A GUIDE TO
CONDUCTIVITY AND
DISSOLVED OXYGEN

- the theory and practice of conductivity and dissolved
oXygen measurement



INTRODUCTION

This guide o conductivity and dissolved oxygen measurement Is one of a serles produced
over the past few years, covering analytical echniques such as pH and lon selectlve electrode

Analysls.

As well as an Inslght Into the theorefical aspects of the technigues, sectlons covering
applications and froubleshooting have been Included to make this a comprehensive review of
the measurement of these Important parameters,
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SECTION 1 Conductivity

Introduction

Conductivity |5 measured In a wide range of Industiles and glves a readout of total lonlc
concentrafion within the sarmple solutlon.

In some Industries the nature of the lons Is known and may be present as one molecular
specles. In food manufacturing processes, the conductivity meter becomes a salt meter and 15
used for qualtty control measurement.

By confrast, Industrial effluent and the resultant polluted waterways may contain many lonlc
specles. Conductivity 1s used fo give total lonle strength readings. It glves a means of
maonttoring the bulld-up of contaminants and also the success of water freatment programmes.
Industrial elzaning and sterllising processes use conductivity fo monlfor thelr effectiveness and
also the strength of residual, spent soluflons. Depending on thelr lonle strangth readings, they
may be recycled for further use, or replenished.

The plating Industry will also use conductivity In a similar way, to monltor the strangth of
etching, cleaning and waste solutions.

In general the measurement of conductivity Is rapld and an Inexpensive way of determining
the lonle strength of a solutlon. The main drawback s that 1t 15 a non-speciflc technique.

Varlous lons In solutlon contribute to a total conductivity reading. Some lons contribute more
than others. The presence of organlc alcohals and sugars will give unusable conductivity
results. Some materlals also reduce the accuracy of the technique by coating the sensor.
Temperature effects also contribute to expermental Inaccuracles.

Total Dissalved Sollds (TDS) Is a measurement of the total concenfration of lonlc specles In a
sample. The measurement of solutlon conductivity gives a method by which a TDS value for
the sample solutlon can be determined. The microprocessor controlled meter carrles
converslon factors, which are user selectable, In order to give a TDS value referenced 1o a
collbratlon standard (usually KC1 or CaGoy).



Theory of conductivity measurement

Electricity Is a flow of electrons. This Indlcates that charged particles (lons) will conduct
aleciricity.

Conductivity Is the abllity of a solutlon to pass current. I follows that the amaount of current
flowing Is proportlonal to the number of lons present In the conducting soluflon. Therefore, a
measure of the conductivity will give a direct reading of the solutlon concenfration.

All substances conduct fo some extent. In solution the level of lonle strength vares from the
low conductivity of ultra pure water to the high conductivity of concentrated chemical

samples.
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FIg. 1: lonlc mobllity In solution



Historleally, the measurement of conduchviy was made between two platinum plates (Tem
1cm in size) placed one centimetre apar. This method simplifies the thecretical Interprefation

of results. However, In praciice It results In a plating effect when current flows, and reduces the
conductivity electrode performance. This fype of sensor 15 relatlvely expensive to manufaciure

and fraglls.

1cm

Fig. 2: Traditional 2-plate cel

Because conductivity values are affected by cell geometry, specific conductivity (C) should be
used. This compensates for cell geometry and standardises conductivity measurements.

If the cell 1s filled with a solutlon of conductance, G, the conductivity between the electrodes 13
glven by the exprassion

C=6L
A
where: C = conductivity In Slemens per cm (Sicm)
G = conductance In Slemens (5)
L = distance between electrodes (cm)
A = plate area of the electrodes (cm?)

As the cell dimenslons change, the cell constant varles as the ratlio of L 1o A.



In the traditlonal cell using 1 cm sgquares of platinum, 1 c¢m apart, the cell constant (L/A) Is

1.0 and the conductance reading In microslemens |s numerlcally equal to the conductivity In
pEsfem.

For low conductivity solutlons, the electrode con be placed closer fogether (reducing L) fo glve
cell constants of 0.1 and 0.07 em .

This ralses the conductance between the platinum plates and makes It easler for the electronlc

clrcultry to obtaln a result. Similarly, for high conducting solutlons, L can be Increased to glve
a cell constant of 10.0 or more.

Alternative sensors have been developed to overcome the problems assoclated with tradilonal

cells. They operate on a four ring princlple. These are arranged concentrically, one above the
other, on the probe.
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Fig. 3: 4 ring conductivity cal

An alternating voltage Is applled 1o the fwo outer rings. In the sample solutlon, the voltage
Induces o current, whose magnitude |5 dependent upon the number of lons In solution.
Therefore, the current measured by the Inner sensing rings gives a direct value for the
conductivity of the solution.

The AC current measured 15 converted to a DC value by the electronlc clrcultry within the
sensor. It 1s the DC value that Is converted to a sample resulf by the meter. These
measurements are volume dependent. The outer sheath of the probe ensures that the volume
of sample soluflon remalns constant for all analyses.

By relating the conductivity of a standard solutlon fo Its concentration, a value for Total
Dissolved Sollds (TDS) can also be defermined.














































































