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Detection of biological and chemical pollutants by mean of transportable LIBS detector

Professor Jacques Amouroux, Doctor Nicolas Leone 
ENSCP/University Pierre et Marie Curie Paris France
   Laser induced breakdown spectroscopy (LIBS) is a new technique for high speed atomic chemical analysis. the key of this technique is to produce a plasma spot of 5 -10 milliseconds in a gas or from the surface of a material by using a laser beam pulse from a YAG laser ( 257 micro m and 5 nano second pulse ).

   The technique developed is working with a YAG laser with a power beam between 1OO -15O mJ which produced at atmospheric pressure a plasma gas at a temperature up to 15000K so that any kind of gases ,solid surfaces or bacteria’s culture or able to be transform in an atomic excited plasma gas which gives electronic atomic lines after the brenstralung emission. By that way we are able to determined the  atomic chemical composition .
   The great advantages of this technique is coming for the high speed measure :few micro seconds, its high sensibility :1 ppm and at last the sampling process which does not need the dissolution of the material for a solid sample.
   The technique to do that needs first of all a  YAG laser ,an optical spectroscopy apparatus with a groove giving us a good resolution lines (usually between 1200-3600 per mm) and a CCD camera for the scanning of the signal at a very high speed because of the short time of the plasma spot 5-10 ms.

   From this knowledge it has been developed during the last ten years many applications from toxic pollutant gases, soil pollutions, metallic alloys, high purity material such as PV silicon, and more recently medical applications (zinc finger or bacteria identification)
 Depollution Process by DBD Discharge :theoretical study and industrial development
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   One of the main difficulties for depollution processes of gases is the high dilution of the impurities from few ppm to 1000ppm.Taking into account the large amount of gas flow outside of a chimney of an industrial plant (from 100 to 50;000 m3/h) the question is how to do that in agreement with the European regulation laws and an economic point of view for the factory.

   With the Polytechnical State University of Saint Petersburg and Pierre et Marie Curie university of Paris we have developed a DBD discharge barrier which is able to be very efficient for COV (volatile organic compounds) produced by many factories such as oil refinery, bitumen plants, painting hall, fishery, polymer production …
   The new idea for this process is to produce heavy molecules from the ligh organic pollutants by radical reactions initiated by DBD discharge effect

   For a better understanding we have to describe a DBD discharge usually produce by high electrical pulses of few nano seconds , high frequency ( 5-10 mega hertz) by using a high voltage power source (20-50 KV) ,40 KHz,1-5 KW. In order to do that we need two cylindrical electrodes insulated by quartz tube ,one is the high voltage and the second one is the ground electrode , the gap between them is about 2 to 3 mm depending of the pressure and the gas mixtures. From the discharge zone the nano pulses of plasma are characterized by high excited species such as atomic oxygen and ozone which are mainly responsible of the reactions with the COV molecules and produce radicals or carboxyl groups  ,in a second step these species produce aggregates or polar heavy molecules which are able to be trapped on zeolithe beads. this filtering process permit to the treatment of high gas flow at room temperature on a double filtering trays tower with an efficiency of 90%.This technique has been controlled by mass spectroscopy and gas chromatography in order to qualify the efficiency for each kind of molecules such as HAP ,carboxyl groups, olefin molecules ,benzenic species …
    The technique is able to be managed by automatic process in an industrial plant and to be in agreement with the scale of the pollutant gas flow with a very low energy consumption ( 10-30j/l).at the end we have demonstrated that the odour pollutions are able to be controlled.
