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The Difference of an In-Situ Zirconium Oxide 
Measurement 

ZR Series Probes 
 
Oxygen concentration measurements can differ depending on the measurement device being 
used. While this difference can be concerning to end users, usually it is not cause for concern. 
The objective of this Technical Note is to help explain what causes these differences and how 
the different measurement methods can affect reported oxygen concentration. 
 
Net Versus Gross Measurement 
 
The total amount of oxygen present in flue gas after combustion is considered 
the “gross” measurement. A “net” measurement is made only when complete 
combustion has occurred. Realistically, unidealistic mixing of fuel and oxygen 
occurs in a burner, resulting in the presence of combustibles and extra oxygen in 
process flue gas. If measured using Orsat, wet electrochemical, or 
paramagnetic cell methods, a “gross” measurement is made. The zirconium 
oxide cell present in Yokogawa’s ZR series of oxygen probes keeps the cell hot 
enough to burn any remaining combustibles, yielding a “net” measurement of 
oxygen. The “net” measurement can be anywhere from a few parts-per-million 
lower to a few percent lower than the “gross” oxygen measurement.  
 
Wet Versus Dry Measurement 
 
The products of simple combustion are carbon dioxide and water from a 
hydrocarbon fuel. Water vapor present in the flue gas is extracted in order to 
get a cool, “dry”, sample via most methods for oxygen analysis. Zirconium oxide 
analyzers are unique in the aspect that the sample gas remains heated with the 
water vapor present; thus it is considered a “wet” measurement.  
 
 
The following example is for combustion of methane with a “wet” flue gas 
oxygen concentration of 5%: 
 
The balanced equation for total combustion: 
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푪푯ퟒ +  (ퟐ.ퟔퟗ)푶ퟐ +  (ퟐ.ퟔퟗ)
ퟕퟗ
ퟐퟏ

푵ퟐ → 푪푶ퟐ + (ퟐ)푯ퟐ푶+ (ퟎ.ퟔퟗ)푶ퟐ +  (ퟐ.ퟔퟗ)
ퟕퟗ
ퟐퟏ

푵ퟐ 
 
 
Reporting a wet measurement considering that volume percentage is equal to 
molar percentage for a vapor: 
 

(ퟎ.ퟔퟗ)푶ퟐ

푪푶ퟐ +  (ퟐ)푯ퟐ푶+ (ퟎ.ퟔퟗ)푶ퟐ +  (ퟐ.ퟔퟗ) ퟕퟗ
ퟐퟏ 푵ퟐ

= ퟓ.ퟎퟎ% 푶ퟐ 

 
 
Reporting a dry measurement with the same considerations: 
 

(ퟎ.ퟔퟗ)푶ퟐ

푪푶ퟐ + (ퟎ.ퟔퟗ)푶ퟐ +  (ퟐ.ퟔퟗ) ퟕퟗ
ퟐퟏ 푵ퟐ

= ퟓ.ퟖퟒ % 푶ퟐ 

 
 
It can be seen that a significant increase in oxygen (17%) is reported when using 
a “dry” measurement versus the “wet” measurement. 
 


