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Real fire tests 
With the developed sensor set-up real fire gas 
measurements were performed. The test fires 
were carried out in a 240 m3 fire lab, analogue 
to the standardized test fires in EN 54. These 
test fires differ in their fire material and in 
consequence in their gas composition. We 
regarded the two test fires TF 2 and TF 6. TF 2 
is a wood based smoldering fire with low heat 
development, but smoke emission. Compared 
to this, TF 6 is an ethanol liquid fire with strong 
heat development but without any smoke 
emission. TF 6 is a perfect example of the need 
of gas based fire detectors [6]. The results of 
these test fires to the colorimetric sensors are 
shown in fig. 6 resp. fig. 7.  

The dyes were spin coated for 20 sec. with 
2000 RPM on 1 x 3.8 cm2 big optical wave 
guides. The dyes had a resulting thickness of 1 
µm for TMPD, resp. 1.6 µm for the Rh-complex.  

Fig. 6 shows the reaction of the Rh-complex to 
TF 2. During the test, beech wood was heated 
up, till it started to smolder. After 37.3 min the 
CO concentration reaches 86 ppm. The 
colorimetric sensor changes his output signal 
about 18 mV from 271 mV to 253 mV. After 
ventilation the sensor needs 4.7 min to reach 
again its T90 value. The actual CO 
concentration was recorded with a Binos 100 
[7] gas analyzer.   
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Fig. 6. Reaction of the Rh-dye to TF2. The output 
signal of the colorimetric sensor is analogue to the 
reference CO sensor.  

 

The TMPD dye was exposed to TF 6. 
According to EN 54, the NO2 concentration can 
reach up to 2 ppm. The recorded measurement 
is shown in fig. 7. For fire generating, 2.53 liters 
ethanol were inflamed. After burning for 10 
minutes the following gas concentrations are 
detectable: CO: 4.68 ppm; CO2: 8110 ppm; NO: 
1785 ppb and NO2: 695 ppb. The output voltage 
of the colorimetric sensor decreases from 503 
mV to 158 mV during NO2 exposure. This is a 

signal change of 69%. After 10 minutes the fire 
was extinguished and the room was ventilated. 
After 24 minutes the sensor reaches his T90 
value again.   
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of the colorimetric sensor is analogue to the 
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Conclusion 
We presented the development of colorimetric 
gas sensor; especially regarding two different 
dyes to detect the fire indicating gases CO, 
resp. NO2. Both dyes were embedded into 
polymer matrices and deposited on optical 
waveguides by spin coating. UV/VIS 
measurements showed the color change of 
both materials in the blue wavelength area. A 
demonstrator was built up, to perform real fire 
tests. The sensors were exposed to the two 
standardized test fires TF 2 and TF 6. Both 
dyes show an excellent gas depending 
behavior. The measured sensitivities are 0.2 
mV/ppm(CO) for Rh, resp. 494 mV/ppm(NO2) 
for TMPD.    

We have shown, that these colorimetric sensors 
a promising alternative to commercial low-cost 
gas sensors for reliable fire detection.  
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