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 Unsaturated volatile organic compounds (VOCs) are an important pollutant of industrial 
ventilation air exhausts. The presence of a double bond in the composition of their 
molecules increases their reactivity with respect to plasma components generated by a 
pulsed corona discharge.  
 

 This work presents studies of the influence of the nature and structure of unsaturated 
VOCs on the efficiency of their destruction under the action of pulsed corona discharge 
plasma with a duration of 20-45 ns. The method of competing reactions based on the 
study of mixtures of the studied compounds is proposed as a research tool. The method 
allows us to determine the relative reactivity of compounds with high accuracy and 
identify the main mechanisms.  
 

 The obtained results showed that the cleaning efficiency for compounds that do not 
contain chlorine in their composition correlates well with their reactivity with respect to 
ozone. Halogen-containing unsaturated compounds, in contrast, are resistant to ozone 
and are removed more efficiently in nitrogen than in air. The found regularities will be 
useful for the development of air purification systems in the production of plastics and 
processes involving halogen-containing solvents. 
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 Unsaturated organic compounds are a class of compounds that are very widely used in 
chemical synthesis, as monomers in the production of plastics. They are highly toxic [1]. 
Halogen derivatives of unsaturated compounds are widely used as highly effective 
solvents and means for inhalation analgesia. By themselves, they are not very toxic, but 
when they get into the atmosphere, they are atmospheric ozone poisons. Unsaturated 
compounds, as volatile organic compounds (VOCs), are released into air vents and are an 
important class of harmful emissions from industrial enterprises. 

 
 One of the methods of air purification from VOC vapors is methods using non-

equilibrium plasma of pulsed discharges [2,3]. The use of non-equilibrium plasma makes 
it possible to initiate plasma-chemical processes in flows without significant thermal 
heating. 

 
 This work presents the results of a study of the relative reactivity of unsaturated 

compounds and makes an assumption about the main directions of conversion of 
unsaturated VOCs. The basic research method is the method of model mixtures [4-7], 
which allows obtaining the most reproducible experimental data.  
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              Unsaturated VOC     CAS # 
kO3,  

       cm6s-1 

Relative reactivity, 
KSt 

Styrene 
C6H5CH=CH2 

100-42-5 1.410-17 1.00 

-methylstyrene 
C6H5C(CH3)=CH2 

98-83-9 1.510-17 1.07 

Acrylonitrile 
CH2=CHCN 

107-13-1 1.3810-19 0.01 

Methylmethacrylate 
CH2=CH(CH3)COOCH3 

80-62-6 6.710-18 0.48 

Crotonaldehyde 
CH3–CH=CHCOH 

123-73-9 1.7410-18 0.124 

Dichloroethylene (DCE) 
CCl2=CH2 

75-35-4 9.0110-21 6.410-4 

Trichloroethylene (TCE) 
CCl2=CHCl 

79-01-6 5.010-20 3.610-3 

Perchloroethylene (PCE) 
CCl2=CCl2 

127-18-4 1.010-21 710-5 

Table I. Rate constants of unsaturated compounds for reaction with ozone [8]. 

Unsaturated organic compounds that do not contain chlorine in the composition, according to 
Table I, have an increased reactivity to ozone. Ozone always accompanies the treatment of air 
mixtures with non-equilibrium discharge plasma. 
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Parameter 
Experimental set-up 

Installation I Installation II 

High voltage generator SM-4 SM-2 

Pulse duration (on 1/2 
of pulse  hight) 

20 ns 45 ns 

Voltage (amplitude) 105 kV 62 kV 

Curent (amlitude) 540 A 65 A 

Pulse energy 0.5–0.7 J 0.08–0.150 J 

Pulse repetition rate 10 Hz 48 Hz 

  

Table II. Experimantal setup parameters 
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Fig. 2. Functional diagram of the experimental installation. 

1 –  plasma chemical reactor (PCR) chamber;  2 – HV  generator;  

3  –  potential electrode (cathode); 4  –  external electrode (anode);  

5 –  shunt; 6 – voltage divider; 7 – insulator; 8 –  viewing window;  

9  – fan; 10 – sampling on the metering loop of the chromatograph 

Fig. 1. Appearance of the experimental installation 

Experimental setup for study VOC conversion in pulsed corona discharge plasma 

 The experimental setup is described in detail in [6]. The high-
voltage pulse generator is built using switches on SOS diodes. 
The principle of operation of such a generator is well described 
in [9]. The gas system of the plasma chemical reactor has a 
volume of 26 dm3. The discharge part consists of a cylinder with 
a diameter of 85 mm and a length of 56 cm, along the axis of 
which a potential electrode from a guitar string with a diameter 
of 0.24 mm is stretched.  

 
 Analysis of the VOC content was performed by gas-

chromatographic method .The content of O3 was estimated by 
absorption at a wavelength of 255 nm on UV-spectrometer 
“Specord-200” in a gas quartz cell of 1 cm thick using absorption 
tables [10]. 
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     The experimental method is based on the one described earlier [6,7]. In the course of 
experiments, the concentration dependences of impurities Xi on the energy (specific energy) 
introduced into the unit volume of gas e were studied. The specific energy E was calculated for a 
series of pulses using the formula:  

 
E = Ep f t / V, 

 
where V is the volume of the gas system, V =26 dm3; f -  pulse repetition frequency; t  - time of the pulse series. The 
pulse energy was calculated from the waveforms U(t) and I(t) for each pulse series using the formula: 
Ep = U(t) I(t) dt. 

 
    First, an experiment is performed to process a mixture that simulates the composition of air and 
determine the dependence of component concentration [Xi] on the specific energy E, i.e., energy 
input per 1 dm3 of the air mixture. As a rule, at [O3] up to  2000 ppm, the dependency is straight 
and it is convenient to approximate a straight line, from the slope of which it is possible to obtain 
the plasma chemical yield of ozone GO3 [molecule/100 eV], taking into account the conversion of 
dimensions: 1 ppmdm3J-1 =0.433 molecule/100 eV. The GR value was determined from the slope of 
concentration dependencies obtained experimentally in the initial region as:  

 

𝐺R ≈  ∆[Xi] ∆𝐸 N
𝑖=1  at E= 0.1Emax.  

Research methodology 
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Fig. 3. Component concentration [Xi] vs specific energy E; [O3]0 –concentrations of ozone O3 in pure air. Markers represent 

experimental data. The slopes show a plasma chemical yield G, (mol./100 eV). The air with styrene, X1 = (C6H5CH=CH2) and air with 

MMA, X1 = (CH2=CCH3COOCH3). [O3]MMA and [O3]Styrene – concentrations of O3 with admixture of MMA and styrene, respectively. 

 Styrene and methyl methacrylate  ( MMA) are multi-tonnage monomers for the production of plastics. 
 Research shows that the main active factor in the removal of styrene and MMA vapors by pulsed discharge plasma is ozone. 

Conversion of styrene and methyl methacrylate vapors 
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Fig. 4. Component concentrations [Xi] vs specific energy E with the combined presence of impurities, X1 = styrene and 

X2  = MMA: for air (a) and nitrogen (b). [O3]0 –concentrations of O3 in pure air. Markers represent experimental data. The 

slopes show a plasma chemical yield G, (molecule/100 eV). [O3] is the ozone concentration. 

 One way to study "fast" processes using "slow" analysis methods is to use a mixture of components under equal conditions. Figure 4a 
shows how the use of a mixture of MMA and styrene components makes it possible to identify the difference in the reactivity of MMA 
and styrene. The ratio of reaction rate constants k2/k1 = 0.44 for MMA (k2) and styrene (k1), respectively, was calculated by solving 
inverse kinetic problems. This ratio correlates well with the ratio of reaction constants to O3 shown in Table I. Thus, it is concluded that 
when these substances are removed, the reaction with ozone is predominant.  

Method of competing reactions in the study of the conversion of a mixture 
of styrene and MMA vapors 

a b 
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Fig. 5. Component concentrations [Xi] vs specific energy with the combined presence of impurities: for (a) air and (b) nitrogen 

with  [O3]0 –concentrations of ozone O3 in pure air. Markers represent experimental data. The slopes show a plasma chemical 

yield G, (molecule/100 eV). The air with X1 = TCE and X2  = VC. [O3] is the ozone concentration. 

 Chlorinated ethylenes:  trichloroethylene (TCE) and perchloroethylene PCE – are highly effective solvents. Vinylidene 
chloride (VC) is a monomer for the production of plastics. 

   Chlorinated forms of ethylene are highly effectively removed by plasma in air and nitrogen, but ozone is not the main 
active reagent for them. 

Investigation of vapor conversion of chlorinated forms of ethylene 

a 
b 
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Component of mixture Experiment parameters 

1 i GO3 GR ki/k1 
Styrene MMA 3.8* 3.63* 0.44 

2: -methylstyrene 
3: acrylonitrile 

11 17 1.3 
0.05 

MMA Crotonaldehide (CA) 12 15 0.38 (0.17*) 
VC TCE 8.6 32 0.68 

PCE 8.6 22 0.36 

•* - indirect calculation, relative to styrene 

Table III. Relative reactivity of  unsaturated VOCs 

Relative reactivity of various unsaturated compounds relative to  pulsed 
corona discharge plasma components 

GR  (mol./100 eV) – production efficiency (plasma-chemical yield) of a formal reagent (a set of 
reacting particles); 

GO3 (mol./100 eV)  – production efficiency (plasma-chemical yield) of ozone. 
 

 The GR/GO3 ratio can be used to assess the degree of ozone participation in the 
process. 
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Conclusions 

 By the method of competing reactions, the relative reactivity of 

unsaturated compounds in the air in relation to the pulse 

discharge plasma was estimated::. It is shown that in this case, 

ozone is an important participant in the removal process. 

 By the method of competing reactions, the relative reactivity of 

halogenation of unsaturated compounds in the air in relation to 

the pulse discharge plasma was estimated. In this case, chain 

processes play a significant role in the conversion process, which 

are more efficient in the absence of oxygen. 

 The found regularities will be useful in the development of 

effective plasma chemical methods of air purification. 
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