging than standard batteries. The Concorde batteries can be almost fully recharged (95% or better) even after 30 days of being totally discharged.

· Even under severe overcharge conditions hydrogen emission is far below the 4% max specified for aircraft and enclosed spaces. 

· The plates in AGM's are tightly packed and rigidly mounted, and will withstand shock and vibration better than any standard battery.

Nearly all AGM batteries are sealed valve regulated (commonly referred to as "VRLA" - Valve Regulated Lead-Acid). Most valve regulated are under some pressure - 1 to 4 psi at sea level.

Even with all the advantages listed above, there is still a place for the standard flooded deep cycle battery. AGM's will cost 2 to 3 times as much as flooded batteries of the same capacity. (They are about the same cost as gelled.) In many installations, where the batteries are set in an area where you don't have to worry about fumes or leakage, a standard or industrial deep cycle is a better economic choice.

3 Battery Life

What kind of battery is this for?:

Battery life is directly related to how deep the battery is cycled each time. If a battery is discharged to 50% every day, it will last about twice as long as if it is cycled to 80% DOD (depth of discharge). If cycled only 10% DOD, it will last about 5 times as long as one cycled to 50%. Obviously, there are some practical limitations on this - you don't usually want to have a 5 ton pile of batteries sitting there just to reduce the DOD. The most practical number to use is 50% DOD on a regular basis. This does NOT mean you cannot go to 80% once in a while. It's just that when designing a system when you have some idea of the loads, you should figure on an average DOD of around 50% for the best storage vs cost factor. Also, there is an upper limit - a battery that is continually cycled 5% or less will usually not last as long as one cycled down 10%. This happens because at very shallow cycles, the Lead Dioxide tends to build up in clumps on the the positive plates rather in an even film.
4 Battery State of Charge

At rest, the range is about a volt.  Fully charged to discharged is 12.6 to 11.7.
	% of Charge 
	Charging 
	At Rest 
	Discharging

	100 
	 14.75 
	 12.70 
	 12.50

	90 
	 13.75 
	 12.58 
	 12.40

	80 
	 13.45 
	 12.46 
	 12.30

	70 
	 13.30 
	 12.36 
	 12.25

	60 
	 13.20 
	12.28 
	 12.15

	50 
	 13.10 
	 12.20 
	 12.00

	40 
	 12.95 
	 12.12 
	 11.90

	30 
	12.75 
	12.02 
	 11.70

	20 
	 12.55 
	 11.88 
	 11.50

	10 
	12.25 
	 11.72 
	 11.25


5 Battery Charging Process
Battery charging takes place in 3 basic stages: Bulk, Absorption, and Float.

5.1 Bulk Charge:

The first stage of 3-stage battery charging. Current is sent to batteries at the maximum safe rate they will accept until voltage rises to near (80-90%) full charge level. Voltages at this stage typically range from 10.5 volts to 15 volts. There is no "correct" voltage for bulk charging, but there may be limits on the maximum current that the battery and/or wiring can take.

5.2 Absorption Charge: 

The 2nd stage of 3-stage battery charging. Voltage remains constant and current gradually tapers off as internal resistance increases during charging. It is during this stage that the charger puts out maximum voltage. Voltages at this stage are typically around 14.2 to 15.5 volts.

5.3 Float Charge: 

The 3rd stage of 3-stage battery charging. After batteries reach full charge, charging voltage is reduced to a lower level (typically 12.8 to 13.2) to reduce gassing and prolong battery life. This is often referred to as a maintenance or trickle charge, since it's main purpose is to keep an already charged battery from discharging. PWM, or "pulse width modulation" accomplishes the same thing. In PWM, the controller or charger senses tiny voltage drops in the battery and sends very short charging cycles (pulses) to the battery. This may occur several hundred times per minute. It is called "pulse width" because the width of the pulses may vary from a few microseconds to several seconds. Note that for long term float service, such as backup power systems that are seldom discharged, the float voltage should be around 13.02 to 13.20 volts.
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� Or lead-strontium


� Engineers may argue that the word 'sealed lead acid' is a misnomer because no lead acid battery can be totally sealed.





