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Abstract 
The potential spread of methane-hydrogen mixtures as fuel with low environmental 
impact would bring out issues currently undervalued. In particular, the unique 
chemical and physical properties of hydrogen can generate abnormal and 
potentially dangerous conditions that it is useful to know and study in advance. The 
present work focuses on an experimental investigation of the behavior of these 
mixtures in contact with various metal surfaces, heated electrically. In particular 
gas mixtures simulating the typical composition of syngas, produced in gasification 
plants, are investigated under different conditions, including variable hydrogen 
content and contact with different metal surfaces.   
 
Introduction 
The use of hydrogen is considered a viable alternative to fossil fuels as an energy 
vector in many applications [1,2], since the environmental impact of the 
combustion of hydrogen is very low, compared to other fules. However the usage 
of pure hydrogen as a fuel, in place of natural gas for example, is not feasible on a 
short-medium timetable, due to many practical problems both in production and 
distribution phase[3,4]. Some peculiar behaviours of hydrogen, mainly related to 
its low density, high diffusivity and large flammability limits in air may reduce its 
applicability as a pure gas for safety and operative issues. A more realistic approch 
may be based on the use of gas mixtures with hydrogen, for example methane-
hydrogen mixtures. This is not the only situation in which hydrogen.containing 
mixtures are gaining increasing importance in the energy sector: nowadays a new 
ineterst in the gasification technologies is quickly growing in the biomass sector. 
The effects of hydrogen on the structural properties of metallic materials have long 
been known in many fields of the manufacturing industry. An authoritative 
Technical Report issued by ISO in 2004 devoted a special section to detailed 
guidelines aimed at preventing risks associated with such hydrogen effects on 
different types of metals and alloys [5]. Much less attention, though, has been 
devoted so far to the chemical aspects of the interaction between H2 and metallic 
materials, apart from those species which are known for their catalytic properties, 
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such as Pt, Cu, Ni. The Group at University of Calgary has devoted some studies to 
the high temperature effect of steel walls on the flammability properties of 
hydrogen. It was observed that the catalytic effect of the steel vessel could alter the 
flammable range of various hydrogen containing mixtures [6,7]. However, the 
specific role of different materials as well as the relationship between the nature of 
the solid surface and its effect on hydrogen oxidation are still poorly understood. In 
previous studies by some of the authors of the present paper some expects of these 
same issues has been investigated [8,9]. 
 
Materials and Methods 
The test rig, used in this study, is represented in Figure 1and in Figure 2; it is 
contituted of a set of mass-flow meters/controllers used to feed a gas mixture of 
known composition to the reactor. The tubular reactor, made of sapphire, has an 
internal diameter of 8 mm and a length of 160 mm. The gas mixture flows in the 
reactor in vertical position from bottom to top; the metallic surfaces, mainly 
spirally shaped, are placed in the centre of the reactor and they are electrically 
heated, by Joule effect, applying a variable current. It possible, in such a way, to 
vary the surface temperature from 400 up to 950°C. These temperature is 
monitored on the whole surface by means of an infrared thermografic camera. The 
specific morphology of the metallic samples has been selected to give a large and 
homogeneous surface in a small volume with a good contact with the flowing gas.  

 
Figure 1. Experimental test rig. 
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Figure 2. Detail of sapphire reactor and inner metallic wire heated at 950 °C. 

 
The thermo-fluid dynamic conditions inside the reactor has been studied through 
simple CFD simulations, which have shown that the gas reaches its maximum 
temperature within 1 cm from the startig point of the heated wire, the gas 
temperature along the centerline of the reactor is much lower than on the metal 
surface, even 200 °C colder, depending on the wire temperature. A representative 
image of the temperature field, inside the reactor and along its axis, is reported in 
Figure 3. The gas velocity in the reactor has been set to values low enough to 
maintain laminar conditions. The investigated gas mixtures inclede 
mathane/hydrogen and simulated syngas, hence they include H2, CO, CO2, CH4 
and N2, premixed with air at different equivalence ratios. Different materials 
(stainlees steel, carbon steel and corroded carbon steel) have been tested to study 
their effect on the mixture reactivity, as a function of the hydrogen content. Carbon 
steels are largely utilized to manufacture a variety of structures and components 
such as, for instance, exhaust manifolds in less recent vehicles. On the other hand, 
this material is prone to be attacked by various chemical agents, which can easily 
cause severe corrosion. For these reasons, the effect of exposure to severe corrosive 
environment was simulated by treating samples of carbon steel with a diluted 
aqueous solution of H2SO4. 
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Figure 3. CFD simulation of the gas flow inside the reactor at a flow rate of 
100 ml/min and a a surface wire temperature of 750 °C. 

 
The gas composition at the reactor exit has been measured by means of a micro-
gaschromatographic analyser equipped with advanced TCD detectors and two 
capillary columns: molecular sieves 5A and Poraplot U for water. The system 
provides capability of analyzing permanent gases and volatile compounds in a 
matter of 60-90 s, with relatively high sensitivity (the detection limit was below 
100 ppm in our conditions). Using these on-line analysis it has been possible to 
measure the instantaneous conversion of each fuel component as a function of the 
starting composition, equivalence ratio, type and temperature of the metal surface. 
Themain attention has been devoted to the effect of the hydrogen concebtration. 
 
Results and Discussion 
 
In the graphics reported here some representative results of the present study are 
summarized, focusing the attention on the effect of the metallic surface on the 
reactivity of the different fuel mixtures, with and without the presence of hydrogen. 
In Figure 4 three different metal surfaces are considered: stainless steel (A), carbon 
steel C60 (B) and pre-treated carbon steel C60 (C). In plots a an b it is possible to 
observe that the effect of the corrosion of the steel surface is dominant in absence 
of hydrogen, while when it is present the methane conversion is strongly increased 
in all conditions, even though the nature of the material maintains it effect. The 
same behavior is shown in c and d for the CO conversion, where reactivity is much 
more enhanced by the treated carbon steel surface. A similar but weaker influence 
is observed for the reactivity of hydrogen itself in e. At last in f, the effect of 
nitrogen in the fuel mixture, as it happens in syngas produced in gasifiers where air 
is used instead of oxygen as a gasification agent, is analyzed; it is evident that the 
reactivity of methane is reduced, even if hydrogen and corroded steel are present. 
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CH4 conversion Φ= 0.5 

H2=0%                                                                                          H2=26%

a b 
CO conversion Φ= 0.5 

H2=0%                                                                                          H2=26%

c d 
H2 conversion Φ= 0.5 CH4 conversion Φ= 0.5 wire C 

e f 

Figure 4. Effect of hydrogen and nitrogen content in the fuel mixture and of the 
nature of the metallic surface (A=stainless steel, B= C60 carbon steel, 
C=corroded C60 carbon steel) as a function of surface temperature at 

fixed stoichiometric factor. 



 
XXXV Meeting of the Italian Section of the Combustion Institute 

6 
 

Conclusions 
 
The combined effects due to the presence of H2 in different simulated syngas fuel 
mixtures, containing CO, CH4, CO2 and eventually N2, when these mixtures enter 
in contact with air and heated metallic surfaces have been investigated. A strong 
raise of reactivity has been observed with increasing hydrogen concentration and in 
presence of corroded metallic surfaces. These evidences may imply safety issues in 
some particular conditions of application, since the commonly accepted 
flammability limits and ignition temperatures may be strongly modified by the 
presence of corroded surfaces, especially when hydrogen is a component of the 
mixture.  
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