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Abstract

ScopeΥ LƴǾŜǎǝƎŀǝƻƴ ƻŦ ǘƘŜ ŦŜŀǎŀōƛƭƛǘȅ ƻŦ
ŀƴ ƻƴƭƛƴŜ ǎŜƴǎƻǊ ǎȅǎǘŜƳ ŦƻǊ ǘƘŜ ŘŜǘŜŎǝƻƴ ƻŦ ¢I¢ 
ƛƴ ƴŀǘǳǊŀƭ ƎŀǎΦ 

TetraHydroThiophene (THT) is added to natural gas on purpose to 
odorize it. The components of natural gas consist of 98 Vol% me-
thane, larger hydrocarbons, carbon dioxide and nitrogen.
Especially in the field of online measurement techniques IR spec-
troscopy has great potential because of its possibility for continous 
measurements. This fact makes it the ideal choice for the online 
measurement of THT.
A hollow waveguide, with a polymer coating as its dielectrical layer, 
was used as a gas sample cell. This polymer layer shielded the silver 
layer from the sulfurous gas stream. The usage of the hollow wave-
guide reduced the needed sample volume and increased the ab-
sorption pathlength.
An ƻƴƭƛƴŜ ŀŘǎƻǊǇǝƻƴ ǎȅǎǘŜƳ was developed and evaluated to in-
crease the sensitivity of the sensor. The adsorption of natural gas 
was proven although no selective enrichment of THT could be 
achieved.
To show the potential of the developed sensor system a linear cali-
ōǊŀǝƻƴ ŎǳǊǾŜ of THT in nitrogen was generated. The level of detec-
tion reached was of the magnitude of 13,5 ppmV. The linear range 
spans over the entire area measured from 13,5 to 670 ppmV.
To be able to detect the demanded value of 10 ppmV of THT in the 
complex matrix of natural gas a quantum cascade laser (QCL) with 
an emissionline at 1446,5 cm⁻¹ was selected and ordered.

¦ǎƛƴƎ ǘƘŜ ǎƘŀǊǇ ŜƳƛǎǎƛƻƴ ƭƛƴŜ ƻŦ ǘƘŜ ƭŀǎŜǊ ǘƘŜ ŘŜǘŜŎǝƻƴ ƻŦ ŀ 
ƴŀǊǊƻǿ ŀōǎƻǊǇǝƻƴ ƭƛƴŜ ƻŦ ¢I¢ ƛƴ ǘƘŜ Ǝŀǎ ǇƘŀǎŜ ǿƛƭƭ ōŜ ŀŎƘƛŜǾŀōƭŜΦ

{ǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ²ŀǾŜƎǳƛŘŜ

A sample gas stream with a concentration of approximatly 1000 
ppmV of THT was pumped through the waveguide over a period of 6 
hours and the absorbance values for  three different bands of THT 
were investigated. The experiment was repeated several times 
within 2 weeks and the light throughput of the waveguide did not 
decrease during this period.
The stability of the waveguide against the sulfurous gasstream was 
proven.

{ŜƭŜŎǝƻƴ ƻŦ ǘƘŜ [ŀǎŜǊ ²ŀǾŜƭŜƴƎǘƘ

Due to overlapping spectral features of the sample matrix and THT in 
all spectral regions the measurement of THT with FTIR spectroscopy 
could not be achieved. To overcome this problem a Quantum Cascade 
Laser with an emission line of 1446,5 cm⁻¹ was selected. At this wave-
number no interferences of THT and water vapour should occure.

wŜǎǇƻƴǎŜ ¢ƛƳŜ

A response time of р ƳƛƴǳǘŜǎ was achieved. Since the measured re-
sponse time includes the sample preparation time and the measure-
ment time, an accurate statement of the measurement time can not 
be given yet.

/ŀƭƛōǊŀǝƻƴ

The achieved LOD for the highest absorbance of THT was 13 ppmV. 
At the absorption band of interest (1448 cm⁻¹) the LOD was 29,3 
ppmV.
In the figure below concentration values from different days are 
plotted to demonstrate the stability of the sample preparation 
method.

Conclusion

The measurement of 13 ppmV THT in a nitrogen gas stream were 
demonstrated by FTIR spectroscopy.

Using a QCL will allow the measurement of THT in natural gas 
without interferences as a result of its sharp emission line.

Because the effective light power of a QCL is up to three orders of 
magnitude higher than the power of a FTIR spectrometer the ab-
sorption length can be increased. This will allow the detection of 10 
ppmV of THT.

Interpreting the gained signals from the QCL setup as "micro spec-
tras" will permit the application of multivariate calibration models.
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9ȄǇŜǊƛƳŜƴǘŀƭ {ŜǘǳǇ

The infrared light of a Bruker Matrix-F process spectrometer was fo-
cused onto the hollow waveguide with a parabolic mirror with a focal 
lenght of 43 mm. The exiting light was then focused onto an MCT de-
tector with another two parabolic mirrors of the same focal length.
The sample gas was purged through the waveguide in the opposit di-
rection than the light.
The selected waveguide uses an ŎȅŎƭƛŎ ƻƭŜǇƘƛƴŜ ǇƻƭȅƳŜǊŜ as dielectri-
cal coating which serves as a protective layer for the silver layer be-
neath it [1].
The samples were prepared by adding liquid THT to the gasstream with 
a syringe pump.

Lw ǎǇŜŎǘǊǳƳ ƻŦ ¢ŜǘǊŀƘȅŘǊƻǘƘƛƻǇƘŜƴŜ

9ƴǊƛŎƘƳŜƴǘ

To increase the sensitivity of the sensor system an online adsorption 
system was investigated. Electrical contacts were applied to a carbon 
monolith and the sample gas was purged over this monolith. The 
sample gas was adsorbed on the surface and after heating the carbon 
with electrical energy a desorption was achieved.
Unfortunatly no selective enrichment of THT was obtained. But it ap-
pears that a separation of methane and ethane took place.


