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Abstract 

This paper is focused on the definition, validation and application of a kinetic model for the H2S decomposition 

reaction path in oxidative conditions. In order to achieve this goal, experimental and numerical simulations were 

carried out. Results show the good model predictions in almost all tested conditions, excepted for the conditions 

of lower temperature and oxygen content, where discrepancies between experimental results and model 

calculations may be due to the lack of kinetic data related to Sulfur chemistry under the investigated conditions. 

 

Introduction 

Environmental and economic considerations on the presence of sulfuric compounds in crude oil, natural gas and 

biogas, suggest further development on sulfur removal, starting from the well-known hydrodesulphurization 

process, which produces H2S as the main byproduct, and by the following Claus process, which is required to 

oxidize H2S to elemental Sulphur through a two-step reaction [1]. Because of thermodynamic limitations, a 

complete Sulphur conversion cannot be achieved. For this reason, further treatments are required before the tail 

gas emission in atmosphere to comply with the environmental regulations.  

In this framework, a particularly attractive process is the thermal decomposition of H2S, where H2 production 

makes this route potentially profitable. This reaction being strongly endothermic is often coupled with exothermic 

reaction, by adding a sufficient amount of oxygen in order to obtain a quasi-auto-thermal process [2]. This paper 

is then focused on the model evaluation for H2S decomposition reaction path in oxidative conditions. In order to 

achieve this goal, experimental and numerical simulations were carried out. The experiments were carried out in 

a temperature controlled quartz tubular reactor. The model was based on a new kinetic reaction network obtained 

by unifying those developed by University of California at San Diego [3], Leeds University [4] and Zhou research 

group at University of Sidney [5]. The kinetic network was first validated by reproducing the experimental data 

for stationary flames of premixed H2S-Air mixtures as retrieved from literature. Once validated, the experimental 

data for the oxidative decomposition were simulated by considering a Perfectly Stirred Reactors at constant 

volume. Particularly attention was paid to the effects of different O2/H2S molar ratio in the feeding mixture and to 

the effect of reactor temperature on product composition and heat generation.  

The model will be devoted to the definition of process conditions, laminar burning velocity and safety parameters 

for tail gases, including more complex mixtures as hydrogen-based syngas mixtures, biogas, and waste gases [6, 

7] 

 

 

Methodology 

Experiments were carried out by treating H2S/O2/N2 containing gaseous streams in a tailor-made quartz tubular 

reactor, consisting in a 300 mm length and 12 mm diameter tube, at different composition and temperature and at 

atmospheric pressure. The O2/H2S molar ratio has been varied in the range 0.2 - 0.35. The temperature was tested 

between 970 - 1400 K feeding gas mixture composed by H2S 10 %v/v, Oxygen and Nitrogen. Further details on 

the experimental equipment can be found in previous work [8]. 



Treated streams were analyzed by a quadrupole filter mass spectrometer (Hiden HPR 20) assuming the presence 

of following gaseous species H2S, O2, SO2, H2O, H2 and N2.  

Experimental results were first compared with equilibrium data obtained by using the free access software GasEq 

[9] for thermochemical considerations. Hence, a modeling effort was carried out by considering a linear network 

of Perfectly Stirred Reactors (PSR) at constant volume, assuming perfect reactants mixing, by using the open 

source software Cantera [10]. 

 

Model validation 

In order to fully validate the new kinetic model, the Laminar Burning Velocity (LBV) was calculated and compared 

with data retrieved from literature at atmospheric pressure, room temperature (298 K) and different Equivalence 

Ratio φ within the range 0.4 – 2.3, where φ is defined as:  

 

𝜑 =  
(

𝑛𝑓
𝑛𝑜𝑥

⁄ )

(
𝑛𝑓

𝑛𝑜𝑥
⁄ )

𝑠𝑡

. (1) 

 

where nf and nox represent the fuel and oxidizer mole at the actual and at the stoichiometric (st) conditions, 

respectively. Stoichiometric conditions were calculated considering the oxidation of H2S to SO2 and H2O. Results 

are shown in Figure 1. 

 

Figure 1. Comparison of literature data (symbols) and model prediction (line) of Laminar Burning Velocity at 

298 K and 1 bar as function of equivalence ratio.  

 

Model predictions are within the experimental results for investigated composition. Nevertheless, large 

discrepancy among experimental data obtained by different authors may be observed. That can be attributed to 

differences in setup, procedure and correlation used to obtain un-stretched flames data. Indeed: Chamberlin et al. 

(1928) [11] in a pioneer study on H2S-Air mixture measured the LBV by using horizontal glass tube 1 m long and 
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with internal diameter of 2.5 cm and photographic method, whereas data reported by Cohen et al. (1955) [12] and 

Gibbs et al. (1959) [13] were obtained by using a Bunsen burner and speed graphic camera. Besides, Flockenhaus 

et al. (1969) [14] have obtained the LBV by using counter-flow nozzle burning method.  

The Quadratic Sum (QS) of the difference between model values (VMod) and experimental data (VExp) (Eq. 2); the 

R2 coefficient (Eq. 3); Fractional Bias (FB) (Eq. 4), the Normalized Mean Square Error (NMSE) (Eq. 5) and 

fraction of predictions within a factor of two observations (FAC-2, corresponding to the fraction of data that 

satisfies the condition in Eq. 6) were adopted to evaluate the model fitting quality. 

Errore. L'origine riferimento non è stata trovata. 

𝑄𝑆 = ∑ (𝑉𝑀𝑜𝑑,𝑖 − 𝑉𝐸𝑥𝑝,𝑖)2𝑁
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where the subscript “av” represents the average value and “i” the “i-th” observation. The FB and NMSE values 

can be combined in a single parameter for fitting quality (FQ): 

 

FQ =  √(𝐹𝐵2 +  𝑁𝑀𝑆𝐸2) (7) 

Models are usually accepted if FAC-2 is greater than 0.8; the absolute value of FB is smaller than 0.5; and the 

random scatter of data, valuated through NMSE, is smaller than 0.5 [15, 16]. FQ represents the distance from the 

perfect model, having FB and NMSE equal to zero, and the real model. 

Results for the case analyzed in this paper are reported in Table 1. Computed parameters clearly show that model 

well predict LBV values, except for data reported by Flockenhaus et al. (1969) [14], which are strongly 

overestimated as indicated by corresponding FB value. 

 

Table 1. Statistical parameter evaluating used model fitting quality for each experimental data retrieved in the 

literature.  

 FB NMSE FQ 

Chamberlin et al. (1928) 0.12 0.04 0.13 

Cohen et al. (1955) -0.03 0.03 0.04 

Gibbs et al. (1959) -0.16 0.03 0.17 

Flockenhaus et al. (1969) -0.47 0.31 0.57 

Overall -0.14 0.10 0.22 

 

  



Results 

It is very important to note that the model is based on a kinetic reaction network that is already validated for the 

equivalence ratio values in the range 0.4-2.3, that are very different from that relevant to the H2S oxidative 

decomposition reaction and specifically studied in this work. So, in order to verify the model performances in our 

conditions, the experimental results, the model simulations and the equilibrium calculations are compared at 

different conditions. For the sake of brevity, we have reported only H2S conversion (X), SO2 selectivity (S) and 

H2 yield (Y) defined as: 

 

X =  
𝐻2𝑆𝐼𝑁−𝐻2𝑆𝑂𝑈𝑇

𝐻2𝑆𝐼𝑁 ∗ 100 (8) 

S =
𝑆𝑂2

𝑂𝑈𝑇

𝐻2𝑆𝐼𝑁−𝐻2𝑆𝑂𝑈𝑇 ∗ 100 (9) 

Y =
𝐻2

𝑂𝑈𝑇

𝐻2𝑆𝐼𝑁 ∗ 100 (10) 

 

These three parameters are plotted with respect to the molar ratio O2/H2S in the feeding gas mixture at constant 

reactor temperature of 1373 K (Figure 2) and with respect to the reactor temperature at constant O2/H2S of 0.2 

(Figure 3). 

 

 

Figure 2. Comparison of equilibrium data (dashed lines), model prediction (lines) and experimental results 

(symbols) at reactor temperature equal to 1373 K and different O2/H2S molar ratio in terms of H2S conversion 

(red), SO2 selectivity (blue) and H2 yield (green). 
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Figure 3. Comparison of equilibrium data (dashed lines), model prediction (lines) and experimental results 

(symbols) at O2/H2S equal to 0.2 and different reactor temperature in terms of H2S conversion (red), SO2 

selectivity (blue) and H2 yield (green). 

 

Reported results underline the model ability to predict the O2/H2S effect on product composition within the 

investigated range, whereas further improvements are required for the estimation of reactor temperature effect on 

SO2 selectivity and H2 yield, particularly at reaction temperature lower than 1100 K. 

Discrepancies among experimental results and model prediction of SO2 and H2 concentration may be due to the 

adopted kinetics parameters of Claus reaction, which were developed under conditions far from those studied in 

this work.  

 

Conclusion 

A new kinetic model was developed and validated in order to reproduce the experimental data of the oxidative 

decomposition of H2S. Results indicate that the model can predict the H2S and O2 conversion in several 

investigated conditions, whereas further improvement are needed to guarantee an acceptable product composition 

estimation, especially at reactor temperature below 1100 K. Authors suggest as possible explanation of reported 

discrepancies among experimental data and model predictions the lack of knowledge of H2S chemistry under the 

investigated conditions. Hence, further development on reaction mechanism at low temperature and low oxygen 

content are suggested.  
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