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1: Introduction dosimeter principle

NOx

Å Nitrogen monoxides+ Nitrogen dioxides

Å Formedin combustionprocesses,
especiallyat high combustiontemperatures

Å >1 millionstonsper yeararereleasedto environmentin germanyonly

Nitrogen Oxides
Å colourlessČ brown

Å acrid-smelling

Å greenhousegas, acidrain
Very toxic

NO2: -196°C, 0°C, 23°C, 35°C, 50°C
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1: Introduction dosimeter principle

Å Immission measurement

=> low concentrations(ppb-range)

Å Emission measurement

=> higherconcentrations(ppm-range)
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Fig. 2: Sensor response(SR) duringaccumulationphasewith
concentration(c) and regenerationphase

Fig. 1: Operation principleof a dosimeter-type gas sensingdevice
with a sensitive layerasan adsorbent

Source: Doctoŕ s thesisI. Marr,  Materialien für dosimeterartigeGassensoren zur Detektion im ppm- und im Sub-ppm-Bereich, Bayreuth, 2016
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1: Introduction dosimeter principle

Requirementsfor NOx-storagematerials:

Å Selectivestorageof NOx.

Å Sufficientholdingcapability
(strong interactionbetweenNOx and storagematerial).

Å Change of at least oneelectricalmeasuringsignalwhenNOx

moleculesget stored.
Signal must be proportional to NOx loadof storagematerial.

Å Load of storagematerial must not influencethe adsorptionof the
NOx molecules.

Å An activelyinitiated regenerationof storagematerial and 
measuringsignalmust be possible.

=> Potassium permanganatewas found to
fulfill the requirementsbest.

Source: Doctoŕ s thesisI. Marr,  Materialien für dosimeterartigeGassensoren zur Detektion im ppm- und im Sub-ppm-Bereich, Bayreuth, 2016
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2:  NOx sensor design

Frontside

Al2O3-substrateNOx storagelayer

Platinum interdigital 
electrodes

Rearside

Heaterto keepsensitive layerat 
constanttemperature

Measurement of heatercurrentΧ

Χ ŀƴŘ measurementof heater
voltageto controlheater

I

U RH = U / I
Impedometricsensorresponse

Supply: Alternatingvoltagewith frequencyfromм IȊ Χ мл aIȊ

Operating temperaturefor
dosimetermode

350 °C

(Immission measurementppb range)
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2:  NOx sensor design

Operating temperaturefor
gas sensormode

650 °C

(Emission measurementppm range)

Same sensordesign operatedat highertemperatureshowsgas sensorbehavior!!!

Equilibrium betweenadsorptionand 
desorptionof NOx molecules@ 650°C

Gas sensorbehavior
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Impedometricsensorresponse(Nyquistdiagram)

Equivalentcircuit R II C: Z



f= 100kHz was chosen
asoperatingfrequency

Operating frequency
ashigh asneeded
to stayawayfrom electrodeeffects

Determination of electricalconductibilitywith alternatingcurrent method.

System isstimulatedby sinusoidalalternatingvoltagewith amplitudeUo

and angular frequency Ȣ
Ὗ ὟπȢÓÉÎὸ

System answerisan alternatingcurrent signalwith amplitudeIo and 
displacementangle ⱴ. 

Ὅ ὍπȢÓÉÎὸ ⱴ
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2:  NOx sensor design

Nyquistdiagramwith and w/o NO concentration

Å Operating temperature635ÁC (gas sensorbehaviour)

Å Basic gas atmosphere(GG) contentsof N2, O2, CO2 and H2O

Å Semicircledescribesconductivityof NOxsensitive layerover
frequency.
(Resistance decreaseswith increasingNOx concentration)


