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Predictive Maintenance as the "Philosopher's Stone" ? 
Investigation Using the Example of pH Measurement 
 
There are a range of maintenance concepts for operating a plant or a process 
(Mobley, 2002). These will be considered in terms of their suitability for pH 
measurement. 

• Run-to-failure management: the plant/process is operated until one of 
the components fails. As a result, the plant may come to a stop or 
products may be damaged.  

• Preventive maintenance (time driven): an operating method that 
includes anticipatory maintenance and thereby ensures a higher level 
of operational reliability. Maintenance is performed on the plant or 
particular plant components depending on the elapsed time. If the set 
maintenance period is too long, the plant/components may still fail. If 
the maintenance interval is too short, resources are used up 
unnecessarily.  

• The most efficient and perhaps also the most reliable method of 
operating a process is predictive maintenance (condition driven). Here, 
maintenance is carried out on the plant components based on their 
condition. That means the maintenance is carried out exactly 
according to need: not too early and not too late. This presupposes the 
availability of reliable information on the plant condition or the 
individual components. Yet often there is no such clear information 
because the information cannot be determined while the process is 
running or because there are no indicators/measurands that can 
describe the condition of the plant or plant components in a reliable 
manner. 

 

These theoretical considerations can be applied to the example of pH 
measurement. Even today, pH measurement is still predominantly carried out 
using the traditional glass combination electrode. The pH combination 
electrode (or simply pH electrode) is a wearing part that has to be replaced 
after a process-specific service life. As an electro-chemical sensor that ages 
and may be soiled by the measurement medium, the pH combination 
electrode requires regular maintenance – consisting of cleaning and 
calibration (adjustment).  

Figure 1: Design of a pH combination electrode with pH and reference 
electrode parts and typical components (see annex). 

 

In the case of a pH combination electrode, the best way to find out more about 
the sensor condition is to take the sensor out of the process and examine it 
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under laboratory conditions. Following need-based cleaning, usually a two-
point calibration/adjustment of the pH sensor is then carried out in two 
different buffer solutions. The solutions cover the usual process measuring 
range. The result of a two-point calibration is a zero point and a practical 
sensor slope. These two parameters and the response characteristic upon 
insertion into the calibration solutions enable the sensor condition to be 
inferred. In the laboratory other analysis options are available. These include 
determining the internal resistance of the reference and pH electrode parts.  

Today, in "intelligent pH sensors" calibration parameters can often be saved in 
the head of the sensor. The calibration data from the external calibration 
outside the process (e.g. in the laboratory) can then be assessed based on its 
value and behavior. Following each calibration, a test is first carried out to see 
if any sensor parameter limit values have been exceeded. If a limit value has 
been exceeded, the sensor must either be repaired or replaced. Based the 
history and behavior of the data from previous calibrations you can try to 
estimate the future behavior. That means trying to make a prediction on the 
basis of the discontinuous "sensor quality parameters" as to how they might 
change in the future. For this, users require a mathematical model that can 
describe the future changes in the electrode parameters. If a mathematical 
description of this kind were possible then we might be able to predict the 
anticipated service life of the sensor and make recommendations for the best 
time for the next calibration/adjustment. However, there are so many factors 
that influence the service life that a reliable forecast is almost impossible.  

What happens when the pH combination electrode is used and it ages? How 
does the wear of the pH sensor become apparent? When and how do the 
aging effects have an impact?  

 

Some typical examples of aging effects that frequently occur: 

• The reference potential of the most frequently used silver/silver chloride 
electrode is determined by the chloride ion activity (=effective concentration) in 
the reference electrolyte. This activity changes over time due to leaching via 
the diaphragm. The diaphragm thereby firstly enables the electrical contact 
between the reference electrode and measurement medium and secondly it 
prevents the reference electrode from leaching too quickly. However, 
depending on the type/permeability of the diaphragm at some point the time 
comes when the chloride ion activity also changes in the immediate vicinity of 
the reference electrode element. The reference electrode potential then 
begins to drift and can no longer serve as a fixed reference value for 
measuring the potential of the pH electrode part. At this point, the zero point of 
the pH combination electrode begins to run off. At some point, calibration (or, 
more precisely, adjustment) can no longer compensate for this. It is impossible 
to make a long-term prediction using the zero point about when the pH 
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electrode will become defective as the drift effect occurs only at a very late 
point in the life cycle of a pH electrode. Moreover, it depends on external 
influences such as temperature and the salinity of the measurement medium, 
which are perhaps even still constantly changing. 

• The measurement medium can attack and soil the glass membrane and/or the 
diaphragm. Strongly alkaline media or media containing hydrofluoric acid 
chemically attack the pH-sensitive glass membrane as the "actual sensor 
element" and ultimately lead to a partial dissolving of the glass. Similarly, dirt 
can form an impermeable coating on the glass membrane so that the 
measurement medium can no longer "reach" the glass membrane. Dirt can 
also lead to the diaphragm becoming increasingly impermeable for the 
reference electrolyte. This increases the resistance of the reference electrode 
and impairs pH measurement: the sensor becomes sluggish and the slope 
decreases. Temperature also has an effect on the aging here. Moreover, the 
concentration of the attacking or soiling substance is often not stable over 
time.  

• Electrode poisons – such as metal ions or cyanide – can reach the actual 
reference system via the diaphragm and the reference electrolyte. In the 
reference system the poisons can destroy the silver / silver chloride electrode. 
This leads to a sudden shifting of the zero point.  

• In the different materials each with somewhat different thermal expansion 
properties, thermal stress (extreme temperatures, temperature changes) leads 
to the aging or the sudden failure of the joint connections in the pH 
combination electrode. One consequence of this can be the reduction or a 
loss of leakage resistance, which reduces the sensor slope. 

• Variations in pressure or high pressures can also lead to a mechanical 
stressing of the joint connections. A sudden, unexpected failure occurs. 

 

The examples above show that the event that leads to the failure of the pH 
combination electrode is often sudden as well as coincidental and that there 
are no signs in advance. The failure or need for maintenance of a pH 
combination electrode is thereby often not predictable on the basis of the 
electrode parameter behavior. There is also the difficulty of external influences 
that often vary.  

At this point, we return to the maintenance concepts mentioned at the 
beginning. If the event that leads to the failure of the electrode is often of a 
coincidental nature, sudden, and has no recognizable signs in advance then a 
predictive maintenance concept is understandably hard to implement. The 
only thing that is possible and makes sense is a preventive maintenance 
concept. Everything else would be window dressing. 
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In this context, one further comment on maintenance that concerns electrodes 
with a proprietary output signal: for these electrodes, a manufacturer-
independent analysis of the electrode condition is impossible because the 
signal has already been processed in an unknown way. For these electrodes, 
you cannot analyze the cause of the failure. Rather, you have to rely on what 
the manufacturer says and on his analysis of the electrode condition. 
However, often it is analyzing the cause of a failure that makes it possible to 
select a better suited type of electrode. With electrodes that have a proprietary 
output signal, you forego this opportunity. 

 

Mobley, R. (2002). An Introduction to Predictive Maintenance, ISBN 0-7506-
7531-4. Woburn: Elsevier Science. (Technical terms are taken from this book, 
found on the Internet.) 

 

 

Figure 1: Schematic design of a glass combination e lectrode 
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 Plug connection 

 Electrode head with thread 

 Reference electrolyte (contains potassium 
chloride) 

 Ag/AgCl reference electrode 

 Internal buffer 

 Ag/AgCl internal lead 

 Membrane glass 

 KCl 

 Medium components 

 Diaphragm (porous material, for example 
ZrO2 or ceramic) 
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