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Вопрос о роли водородной энергетики в развитии благосостояния общества можно рассматривать только в одном 

аспекте, а именно достойное существование того или иного сообщества может быть обеспечено только при всестороннем 
использовании водородных технологий. Потенциал водорода далеко не исчерпан в традиционной энергетике. По мере 
успешного решения проблем хранения водорода и создания высокоэффективных топливных элементов будет реализована 
абсолютно надежная система резервирования собственных нужд при нештатных режимах работы электростанции. Одним 
из сдерживающих факторов развития водородной энергетики являются существующие технологии хранения (криогенная 
и балонная) небезопасны и энергоемки. 
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The question of the role of hydrogen energy in the development of the welfare society can be seen in only one aspect, namely 
the decent life of a community can only be achieved with full use of hydrogen technologies. The potential of hydrogen is far from 
being exhausted in the traditional energy sector. As the successful solution of the problems of hydrogen storage and the creation of 
highly efficient fuel cells will be implemented absolutely reliable backup system own needs when abnormal modes of operation of 
the power plant. One of the limiting factors in the development of hydrogen energy are existing storage technologies (cryogenic 
and bottled) and energy consuming unsafe. 
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Hydride storage method currently not widespread 

due to insufficiency knowledge on this issue. Hydride 
hydrogen accumulators based on intermetallic 
compounds of rare earths and platinum group metals 
provide the effective storage, but require large financial 
costs [1-6]. In recent years particular interest abroad and 
in Russian works on the use of hydrogen storage cause 
the alloys based on aluminum and some transition 
metals. Further development of the works in this 
direction will allow to hope that the accumulators of 
high hydrogen capacity will be created. Solving of this 
problem will speed up the process of introducing of 
hydrogen energetics in production. 

The materials of this  work is aimed at considering 
the possibility of the use electrochemical systems for 
hydrogen storage, this paper discusses some aspects of 
the behavior of hydrogen in metals and alloys based on 
nickel and chromium. Unlike from metals produced by 
metallurgical method, electrolytic metals and alloys have 
a different mechanism of interaction. 

Firstly: the hydrogen formed on the electrode 
(cathode) is released together with the atoms of the metal 
according to the equations: 
 

    Меn+ + ne → Ме0;    (1) 
 

        Н+ + e → Н0;     (2) 
 

       Н0 + Н0 → H2.    (3) 
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Second, the presence of atomic hydrogen (reaction 2) 
increases the probability of interaction of metal with 
hydrogen. If the metal cathode has a great affinity for 
hydrogen, it becomes probable process: 
 

 ,    (4) 0 0Me H Me Hn mn m+ →
 

wherein n and m are stoichiometric coefficients. 
Thirdly: the formation of structural defects, with 

greater potential in comparison with the atoms becomes 
possible during process electrocrystallization of metals. 
In the presence of such defects the interaction of the 
hydrogen atom is most likely. Therefore, the process of 
hydrogenation of electrochemical systems is different 
from hydrogen interaction with metals of metallurgy. 

Consider some features of the behavior of hydrogen 
in metals and alloys, obtained by electrolysis. 
Interactions metals, which are obtained by electro-
crystallization, with hydrogen has a specific character. 
On the amount of absorbed hydrogen and the formation 
of compounds of the type Me-H affects not only the 
nature of the metal, but also the presence of structural 
defects. As stated previously [1 - 7], the main reaction of 
hydrogen with the metal occurs at structural defects. 
Determination of the binding energy of the hydrogen 
with metal showed that it forms hydride type compound, 
the proof of this fact is the decomposition temperature of 
the compound Cr-H (200 °C). After complete removal of 
hydrogen from the samples on the basis of Cr they were 
subjected to a secondary hydrogenation using vacuum 
extraction method.  

 
 

 
 

Рис. 1. Температурная зависимость внутреннего трения 
электролитического хрома, подвергнутого наводороживанию 
в 1 н H2SO4 при iк = 1 А/дм2 в течение различного времени (τ): 

1 – ненаводороженный образец; 2 – τ = 8 минут;  
3 – τ = 14 минут; 4 – τ = 20 минут 

Fig. 1. The temperature dependence of internal friction 
electrolytic chromium in the process of hydriding in 1n Н2SO4  

at ik = 1 A/dm2 for a different time (τ): 1) unhydrogenated sample; 
2) τ = 8 minutes; 3) τ = 14 minutes; 4) τ = 20 minutes 

It has been established that as a result of the 
secondary hydrogenation the internal friction peak is 
reproduced on curve Q-1 = f(T) the same temperature 
range, мoreover, the size of the peak indicates the 
amount of absorbed hydrogen [8]. 

Fig. 1 shows the temperature dependence of internal 
friction hydrogenated chromium in 1n H2SO4 at ik = 1 
A/dm2. The peak increases in size and shifted towards 
higher temperatures (curves 2, 3, 4) with increasing time 
of hydrogenation. The activation energy of this peak is 
determined from the frequency shift, it differs little from 
the activation energy of freshly precipitated chromium. 

It was experimentally determined half-width of the 
peak Q-1 It was experimentally determined half-width of 
the peak of the ratio:  
 

эк л п

1 1
T T
⎛ ⎞∆ = −⎜ ⎟⎝ ⎠

1
T

,  

 

where Tл and Tп – absolute temperature corresponding to 
points on the half-width of the maximum of the left and 
right sides. 

The values obtained were compared with the 
calculated values determined by the formula a simple 
relaxation process: 
 

расч

1 2ln
2 3

K K
T H H

3⎛ ⎞+⎛ ⎞∆ = =⎜ ⎟ ⎜ ⎟⎝ ⎠ ∆ ∆ −⎝ ⎠
, 

 

where K – the Boltzmann constant; ΔН – activation 
energy. 

Analysis of the data showed that the peak 
dependence Q-1(T) of electrolytic chromium is too wide 
(3÷4 times) for the relaxation process. Apparently, in an 
electrolytic chromium is observed overlay of processes 
of ascending diffusion of hydrogen atoms randomly 
distributed at lattice defects. Degree saturation of 
chromium atoms valency bonds located on local 
distortions of the lattice, is different, and consequently is 
unequal. As a result, the activation energy (ΔН) of 
hydrogen diffusion has no a single value, but a series of 
relatively similar values. It is known that the relaxation 
time (τr) of diffusion depends on the temperature as 
follows: ( )0 expr H RTτ = τ ∆ . 

Thus, diffusion of hydrogen is characterized by a 
certain spectrum τr, that is obviously the cause of the 
expansion of the internal friction peak in curve Q-1(T) of 
electrolytic chromium.  

From the theory of internal friction is known that 
deformation of metals containing impurities (H, C, O, 
N), is the cause of the appearance of peaks on the 
temperature axis Q-1(T), the magnitude of which depends 
on the impurity concentration and the degree of 
deformation [8 9, 10]. Position of deformed peaks on the 
temperature axis Q-1 is dependent on the degree of 
deformation and its increasing causes displacement of 
the peak to lower temperatures. Changing the activation 
energy of the relaxation process in this case is the result 
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of the interaction of impurity atoms of hydrogen with 
dislocations [10, 11]. The free energy of interaction of 
impurity atoms with dislocations in the crystal is defined 
as the work that commit stresses created by dislocations, 
when administered impurity atoms into the crystal.  

As we stated earlier, hydrogenation metals under 
cathodic polarization occurs in places of structural 
defects. In this case, the atomic hydrogen reacts forming 
compounds with the metal of the type Me-H. The 
experimental data agree well with the foregoing 
assumptions. Some discrepancies with research of other 
authors can be explained by distinction opportunities of 
the methods and types of sensors used in the experiment. 
In particular, when estimating the amount of absorbed 
hydrogen by the classical method of vacuum extraction 
the results of measurements may be distorted due to the 
inclusion in the cathode deposit finely dispersed 
precipitate of chromium hydroxide Cr(OH)3, which 
under thermal decomposition forms a water vapor 
distorting indicators of measurements. This disadvantage 
can be eliminated by the use of additional devices 
(nitrogen trap). Furthermore the use first time internal 
friction method for studying the structure of electrolytic 
metals and alloys has allowed to determine experimentally 
the binding energy of the metal-hydrogen [8-11]. 
Therefore, the credibility of the experimental results 
obtained using the above method is not in doubt. The 
reproducibility of the measurement results is good enough 
(deviation in parallel dimensions are within ± 10%). 

Determining the degree of diffusion of cations Н+ 
deep into electrode anode may be accomplished by 
analyzing the curves of Q-1 = f(T), obtained with samples 
with different thickness metal who are prone to 
passivation. Receipt of such information on the 
restructuring of the metal along the normal to the plane 
of the electrode will allow to make not only theoretical 
conclusions about the mechanism of diffusion of cations 
H+, but also to solve technological problems in the field 
of secure accumulation of hydrogen as fuel.  

 

 
 

Рис. 2. Зависимость содержания водорода  
в образцах сплава Ni-B от времени «старения» 

Fig. 2. Dependence of the hydrogen content  
in the samples of the alloy Ni-B from time “aging” 

 
 
One proof of the theory of the nature of 

communication in system hydrogen-metal, which 
determines the basic form of the chemical bond as a 

hydride is the analysis of the dependence of the amount 
of hydrogen in the samples of the nickel-boron alloy 
subjected to “aging”. Samples were prepared from 
sulfaminoacidic electrolyte with a boron-containing 
additive [12-16]. At identical regimes of electrolysis 
(current density, the duration of the electrolysis, the 
chemical composition of the electrolyte and its 
temperature), the samples were subjected to “aging”. 
The subsequent extraction of hydrogen from a sample 
demonstrated that the hydrogen content depends on the 
time “aging”. Character histogram is shown in Fig. 2. 

Analysis of character of change volumes of extracted 
from the samples shown at the histogram shows that the 
most sharply changes in the hydrogen content of freshly 
precipitated coatings. In accordance with this it can be 
assumed that the relaxation of structural defects Ni-B 
alloy is damped in time process. Consequently, with 
increasing time “aging” normalization alloy structure is 
more complete. This fact is also serves as confirmation 
of our findings that the interaction of hydrogen with 
metals most likely on defects of the metal structure. 
Finally, the character of changes magnitude and the peak 
position on the curve Q-1 = f(T) confirms our assumption 
which been said above that samples which have 
undergone more prolonged “aging” have a strongly 
pronounced internal friction peak which shifted to region 
of positive temperatures. The amplitude of the peak in 
the curve corresponds to the amount of hydrogen 
absorbed by the sample. The samples with a small period 
of “aging” characterized by “blurred” (implicit) peak and 
increased background on curve Q-1 = f(T).  

Thanks to the “temporary” relaxation of alloy 
structure and a very low binding energy Me-H appears 
the above described phenomenon of “flow” of hydrogen. 
The abnormally large amount of hydrogen-absorbing 
alloy Ni-B, can be explained as the possibility of the 
formation of additional hydrogen bonds with boron. 

By analyzing been said above, it can be assumed that 
the effect of spontaneous “flow” of hydrogen from a 
metal due to the large number of connections H-Me, 
having a very low energy of rupture. The number of such 
defects in the Ni-B alloy is several times greater than in 
the samples of pure nickel. Likely to, the electrolytic 
nickel and boron form the interstitial solution, which 
introduces microdistortions into the crystal lattice of the 
formed alloy. In place of such distortion are stationed 
hydrogen atoms forming a compound with nickel and 
boron. Possibility of additional the introduction of 
hydrogen in an electrochemical system was first 
considered in [16].  

In this paper, composite materials of Ni-In by 
electrodeposition have been manufactured and 
temperature ranges of desorption ion-implanted 
deuterium depending on the ratio of components and the 
dose of implanted deuterium been studied. It is shown 
that the structure of the spectrum of thermal desorption 
(TDS) of deuterium is a function of implant dose. 
Studying interrelation between the structure, 
composition, electrochemical composites and with the 
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ability to absorb the implanted deuterium, and the ability 
to use these systems for hydrogen accumulation with a 
view to its storage in metal hydride state is the aim of 
our further research. The main advantages of metal 
hydride systems of bound hydrogen storage are: high 
volume density of hydrogen, an acceptable range of 
operating pressures and temperatures, the constancy of 
the pressure in the hydrogenation and dehydrogenation, 
the ability to control the pressure and rate of release of 
hydrogen, high purity of the generated hydrogen, 
compactness, and safety at work, low energy costs. 
Investigation of technological parameters allows to 
conclude that the most comfortable in operation, safe, 
economical and environmentally friendly way of store 
hydrogen is a metal hydride method. Thus, on the basis 
of the research, as a result of discussion and analysis of 
experimental data using the method of internal friction 
for the examination of samples on the basis of chromium 
and nickel, we were able to set: 

1. The interaction of hydrogen with a metal chiefly 
occurs on the structural defects of the sample. When you 
delete these defects as a result of annealing hydrogen 
peak in the internal friction disappear. 

2. Dopant to be included in base of the metal 
structure, to create additional potential wells, fixing 
hydrogen, contribute to increasing the amount of 
absorbed gas; with the energy of Me-H should vary quite 
widely сreating multicomponent alloys apparently, you 
can get hydrogen containers with controlled yield of 
hydrogen when the temperature changes. 
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