
Conductivity can be defined as the ability of a substance to conduct

an electric current. It is the reciprocal of the more common term

resistivity. All substances conduct electric current to some degree. This section

deals with conductivity measurement of aqueous solutions, which can be

measured quite easily and provides a simple test which can tell much about

the quality of the water or make-up solutions.

GENERAL

As with most measuring systems, conductivity can be split into two parts:

1. the sensor, and

2. the signal conditioning electronics.

The sensor provides a means of passing, or inducing a small current

through a precise volume of the liquid to be measured.

Secondly, the electronics, to provide power to the sensor, measure the change

in electric current, and operate relays and/or indicate a reading on a meter.

Considering the mechanism of conduction in liquids, the current flowing

in the solution is transported by ions. (This is in contrast to electron flow in

“metallic” conduction.) Direct current flowing in the liquid will decrease rapidly

with time due to gas being evolved at or on the electrodes, thus reducing their

surface area. This general effect is called “polarisation” and must be overcome

before any practical measurements can be made. Therefore, practical electrolytic

conductivity instruments apply a very small alternating potential between the

electrodes of the cell. This results in a minute current flowing in either direction

for a period insufficient to cause significant polarisation. Electrode areas are

also kept as large as possible to reduce current density.

UNIT OF MEASUREMENT

As the measurement of the ability of “metallic” conductors to pass current

is expressed in units of resistivity, i.e. ohm-cm, then it would appear also, to

be the unit for electrolytic conductivity. However, this unit is not generally used,

for the following reason: because the resistivity of distilled water is very high,

and impurities lower this resistance, then an instrument calibrated in resistivity

would have an inverse scale, i.e. the higher the reading the lower the impurities

in solution.

Therefore, we use the reciprocal of resistivity, where:

R =    I where R = Resistance
      —–       a

= Resistivity

 I = Length of sample

 a = cross sectional area

Then for conductivity:  s = I = I  —  —
           Ra

Where s has the units of siemens/cm called the specific conductance

and I  is the cell constant ‘K’, i.e. we can write s = K

 
    —         —

      a      R

To express s in terms of microsiemens/cm which is a more practical unit we

write s = K106

      ——–
         R

From this it is clear to measure specific conductance (conductivity) we

must isolate a precise volume of the solution between the measuring electrodes.

CELL CONSTANTS

Consider a cell having two electrodes

of 1cm x 1cm cross-sectional area spaced

1cm apart then from the formula

  I = K then K =    cm   = I i.e. unity
 —                  ———— a                   cm x cm

The general conductivity range to be measured ranges from 0.01µS/cm to

1S/cm and these figures in the formula s = K106 using cell K=1.0         ——–
             R

gives a resistance range of 100 Meg ohms to 1 ohm.

Obviously, with these equivalent resistances it would be difficult to make

accurate measurements with long cable lengths between the cell and instrument.

To overcome these problems a resistance limit of 1 Meg ohm to 10 ohms is

made on the measuring range of the instrument.

A method must be used to meet the requirements outside these limits. It

can be seen from the formula s = K106 if we change the cell constant             ——–
                 R

K we can satisfy these requirements. By varying the length I and cross

sectional area a it is possible to achieve cells with constants of 0.01, 0.1, 1.0

and 10, therefore satisfying the whole measurement range.

TEMPERATURE COMPENSATION

As discussed earlier, the conductivity of a solution is attributed to ion

mobility and this can be related to the amount of dissolved salts in solution.

However, temperature also has an effect on ion mobility. So, in order to ensure

that the measurement of conductivity may be attributed to the amount of

dissolved salts or electrolyte concentration alone, it is desirable to automatically

correct  the conduct iv i ty  to the va lue that  i t  would be at  25ºC.

This is accomplished by means of a temperature sensor usually mounted

within the solution being measured.

The instrument then uses the temperature measurement to oppose and

cancel the temperature dependent deviation above and below 25ºC. The

conductivity of most electrolytic solutions increases with a rise in temperature

and have coefficients of approximately 2% per ºC. This figure is used for the

majority of compensation networks.

INSTALLATION AND CHOICE OF CONDUCTIVITY CELLS

The choice of the correct type of sensor and mounting it, so that it has

a good sample of solution, are probably the two most important considerations

in a conductivity system.

The following criteria should be followed:

1 . Proper cell constant

2 . Correct materials for corrosion resistance

3 . Sensor mounting suitable for solutions

With correct sensor mounting the following conditions should be observed:

1 . The solution between the cell electrodes or around the probe is representative

of the solution as a whole.

2 . A moderate flow is maintained past the sensor to provide an “up-to-date”

sample. Excessive flowrate however, can cause cavitation and turbulence

within the sensor which will result in incorrect readings.

3 . The sensor is mounted so that air bubbles do not lodge within it – displacing

the solution and affecting the sample volume.

4 . Similarly it must be in a position so that sludge and particulate matter does

not collect within the cell.
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