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There is a lot of research being done at present on new energy sources like the use of 

hydrogen (H2) to replace traditional sources because of both the current decrease in natural 

reserves of fossil fuels and also the greenhouse effect from CO2 emissions generated by present-

day processes of energy production. The amount of free H2 in the atmosphere is 0.01% in 

volume in pure air, so this element must be obtained from molecules that contain it within their 

own composition. Plasma can effectively provide the energy required for such reforming 

reactions. Several studies have been carried out using different types of discharges such as the 

dielectric barrier, microwave or corona discharges. However, microwave discharge systems 

(MIPs) and specifically surface wave discharges (SWD) have not been investigated enough for 

this purpose. Only Yanguas-Gil et al. [1] and Wang et al. [2] have used this type of discharge, 

although at reduced pressure. In this study a surface-wave discharge (SWDs) at atmospheric 

pressure has been used to produce the decomposition of alcohols in order to liberate H2 from 

their molecules. In addition, a relative quantitative analysis of the hydrogen production is 

obtained through spectroscopy techniques. This condition of pressure simplifies implementation 

on an industrial scale. 

The discharge was created inside a quartz tube open at one end (1.5 and 4 mm inner and 

outer diameters, respectively), using a total gas flow of 0.5 slm at a purity of 99.999%. Flame 

plasma was the configuration chosen for the experiments, with a discharge tube length of 1 cm 

while the rest of the plasma extended out into the air. Microwave power of 200 W and frequency 

2.45 GHz were used to generate the plasma. The power was supplied by a surfatron as the surface 

wave launcher [3]. The alcohols (methanol and ethanol) were introduced by a method called 

bubbling. The total gas flow was divided into two parts, one of them (flow 1) used as the carrier 

gas to drag the volatile phase of the alcohol to be introduced into the plasma. This argon flow was 

then united to the rest of the argon flow (flow 2) before introducing it all into the quartz tube 

which contained the discharge. Transport towards the discharge is favoured by the contact 

between argon gas and liquid alcohol. In order to study the capacity of the plasma to break down 

the hydrocarbon molecules introduced into the plasma, light emitted from the plasma was guided 

through an optical fibre to the entrance slit of a 1 m Jobin-Yvon Horiba monochromator 

(holographic grating of 2400 lines/mm) and a computer-controlled CCD camera was used to 

register the spectra. 

Figure 1 shows the emission of a pure Ar plasma and in Figure 2 appears the species 

obtained from the decomposition of alcohol molecules introduced into the discharge.   
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Fig. 1. Spectrum emitted by the plasma without alcohol  
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Fig. 2. Spectrum emitted by the plasma when alcohols (ethanol) have been introduced into the plasma 

 

Only emission from molecular species OH, NH, CN, C2 and a minority contribution of 

CH together with an increase in Hα have been detected in the spectrum (Fig. 2). Non- emission 

of CO bands has been observed as opposed to what was obtained by Yanguas-Gil et al. [1] in 

surface-wave discharge at reduced pressure. This result agrees with Timmermans et al. [4] in 

that the pressure favors non-formation of CO radicals.  

A mass spectrometer (PT M63 112 mod. Omnistar) was placed at the exit of the Ar-

alcohol plasma to detect molecular hydrogen, not observing CO2 formation, which is in 

accordance with non-CO formation in the plasma. So, the use of surface-wave discharge at 

atmospheric pressure could be considered a non-contaminating alternative source of hydrogen 

production.  
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