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SCIENTIF  AND TECHNICAL

MATHEMATICAL MODEL
OF REVERSIBLE HYDROGEN BRITTLENESS’

A.V. IGNATENKO
E.O. Paton Electric Welding Institute, NASU, Kiev, Ukraine

A mathematical model of reversible hydrogen brittleness (RHB) of metals with bodv-centered cubic lattice is praposed.

The model is

sed on classical Siener-Stroh model of microcrack formation in the metal grain by dislocation mechanism,

and includes the model of hydrogen transfer by edge dislocations. A programme enabling estimation of the effect of
hydrogen on metal grain failure stress was created. In simulating RHB, concentration of free hydrogen in metal, speed
of movement of edge dislocations, metal temperature and grain size were taken into account. Calculation-based curves
are compared with experimental ones. The dependencies obtained accord well with experimental evidence on RHB.

Keywords: we d structures, reversible hydrogen brittle-
ness, mathematical model, hydrogen transfer, edge dislocations,
submicrocrack, degree of embrittlement

Now in wide use in the world are metal welded struc-
tures from high-strength low-alloy steels. Hydrogen
presence in metal often makes a strong negative impact
on strength and durability of such structures. Thus,
among various k¥ 1s of hydrogen embrittlement of
structural steels, reversible hydrogen Dbrittleness
(RHB) [1] merits special attention, as it can arise
even at rather small concentration of hydrogen in met-
al (about 10 ¢cm® /100 g and less). Quite often pre-
heating of the structures is applied for prevention of
RHB, as well as heating of welded joints in the course
of welding, which markedly raises the cost of manu-
facturing of the entire welded structure. Therefore,
application of cheaper technologies for elimination of
negative influence of hydrogen is topical. For working
out of such technologies, it is necessary to have a good
understanding of those mechanisms by which hyvdro-

Figure 1. Scheme of hydrogen submierocrack development within
metal grain

"This work was executed under the guidance of academician of the
NAS of Ukraine I.K. Pokhodnya.
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gen decreases metal strength characteristics. Modern
physical methods do not allow yet, using direct ex-
periments, studying, for example, kinetics of hydrogen
distribution in welded joints, mechanism of pores and
cracks formation in welds, and a number of other
processes [2]. In this connection, there arises a neces-
sity of construction of adequate physical model of
RHB, calculation on its basis ol reduction of metal
strength under the influence of hydrogen, and com-
parison of the obtained results with experimental data.

In [3], a mathematical model of hydrogen transter
by edge dislocations in metal with BCC lattice is
proposed. The program for calculation of the quantity
of hydrogen transported by an edge dislocation is cre-
ated. On the basis of this model and an improved
Siener—Stroh model of submicrocrack formation by
the dislocation mechanism, a mathematical model of
brittle failure of the metal, caused by hydrogen, is
developed. The essence of the model consists in the
fallowing. During action of stresses leading to plastic
deformation, in metal grain plain congestion of edge
dislocations is formed. Under the influence of tangen-
tial stresses, dislocations start to move, thus entrain-
ing free hydrogen being on their way (Figure 1). On
grain border or on any other obstacle, moving edge
dislocations are blocked (in the literature it is accepted
to write that the top of dislocation congestion is
blocked). If the applied external (in relation to grain)
stresses are high enough, so in the top of the congestion
the dislocations start to merge, forming a submi-
crocrack. Hydrogen, transferred by dislocations, get-
ting into the volume of submicrocrack, reduces its
surface energy. Thereby hydrogen facilitates submi-
crocrack growth, thus it loses its stability at lower
stress. At macrolevel, it manifests itself as hydrogen
metal embritttement.

Physical essence of the term <«hydrogen transfer
by edge dislocation» consists in the following. Around
the edge dislocation, the crystalline lattice of metal
is distorted and is in the deformed state. Near the edge
dislocation there is an area Q of tensile stresses, fea-
turing raised solubility of hydrogen. Therctore at dis-
location occurrence there begins a diffusion of hvdro-
gen from the area of metal with normal solubility into
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Figure 4. Kinetic diagram of fatigue failure of welded joints of titunium alloy VT6 performed by EBW: ¢« — EBM; b — VAR

alloy VT6 obtained by different melting methods
(VAR or EBM), and also weld metal of their butt
joints perform by EBW, is practically identical. It
follows from the fact that all experimental data of
corresponding kinetic diagr s of fatigue failure, tak-
ing into account the zone ¢ ‘heir dispersion, practi-
cally coincide, forming a unitorm zone of dispersion.

Thus, the conducted cor  ex of investigations has
shown that weldability ana service properties of the
titanium alloy VT6 performed by different methods
(VAR or EBM), and also its welded joints, are prac-
tically coincident. The obtained results confirm that
use of the advanced EBM technology for making ti-
tanium alloys has good prospects.

CONCLUSIONS

1. For obtaining of fine-grained homogeneous struc-
ture in the deformed high-strength titanium alloy
(VT6) melted by EBM, it is necessary to carry out
rolling in B-domain untill deformation of 55—60 % and
4045 % in diphasic (o + { Jlomain.

2. For obtaining of optin  n equivalent parametres
of joints in welding of the alloys obtained by EBM,
it is necessary to increase welding current by 10—-12 %
in comparison with welding of alloys obtained by VAR
method.,

3. It is shown that irre  ctive of the method of
melting of alloy VT6, strer  h of welded joints per-
formed by EBW is at the level of BM, while impact
toughness of weld and HAZ metals correspond to 80—
85 % of that of BM. Simil characteristics are pro-
vided by AAW using weld  wire SP15sv.
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4. It is established that irrespective of the method
of melting of alloy VTS, fructure toughness Ky is at
the same level, while fructure toughness of welds
perform by EBW, in both cases is higher than that
of BM.

5. Titanium alloys obtained by EBM, and their
welded joints fully meet the requirements of standards
and ASTM, and compare well with alloys melted by
VAR, and corresponding welded joints.

6. It is established that cyclic crack resistance of
BM of titanium alloy VT6 obtained by various melting
methods (VAR, EBM), and also weld metal of butt
joints performed by EBW, is practically identical.

7. Allovs melted by EBM, can be recommended
for application in various branches of national econ-
omy at manufactu = ;of vi' " welded structures.
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