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Discrimination of paints emissions by means of an electronic nose
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ABSTRACT

Severd paints of two types were chosen to assess an ar quality monitoring tool based on an eectronic
nose. We are trying to improve the discrimination capability of the system by means of pattern recognition
techniques.

The ectronic nose we use is based on conducting polymer sensors. The paint samples were acquired
using an acquisition protocol that was previoudy defined and a data base was congtituted.

INTRODUCTION

The use of new synthetic materias such as carpets, pladtic tiles, paints etc. in resdences, commercia or
public buildings has been increasing these last decades in relation with comfort improvements, noise
reduction, energy savings aswell as psychologica wel being. During the same time, the number of
complaints about adverse effects on comfort and hedlth associated with the use of such materids has
been increasingly reported and the volatile organic compounds (VOCs) emission has been frequently
addressed as a possible cause in the debates on indoor air quality problems.

Severd physico-chemicd techniques (GC/MS, HPLC etc.) have been used in order to evauate indoor
ar qudity (IAQ) by assessaing individud VOCs emitted by building materids and furnishings[1, 2]. On
the other hand, subjective human andyss alowing assessment of odor intensity [3] or acceptability [4,5]
has been devel oped. However, these techniques are time consuming, expensive and not able to perform
red time evaudion.

Promising techniques such as multi gas sensor systems (aso named el ectronic noses) have been
developed and used in severd fields such food, packaging, cosmetic and car industry and, more recently,
for some environmental applications such as space, ambient and indoor air. Based on different kind of
active materids (sntered metal oxide, phtalocyanines, conducting polymer, quartz crystas ...), available
sensors are used for their broad specificity, and because, when they are used in arrays, they can
discriminate complex chemica mixtures without separation of individua compounds. As such, an
electronic nose is an ingrument trying to mimic the human olfaction [6,7].

The am of the research conducted & CSTB isthe development of ared time ar quaity monitoring tool
using an dectronic nose based on conducting polymer sensors and artificid neurd network pattern
recognition technique. The first part of the work presented hereis the evauation of the discrimination
cgpability of such eectronic nose regarding V OCs frequently emitted by the building meterids. The
experimental methodology as well as the results obtained are presented below.



Methodology

The work is based on an dectronic nose congtituted with alayer of 32 conducting polymer sensors,
sengtive to a simulus (volatile compounds) by producing time-dependent electric sgnadswhich are
processed independertly afterwards to produce a multi-dimensiond vector. This vector represents the
paitern of the stimulus, it is then checked for identification againgt a database containing Smilar vectors by
pattern recognition techniques which are either Satistica methods (principal component anays's,
discriminant function analysis being the most used) or artificia neurd network techniques.
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Figure 1 : Experimental schema

Thiswork uses an dectronic nose based on conducting polymers with a pattern recognition toal. It
concerns the evaluation of the discrimination power of the system to three paintings containing acrylic
resns named A, B1, B2 and four glycerophtalic paintingsnamed C, D, E, F.

Acrylic paints:

1,2 Propanediol, 2-(2-Butoxyethoxyethanol), 2 Methylpropanoate of ( 1 tertiobutyl , 2 methyl, 3 hydroxy
)propyle,2 Methylpropanoate of ( 2 ethyl , 3/hydroxy )hexyle
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Figure 2 : time dependent response (% DR/R) of two acrylic paints (A_2, A 9, B1_3)

Glycerophtalic paints:

Aliphatic hydrocarbons: Heptane, Dodecane, Dimethylnonane, M ethyldodecane, Dimethyldodecane,
Aldehydes: Pentana, Hexana, 2 Heptend,

Acids: 2-ethylhexanoic acid, hexanoic acid, pentanoic acid),



Alcohols: 2-(2-Butoxyethoxyethanol),
Aromatic hydrocarbons: Tetramethylbenzene, Dimethyl, methylethylbenzene,
Cetones: 2 Butanone, Cyclohexanone.

Figure 2 : time dependent response (% DR/R) of two glycerophtalic paints (C_4, C_12, C_13)
The discrimination is based on the different interaction energies between active Sites scattered in the
conducting polymer film and the volatile compounds giving rise to different levels of variation in the bulk
€lectronic conductivity of each sensor [8]. These molecular interactions are dependent on the nature and
Structure of Sites and compounds aike. The problem isto determine if the system is able to recognize
smdl variationsin the nature or the structure of samples. Anided discrimination power being represented
by the recognition of the smallest variation with regard to a reference compound.

Experimental protocol
Sampling rate : 1 second, Reference 90 seconds, Sampling 210 seconds
The tests were redlized by injection with a syringe of a known volume of the pure liquid compound in a
sample bag filled with 700 ml of synthetic ar a a relative humidity of 15-20% (a ambient temperature :
20-25°C). Each sample bag was then tested againgt a blank bag filled with synthetic ar after an
equilibrium time suffident to the totd liquid -vapor trangition (Figure 1). The response obtained is then
expressed in percent of relaive resstance variaion of each sensor (% DR/R). After eech acquistion the
sensors were cleaned with a 98/2 water/n-butanol saturation vapor during 210 seconds and again
exposed to clean air.
For each compound the injected volume is determined by the saturation vapor pressure and relatively
by the other compounds in order to obtain the same magnitude of the global response (sum of the 32
responses for one test). The last parameter alows to keep the signal/noise ratio congtant dong the
experiments. It givesasame leve of noise for dl the measurements alowing the comparison of the results
even if the concentration used for each compound was different. Ten replicates were redlized for each
compound. The concentration level used varies from 1920 part per million (ppm) for ethylbenzene to
4300 ppm for styrene. All relative standard deviations were within 2% of the concentration. Statigtical
data analyss was used to andyse the data obtained.
The paints were applicated on a glass substrate and dried for 24 Hours in the laboratory conditions. To
do the measurements, every glass was put into a Tedlar sampling bag witch was sedled and fulled of 1
liter of synthetic air. Equilibrium time was fixed to 15 minutes. The measurements for every pain were
redlized after 24 hours and 48 hours of drying. On an other hand, the paintings were tested in asmulation
chamber to determinate and quantify the COV's emitted by adsorption on Tenax TA cartridges by
thermodesorption coupled with a gas chromatography equipped with a flame ionization detector and a
mass spectrometer.
The data were andlyzed by comparing two phases of the signd : @) the dynamic phase, corresponding to
the beginning of the adsorption/desorption process giving rise to an important response change; b) the



datic phase, corresponding to the equilibrium in the adsorption/desorption process with a stabilized
response levdl.
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Figure 1 : Static and dynamic phases definition
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Figure 3: static phase, P.C.A and hierarchical classification
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Figure 3: dynamic phase, P.C.A and hierarchical classification
The eectronic nose response profiles of the two types of paintings were different due to the difference of
the chemica mixturesinvolved in every type of painting.
The acrylic painting emit globaly glycols and glycol esters that gave a high postive response from the
sensors while glycerophtalic paintings presented carboxylic compounds that are adehydes and carboxylic
acids inducing negative responses of the sensors.
About the 24 and 48 hours time drying, the two groups of paintings were distinguished even if one
exception was encountered for a glycerophtaic painting split between the two groups depending on the
drying time. The profile of that painting has changed over time (between 24 and 48 hours time drying) the
carboxylic compounds that were detected after 24 hours drying became very low after 48 hoursinducing
anegative response profile.

CONCLUSION

The evauation of the discrimination capability of an dectronic nose as regards VOCs frequently emitted
by the building materids has been studied. The discrimination between the acrylic and glycerophtaic
paintings was obtained by using the dectronic nose.

The system helped discriminate between the two types of paintings on agloba bass (being sengtive to
the whole mixture of every painting)

We are now completing a sensory pand evauation of the paintings on an intendty basis and trying to
correlate it with the eectronic nose responses
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