
pH Control
Application Note

• E U R O T H E R M ® F L E X I B L E S O L U T I O N S •

Li
fe

 S
ci

en
ce

s
W

at
er

INDUSTRY

● Non-linearity of the
titration curve

● Process deadtime

● Gain scheduling

● Smith predictor

Process systems using water such as boilers, CHP plants and water
treatment plants, or systems using any types of solution such as those in
fermenters, must be designed to take into account the control of pH.

The pH is defined as -log10(aH+); aH+ being  the hydrogen ion activity
relative to the hydrogen ion concentration; 
i.e. aH+ = fH+ [H*], where fH+ is the activity coefficient of the hydrogen
ions, which for diluted solutions is approximately equal to 1, and [H*] is the
hydrogen ion concentration.

Robust pH control depends mostly on the following:

● Measurement probe location: For maximum speed of response

● Reaction tank size: Retention time should be minimised

● Reaction tank number: For strong acid-alkali neutralisations, two or 
three tanks are recommended

● Baffling: Used to avoid whirlpool effects and to prevent the reagents 
from reaching the pH probe before they have been thoroughly mixed 
by the agitator

● Mixing and agitation for complete elimination of the areas of 
unreacted reagent

● Reagent addition point location(s) for close pH control

● Reagent delivery system: Metering pumps for better accuracy or 
control valves for minimum delivery delay

Two main difficulties are encountered in controlling pH levels.

Non-linearity of the titration curve

The difficulty of pH control stems from the exceptionally wide range of
measurement, which covers 14 orders of magnitude of hydrogen ion
concentration.  It is commonly relied upon to detect changes as small as
10-7 moles/litre in hydrogen ion concentration.  This incredible range and
sensitivity is the result of the non-linear logarithmic relationship of pH to
hydrogen ion activity (hydrogen ion concentration in dilute solutions)

Figure 1  Neutralised curve

The concentrations of the acids and alkalis in solutions determine the pH
and shape of the titration (neutralisation) curve shown in Figure 1.  This
curve shows that the pH is far more sensitive to a change in composition
around neutrality than elsewhere.
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Process deadtime
The reagents in a tank must be fully mixed and the reaction 
complete before the pH can be measured accurately and a steady
signal received at the controller.  The long deadtime in the control
loop is a combination of deadtimes from valve deadband, reagent
dissolution time, mixing equipment turnover time, mixing equipment
transportation delay, electrode lag and transmitter damping.

Gain scheduling 
The Eurotherm Process Automation PID control module is designed
to address these difficulties.

The non-linearity of the titration curve requires a series of 
proportional bands which operate in the control loop at different pH
levels.  The control module can be programmed with as many values
for the proportional band and derivative as are required.  Switching
between proportional band values for each pH band does not result
in an output bump.

Deadtime may be reduced by correctly laying out the tank, as in
Figure 2, and by fine tuning the PID controller depending on values
of the deadtime and process time constant.  Influent flow is fed 
forward to initiate corrective action as soon as changes occur in the
process load.

Figure 2  Correct tank layout

Smith predictor
In order to optimise the response time and improve the accuracy of
the control strategy, the Eurotherm Process Automation PID control
module can optionally include a Smith Predictor algorithm based on
a mathematical model of the process.

When the process flow rate is the major load variable, the pH control
is improved by configuring the control module as a ratio controller.
The objective is to meet increased flow with a corresponding increase
in reagent.  For this, one loop is dedicated to pH control and uses a
Smith Predictor to compensate for the deadtime.  The product of the
output of the pH loop and the influent flow provides the setpoint to
the dedicated reagent flow control loop.
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