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Abstract. Glow discharge in atmospheric pressure air in the discharge cell with a liquid cathode is considered. Current-voltage characteristic of such a system at different distances between the electrodes and various electrode placements, different thickness of the liquid layer and the cathode surface area are shown. Spectral emission of the glow discharge plasma in the vapors of a liquid is demonstrated.
In this work a system composed of the anode and submerged under the liquid layer cathode was investigated (figure 1). For ignition of the discharge was developed a high voltage scheme, which allows to vary the pulse repetition rate from 15 to 50 kHz, at a voltage from 0 to 3,5 kV (figure 2). Rod of tungsten with a diameter of 4 mm, sharpened at an angle of 30°, separated from the liquid by an air gap in which discharge occurs upon application of high voltage, is used as the anode.
	

	
	




	Figure 1. Simplified design scheme of the discharge cell.
	
	Figure 2. Voltage and current oscillograms of the glow discharge.


While using a similar supply system conductive liquid plays the role of distributed resistive-capacitive ballast. Distance from the anode to the surface of the liquid was varied in the range 3...10 mm. In the case where it is not specified the thickness of the liquid layer above the metal cathode in the experiments was equal to 4 cm.
Current-voltage characteristics (I–V curves) of the studied system (the glow discharge and the distributed liquid ballast) at different distances d between the anode and the surface of the liquid are shown in figure 3. The results were obtained at a constant frequency of 40 kHz. Similar results were observed in the whole investigated frequency range.
At d = 4...6 mm the discharge was burning only in the certain ranges of frequencies and voltages. At d = 5 mm frequency range of the discharge was 19,5...50 kHz. At d = 3 mm the discharge was maintained over the entire range of frequencies and voltages. The high brightness of the glow discharge is observed at currents exceeding 20 mA.
	
	
	

	Figure 3. I–V curves of the glow discharge at different distances metal anode–liquid cathode.
	
	Figure 4. I–V curves of the glow discharge at different thickness of the liquid layer above the metal cathode.


As the distance between the liquid surface and the cathode is changed I–V curves of the discharge become more steeply dipping (figure 4). As a result the energy contributed into the discharge decreasesand, consequently, the brightness of its radiance reduces. In this experiment the distance between the metal anode and the liquid was maintained equal to 3 mm.
The increase in the current flowing in the discharge gap leads to a change in the shape of the discharge – from cone, in which there is a uniform current distribution on the surface of the liquid, to ellipse, in which there is a "binding" of the discharge to a specific area on the surface of the liquid. In this case the distributed resistance of the liquid layer is not enough to limit the current and instabilities, inherent to the glow discharge, lead to its contraction and the formation on the surface of the liquid of an explicit cathode spot [1]. This spot move quickly across the surface of the liquid.
In the next experiment the influence of the surface area of the metal cathode located in the depth of the liquid on the I–V curves of the gas discharge was investigated (figure 5). Originally the area of a rectangular plate was equal to about 14 mm2. With the decrease in the surface area of the metal cathode decreases the voltage of the discharge sustaining, this fact is connected with the decrease of the resistance of the liquid volume through which an electric current flows.
Similar results can be obtained while shifting the anode relative to the cathode. The results of this experiment are shown in figure 6. With the shift of the anode increases the distance between the electrodes, which leads to an increase of the discharge voltage, and also increases the distributed resistance of the liquid, which leads to a sharper voltage drop with the increasing current.
	
	
	

	Figure 5. I–V curves of the glow discharge at different surface areas of the metal cathode.
	
	Figure 6. I–V curves of the glow discharge at different positions of the anode relative to the metal cathode.


Spectrogram of the atmospheric pressure discharge in the air between the metal anode and the liquid surface was received using a spectrometer ISM3600 [2, 3]. Processing of the obtained spectra was performed using the Aspect2010 software [4]. One of the main functions of this software is plasma emission spectrum analysis.As the test liquid in all the experiments tap water was used.
In figure 7 a spectrogram of the glow discharge with liquid cathode at a distance between the anode and the water surface d = 4 mm and the frequency of the supply voltage of 30 kHz is shown. The sensitivity of the spectrometer (charge accumulation time) is equal to 2 s.
	


	Figure 7.Spectrogram of the glow discharge with liquid cathode (the inset shows a photograph 
of the discharge).


The most intense emission spectral lines of the glow discharge plasma are concentrated in the interval of wavelengths 300...400 nm and correspond mainly to the hydroxyl group OH–,singly charged ions of nitrogen N+ and oxygen O+ and also molecular nitrogen and oxygen. In the visible wavelength range spectral lines of molecules of lithium, copper, potassium, sulphur and aluminum are observed. In the range 800...1000 nm peaks corresponding to calcium and sodium can be seen.
The efficiency of the spectral lines excitation for various elements is different and strongly depends on the electric parameters of the discharge and the structural characteristics of the discharge cell and even the temperature of the liquid. During the experiment it was found that the use of more hot water shifts the I–V curves of the discharge in the direction of lower voltages.
References
[1]	Bystrov Yu A, Kostrin D K, Lisenkov A A, Vetrov N Z 2015Vakuum in Forschung und Praxis222–25
[2]  	Kostrin D K, Oukhov A A 2013 Biotechnosphere321–25
[3]	Kostrin D K, Uhov A A, LisenkovA A 2016 Vakuum in Forschung und Praxis3 2–5
[4]	Uhov A A, Gerasimov V A, Kostrin D K, Selivanov L M 2014 Journal of Physics: Conference Series567 012039
[5]
[6]
[bookmark: _GoBack][7]
6 мм	16.304347826086957	10.563000000000002	5.68	4.0760869565217375	3.4	3.4499999999999997	3.4899999999999998	3.5	5 мм	21.739130434782613	20.380434782608692	14.568	10.867000000000004	2.9891304347826093	3.19	3.2	3.29	3.3	3.4	4 мм	20.380434782608699	15.489000000000004	12.367000000000004	8.2349999999999994	2.8532608695652177	3.1	3.15	3.13	3.18	3.2	3 мм	3.923	5.6319999999999997	13.586956521739134	16.304347826086957	17.663043478260864	19.021739130434778	20.23	21.23	2.98	2.9499999999999997	2.9	2.8	2.79	2.7600000000000002	2.7	2.69	Current, mA

Voltage, kV


4 мм	18.832000000000004	15.750400000000004	14.380800000000002	12.326400000000003	10.272	9.9296000000000006	2.5723598435462836	2.7157757496740551	2.8161668839634935	2.9204693611473278	3.0495436766623212	3.1499348109517609	5 мм	18.489599999999992	16.7776	15.065600000000005	13.353600000000005	12.326400000000003	10.956800000000005	2.6075619295958279	2.6805736636245112	2.8396349413298569	2.9126466753585381	3.0208604954367662	3.1395045632333773	6 мм	19.859200000000001	18.832000000000004	15.750400000000004	13.696000000000002	10.6144	2.6492829204693602	2.775749674054758	2.9022164276401567	3.0664928292046927	3.3037809647979151	7 мм	21.2288	19.174400000000009	14.380800000000002	12.326400000000003	10.956800000000005	2.6897001303780965	2.8057366362451108	3.0860495436766624	3.2046936114732731	3.3311603650586687	Current, mA

Voltage, kV


100 %	21.23	19.021739130434778	17.663043478260864	16.304347826086957	13.586956521739134	5.6319999999999997	3.923	2.69	2.7600000000000002	2.79	2.8	2.9	2.9499999999999997	2.98	75 %	22.114999999999998	19.461199999999984	18.37	14.153600000000004	8.8460000000000001	2.6537999999999995	2.6047008547008552	2.6987179487179507	2.72	2.8311965811965814	2.8846153846153837	2.9059829059829059	50 %	22.114999999999998	21.230399999999989	20.345800000000001	15.922800000000002	7.0768000000000004	2.6537999999999995	2.3899999999999997	2.4099999999999997	2.4487179487179507	2.5299145299145311	2.5576923076923088	2.5811965811965822	25 %	22.114999999999998	21.230399999999989	20.345800000000001	16.807399999999991	13.269	7.9613999999999994	2.6537999999999995	2.3504273504273514	2.3803418803418808	2.3952991452991443	2.4401709401709413	2.4850427350427347	2.5085470085470098	2.5384615384615392	Current, mA

Voltage, kV


10 см	26.537999999999997	19.461199999999984	14.153600000000004	7.0768000000000004	1.7691999999999994	2.4722222222222223	2.6688034188034191	2.6901709401709413	2.6987179487179507	2.700854700854701	6 см	23.8842	17.692	13.269	7.0768000000000004	3.5383999999999998	2.3376068376068377	2.5576923076923088	2.5683760683760695	2.5705128205128207	2.5918803418803429	4 см	22.114999999999998	17.692	13.269	8.8460000000000001	2.6537999999999995	2.3205128205128207	2.4722222222222223	2.532051282051281	2.5662393162393173	2.5833333333333344	0 см	22.114999999999998	21.230399999999989	20.345800000000001	16.807399999999991	13.269	7.9613999999999994	2.6537999999999995	2.3504273504273514	2.3803418803418808	2.3952991452991443	2.4401709401709413	2.4850427350427347	2.5085470085470098	2.5384615384615392	Current, mA

Voltage, kV


oleObject3.bin
    [image: image1.png]Tek  JL. ETew MPos:0.000s - AUTORANGE
v

Autoranaing

ozl

Vertea
only

AN

Undo
Autotanaing

CHT 2000 G2 S M 100s i 7 4o
DR 150 93T






Time, μs







Current, mA







10



5



0







U, кВ







2



1



0







0      10       20      30      40       50      60      70











0      10       20      30      40       50      60      70
















image4.emf
          

Intensity of radiation, a. u. 

 250   300     350    400     450     500     550    600     650     700     750    800     900    1000          

Li  

N 2  

M g  

Cu  

OH –  

Na  

Na  

K  

Ca  

Al  

S  

80 70 60 50 40 30 20 10 0 

Wavelength, nm    


oleObject4.bin
[image: image1.png]





    [image: image2.jpg]





Intensity of radiation, a. u.







80



70



60



50



40



30



20



10



0







Wavelength, nm











 250   300     350    400     450     500     550    600     650     700     750    800     900    1000        











Na







Ca







Li







S







Al







K







Cu







Mg







N2







OH–







Na












image1.emf
 

R ballast  

U supply  

Cathode  

Anode  

Glass    cell  

Liquid  

Discharge    plasma  


oleObject1.bin


Rballast







Discharge 



plasma







Glass 



cell







Anode







Cathode







Liquid







Usupply












image2.emf
      

I, мА 

0         10       20        30        40       50        60        70    

0         10       20        30        40       50        60        70    

10 5 0 

2 1 0 

Time, μs  

Voltage, kV 


oleObject2.bin
    [image: image1.png]Tek  JL. ETew MPos:0.000s - AUTORANGE
v

Autoranaing

ozl

Vertea
only

AN

Undo
Autotanaing

CHT 2000 G2 S M 100s i 7 4o
DR 150 93T






Time, μs







Voltage, kV







I, мА







2



1



0







10



5



0







0      10       20      30      40       50      60      70











0      10       20      30      40       50      60      70
















image3.emf
      

U, кВ Current, mA 

0         10       20        30        40       50        60        70    

0         10       20        30        40       50        60        70    

10 5 0 

2 1 0 

Time, μs  


