How to maintain NiMH Battery?

NiMH battery outperforms other rechargeable batteries and Igtseth capacity and less voltage
depression. These properties make them ideal &oimulsigh drain devices like digital camera.
The toxicCadmium is absent in NiMH battery so it is the m&sto friendly one.

The NiMH battery is similar to NiCd cells in strucé but it uses hydrogen absorbing alloyas
negative electrode instead of cadmium. The positelectrode is aickel oxy hydroxide
(NIOOH) .Alkaline batteries have approximat&@00 mAh capacitywith a 1000 mA load. Digital
camera with LCD and flash light can draw 02@00 mAquickly and depleting the alkaline batteries
after a few shots. NiMH batteries on the other haad easily handle the high current levels and
maintain their full capacity. AA type NiMH cells @ a nominal capacity (C) ranging frdtB00 mAh

to 2700 mAhat 1.2 volts with a discharge rate of 0.2C / hour.

What is inside?

The NIMH battery has a special chemistry.There risirder metallic compound in the NiMH
battery’. Most NiMH cells uséAB5 or AB2 type metallic compounds. The common one is AB5
where'A’ represents a rare earth mixturelafthanum, cerium, neodymium, praseodymium or
titanium. The'B’ representsickel, cobalt, manganese etcBut some NiMH cells use higher
capacity negative materials based on AB2 compouddee ‘A’ represents titanium or vanadium and
‘B’ is nickel modified with chromium, cobalt iront@ The metallic compound reversibly forms a
mixture of‘metal hydride compound’. When the battery is undergoing charging prockegdrogen
ions are forced out of potassium hydroxide elegteosolution by the charging voltage. This avolus t
formation of gas inside. During the discharge pssc¢he same ions are released to participatesin th
reverse reaction. When over charged at low cur@tgen produced at the positive electrode passes
through the separator and recombines at the suofaitee negative electrode. Hydrogen production is
suppressed and the charging energy converts tofi@atmakes the NiMH battery maintenance free.

Features of NiMH Battery

Voltage

Typical NiMH battery is rated.2 volts/cell This is the nominal voltage of the cell that isctharging

at the rate o€/10 at 25 degreeentigrade to an end voltage of 1 volt. The batpagk has three 1.2
volt cells making a tota8.6 volts When a fully charged battery is used, the disphaoltage starts
from 1.5 volts followed by a sharp drop to 1.3 golfthe voltage in the cell remains 1.3 volts to 1.2
volts until another voltage drop occurs during epldischarge. The nominal voltage of the batteny ca



be calculated by dividing the battery power bycapacity
Nominal voltage = Wh / Ah. That is Watt hour / Ampee hour

Charge Efficiency

It is the ratio (in percentage) of the charge reeabfrom the battery during discharge compared ¢o th
energy used during charging to restore the origicapacity. It is also callédCharge
Acceptance’or‘Coulombic Charge’.Charge efficiency is adversely affected by temippeea Low
temperature reduce charge acceptance and incrieaiggedime.

Rate capacity

It is the maximum rate a battery cell can chargdischarge'Capacity’ refers to the electric current
in the battery  which is  expressed Ampere-Hour(Ah) or  MilliAmpere-
Hour(mAh) .Abbreviation'C’ represents the rated capacity of the battery. iBhihie battery charge or
dischargeCmA for one hour or 2C for 30 minutes.In NiMH cells, the capacity is usually
represented imAh. The ‘rated capacity’ of the battery can be caltad by multiplying the time taken
to discharge the battery to the end voltage by thete of discharge current.
For example, a 1500 mAh battery takes 1 hour @it voit per cell if it is discharged at the rafe
150 mA. The rate current denoted as ‘C’ is eitHwrge or discharge current in the battery. If 1500
mAh is discharging at the rate of C/2 will haveiacarge current of 750 mA per hour. The rated
capacity of the battery is not the capacity obtaifue use but its charging/discharging rate.

Internal impedance

When battery provides current, a resistance deselopide the battery. This is called internal
impedance. It includes both dc and ac resistange.ifiternal impedance of NiMH battery is too small
and the electrode easily becomes polarized andlaization resistance will be produced while
measuring the dc resistance. So that it is difficab measure the accurate value

Self discharge

A fully charged battery loss it capacity when nouse for long time. The self discharge rate of NiM
battery is 5-10% on the first day. Self dischargommgperty makes NiMH battery unsuitable for many
light duty uses such as digital clocks, remote mbrdevices etc where battery would normally be
expected to last many months. Temperature at wihiehbattery is stored is very important. Higher
temperature above 55 degree increases self dischata

Memory effect
‘Memory effect’” which causes the battery‘temember’ how much charge was released on previous
discharge. So that the same amount of energy eagetl with every charge/discharge cycle. The



battery then keeps the ‘memory’ of the primary fplath and considers it as the end of discharge for
the next cycle even though the battery can be drgela further. If a ‘memory effect’ develops, dgrin
the next discharge cycle, battery only remembass Memory effect is less in NiMH battery

Voltage depression

When the battery is discharged below 0.8 volt @ one weaker cell may goes to zero volt firkt. |
the battery is deeply discharged, it charges inrtheerse’ direction. This creates “Voltage depi@s’s
and the battery performance suddenly drops. Soderdo avoid this problem, it is necessary to ghar
the battery when it holds less than 5% of C.

Over charge

When the battery is charging continuously aftegdts fully charged, the positive capacity becomes
higher than the negative, resulting in oxygen gatiem from the positive which passes to the negativ
side. If the charge current is too high or chardinge is prolonged, the generated oxygen cannot be
used up in time. This creates high internal prestading to battery distortion and damage.

Over discharge

When the battery attains the specified voltagstilitposses the ability to discharge the storedent.

In NiMH cells, the safe ‘end voltage’ limit of inddual cell in the pack is 1 volt at 0.2C to 2Cthe
cell is discharging below this end voltage, say éaample 0.8 volt per cell at 3C or more, over
discharge takes place.

Short circuit

If the NiIMH battery terminals are shorted with andactive material (even moisture), the electrolyte
pressure and internal gas pressure increases sydaed the electrolyte leak out from the battend a
in extreme cases battery will explode.

Charging Method
If it is properly maintained, the life of the batteNiMH battery can be extended up to 2 years
depending on the use. The basic parameters invatvMddvIH battery charging are

Charge current

NiMH battery is a high current device holding mtman3000 mAh current So charging current and

voltage are very important aspects. Current reqdumethe battery depends on its capacity’C’ whih

expressed in Ah or mAh in the battery specificatiéor example, if the ‘C’ value of the battery pack

is 1300 mAh it requiresl.3Ah (1300 mAhgurrent to get fully charged. The charging current can be
calculated using the formula



0.1C/ mAh

If the capacity C is 1300 mAh, then the requiredent for normal charging is
0.1C/ 1300. That is 130 mA.

1C of 1300 mAh battery equals 1300 mAh current

Charge voltage

About 1.4 to 1.6 volt per cell is needed for NiMHttery pack for charging. A fully charged cell
measures 1.35 to 1.4 volts in the unloaded comdifburing discharge the cell can provide 1.2 volts
down to 1 volt. If the voltage level decreases Welo8 volts, the cell may be permanently damaged.

What happens during charging?

Charging is the’ pumping’ of electrical energy Iretchemical content of the cell. Continuous pumping
of current faster than the chemical reaction toeptt¢he charge can reduce thbarge accepting
property’ of the chemicals inside the battery cell. Thiglketo polarization, overheating and corrosion
of electrodes etc. The reason for this is that feeae'reaction gradient’ exists between the etstgs in
the electrolyte. The electrolyte close to the et ‘charge’ first and then the electrolyte faragw
from the electrode.

Two important chemical changes take place durireggihg. These ar€harge transfer’ and ‘Mass
transport’ . In charge transfer, actual chemical reaction dapkace in the electrolyte close to the
electrodes. Mass transport is the movement or sidfu of materials formed during charge transfer
from the surface of electrodes. So that furtheratwles can take part in the chemical reaction. gghar
transfer is a fast process while mass transpod relatively slow process continuing till all the
materials in the electrolyte are transformed.

The time required for charge transfer is very I3Wwat is 1 minute or less. But mass transport reguir
several hours to complete. These two phenomenaappdicable in charging and discharging.
Continuous pumping of current in fast or quick gearcauses ‘quick charge transfer’ so that thele wi
not be sufficient time for mass transport. Thishadlversely affect the battery chemistry leading to
passivation of electrolyte, crystal formation, gascumulation, polarization etc. ThéSarasitic
effects” reduce the charge acceptance of the cell leadingoor performance. The best method to
balance the charge transfer and mass transporpi®vide‘rest periods’ during the charging process.
This can be done by interrupting the charging aurfer one or more times for a short period to
stabilize the chemical reaction.



Better care — better performance

It is important to consider the following to keep he NiMH battery in top condition.

NiMH cells are good for 500 to 1000 cycles if prdpecharged. A new battery needs full charging
(Reforming) before use. It should be ‘charged asdhdrged minimum 5 times to attain full charge
capacity. When a new NiMH battery is charged antheated to equipment, it will show full charge
only for 10-15 minutes. If this occurs, remove badtery and allow it to cool for 15 minutes andrthe
charge. Fast charging with 100%C should be termachafter 1.5 hours. Charger should be switched
off if the battery temperature rises above 55 degentigrade. Do not discharge the entire celthen
battery pack below 0.8 volt per cell to avoid vgiadepression. NiMH celis do not accept full charge
and discharge if the temperature is above 50 degrddelow 0 degree. NiMH cells like 0-40 degree
temperature. NiMH cells can hold full charge famanth if stored in normal temperature. If it is kep
near hot objects or exposed in sunlight for hothe, charge will drop in one day. ‘Condition’ the
battery once in a month. This is done by completiedgharging the battery by running the equipment
in battery power and then allows to charge com[ylete

If the battery is not used for long periods, fickiarge the battery fully and then remove it frora th
equipment and store in a cool dry place. Rechaggmance in a month. Do not charge NiMH battery
using raw DC (12or 24 V) available from the outletsar or aircrafts since the voltage and cureszat

not regulated. If emergency charging is requir@infrsuch power sources, use a voltage and current
regulator circuit in the charger. Do not ‘flattetine battery below 0.8V/cell and do not over charge
beyond 100%C



