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NEW POSSIBILITIES IN INVESTIGATING
FRACTURE OF MATERIALS WITH HYDROGEN
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ABSTRACT

"Proton "Center of FPhysical-Mechanical Institute has
carried out the wide complex of experimental investigation
of the strength properties of material=s 1n the hydrogen
envirenment at pressure up to 100 MPa and temperature
up to 1000 K. The hydrogen induces localization of damage
accumulations and provides the conditions when body
strength 1s determined by the crack behavior.
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HEADING

As 1t i3 generally known, the problem of hydrogen effect
and hydrogen containing environments on
vhysical-mechanical properties of metal materials, belongs
to the one of the most actual =scientific and technical
problems. That, on the one hand, can be explained by the
ract that  physical nature of hydrogen embrittlement of
metals has not been discovered completely, what 1like
corrosion of metal materials in many cases 1s the cause of
crashes and great damage to the national economy. On the
other hand, because of a number of econcmic and ecological
reasons the hydrogen applicatien in different fields of
enzineering and industry, on the rirst place,
alrcrartspace, nuclear, electrenic branches, increases.

The works, connected with the use of hydrogen, are carried
ot Intensively in all technically developed countries and
the spectrum of perspective applications is very wide,from
new manurfactures teo the formation of new filelds in
industry. Here depth o0ll processing effects (hydro-
cracking), incompatible increas of non-inflamable resource
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erriciency use, hydrogen application 1In metal treatment
‘2.2, In stamping) titan alloys (propulsion rocket space
svstems, including multisystems such as "Shutle', “"Buran-
Znergy', works on hydraogen use as airecrart ruel (example
TU-155), desgigns of aerospace alrcrart such as "NASP" san
be included.
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Today, in the world, several centers of hydrogen
2ngineering have been Tormed G. V.Karpenko
Physical-Mechanical Institute of the Academy of Science of
Ukraine (PhMI) 1s one of them. The Engineering Center of
hydrogen material engineering "Proton" of PhMI became
involved in the works on the broblems of hydrogen effects
cn  the material behavior almest from the first: days or
25tablishing the institute, as so0on as hydrogen has “been
found as a detrément Tfor the design integrity and cause of
destructions tock place. The f rzt achlevements 1in this
Tleld are associated with academiclan .G.V.Karpenko and his
school (Karpenko B.V.,1360,1963,1974) and are referred
casically  te the study of the effect of internal hydrogen
ytic hydrogenaticn on the metals. Further
T investigation to some extant was due te the
providing the survivability of materials and

the rocket engines using the hydrogen fuel,
mphasis made on the examination of materials
arrs by Zgaseous hydrogen environment and
nitrogen-hydrogen media within the range of variations of
Lhelr parameter pressure and temperature (beginning from
the crycgenic cne) (Tkachev V.1., 1972).
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aggregates and systems of oll-chemistry and was obtained.
effect of medium ionization on
creation of the hydrogen degradation were studied. Other
aspects of Interaction betwezen
investigated, in particular, the effect of hydrogen on the
tribological processes and physical- chemiscal properties

Materlal high temperature,

of the metal-hydrogen systems.
diffusion parameters including

hydrogen and metals were

The data of the hydrogen
the 1Information on the

different rlelds such as 2lectrical, magnetic, temperature
and a Trileld of mechanical
governing the metal impermeability by means of various
erfects on their microstructure and surface especlially by
depositing the diffusional and plasma composition coatings
were devised. It should be noted that in PRMI works on the

material hydrogen engineerin

researches of production of

stresses. Techniques for

g frem the very beginning the

the materials resistant to the
hydrogen degradation, pretection azainst the the
detrimental hydrogen influence by ths mechanica ant
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chemical-thermal treatment of dirferent kinds, nd
defining the raticnal operaticn mode for machines and
aggregates wilth risk of hydroge gradatien. Thus in

=

particular the temperature lds for material
applicaticn in =F: te

were included, the adequate cr a for estimating the
metal serviceablllity in designs and methods for evaluation
and prediction of their operation were determind (Tkachev
V.I1.,1984). Variants Tor optimizing the chemical
compesition and structural state of the metal materials
were TFound, a number of new steel and alloy compositions
of improved resistance against the hydrogen embrittlement
Wwere suggested, promising results concerning the use of
super equilibrium nitrogen content in contact with
hydrogen were obtalned {Tkachev V.I., 1384).
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Wide experimental investigations of a large number of the
phenomena in metal-hydrogen systems revealed technically
promising effect.The effect on processes of the phase
transformations of microstructures in alloys, significant
acceleration of masstransfer processes  (e.g. mutual
diffusion of low-mobllity fore-nitrogen dopes, etc.) in
the materials Including the ceatings, effects on evolving
the inter-metalllc phases, possible governing the metal
dispersion (powder feormation and fragments of the required
morpholegy), promotion of material handling due to the
hydrogen effect should be taken into account. (Andreikiv
A.E.,1987; * Tkachev V.I., 1932, 1930; Pochmursky v.I.,
1981, 1987) rer  example above listed effescts,the
acceleration of masstransfer in metals under the hydrogen
effect suggests the sSolution of the technological problems
of the adhesion in the plasma-deposited ceatings
(thermoprocessing 1n  hydrogen alloys to improve adhesion
in 3 times) and the problems of metal welding diffusion .
Effects of this nature are interesting for perfecting the
processes of nitriding the hydrogen use (which further 13
removed from materlals)., -~ (FederovV.V., 12388; Svist E.I.,
1984). Technologlcal developments were based on the basic
effects such as reduction factor (by 20...20% due to the
hydrogen effect; 1includinz the defermation friction on
metal depositing (Tkachev V.I., 1978).; easy cutting and
ferming of metals. A3 turned out in this case the positive
effect provides hydrogen charging only one instrument
being now governed (Tkachev V.I., 1376)

However, the wide experimental data cannct eliminate the
necessity of understanding the nature of this phenomenon
without which 1t 15 Impeossible to envisage th turns of
the evelution in the metal-hydrogen systems or obtain
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Localizaticon fastor iz connected with two effects varying

in their nature.

The Tirst one consists even in the perfect crystal lattice
energetically useful uneven
distribution of disseolved hydrogen but presence of lokali-

of metal 1t may be not

zations (clusters) (Goltsov V.A.,
much
subsystem (electrons of metal

These clusters appear 1in

reriodical lattice of proton

and hydrogen are gzrouped

phase ...1= enriched with hydro
maghitude approaches to the unity.

The second effect of hydrogen
segregation 1in defects of th
metals (Foit E.E., 1376
sighificance of this effect
presents results
thelr structures
of real materials and,
local  concentration

1380; Kishi K., 1978).
the =ame was as the

) which 1is doped in the metal
lattice and whose period has the same value maghitude ‘as
the metal lattice parameter has (Kishi K., 1976). The
latter means that atemic hydrogen concentration 1in these

gen according to the value

localization presents its
¢ crystal structure of the

;  Vavrukh M.V., 1985). The
Tor the material behavior with
, Tirstly, from the lattice

and properties governing the
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concentration of hyudrogen exeeds the average value for

Gl C mes and the atemic prepertion
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material behavior.

.‘
Structure de
and thus on t

ticular, the important practical
vdrogen localized in structure deffects
really defines material behavior and its integral quantity
in metal (macroconcentration) in the general case may not
be the comparative hazard measure af hydrogen degradation.

From this, 1in par
conclusion that hy

The next key element of the hydrogen metal degradation
nature concerns the way of affecting the material behavior
by hydrogen in lecalization cells. A number of theoretical
results obtained within the limits of different model
presentations convincingly indicate the reduction of
adhesion Force-decohesion with hydregen contalned 1in
metals such as iron, nickel, ferrum and etc. Though this
effect is extremely locallized, it creates the
precenditions for the unfavorable proceeding the
physical-mechanical processes in metals, intensitying the
lability of plastic microdeformatien and accumulating
damages giving them cumulative character.

As regards the solution of the question con the strength
design under the hydrogen effect, 1t would be wrong to
apply the traditional eariteria of strength against the
maximum parameters of stress-deformed conditions whose
limit values are determined by the experiments 1in
accerdance with the standard.Pprocadures including only
the hydrogen effect on the material. The cause of this 13
that 1t hydrogen iz present the limit state of materials
is more responsive to the kind of the stress condition and
1t 1s related with processes of hydrogen redistribution in
the system during the expesrimental operation and therefore
requires additional provizion for compliance of the
laborateory experiment with processes taking places in a
design.

An exception 1F cracks growth where self-modelling of the
crack top environment which is true alze for the processes
of interaction with hydrogen makes possible to solve
suUccessrully the problems of tests and dezigns on strength
oy use of the adequate techniques of destruction mechanics

es
(Tkachev V.I., 1376: VYartis V.A., 13983). In thiz regards
it might be rortunate that hydrogen nduces lecalization
of damages accumulations and provid the o

bodles strength 1s determined to a large measure by the
behavior of cracks in them.
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