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THE METALS DEGRADATION IN HYDROGEN
ATMOSPHERE AT THE FLASTIC STRAIN

R.V.Fishgcit

One of the most induwricous phenomencs of hyd-—
rogen degradation is the cracks geveration
o the surface of metals during rplastic
strainm in hydrogen atmosphere. These craegeks
arise in stress corcentration places at the
first loading o as a low cvele loading
result. Thern. they carn 9rcow at the small
fatigue strasses influerce at the Preserce
or abserice thyvdrogen effect. In this Pparer
the armalvsis of the hydrogen trarvnsfer onm the
surface of metal. which have beer subliected
to the plastic deformation. was executed and
the metal desradatiorn thecretical model was
Proposed.

INTRODUCTION

At Present twe  pPoints of view on the desradation
mecharism of metals in hyvdrogen atmosrhere exist. Some
of the scientists thirk. that desradation ie definred

by penetratiov of hydrosen in surface laver of metal
as a result of equilibrum dissclution and "drawing' of
it by dislocations from sw-face. Uther ores believe

that degradation is the conseauerce of material sur-
face erersy decrease because of hydrogen adscorbtion is
Present. that facilitatesz swrface cracks gerneration.
The g9iven hypothesises do niot explain the series of
important aspects of hydrosen desradation in partigu-—
lar its amrlificatiocn at reduction of strainm rates (1),
In this cormecticr the development of desradationm
models of metals at their plastic strainm  in hvdrogen
atmosFhere remains urgsent task.
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MAIN PART

The assumpticorn have been made (&) that the solution

process of chemsorbed ions is activated by the metal

surface atomic bonds rupture enegy. The aquantity of

the bonde rupture is proportional to the quantity of

the dislocations and vacarnsions. which 9o out to the

surface. - that is plastic deformation rate. Consesu-—
ently. soluted hydrogen ions flow density is

3'=ké9 T S |

Soluted hydrogen transfer in metal takes rFrlace
irn the main by means of dislocatiowm  transport. It
derends on the effective diffusion coefficient.

The hydrogsen consentration in metal may be calcu-
lated by means of the diffusionm equation solutiorm with
caefficientj)* (2) and the boundary conmdition (1) . It
derends fram O ard rlastic deformaticr value E only.

As the destruction condition we choose

F(E,C)ch B g
As c =,C (E, e) « SO |:(£$‘:) = F.(E$ 0) *

Cormsequently. the metal hydrogen degradation degree
(the ratioc of critical value in air and in hydrogsen)
is determined in the main by e .

Using the constants values which determire the
adsorbtion and diffusion Processes rate (3) it is
Ppossible to calculate e for differenmt temperatures -

T « Fressures - P and deformation rates (Fig.1.3).

On the base of these calculaticorns next conclusicors
are made :

1. The metal desradation at the plastic strain in
hydrogsen takes pPlace at the temperatures not
below 100,...150 K .

The degradation level increases with the

deformation rate reduction.

. The desradation level iricreases at the srowth
of hydrogen pressure to 10...20 MPa . At the
further growth to 100 MPa the desradation
level charges insignificantly.

The conclusions what the hydrogsen degradation of
metals is absent at the temreratures below 100...150 K
and . what the hydrosern desradatiorn increases with the
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defermation rate reductions confirmed by the rnumercus
literature datas (1). Executed recently the exPerimen—
tal works confirm also what the nickel alloys hydrogen
desradation level strongly derpends from pPressure ti
20 MPa. butpractically there are no changes in the
interval 20...100 MRa.

Evaluaticns were made for nickel. but the conclu-
sicns. apparently. are true to other metals and allovs.
which abscorb the hydrogen endothermically.

Thus the propous model describes  the main
exrperimerntal established pPhenomenos of the metal
dearadation at the pPlastic strain in hydrogen
atmosprhere.

SYMEOLS USED

the deformation rate.

= the desree of the chemsorbed hydrogen
surface covering.

.
]) = the true hyvdrosern diffusion coefficient.
*
]) = effective hydroger diffusion coeffi:ient,
c= hydrogen concerntration.

e = plastic strain.

is the convex furncticon. which depend on C
and €

-1
(2
~
] [}

js the critical value of this furction.
-r = temperature.
p = pressure of hydrogsen.
k,'z = a constants.
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Fig.l1. €9 - value derpendence on nickel from
temrPerature .
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2. - value dererndevrice on niickel fraom
Pressure.

1548



