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Konakpo Parfait Kamara 1,2 Gérard Merlin 3, Gaoussou Bamba 2, Florence Druart 1 and Jonathan Deseure 1,* 

Nomenclature 

av specific surface area m².m-3 

𝑑𝑖 characteristic diameter of the molecule in Angström 

𝑖 total current density of the cell, 𝐴. 𝑚−2 

𝑑𝑔 grain diameter, m 

𝑑𝑝𝑜𝑟𝑒𝑠 pores diameter, m 

𝑖𝑎 anodic current transfer the points of triple contact, 𝐴. 𝑚−3 

𝑖𝑎,0 
Exchange current density at the interface of the anode, 𝐴. 𝑚−2 

k 
Boltzmann constant en m2 kg s-2 K-1 

𝑘2  
Coefficient of backward the steam reforming kinetic, 𝑚𝑜𝑙. 𝑔𝑐𝑎𝑡

−1 . 𝑃𝑎−4. 𝑠−1 

𝑘3 Coefficient of dry reforming,  𝑚𝑜𝑙. 𝑔𝑐𝑎𝑡
−1 . 𝑠−1 

𝑘4  Coefficient of forward kinetic of water gas shift reaction, 𝑚𝑜𝑙. 𝑔𝑐𝑎𝑡
−1 . 𝑃𝑎−2. 𝑠−1 

𝑘5 Coefficient of backward kinetic of water gas shift reaction, 𝑚𝑜𝑙. 𝑔𝑐𝑎𝑡
−1 . 𝑃𝑎−4. 𝑠−1 

𝑘𝑑 Coefficient de Fuller, Schtteler and Gidding [18] 

𝑝𝑟é𝑓 Atmospheric pressure Pa 

𝑝𝑖 Partial pressure species i, Pa 

𝑝𝑚 Partial pressure of the mixture Pa 

𝑑𝑟 
Kinetic of dry reforming, mol.m-3.s-1 

𝑟𝑔𝑠 Kinetic of water shift gas, mol.m-3.s-1 

𝑟𝑣𝑟 
Kinetic of steam reforming, mol.m-3.s-1 

𝑢 Rate m/s 

𝑣1 
Steam reforming reaction kinetic data on the basis of the catalyst mass, mol.gcat

-1.s-1 

𝑣2 
Dry reforming reaction kinetic data on the basis of the catalyst mass, mol.gcat

-1.s-1 

𝑤𝑖 Mass fraction of species, i 
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𝑥𝑖 Molar fraction of species, i 

𝐶𝑝𝑖
 Molar heat capacity of the species at constant pressure, J.mol-1.K-1 

𝐷𝑖𝑘 Binary Coefficient diffusion, 𝑚−2. 𝑠−1 

𝐷𝑖𝑘,𝑒𝑓𝑓 Effective binary diffusion coefficient, 𝑚−2. 𝑠−1s 

𝐸𝑎 𝑜𝑢 𝑐,0 Equilibrium potential of the electrode, 𝑉 en W/m3 

𝐸𝑑𝑟 
Heat generated from dry reforming, W/m3 

𝐸𝑔𝑠 
Heat generated from water gas shift, W/m3 

𝐸𝑣𝑟 
Heat generated from steam reforming, W/m3 

𝐸𝑖𝑟𝑟,𝑎 Heat generated from anodic over voltage, W/m3 

𝐸𝑖𝑟𝑟,𝑐 Heat generated from cathodic over voltage, W/m2 

𝐸𝑟𝑒𝑣 Heat generated from electrochemical reaction, W/m3 

𝐸𝑜ℎ𝑚,𝑖𝑜𝑛 Heat generated from Joule Effect of YSZ, W/m3 

𝐸𝑜ℎ𝑚,é𝑙𝑒𝑐 Heat generated from Joule Effect of electrodes, W/m3 

𝐾𝐶𝑂2
 Adsorption coefficient of CO2,  𝑃𝑎−1 

𝐾𝐶𝐻4
 Adsorption coefficient of CH4, 𝑃𝑎−1` 

𝐽𝑖
 Molar flux density i,  kg.m2.s-1 

𝑀𝑖 Molecular weight of the species I, g/mol 

𝑁𝑖 
Molar flow density of the species i, mol.s-1.m-2 

𝑄 𝑗 
Current sources, A.m-3 ou A.m-2 

𝑄𝑐
 Heat sources, W/m3 

𝑆𝑔𝐿𝑒𝑛ℎ𝑒𝑟𝑡
 

Reactive surface of Lenhert et al., 𝑚2/𝑔𝑐𝑎𝑡 

𝑆𝑔𝑅𝑖
 

Reactive surface of Richardson et al., 𝑚2/𝑔𝑐𝑎𝑡 

(
𝑆𝑠

𝑉
) Specific surface, m².m-3 

T* Dimensionless Variable of Temperature 

𝑉𝑖𝑜𝑛 Ionic potential, V 

𝑉é𝑙𝑒𝑐 
Electronic potential, V 

𝛼𝑎 𝑜𝑢 𝑐 Symmetry factor  

𝛾𝑐 Pre-exponential corrective Coefficient,  𝐴. 𝑚−2 

𝜀 Porosity % 

𝜂𝑎𝑜𝑢𝑐 Anodic or cathodic overvoltage, V 
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κ 
Permeability coefficient,  m² 

λ 
Thermal conductivity, mW.m-1.K-1 

𝜇 Dynamic viscosity,  Pa.s 

𝜇𝑚𝑖𝑥 
Dynamic viscosity of the gas mixture of simple method Herming & Zipperer  Pa.s 

𝜌 Density, kg.m-3 

𝜎𝑖𝑜𝑛
𝑒𝑓𝑓

 Effective ionical conductivity, Sm-1 

𝜎𝑖𝑜𝑛 Ionic conductivity, Sm-1 

𝜏 Tortuosity 

𝜏𝑐 Shear stress, (N/m²) 

ϕ Heat flow, W.m–2 

𝜑𝑁𝐼,𝑌𝑆𝑍 Volume fraction Ni, or YSZ % 

χ Characteristic energy the molecule, J 

∆𝑟𝐻𝑇
°  Reaction enthalpy at temperature T, J/mol 

∆𝐶 Concentration gradient, mol.m-3 

∆𝑇 Temperature gradient, °C or K 

Ω𝑖 Integral case of collision i 

 

I. Expression of reaction rate kinetic 

Two internal reforming reactions are catalyzed at the surface of nickel cermet com-

ponent. The high temperature operation improves solid oxide electrochemical cell (SOEC) 

catalysis reforming reactions and thus allows a power supply to the anode hydrocarbonS 

From Lehnert et al. [18] study, it is possible to determine the expression of the kinetic re-

action of steam reforming by ratio of catalyst compound (mol.gcat-1.s-1), is written as follow: 

 
𝑣1 = 𝑘1𝑒𝑥𝑝 (−

27063

𝑇
) 𝑃𝐶𝐻4

𝑃𝐻2𝑂 − 𝑘2𝑒𝑥𝑝 (−
233

𝑇
) 𝑃𝐶𝑂𝑃𝐻2

3 (S1) 

However, Lehnert et al. [14] showed a surface corrected calculated 𝑆𝑔𝐿𝑒𝑛ℎ𝑒𝑟𝑡
 (m²/gcat)  

using the surface area of the porous material (
𝑆𝑠

𝑉
)

𝑐𝑎𝑡
(m²/m3), a new expression of the ki-

netics of steam reforming 𝑟𝑣𝑟 expressed in mol/(m3.s1 ): 

 
𝑟𝑣𝑟 =

𝑣1

𝑆𝑔𝐿𝑒𝑛ℎ𝑒𝑟𝑡

(
𝑆𝑠

𝑉
)

𝑐𝑎𝑡
 (S2) 

Similarly, the dry reforming reaction kinetics is expressed from the work of Richard-

son et al. [19] as follow: 

 
𝑣2 = 𝑘3

𝐾𝐶𝑂2
𝐾𝐶𝐻4𝑃𝐶𝑂2

𝑃𝐶𝐻4

(1 + 𝐾𝐶𝑂2
𝑃𝐶𝑂2

+ 𝐾𝐶𝐻4𝑃𝐶𝐻4)
2 (S3) 

While 𝑣2 is the reaction kinetics (in mol.gcat-1.s-1)), 𝑘3 the kinetic constant (in mol.gcat-

1.s-1), 𝐾 constant for the equilibrium of adsorption (in Pa-1) and 𝑃𝑖 partial pressures (in Pa). 
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This phrase is adapted to our material by taking the value of specific surface reaction of 

the author's material 𝑆𝑔𝑅𝑖
(en m²/gcat) [19] in mol/(m3.s1 ): 

 
𝑟𝑑𝑟 =

𝑣2

𝑆𝑔𝑅𝑖

(
𝑆𝑠

𝑉
)

𝑐𝑎𝑡
 (S4) 

Finally, the kinetics of water gas shift takes place throughout the anode volume. 

Therefore, there would be no need for correction. It is also obtained from the work of 

Lenhert et al. [18] mol.m-3.s-1: 

 𝑟𝑔𝑠 = 𝑘4𝑃𝐶𝑂𝑃𝐻2𝑂 − 𝑘5𝑃𝐶𝑂2
𝑃𝐻2

 (S5) 

II. Charge balance  

The electrical current continuity equation has been solved to obtain the current den-

sity distribution. Since there are no sources of current density in cathode and interconnect, 

the solved equation is expressed as follows:  

 Ei .=  (S6) 

Where i is the current density, σ is the ionic or electronic conductivity and E is the 

electric field. The current density source at cathode/electrolyte interface is ruled by a But-

ler-Volmer law.  

 

In steady state, the equation solved by the software is:  

 𝛻. 𝑖 = 0 (S7) 

The continuity equation should be taken into account in the porous media YSZ as 

follow: 

 𝛻. 𝑖 = 𝛻(𝜎𝑖𝑜𝑛
𝑒𝑓𝑓

𝑉) (S8) 

With the evolution of ionic conductivity as function of temperature [20]: 

 
𝜎𝑌𝑆𝑍 = 0,334105𝑒𝑥𝑝 (−

10300

𝑇
) (S9) 

Using the correction of porous media:  

 
𝜎𝑖𝑜𝑛

𝑒𝑓𝑓
= 𝜎𝑌𝑆𝑍

(1 − 𝜀)

𝜏
 (S10) 

In order to solve the equation (S8) boundary conditions is required. Hydrogen is con-

sumed by an electrochemical reaction at anode/electrolyte interface. For high hydrogen 

concentration, the electrochemical reaction is enhanced. Therefore rj  is the current con-

ditions at anode /cathode and the general form of this law is given by the expression below 

[21] 

 









−

−
= )exp()exp(0

RgT

nF

RgT

nF
ji or

a



 

(S11) 

 

The electric potential imposed on the interface of channel/cathode is Vion 

All other walls are considered insulated  

In the present model, anode overpotential will be fixed by the following expression:  

  = E input - E OCV (S12) 

Where E input is the imposed artificial potential and E OCV is the equilibrium voltage.  
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III. Main parameter values 

a. Geometric parameters  

As mentioned, the cells were involved porous materialS The effect of variation of the 

porosity and permeability used in the calculations will be very low. The microstructure 

was fixed during manufacturing conditionS Knowing the grain size while measuring the 

porosity ε, it will be possible to determine the specific surface area " av " (m².m -3) and the 

pore diameter " dpores" of the composite medium through these equations: 

 
av =

6

dg(1 − ε)
 (S13) 

 
dpores =

2

3

ε

(1 − ε)
dg (S14) 

By introducing the tortuosity τ that takes into account the actual path of the gas in 

porous media, it is possible to determine the coefficient of permeability κ (in m²) of the 

material. It characterizes the ability of the medium passing a fluid through its pores (Dar-

cy's law) and is expressed according to the Kozeny-Carman relation such as: 

 
κ =  

ε3dg
2

72τ(1 − ε)2
 (S15) 

At the anode, the methane reforming reactions are catalyzed in the nickel grain sur-

face. It was necessary to define the specific surface area (
𝑆𝑠

𝑉
) expressed in m².m -3 which 

takes into account the composition of the material, that is to say the volume fraction  𝜑𝑁𝑖  

and the surface area developed by the catalyst: 

 
(

𝑆𝑠

𝑉
) =  𝜑𝑁𝑖 . av (S16) 

Thus, the parameters used to define the microstructure in the numerical model are 

presented in Table S1 below: 

Table S1. Intrinsic parameters of materials microstructure. 

Parameters Values 

Catalyst layer 

Grains size, dg (m) 1e-6 

Porosity, ε (%) 0,4 

Ni volume fraction in the electrode, ϕNi 0,5 

Tortuosity of gas, τ  4 

Specific surface of cermet, av (m².m-3) computed 

Specific surface of nickel catalyst, (Ss/V)cat(m².m-3) computed 

Permeability, κ (m²) computed 

 

b. Mass balance parameters  

According to ideal gas law: 

 𝑃𝑉 =  𝑛𝑅𝑇 (S17) 

The composition of the mixture is defined by the mole fraction expressed as follow: 

 
𝑥𝑖 =  

𝑛𝑖

𝑛𝑡𝑜𝑡
     𝑒𝑡    ∑ 𝑥𝑖 = 1 (S18) 
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Where: 𝒏𝒊 is the number of moles of component i in the mixture 𝒏𝒕𝒐𝒕 is the total 

number of moles of the mixture equal to the sum of 𝒏𝒊. The total pressure of the mixture 

𝑝𝑚 is the sum of the partial pressure 𝑝𝑖 (Pa) of the gas, it is written as follow: 

 
 𝑝𝑚 =  ∑ 𝑝𝑖         𝑒𝑡        𝑝𝑖 = ∑ 𝑥𝑖 . 𝑝𝑎𝑡𝑚 (S19) 

The values of coefficients used in the model and their references are given in Table 

S2 below and 𝑥𝑘 is the mole fraction of species 𝑘 calculated at all pointS It can be written 

as: 

 
𝑥𝑘 =

𝑤𝑘

𝑀𝑘
𝑀𝑚 (S20) 

𝑀𝑚 is the molar mass of the gas mixture. It takes into account the mass proportion 

and the molecular weight of each species: 

 

𝑀𝑚 = (∑
𝑤𝑖

𝑀𝑖
𝑖

)

−1

 (S21) 

Table S2. Values of kinetic parameters of reactions 

Parameters  Values  Ref.  

Steam Reforming  

 

       Forward kinetic Coefficient, 

𝑘1 (𝑚𝑜𝑙. 𝑔𝑐𝑎𝑡
−1 . 𝑃𝑎−2. 𝑠−1) 

4,69e-4  [18] 

       Backward kinetic Coefficient, 

𝑘2 (𝑚𝑜𝑙. 𝑔𝑐𝑎𝑡
−1 . 𝑃𝑎−4. 𝑠−1) 

3,91e-27  [18] 

       Reactive surface, 𝑆𝑔𝐿𝑒𝑛ℎ𝑒𝑟𝑡
(𝑚2/𝑔𝑐𝑎𝑡) 8,6e-2  [18] 

       Specific surface area (𝑆𝑠 𝑉⁄ )𝑐𝑎𝑡 (𝑚2 𝑚3⁄ ) 

 
computed Eq. A14 

Dry reforming  

 

        Forward kinetic Coefficient, 𝑘3 (𝑚𝑜𝑙. 𝑔𝑐𝑎𝑡
−1 . 𝑠−1) 1290 exp(-12276/T)  [19] 

        Equilibrium adsorption coefficient CO2, 

𝐾𝐶𝑂2
(𝑃𝑎−1) 

2,5765e-7 exp(4527/T)  [19] 

        Equilibrium adsorption coefficient CH4, 

𝐾𝐶𝐻4
(𝑃𝑎−1) 

2,5667e-7 exp(4893/T)  [19] 

        Reactive surface 𝑆𝑔𝑅𝑖
(𝑚2/𝑔𝑐𝑎𝑡) 8.6e-2  [19] 

        Specific surface area, (𝑆𝑠 𝑉⁄ )𝑐𝑎𝑡 (𝑚2 𝑚3⁄ ) 

  
computed  Eq. A14  

Water shift gas  

 

         Forward kinetic Coefficient, 

𝑘4 (𝑚𝑜𝑙. 𝑔𝑐𝑎𝑡
−1 . 𝑃𝑎−2. 𝑠−1) 

1,73e-2  [18] 

         Backward kinetic Coefficient, 

𝑘5 (𝑚𝑜𝑙. 𝑔𝑐𝑎𝑡
−1 . 𝑃𝑎−4. 𝑠−1) 

 

0,98  [18] 

Hydrogen oxydation  

 

        Symmetry factor, 𝛼𝑎 0,5  [21] 

        Potential electrode balance,  𝐸𝑎,0(𝑉) 0  [21] 

        Exchange current density, 𝑖𝑎,0 (𝐴. 𝑚−2) 1e12  [21] 

 

The transport property is defined by a gradient law, Poisson’s equation. In the case 

of dynamic viscosity, the flow momentum created by the velocity gradient imposed on 

the fluid results in the shear stress τc (N/m²): 
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τ 𝑐 = µ

𝑑𝑢

𝑑𝑦
 (S22) 

To calculate the dynamic viscosity of the mixture, it is necessary to express the 𝜇𝑖 

dynamic viscosity of each species defined by the kinetic theory of gases [22]: 

 
µ𝑖 =  2,669310−6 √𝑀𝑖𝑇

𝑑𝑖
2Ω𝑖

 (S23) 

with 𝑀𝑖 is the molar mass of the species i, d𝑖 the characteristic diameter of the mole-

cule (Angström) and Ω𝑖 the collision integral expressed through the empirical relations: 

 
Ω𝑖 =

1,16145

(𝑇∗)0,14874
+

0.52487

exp (0,77320𝑇∗)
+

2,16178

𝑒𝑥𝑝 (2,43787𝑇∗)
 (S24) 

where 𝑇∗ is the dimensionless temperature variable defined for the molecule as: 

 
T*=

𝑇

(
χ

k⁄ )
 (S25) 

       

𝜒 represents the characteristic energy of the molecule and k the Boltzmann constant. 

The values of (𝜒⁄𝑘) expressed in Kelvin, are classified for each molecule in the Tables of 

Lennard-Jones [23]. To simplify the evaluation, only two major species of the gas mixture 

in each channel was considered, CH4 / CO2 (cf. TABLE S3 ).  

 

Table S3. Viscosity parameters 

Species  Mi (g/mol) di (Å) (
𝛘

𝐤⁄ ) (K) 

CH4 16 3 ,758 148,6 

CO2 44 3 ,941 195,2 

μ the dynamic viscosity (Pa.s) depends on the composition of the gas mixture. Reid 

et al. [23] described the behavior of mixtures of fluids including gas, thus it is possible to 

use the  simple method of Herming & Zipperer which is defined as follows: 

 
𝜇𝑚𝑖𝑥 =  

∑(𝜇𝑖𝑥𝑖√𝑀𝑖)

∑(𝑥𝑖√𝑀𝑖)
 (S26) 

This method is a simplification of the method of Wilke's and allows to obtain reliable 

values of viscosity for mixtures which are not rich in hydrogen, errors for a hydrocarbon 

mixture ranging from 1.5 to 5%. In this case, the proportion of hydrogen in the same cell 

output remains low. However, another method should be used to express the viscosity if 

the amount of hydrogen reformed becomes consistent.  On the other hand, in porous me-

dia, typically at electrode and electrolyte, Navier-Stokes equation is solved to describe the 

fluid distribution: 

 
−∇. [

𝜇

𝜀
(∇𝑢 + (∇𝑢)𝑇)] + ∇𝑝 +

2𝜇

3𝜀
∇2𝑢 +

𝜇

𝜅
𝑢 = 0 (S27) 

The microstructure of the pourous media was considered  with 𝜀 the porosity and 𝜅 

(m²)  the permeability of the material.  

 

The binary diffusion coefficient of the gas depends on the temperature. It is calcu-

lated from the  expression of Bird et al. [22], commonly used in the literature and defined 

as: 

 

𝐷𝑖𝑘 =
𝑘𝑑𝑇1,75

𝑝𝑟é𝑓(𝑣𝑖
1 3⁄

+ 𝑣𝑘
1 3⁄

)2
√

1

𝑀𝑖
+

1

𝑀𝐾
 (S28) 
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While 𝑣𝑖 and 𝑣𝑘 represent respectively the diffusion’ molar volume of species 𝑖 𝑎𝑛, 

and the coefficient of 𝑘𝑑 Fuller, Schettler, and Giddings [24]. 𝑀𝑖 𝑎𝑛𝑑 𝑀𝑘 are the molecular 

weights of the species 𝑖 and 𝑘 in kg/mol, 𝑇 is the temperature in K, 𝑝𝑟𝑒𝑓 is the reference 

pressure given in Pa. The  coefficiens are gathered in the Table S4 

Table S4. Diffusion parameters 

𝑘𝑑 𝑣𝑁2
 𝑣𝑂2

 𝑣𝐻2𝑂 𝑣𝐻2
 𝑣𝐶𝐻4

 𝑣𝐶𝑂2
 𝑣𝐶𝑂 

3,16e-8 17,9e-6 16,6e-6 12,7e-6 7,07e-6 30e-6 26,9e-6 18,9e-6 

 

According to Bird et al. [22] the Bruggeman’s expression is used in pours media, as 

follow: 

 𝐷𝑖𝑘,𝑒𝑓𝑓 = 𝐷𝑖𝑘𝜀𝜏 (S29) 

Matrix diffusivity of, Stefan-Maxwell model is defined as follow, with a gas mixture,  

the influence of binary diffusivities of each species over others on diffusion flux of each 

species 𝐽𝑖 such as: 

 

𝐽𝑖 = 𝜌𝑤𝑖 ∑ 𝐷𝑖𝑘𝑑𝑘

𝑘

 (S30) 

For this, the matrix model Stefan-Maxwell in implemented in Comsol®  Multiphysics, 

as follow: 

Table S5. Stefan-Maxwell matrix. 

 

c. Heat balance parameters  

The expression of thermal conductivity (W.m-1.K-1) depends on the media:  

In solid media, the conductivities will be constant in the range of simulated temper-

atures  

In porous media, the effective conductivity λ𝑒𝑓𝑓 is an interaction that combines gas 

conduction 𝜆𝑔 through the pores with the solid material conduction 𝜆𝑠 in the following 

way: 

 𝜆𝑒𝑓𝑓 = 𝜀𝜆𝑔 + (1 − 𝜀)𝜆𝑠 (S31) 

In a gaseous medium, they vary depending on the mixture composition and temper-

ature. The conductivity of gas mixtures λ𝑔 obeys complex lawS In first approximation, it 

is possible to use the formula (deviation ≈ 3%):  

 

𝜆𝑔 =
∑ 𝑥𝑖𝜆𝑖𝑀

𝑖

1
3⁄

∑ 𝑥𝑖𝑀
𝑖

1
3⁄

 (S32) 
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This expression reflects the composition of the gas with 𝑥𝑖 and 𝑀𝑖 respectively the 

mole fraction and molar mass of species 𝑖; and the conductivity of each 𝜆𝑖 specieS The 

thermal conductivity of the gas in the vicinity of atmospheric pressure increases with tem-

perature. At low pressures, between 0.01 and 1 MPa, the thermal conductivity increases, 

generally less than 10%.  

 

Table S6. Expression of thermal conductivity of species according to the temperature [25]. 

 

Thermal Conductivity 

(Mw.m-1.K-1) 
Expression 

CH4, 𝜆𝐶𝐻4
 5,7381 + 0,04019 𝑇 + 2,0627.10−4𝑇2 − 8,3451.10−8𝑇3 

CO2, 𝜆𝐶𝑂2
 

−0,341914 + 0,0314 𝑇 + 1,170458.10−4𝑇2 − 1,281.10−7𝑇3

+ 5,7923.10−11𝑇4 − 9,72044.10−15𝑇5 

CO, 𝜆𝐶𝑂 
−0,42832 + 0,09941 𝑇 − 5,96573.10−5𝑇2 + 3,81583.10−8𝑇3

− 1,43131.10−11𝑇4 + 2,56748.10−15𝑇5 

H2, 𝜆𝐻2
 

1,02672 + 0,74409 𝑇 − 4,547.10−4𝑇2 − 3,70833.10−9𝑇3

+ 2,67329.10−10𝑇4 − 1,06021.10−13𝑇5 
H2O, 𝜆𝐻2𝑂 0,53 + 0,047093 𝑇 + 4,9551.10−5𝑇2 

N2, 𝜆𝑁2
 

−0,3721 + 0,10977 𝑇 − 9,42549.10−5𝑇2 + 8,05548.10−8𝑇3

− 3,35367.10−11𝑇4 + 5,15605.10−15𝑇5 

O2, 𝜆𝑂2
 

−1,7536 + 0,1224 𝑇 − 1,322444.10−4𝑇2 + 1,7804.10−7𝑇3

− 1,200176.10−10𝑇4 + 2,9817302.10−14𝑇5 

 

The molar heat capacity at constant pressure 𝐶𝑝𝑖 of species 𝑖 varies as a function of 

temperature. This Values are gathered in Table S7.  

 

Table S7. Thermal capacity of endangered gas phase according to the temperature. 

 

Thermal Capacity (J.mol-1.K-1) Expression 

CH4,𝐶𝑝𝐶𝐻4
 14 ,15+75,5. 10−3𝑇- 17,99. 10−6𝑇2 

CO2,𝐶𝑝𝐶𝑂2
 45,35 + 8,688. 10−3𝑇– 9,62. 10−6𝑇2 

CO,𝐶𝑝𝐶𝑂
 28,068 + 4,631. 10−3𝑇– 0,258. 10−6𝑇2 

H2, 𝐶𝑝𝐻2
 27,01 + 3,509. 10−3𝑇+ 0,690. 10−6𝑇2 

H2O, 𝐶𝑝𝐻2𝑂
 28,85 + 12,055. 10−3𝑇+ 1,006.10−6𝑇2 

N2,𝐶𝑝𝑁2
 27,27 + 4,93. 10−3𝑇+ 0,33256. 10−6𝑇2 

O2, 𝐶𝑝𝑂2
 30,255 + 4,207.10−3𝑇- 17,9910−6𝑇2 
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I. Geometry of the device 

  

 

Figure S1. Geommetry of simulated cells 

 

IV. Meshing sensitivity study 

Table S8. Nodes and statistics of meshed domain: mesh boundaries layers (triangles). 

Number of 

elements 

Minimum element 

quality  

Average element 

quality  

Element area 

ratio  
Mesh area (m2) 

3820 0.1372 0.786 7.911E -4 2.86 E -4  
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Figure S2. Boundary layers mesh. 

Table S9. Nodes and statistics of meshed domain: mesh Free quad. 

Number of 

elements 

Minimum 

element quality  

Average element 

quality  

Element area 

ratio  
Mesh area (m2) 

2070 0.3627 0.7878 8.82E -4 2.86 E -4  

. 

Figure S3. Free quad mesh. 

 

 

For these both meshes the computing time is shorter than the triangular but with also 

less number of elementS We are less accurate for these meshes (Boundary Layers and Free 

Quad) and when compare methane partial pression for the triangular mesh with Bound-

ary Layers and Free Quad meshes, the result is a bit better within the first configuration 

mesh (triangular).   

Comparison of methane and hydrogen partials pression according to the type of 

mesh use. 
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Figure S4. Hydrogen partial pression obtained using boundary layers mesh (left)  using Free Quad 

mesh (right). 

 

Figure S5. Methane partial pression obtained using boundary layers mesh(left) Methane partial 

pression obtained using Free quad mesh (right). 

 

We can notice that the hydrogen production is not the same according to the mesh 

use. That’s the same behavior for methane consumption. 
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II. Additional results 

 

C 

Velocity 
Water steam partial pressure 

  

 

Figure S6. Velocity, partial pressure of steam for C case. 
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A 

Velocity 
Partial pressure of water steam 

   

Figure S7. Velocity, partial pressure of steam for C case. 
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Dry reforming A 

1 2 3 

   

 

Steam reforming A 

1 2 3 

   

 

Figure S8. Reaction rate distribution of Steam and dry reforming along the catalyst layers from top 

to bottom in mol/(m3.s) (A). 
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F 

Velocity 
Partial pressure of water steam 

   

Figure S9. Velocity, partial pressure of steam for F case. 
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Dry reforming F 

1 2 3 

   

 

Steam reforming F 

1 2 3 

   

 

Figure S10. Reaction rate distribution of Steam and dry reforming along the catalyst layers from 

top to bottom in mol/(m3.s) (F). 
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G 

Velocity 
Partial pressure of water steam 

   

Figure S11. Velocity, partial pressure of steam for G case. 

  



Hydrogen 2022, 3 19 of 20 
 

 

 

Dry reforming G 

1 2 3 

   

 

Steam reforming G 

1 2 3 

   

 

Figure 12. Reaction rate distribution of Steam adnd dry reforming along the catalyst layers from top 

to bottom in mol/(m3.s) (G). 
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