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Chemistry of Batteries

Dry Cells

Anode (oxidation):
ZIng — Zn* g +2¢
Cathode (reduction):
2MnO, , + 2 NHy* ) +2€ 7 MnyO; ) + 2 NH; ) + Hy0y)
ammonia is tied up with Zn?*
Zn%* () +2 NHj o + 2 CI"
Overall (cell) reaction:
2 MnO, ) + 2NH,Cl,, + Zny " Zn(NH;),Cl,  + H,0() +Mn,0;

@ Zn(NH3),Cl,

Positive button

Alkaline asteinatie
Steel case B attery t o

MnO, in KOH paste

T (@

g t bal:
Zn (anode) hait-reaction

Graphite rod (cathode) " Current: C/s
faraday

©motes A= ampere

Absorbent/separator
CHARGE (C) (amp)
1l|me(s) mAh =
Negative end cap m Milliamp hour
Type Voltage (V) Capacity (mAh)
AA 1.5 2800
AAA 1.5 1200
C 1.5 8000
D 1.5 12000
PP3 9 565

Chemistry of Batteries

Alkaline Battery

Anode (oxidation):

Zn, +2 OH, " ZnO, + H,0) +2e-
Cathode (reduction):

MnO, , +2 H,0(, +2 e~ Mn(OH), (, + 2 OH "
Overall (cell) reaction:

Zng, + MnO, , + H,0, ZnO, +Mn(OH), ,, E. =15V

(aq)

Leaking
battery.

Mercury and Silver Batteries
Steel (cathode)
Insulation (+) Zinc conte}in)er (anode)
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Chemistry of Batteries

Mercury and Silver (Button) Batteries

Anode (oxidation):

Zng +2 OH ;" ZnO, + H,0,

Cathode (reduction) (mercury):

HgO, + H,0, + 2 e — Hg, + 2 OH
Cathode (reduction) (silver):

Ag0,) + H,0() +2e—— 2 Ag + 2 OH
Overall (cell) reaction (mercury):

Zng, +HgO,, = ZnO, + Hg,; E
Overall (cell) reaction (silver):

Zng +Ag,0y— ZnOy+2Agy; Eq=16V

=13V




Lead-Acid
Battery

Anode (negative):
similar grids filled
with spongy lead

H,S0O, electrolyte

Rechargeable Batteries

Lead-Acid Batteries

Anode (oxidation):
Pb(,) + 80,7 g
Cathode (reduction):
PbO, (, +4 H¥ ) + SO42'(aq) +2¢e
Overall (cell) reaction (discharge):
PbO, ;) + Pb, + 2 HySO, (q— 2 PbSO, () + 2 H,0y; E
Overall cell) reaction (recharge):
2PbSO, ) +2 H,0p) = PbO,, + Pb,, + 2 H,S0, (g

PbSO,  +2¢

PbSO, , + 2 H,0,,

=2V

cel

Automotive Application: the Discharge
and Recharging of a Lead-Acid Battery

VOLTAIC (Discharge)

- )

Oxidation half-reaction at 1 Reduction half-reaction at 11
Pb(s) + SO42- (ag) —>PbSOu(s) + 26~ | |PbO2(s) + 4H*(aq) + SOs2~(aq) + 26~

—> PbSO4(s) + 2H0()
(4
Cathbde <—J
Anode
+)
Oxidation half-reaction at 1 L

PbSO4(s) + 26"—>Pb(s) + SOs2~(aq) | [PDSO4(s) + 2HO0() —>

Switch

)
F€5_> Cathode

Reduction half-reaction at I

PbO(s) + 4H*(ag) + SO2~(aq) + 26~

~—©@ { Power
supply

ELECTROLYTIC (Recharge)

Nickel-Cadmium (Nicad) Battery
Used in photovoltaic low voltage lighting

)

Separator
Cadmium (anode)
Separator

NiO(OH) and
conductor

(cathode)
)

Anode (oxidation):
Cd, +2 OH
Cathode (reduction):

2 NiO(OH), + 2 H,0 + 2 & —— 2 Ni(OH), , +2 OH-
Overall (cell) reaction:

Cd, + 2 NiO(OH) ) + 2 H,0Oy — 2 Ni(OH), , + Cd(OH),

cell =

Cd(OH), ,+2 ¢

(aq)

Solid Lithium Battery

Anode (oxidation): Ligz— Li*(s) +¢
Cathode (reduction):  MnO,  + Li* + e — LiMnO,
Overall (cell) reaction: L + MnO, g— LiMnO, ; B, =3V

‘cell

Lithium lon Battery

Most Common Rechargeable Cell Phone Battery

Anode (oxidation): [jCoQq S Lij_,CoOq + zLit + e~

Cathode (reduction): ILi+ —+ xe —+ 6C = le CS

Ecell =36V




Lithium lon Battery

Rechargeable Car Battery

Nissan Leaf

Lithium lon Batteries

Positive Electrodes

Electrode material | Average potential | Specific capacity | Specific energy
difference

37V 40 mA Vg 0518 kW kg

70 T00 mA g 0400 kW kg

3 TS0 mA g 0 KW kg

33V 150 mA g 495 KW kg

FePOF 36V TS mA g 414 kW hikg

Co, N1 M 05 [36V T60 mA g 576 kWvkg

Ti,NiMn,Co)0; | 42V 20 mA g 920 KW-vkg.

Negative electrodes

ctrode Average Speciic Tic energy
material potential capacity Graphite
difference
(LiCq) 0.1-:02V 372 mAhg 0.0372-0.0744
KW kg
v TATE ThW kg
12V 160 mA-h/g 0.16-
(LisTisO) 0.32 kW-hkg
ST(LiSH= 051V 4212 mA-hg 2.106-
4.212 kW hkg
TGO [ 07T T mAE

T137-
1.949 kW-vkg




