Plasma Components: -Neutral particles -Electrons and Ions -Electric fields -Excited Particles: radiative and metastable

Keywords: radicals, ROS, RNS -Photons (UV, Visible, IR)

Why speaking about GARBURES ?

Because GARBURES contains numerous energy components: different vegetables (potatoes, pumpkin, leek, turnip, onion, tomato, …) and different meat (pork, duck, …) a bit like …

Current research mainly focuses on the non-thermal effects of plasmas: applications below the threshold of thermal damage (slightly above room temperature) aim at inducing a specific response or chemical modification by generating active species that are either produced in the plasma or in the tissue brought into contact with plasma. Non-thermal plasmas have only little effect on the surrounding (healthy) tissue (at relatively low room temperatures), but allow efficient disinfection and sterilization of living tissue within seconds by inactivating gram-negative and gram-positive bacteria, fungi, virus, spores, various parasites and foreign organisms or pathogens. Furthermore, plasmas allow controlled, highprecision tissue removal without inflammation or damage, modify tissues at the cellular level and avoid inflammation and scarring. An advantage of its gaseous form is the possibility to penetrate even in inhomogeneous surfaces, cavities and fissures down to the micrometre scale, at which traditional fluid or chemical techniques fail. Another large benefit of plasma treatment is the contactless, selfsterilizing, pain-free, non-invasive and pure physical application, which offers the possibility of drug delivery at the molecular level.

In early applications, non-living surfaces were treated with plasmas to obtain the desired effects in biomedical research. For more than 5 years now, surfaces of medical equipment have been rou- 

Plasma

DISCHARGE STRUCTURE AND MICRODISCHARGE PROPERTIES

Dielectric-barrier discharges are characterised by the presence of one or more insulating layers in the current path between metal electrodes in addition to the discharge space. Different planar or cylindrical configurations are common (Fig. 1). Closely related are surface discharge configurations in which discharges are initiated at a dielectric surface due to strong electric fields generated by imbedded metal electrodes. The presence of the dielectric(s) precludes dc operation. Although DBD configurations can be operated between line frequency and microwave frequencies the typical operating range for most technical DBD applications lies between 500 Hz and 500 kHz. 

Examples of energy ionisation

Mechanisms in electrical discharges

A#er the forma-on of electronic avalanches, and when the space charge field becomes greater than the applied electric field, the space charge field controls the discharge and its dynamics.

We thus obtain an ionization wave, which propagates itself due to the space charge field. This ionization wave is called a STREAMER The propagation velocity of streamers is higher than electronic avalanche velocity 10 5 to 10 8 cm.s -1 at atmospheric pressure 

H 2 O 2 HO + HO → H 2 O 2 N 2 (A 3 Σ u + ) + H 2 O (g) → HO + H + N 2 N 2 (B 3 π) → N 2 (A 3 Σ u + ) + hν N 2 (FPS)

GAS-LIQUID INTERACTION

Experimental setup used for optical analyses of the ionisation during PBS treatment. 2 mL of PBS (10 mM, pH 7.4) are exposed ing gas device and their analysis via Optical Emission Spectroscopy ncy 10 kHz, duty cycle 1%. The flow rate is fixed at 1.67 slm for the as (constant whatever the composition in O 2 /N 2 is). A detailed cross of the image.

Control of the air environment

Indeed, as it was shown in our previous work for an uns Concerning H 2 O 2 , at a gla concentrations for 100% N 2 in t However, regarding the excited s emission is maximum for a p H 2 O 2 could be formed in the reaction (eqn ( 5)): 53,57,59 HO + HO Variations of nitrite (NO 2 À ), hydrogen peroxide (H 2 O 2 ) and nitrate ) concentrations measured in 2 mL of PBS (10 mM, pH 7.4) treated utes by CAPs (working gas 1.67 slm He) for various shielding gas sitions (0.03 slm). NO 2À and H 2 O 2 are measured using electro-À Electrochemistry Girard, Clément et al. Phys. Chem. Chem. Phys. 2018, 20, 9198-9210 

Phosphate Buffer Saline

H 2 O 2 " O 2 O 2 " H 2 O 2 H 2 O 2 " H 2 O O 2 °-1 H 2 O 2

Steel processing tests

The plasma bounces on the surface 

Figure 1

 1 Figure 1 Components of plasma. ROS, reactive oxygen species (O, OH, H 2 O 2 , O 3 ); RNS, reactive nitrogen species (NO, NO 2 ).

  Figure 8
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  . Lu et al. / Physics Reports 540 (2014) 123-166 125 a b irected streamer. (a) Streamer at two consecutive moments of time, with secondary avalanches moving toward the positive head of the rows are photons that generate seed electrons for avalanches. (b) Lines of force of the field near the streamer head [1]. X. Lu et al, guided ionization waves: theory and experiments, Physics reports 540 (2014) 123-166
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Fig. 3

 3 Fig. 3 Specific ''diffuse'' ionization waves generated with the shie device for various O 2 /N 2 mixtures. The flow rate is fixed at 1.67 slm working gas (pure He) and at 0.03 slm for the various O 2 /N 2 com added in the surrounding device. CAPs are propagated in air after from the shielding gas tube.

  Fig. 11 pH variations measured in 2 mL of PBS (10 mM, pH 7.4) after a 10 minute treatment by CAP (working gas 1.67 slm He) as a function

  45 µM.min -1 )* * With N 2 as shielding gas GAS-LIQUID INTERACTION Collab. ENSCBP Bordeaux : S. Arbault, V. Badets, P. Lefrançois WE = Platinized Pt disk (25 µm Ø, 37.5 µC) Ref = Ag/AgCl wire CE = Pt wire Different types of shielded electrodes used during plasma exposure Black Pt working electrode (enhanced selectivity and sensibility)

  at atmospheric pressure are very interesting processes for the production of reactive species usefull for biomedical applications Discharges mechanisms have to be studied for the produc:on of these reac:ve species: charges, radicals and excited states, photonsThe control of the environments (gas and liquid) is capital for a better understanding of the interactions mechanisms between plasmas and liquids or solid materials 35Electrochemistry methods are very usefull to follow the produc:on of chemical species produced in liquids during plasma exposures Finally « Garbures » are complex to analyse and difficult to reproduce, but we love to cook and we can sometimes find new recipes ! and THANK YOU FOR YOUR ATTENTION le ragoût de pattes de cochon « pig's leg stew » The « POUTINE » Merci To the organising committee To Cora Roy for her help and of course to Diego Mantovani
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	se détachent de l'atome et se déplacent avec le champ. Par contre dans un isolan et ne se détachent que si on leur fournit une énergie suffisamment grande d'ionisation de l'atome. Mechanisms in electrical discharges Remarque : L'énergie d'ionisation W i est l'énergie qui retient l'électron dans l'or DEFINITION W i = e V i
	e : charge élémentaire d'un électron ; V i : potentiel d'ionisation
	On donne ci-dessous les énergies d'ionisation de quelques gaz. Townsend laws: Electronic avalanches in the gap Anode Molécules W i (eV)
	Ionisation : A+e -=> A + + 2e -….							CO 2 N 2 O 2			13,7 15,5 12,2
								H 2				15,4
								H 2 O			12,6
	IV.1. Ionisation par collision				
	Cathode Two important coefficients depending on a) Ionisation : Sous l'action de E l'électron qui se déplace avec the nature of gases and electrodes used une énergie cinétique W c , entre en collision avec
	l'atome ;									
	Avec W c = ½ m v 2					
	m : masse de la particule				
	v : vitesse de la particule				
	Si W c ≥ W i ⇒ ionisation de l'atome ;	A	+	W c	→	A	+	+	é 1	+	∆	W
	avec	∆	W	=	c W	-	i W	énergie supplémentaire cédée à l'électron libéré sous forme d
												3
			Dielectric Barrier Discharges. Principles and applications
			Kogelschatz et al., J.Phys. IV France 7, 1997	

C'est le processus d'ionisation le plus fréquent dans les gaz. Électron v Figure 7

2 à O 2 + 2H + + 2e - NO 2 -+ H 2 O à NO 3 -+ 2H + + 2e - O 2 °-

  GAS-LIQUID INTERACTION in situ, during plasma exposure
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	3' plasma ON
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Possibility to follow long-lived and short-lived RONS produced in PBS during plasma exposure

  

	IR-ATR analyses of PLA substrates exposed Another example																	
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ATR analyses of PET substrates exposed Another example IR-ATR analyses of PP substrates exposed Another example IR-ATR analyses of PP substrates exposed

  Surface aging must be controlled, which is linked to the gaseous media in which the samples are stored!

			IR ATR is a simple
			method to follow
			qualitatively
			surface oxydation
	As well as		
	wetabilty analyses	ZOOM Before plasma exposure	After plasma exposure
		But …	
		chemical characterizations are needed (XPS)
		Work in progress…