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CALCULATION MODEL FOR DETERMINATION OF SUBCRITICAL CORROSION CRACK

4ROWTH PERIOD IN THIN PLATES UNDER LONG-TERM LOADING.

0.Ye. Andreykiv* and N I. TymiakK*

In this work the authors propose a model of crack growth
in a thin metal plate subjected to static tension loading
and corrosive environment effect that caused formation
of a dense protective film on the metal The crack growth
rate dependence on the parameters of stress state and
electrochemical situation near the crack tip was modelled
and experimentally verified.

INTRODUCTION

It is established that anodic dissolution and hydrogen embrittlement
play the main role in the stress-corrosion cracking. A fresh surface,
free from passivating film is formed periodically near the subcritically
stress—corrosion crack tip. The formation of the passivating layer
regions at this surface caused the nonuniform distribution of the
potential near the crack tip. Hence, both cathodic and anodic reactions
occurs there. Hydrogen penetrates into the metal from the electrolyte
during cathodic process. Hydrogen diffusion from remote distances is too
slow to hydrogenize the prefractured zone. Therefore, hydrogen that
penetrates into the metal through the surface of the cathodic zones near
the crack tip plays a main role in this process. The interaction of the
metal and environment may result in the formation of one of such types of
the metal surface passivating layer: a porous layer, a highly disperse
colloidal mixture, a continuous protective film. The Known up to now
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models (see review of Andreykiv and Tymiak (1)) do not take into account
the peculiarities of the passivating layer formation and the relationship
between the Kinetics of this process and metal hydrogenation Kinetics.

In the present paper an attempt has been made to construct a
crack propagation model free from such shortcomings for a thin metal
plate under static tension loading and affected by corrosive environment,
that causes formation of a dense protecting film on the plate metal.

THE GENERAL PATTERN OF THE MODEL

The stress-corrosion crack Propagation is presented as constant
alteration of the electrochemical and mechanical stages of fracture. At
the electrochemical stage a crack propagates by the anodic dissolution
mechanism and the hydrogenation of the prefracture zone takKes place.
A mechanical stage ocar's as a junp of a arack at the moment t*, if maxi-
mum deformation values in the prefractured zone reach their critical
values. The values of a jump is ecqual to the distance between the crack
tip and the place in the prefractured zZone, in which maximum stress and
hydrogen concentration cause maximum weakening of the metal (Panasyuk et
al. (2)).

To evaluate crack propagation Kinetics within the scope of the
proposed model, it is necessary to solve the following problems:

-to build a model of electrochemical processes near the crack tip;

-to establish the hydrogenation Kinetics of the crack tip surface,
basing on this model;

-to determine the function of the hydrogen concentration distributi-
on C{x,t) in the prefractired zone taking into account the boundary
conditions which were established at the previous stage;

-to establish the crack propagation rate on the basis of the
obtained function C(x,t) and criterion for the condition of the critical
state achievement for a cracked body under the simultaneous hydrogena-
tion and mechanical loading action.

THE ELECTROCHEMICAL MODEL

We consider that the concentration of MeN* ions OMe™ and pH value near
the crack tip remain constant in time, because during tension of thin
metal plate with a crack the exchange of electrolytes between a crack and
surrounding environment is provided. The anodic Process in which the
dissolution of the metal and passivating film formation are competitive
takes place only at the fresh surface near the crack tip (Figure 1). A
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film is formed by an island mechanism (Ratzer (3)). The cathodic process
localized on the passivating film islands which arise at the fresh
surface and on the crack walls passivated region surface which area ©-;
is proportional to the fresh surface area %, (Pokhmirski at al (4)):

where + is a dimensionless constant.

1t is considered that only hydrogen depolarization reactions take
part in the cathodic process. A part of Hi.- atoms adsorbed on the
surface of cathode regions during the first stage of the mentioned
rocess goes fran the adsorbed intc absorbed state “..- and diffuses
into metal. Starting from the moment of the fresh surface fomation ‘iye
concentration near the crack tip surface increases to the moment t’ when
it achieves the equilibrium value 7T, From this moment it remains
constant (Cangloff(3);, i.e

o) = const = "f\_i...” BT A (2)

The Kinetic of i .- formation depends on the . value. Up to the moment
*’ the hyrogen flow into metal 1ty is a function of the cathodic

carrent density .- (Fishgoit et al (G)):

NI BEIE < FEFE S & 3)
Here I 1s constant, -=:(1)/5-(t;, (1) is sunmary magnitude of the
local couples awrent, = (%) is area of cathedic section

On the basis of these hypotheses and Known results (Ratzer (3)),
Zhang and Verechen (7)) we get the expression for the (1) determination
‘Andreykiv and Tymiak (1)):

af -
£ (U )@ (-BE (-axp (819) (Tw-ep (-B19) TH9 %, ety

Here 'ma.=!(0), t. is time of fresh surface coating by passivating film
3 is experimentally evaluated constant, which characterizes the metal
dissolition current atteruation in time. We find the Iy, value using
the data of a classical electro-chemistry and results (Gootman
(8),McMeeking(9)::

bt £

lman 75,0 EXP(B’ PHIExP(Op. 2 ¥ (NFB) ™) (s)
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were 8' = 2.2 ATEN T gz 48 exp( £.-A) (T M) RT/F))1/B |
Asaj+ag; B:by+by; ay, by and as, L2 are the factors of Tafel’s polariza-
tion dependencies for the anodic and cathodic processes respectively,
7 is Faraday’s constant, Ep is standard electrode potential of the metal
dissolution reaction, T is an absolute tenperature, = is the Boltzman
constant, fH> is the molecular hydrogen pressure in the solution, Vs
the molar volume of the metal, n is the rumber of electrons, participa-
ting in the metal dissolution reaction .

ESTABLISHMENT OF HYDROGENATION KINETICS
IN THE PREFRACTURED ZONE

On the basis of expressions {2 T let us note that the hydrogenation

Kinetics in the pmefractired zone is described by the fmnction < (x,1t)

which is equal to function <. (x,*) if +-*' and T(x,1) 18 equal to
function T (4, %) if t:t’. Here C. {¢,1) 1s the solution of hydrogen
aiffusion problem in the field of tension stress loads at given

non-stationary hydorgen flow at the crack tip surface cleavaoge,

Ty 04ty 15 the solution of the same problem for the given constant
hydroegen concentration at the crack tip surface cleavage. We get the

function C(x,t) (Andreykiv and Tymiak (10)) wusing the Known results

PanasyK et al (11), Andreykiv and Obukhivski (12)).

CONSTRUCTION OF CRACK GROWTH KINETIC FOUATION

Theoretical and experimental data (see Andreykiv and Tymiak (10)) allow
to conchwle, that the crack growth rate v is equal to the arack growth
rate due to hydrogen emxittlement Y-= In conditions when hydrogen
depolarization prevails in the corrosion process. As it is Known
(AndreyKiv and ObukhivsKi (12)), crack propagation vate under mutual
hydrogenation and mechanical loating is

v oAy n e A
Yihe = 4 Q| 6}

Tt 2 2% (7

Here ~« and B* are constants, which are the characteristics of metal-
awirament system .37 5 is the crack tip opening displacement, 5 is
its critical value. Expression (7) is the condition for the establish -
ment of cracked body critical state under the common action of
hydrogenation and mechanical loading, Ym 18 the hydrostatic stresses
maximum point in the prefractured zone, xp=2ad

On the basis of relations (6-7) using the obtained expression for
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Z(#, %) we get the expression for v determination:

2F 1 25 -0.5 =

v " Texp(-0.5a S WD) =a L S R R A S (8)

Here = (220 $g0 §7 imgy 3 (Mexp(@M) S, 9 1 )04, A=1-BY0y, exp(@m),
M=V (O~ T-) /7T, Gy 1S maximum  hydrostatic stress,  -- is hydrostatic
stress on the surface near the arack tip, vy is partial mplar hydrogen
volume D is the dAiffusion coefficient of hydrogen in the metal.

If O S5 Sc Vv 071 than from obtained expression we get approximately

1/% 2/5 2/%

vz @A TN )T Ty (9)

The obtained expression was applied on the experimental data
(Panasyuk et al (13)) (Figwre 2). Direct experimental determination of
many parameters of the Q and Ascgepemlen;ies 1s carplicated and sametimes
even inpossible. Thus, the uknown constants Q and \vere obtained on the
the basis of the experimental diagram v-4, the constant Q was obtained
with the help ofleast squares method, constant chwas taken cdirect from
the diagram Cuamparison of experimental v-& dependence (solid line; with
theoretical (dotted line) (Figure 2) allows to conclude that they
coincide <atisfactorily if O 5a 5c rv D tean

“ - constant, which is the characteristic of metal-enviromment system
™ 1
m’ mol )

T o equilibrium concentration of adsorbed hydrogen atams on  the crack
tip surface Mol m 2)

~MeN* - concentration of Met ions in the crack tip (mol m3)
Ipx = Qarent I(t) value at the moment of the fresh sirface formation (A)
Sp - fresh surface area at the arack tip {rr?)

t’ - time of establistment of the adsorbed hydrogen ecuilibriim
concentration on the crack tip (s)

t* - time of ritical deformation achievement in the prefractured zone (s)

> = constant, which is the characteristic of metal -enviroment system
(dimensionless)

2 - constant, which characterizes the metal dissolution oamrrent atterma-
tion in time(s 1)
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3 = crack tip opening displacement (m)
‘5c = critical value of 3 {m)
A z 3 /éc {dimensionless)

f - constant in th expression for hydrogen flow into metal
(mol s 1 al/2,

¥ = the ratio of initial cathodic area to fresh surface area
(dimensionless)
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Figure 1 The scheme of electrochemical processes in the tip of stress
corrosion crack
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Figure 2 Observed and theoretical crack growth rate plotted against
dimensionless crack opening displacement J/3¢
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