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Introduction 

Wide use of hydrogen-metal systems during the 
recent years demands effective protective coats 
that inhibit hydrogen permeability. The influence 
of thin-film coat of titanium nitride (TiN) to hy-
drogen permeability of a metal membrane was in-
vestigated in [1]. This coat has good protective 
properties and can be used for considerable reduc-
tion of penetration and accumulation of hydrogen 
inside construction materials. The aim of this work 
is to identify the hydrogen permeability model pa-
rameters. The model describes hydrogen permea-
bility of stainless steel membrane (brand 
12Х18Н10Т) with titanium nitride (TiN) protec-
tive coat.  

 
Experiment, model  

Here we describe the method of permeability. 
Membrane with titanium nitride protective coat 
divides an evacuated vessel into two parts. The 
temperature of the sample is constant. At titanium 
nitride side a constant pressure of molecular hy-
drogen is provided. At the other side of membrane 
(output side) gas is pumped out by a vacuum sys-
tem. Hydrogen is adsorbed at the TiN surface, dif-
fuses through the protective coat and the mem-
brane, and desorbs from the output side into va-
cuum. Hydrogen pressure at the vacuum vessel is 
measured with a mass-spectrometer. The desorp-
tion flux density is calculated using the measured 
pressure, and is used for parameters identification. 
Model parameters are Arrhenius with respect to the 
temperature; therefore kinetic constants can be ob-
tained using parameters’ values for different tem-
peratures.  

The following model describes hydrogen trans-
fer in metal membrane with protective coat:  
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Here: (1), (2), (7), (8) are the diffusion equations 
with reversible hydrogen capture by the traps at the 
membrane layers; (3), (9) are initial conditions; (4), 
(10) are non-linear boundary conditions of the third 
kind (Neumann conditions); (5), (6) are mating of 
layers condition; ),(),,( xtuxtc  are concentrations 
of dissolved atomic hydrogen; ),(),,( xtwxtz  are 
concentrations of hydrogen captured by traps; 21 , DD  
are the diffusion coefficients;   is a kinetic constant; 

21 , ss  are the shiking probabilities of hydrogen mole-
cules to the surface; 21 , bb  are the desorption coeffi-
cients; ,11a ,12a  2221 , aa  are the coefficients of hy-
drogen capture and release by the traps; )(,

20 tpp   
are for pressures of molecular hydrogen at input and 
output sides of the membrane; 21 , kk  are the rates of 
hydrogen exchange at the layers joint; 21 ,   are the 
thicknesses of the layers; )()( 2

2 2
tubtJ   is the output 

desorption flux density. The hydrogen pressure at the 
output side is lower than at the input side to 8-9 or-
ders of value. Therefore we may neglect hydrogen 
return at the output side: 0)(

22 tps  .  
It is necessary to determine the coefficients of the 

protective coat 1211111 ,,,, aasbD  and the joint coeffi-
cients 21,kk  assuming that the hydrogen permeability 
coefficients of stainless steel are known. 

 
Identification of parameters 

Firstly the coefficients ,2D ,2b ,2s ,21a 22a  of stain-
less steel were determined using experimental data by 
the identification algorithm based on Fourier series 
[3, 4] for the concentration pulses method [2]. Identi-
fication of the protective coat coefficients  

,,,, 11111 asbD 12a  and the joint coefficients 21,kk  is 
described below.  

We can get the following equalities from the 
model equations (all time derivatives are zero) for the 
mode of stationary hydrogen permeability: 
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Let us equate two last expressions and rewrite 
them for different values of input pressure ip0  and 
corresponding stationary output flux densities iJ :   
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This is a system of linear equations for unknown 
21, XX , where right-hand member depends on 1s . 

We can get )(),( 1
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1
1 sXsX  choosing a pair of pres-
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Coefficients 1211 , aa  define only flux evolution 
and don’t influence on the stationary flux value. 
From this we get two limitations  ,1212 kkbX   

 11111 1 kDbX    for the parameters 

2111 ,,, kkbD , which determinate stationary flux 
value.  

The values 21 , Xs  under the assumption 00 uc   
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The simulation of experimental fluxes allows 

determining the values of 2111 ,,, kkbD . The limita-
tions and estimations for the coefficients and the 
concentrations inside the membrane layers were 
taken into account. This considerably restricted the 
region of parameters. The coefficients ,11a ,12a  

2221 , aa  of hydrogen capture and release by the 
traps were used to obtain the typical dynamics of 
reaching the stationary flux level. The kinetic con-
stants were determined using the parameter values 
for different temperatures. 
 
Results 

Let us describe some results of processing the 
experimental data. The experimental data were 
given by V.A. Fock Institute of Physics at Saint-
Petersburg State University.  

 
Kinetic constant for titanium nitride (TiN).  
 

 1D  1b  
1s  

 preexponential factor 3.74E-6 2.07E-20 3.66E-4 

 activation energy  ( molekJ / ) 22.44 37.69 78.87 

 

The TiN coefficients (first layer) and layers joint.  
T  0p  

1D  
1b  

1s  
11a  

12a  
12 kk  

C0  Torr  12 scm  14 scm   1s  1s   

380 20,1 6,00E-08 1,00E-23 1,80E-10 2,00E-02 7,00E-05 2,5 

380 126 6,00E-08 3,30E-23 1,80E-10 2,00E-02 6,50E-04 2,5 

380 249 6,00E-08 2,17E-23 1,80E-10 1,58E-02 6,89E-04 2,5 

600 3 1,30E-07 1,30E-22 7,00E-09 1,24E-01 1,50E-03 2,5 

600 9 1,70E-07 1,15E-22 7,00E-09 9,50E-02 2,00E-03 2,5 

600 20 1,76E-07 1,00E-22 7,00E-09 1,20E-01 2,40E-03 2,5 

The stainless steel (12Х18Н10Т) coefficients 
(second layer). 
T  0p  

2D  2b  
2s  

21a  
22a  

C0  Torr  12 scm  14 scm   1s  1s  

380 20,1 1,50E-06 4,25E-21 1,50E-06 3,50E-03 3,50E-03 

380 126 1,50E-06 4,25E-21 1,50E-06 7,00E-03 6,00E-03 

380 249 1,50E-06 4,25E-21 1,50E-06 8,10E-03 6,50E-03 

600 3 5,77E-06 5,16E-19 7,38E-05 2,20E-01 7,00E-02 

600 9 5,77E-06 5,16E-19 7,38E-05 7,40E-02 2,40E-02 

600 20 5,77E-06 5,16E-19 7,38E-05 1,00E-01 5,00E-02 

 
Conclusions 

Studying hydrogen permeability of TiN and 
mathematical processing of experimental data al-
low to determine the kinetic constants of volume-
tric and surface processes of hydrogen interaction 
with the coat. The coefficient of shiking probabili-
ty of hydrogen molecules to the TiN is 4 order of 
value lower compared to that of stainless steel. 
This means that adsorption to the surface of TiN is 
the limiting stage. The low rate of adsorption 
agrees with the physical conceptions of surface 
processes and may be explained by peculiar prop-
erties of TiN electronic structure. TiN takes place 
between metals and semi-conductors. The proba-
bility of hydrogen molecule dissociation on the 
surface of TiN is much less than for stainless steel  
due to low concentration of free charge carriers (it 
is 3 order of values less at TiN than at metals) and 
due to the low density of electronic states on Fermi 
level.  
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