The dry cell is a practical voltaic cell. The dry cell is the only primary voltaic cell which has practical significance, today. It is used in a great variety of applications as a convenient source of direct current.

A diagram of a standard dry cell commonly used in the physics laboratory is shown in Fig. 19‑12. A zinc cup serves as the cathode and a carbon rod serves as the anode. The carbon rod is surrounded with a mixture of manganese dioxide as the depolarizer and powdered carbon to reduce the internal resistance of the cell. The electrolyte is a moist paste of ammonium chloride containing some zinc chloride.

When the external circuit is closed, zinc is oxidized at the cathode giving it a negative charge.
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(cathode reaction)

Ammonium ions remove electrons from the anode, leaving it positively charged. If manganese dioxide were not present, hydrogen gas would be formed.

2NH4+    +   2e‑   →  2NH3o + H2o ⁭⁭
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Howevcr, hydrogen is oxidized to water by the manganese dioxide, and manganese, rather than hydrogen, is reduced at the anode.
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(anode reaction)

The ammonia, NH3 is taken up by the zinc chloride present in the electrolyte.

Since carbon and zinc are used as the electrodes, the dry cell has an emf of approximately 1.5 volts, regardless of the physical size of the cell. 
Fig. 19‑12. The dry cell is a practical source of direct current in the physics laboratory.

However, the larger the electrode surfaces the higher the capacity of the cell for delivering current. The standard No. 6 dry cell commonly used in the laboratory is capable of supplying 
  a momentary current up to 35 amperes. It should not be. required to furnish more than 0.25 ampere of continuous current, however. The internal resistance may vary from less than 0.1 ohm in the No. 6 cell to over 1 ohm in very small special‑purpose cells.

When an excessive continuous current is drawn, polarization does develop. This increase.,; the internal resistance of the cell and results in a lower difference of potential across the terminals. The polarization Noon disappears after the circuit is opened. Thus the dry cell is primarily useful in circuits requiring intermittent currents.

7. Storage cells. A storage cell is a Voltaic cell that can be restored or re

charged repeatedly to its original condition. Storage cells of three types are now III general use: the lead‑acid cell, the Edison cell, and the nickel‑cadmium cell. The lead‑acid storage cell used in automobile batteries is by far the must \widely used type. The emf of each Cell is approximately 2.2 volts.

[image: image2.png]powdered
carkon _|

Paper
lining —{}

|_ Carbon
i rod

—NH,Cl
- and
ZnCl,




The electrodes of lead‑acid cells are initially composed of the same materials. A paste consisting of a combination of o xides of lead and sulfuric acid is pressed into grids made of lead. These are immersed in a forming solution of sulfuric acid and a direct current of electricity is passed through the cell. The cathode is formed into a plate of spongy

    lead, and the anode is formed into lead dioxide. The electrodes have been formed by chemical action into dissimilar materials, and when immersed in a sulfuric acid electrolyte to, constitute a voltaic cell. The

plate area is large and the plates are close together to provide good conduction and a very low internal resistance, about 0.001 ohm.

During the discharge cycle, chemical energy is transformed to electric energy. Both the cathode and anode are largely converted to lead sulfate, and water is also produced. The chemical action is summarized by the following equations:


  Pbo   ‑   2e‑      +   S04         →   PbS04


(cathode reaction)

2H+  +  2e‑  +   PbO2  +  H2S04     →   PbS04   +   2H2O

          (anode reaction)

             PB  +   PbO2  + 2H2SO4   →   2PbSO4 + 2H2O                        (cell reaction)

This chemical action is reversible, and the cell may he recharged by passing a direct current from an external source in the reverse direction through the cell.

During the charge cycle, electric energy is converted to chemical energy and the cell is restored. The chemical action is summarized by the following equations:


    PbS04    +    2e‑ → Pbo    + S04‑
                               (cathode reaction)

PbSO4 + 2H2O     ‑    2e‑ → PbO2 + H2SO4   +   2H+                
(anode reaction)

                 2PbSO4   + 2H2O → Pb     
+    PbO2 + 2H2SO4         (cell reaction)

You will observe that the cell reaction on charge is the reverse of the cell reaction on discharge. These two equations may be written as one to show the reversibility of the action in the storage cell. The chemical action is shown in Fig. 19‑14.


― discharging →​

    Pb + PbO2 + 2H2SO4 ↔ 2PbSO4 + 2H2O

                          ←  charging ―

Sulfuric acid is used up as the cell is discharged, and water is formed. The specific gravity of the electrolytic solution is approximately 1.300 in a fully charged cell; the specific gravity of the acid solution in the discharged cell may he as low as 1.100. The state of charge of the lead-acid storage cell may thus be determined by testing the specific gravity of the acid solution. The lead‑acid cell efficiency is quite high at normal operating temperatures; it drops off rapidly at low temperatures.

The nickel‑cadmium cell offers some advantages over the lead‑acid cell for use in automobile batteries. The cell is ruggedly constructed, is capable of delivering the high starting current required, and is not subject to freezing when discharged. The initial cost, however, is quite high compared to the lead‑acid cell.

The cathode is made of nickel hydroxide on a nickel‑plated steel grid. The anode is of cadmium containing some iron oxide on a steel grid. The electrolyte is potassium hydroxide, which remains at a constant specific gravity throughout the life of the cell. The emf of the nickel‑cadmium cell is about 1.2 volts. See Fig. 19‑15 on page 423.

Thomas A. Edison (1847‑1931) developed a light‑weight, strong, and durable storage cell now known as the Edison cell. The anode consists of hydrated nickel oxide and nickel. The cathode is iron oxide, and the electrolyte potassium hydroxide.

The emf of the Edison cell is approximately   1.3 volts and the internal resistance is about 10 times that of the lead‑acid cell. It holds a charge for long periods of time and stands up well under neglect and abuse. Batteries of Edison cells of practical size are not capable of delivering the high starting currents required by automobile engines. They are used to provide direct current in remote and unattended locations.

Fig. 19�13. A cutaway view of one cell of an automobile storage battery. Exide Automotive Division)














