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Oxygen Sensor Performance in Complex Gas Environments 
Scope 

Discusses how zirconia oxygen sensors respond to the presence of reactive gases such as volatile 
organic compounds (VOCs), hydrogen, and other gases that can be oxidised or reduced. 

1 Gas-Induced Sensor EƯects 
In this document, reactive gases are defined as gases that: 

• react with the materials of the sensor 
• undergo a reaction due to the high sensor temperature and/or the catalytic properties of the 

platinum electrode 
• compounds that can be deposited on the sensor cell 

In general, there are two main categories of gases that we will consider, which interact with the sensor: 

1. altering local oxygen levels (oxidation/reduction) 
a. O2 consuming gases (e.g.: H2) 
b. O2 releasing gases (e.g.: CO2) mainly aƯect the sensor only at very low oxygen 

concentrations 
2. permanently reacting with the materials of the sensor 

a. Chemical reaction with sensor materials (ZrO, platinum, glass) 
b. Deposition on the sensors surface (electrode passivation) 

1.1 Volatile and Semi-Volatile Organic Compounds (VOCs & SVOCs) 

1.1.1 VOCs 

VOCs can interact with the sensor in several ways. Typically, they decompose at the hot sensor and 
electrode and have two main eƯects on the sensor: 

• oxygen consumption 
o leading to a reduction in the local oxygen concentration 

• deposition on the sensor surfaces 
o leading to electrode passivation and thus permanent sensor degradation 

In general, we can expect VOCs to have a negative eƯect on the sensor’s performance and an 
accelerated degradation of the sensor. Small concentrations may be acceptable; however, due to the 
wide variety of VOCs and VOC mixtures, we recommend evaluating the sensor in the intended 
application to verify suitability. 

1.1.2 Siloxanes 

Siloxanes are often present in products like silicone seals, oils and lubricants and can permanently 
degrade sensor performance. These compounds decompose at the hot Pt electrode and form silicone 
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oxide, passivating the triple phase boundaries. In the worst case, this can completely poison the 
sensor within hours. Silicone seals and lubricants should not be used, especially upstream from 
the sensor. However, some silicone products are safe to use in combination with our sensors – testing 
is required before mass deployment to ensure proper operation and a long lifetime. 

Should the use of silicone products be required and sensor degradation become an issue, it is 
possible to degas silicone seals at elevated temperatures (see also 2.3 ) 

1.1.3 Further Substances of Special Concern 

Some examples of substances, that can interfere with sensor operation. To illustrate the 
chemical/physical limitations of the materials involved, please consider the following, non-exhaustive 
list of compounds of special concern, containing: 

• Sulphur (e.g. H₂S) 
• Phosphorus (e.g. P₂O₅) 
• Silicone (as already discussed)  
• Halogens (e.g. HF, F, HCl…) 
• Reducing agents (e.g. H2, CO) 
• Metal vapours 

 
These can react with the components of the sensor, changing the catalytic properties, poisoning the 
electrode, reducing the triple-phase-boundary activity, altering the equilibrium state of steady 
operation or undermine the mechanical integrity of the cell. 

1.2 Fire Safety 

There are safety concerns when combustible and reactive gases are present as sensor cell operates at 
580°C, which is above the ignition temperature of many combustible gases. The sensor must not be 
used in potentially explosive atmospheres. 
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2 Application Examples  

2.1 H₂ as an example for burnable gases that will consume oxygen 

H₂ could potentially harm the sensor, so it is not recommended to use the sensor in applications with 
high H₂-concentrations (>1000ppm H₂). The use of the sensor in application with up to 1000ppm H₂ is 
quite common see also 2.1.1 - 2.1.2. Nevertheless, H₂ will accelerate the sensor aging even at 
<1000ppm H₂, the acceleration factor is assumed to be proportional to the accumulated H₂ exposure. 

2.1.1 <1000ppm H₂ and H₂-level << O₂-level 

If the hydrogen concentration is much smaller than the oxygen concentration, the accuracy of the 
oxygen measurement will only be slightly influenced. So that is the best-case situation for H₂ traces. 

2.1.2 <1000 ppm H₂ and H₂-level >> O₂-level 

We do not recommend using the sensor for O₂-detection in environments with an excess of burnable 
gases like H₂, as all trace oxygen will be consumed by burning process in proximity of the sensor. So, 
the sensor will read a value close to 0 due to the locally absence of oxygen and therefore does not give 
the correct O₂-level of the unburned gas composition. 

The sensor theory oƯers a potential method to gain information even in a reductive environment by 
increasing the bias voltage and measure the bonded oxygen e.g. in H₂O. This method can be used for 
evaluation purposes, but it is not recommended as permanent fix, as it might further increase the 
stress for the sensor materials under reductive conditions. 

2.1.3 <1000 ppm H₂ and H₂-level similar to O₂-level  

Also, if hydrogen and oxygen concentration are in a similar range, the sensor signal will not give an 
accurate reading of the O₂-level in the unburned gas composition. Furthermore, the sensor might 
switch between conditions with oxygen excess and reductive conditions. Such switches lead to a 
major shift in the sensor working point and could cause signal stability issues. These issues can be 
(partially) suppressed by using sensor with a specific modification of the sensor chip, which is 
indicated by an “e” in the sensor order number, e.g. SO-B0e001. 

2.2 H₂O as an example for a splitable gas that might release oxygen 

Especially in low oxygen environments water splitting can occur, increasing the measured oxygen. The 
eƯect usually occurs at O₂ levels around or below the lower detection limit and overestimates the 
oxygen level by varying degrees. See also AN006e-0-Impact-of-Humidity.pdf for more details. 

2.3 Applications where silicone seals or hoses are unavoidable 

The risk of volatile silicone compounds can be reduced by a heat treatment, which can promote the 
degassing of volatile silicone compounds before the sensor is installed. So, for a silicone hose this 
would mean a heat treatment in an oven (e.g. 200°C for 4h). 
The growth of SiO₂-passivation layers on the sensor electrodes will mainly occur if the sensor is heated 
(>500°C). So, during pretreatments, where the sensor is present, it should be turned oƯ.  
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3 Summary 
The materials used in zirconia oxygen sensors are highly regarded due to their robust nature, yet they 
are not invincible. Reactive gases can still influence the oxygen measurement by: 

• consuming or releasing oxygen 
• reacting with sensor materials 
• forming passivation layers on active surfaces 
• changing the electrochemical equilibrium of the system 

The most important takeaways: 

• Avoid using silicone seals or lubricants 
• Do not use the sensor in environments where compounds containing S, P, F, halogens, metal 

vapours strong reducing agents or similar substances are present 
• If in doubt, test it! Testing is the only reliable way to ensure stable sensor operation in 

challenging applications 
• Fire safety is a priority – the sensor cell runs at around 580°C, which is above the ignition 

temperature of numerous gases 
• The sensor must not be used in potentially explosive atmospheres. 


