PROBLEMS OF CORROSION FRACTURE MECHANICS AND METAL
PROTECTION

V.V.,Panasyuk and L.V.Ratych*

The most important problems of corrosion
fracture mechanics are considered., News ap-
proech of crack growth resistance of metal
determination in corrosive environment and
plotting of basic diagram for lifetime cal-
culations are proposed, as well as new me-
thods for estimation of contribution of fa-
tigue crack growth acceleration mechaenisms
in aqueous environment, threshold value of
KIscc’ inhibitor protection of metal from

corrosive-mechanical fracture and oxygen
effect on corrosion crack growth resistan-
ce of metal.

INTRODUCTION

The concepts end approaches of fracture mechanics &re
widely used in corrosion cracxiqglproblems‘(1); + Cor=-

red as one of the factors, which substantially effects
crack growth resistance of metal. The methodology of
crack growth resistance of metal determination in inert
or corrosive environment is as & matter of fact simi-
lar. Testing results under static and cyclic loadings
of specimens in corrogive environment by analogy with
inert one are represented by respectively SCCGR and
CCCGR diegrams of material. It was established that
such diagrams are noninveriant, as K unambiguously
determines corrosion crack growth resistance of mate-
rial and therefore they cannot be used for evaluation
of structural serviceability in corrosive environment.

The aim of the paper to be reported was to golve
the noninvariance problem of SCCGR and CCCGR diagrams
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of material and other problems of corrosion fracture
mechanics and metal protection.

Determ}nation of crack growth resistance of metal in
corrosive environment

By investigation of different metal-environment
systems it has been esteblished that noninvariance of
SCCGR and CCCGR diagrams of material is caused by non-
jdentical electrochemical conditions at the CFC tip du-
ring its growth. To take into account these circumstan-
ces a new approach was proposed (2,3), according to
which vgis determined by parameters characterizing
not only the stress-strain state at the crack tip but
also physico-chemical processes in time and the state
of fracture surface at the crack tip, i.e.:

Vor £ LK g 1AL LED, Ag (1) - - AjLED; o
B4 () ,85(S),-- .akcsﬂ

In cese of aqueous environments equation (1) has such
appearance:

Vo= £ (€1 » Kppay d P B (2)

Thus, the necessary condition for plotting of the
invariant SCCGR and CCCGR diagrams of material, which
may be used for structure lifetime calculations, is
creation of resistance testing constant electrochemical
conditions at the CFC tip, i.e. th = const and Ey =
conste.

Within the limits of new approach principally new
methods (4) were worked out, which permit to perform
corrosion crack growth resistence testing under con-
stant stress-strain state and electrochemical conditi-~
ons at the CFC tip, also taking into account their va-
riations. ’

New methods of plotting of basic CCCGR diagrams of ma-
ferial

Unlike the known methods (5), more physically gro-
unded methodology was proposed for accelerated plotting
of basic curves or basic SCCGR and CCCGR diagrams of ma
terial for lifetime calculations, according to which V¢
is equal to Vgg under extreme service conditions (fre-
quence, stress ratio end cycle shape, temperature) and
constant electrochemical conditions. at the CFC tip, gi-
Tilar to that on the crack surface (pHy= pHs = const),
with correction for possible variation in stress-strain
state and electrochemical conditions at the crack tip
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of the structure as compared with the tested specimen
by £Lyend Le coefficients:
VQ(._"Ve.c‘Lt"Le. (3)

Coefficient ot 1is determined on the basis of cyc~-
lic crack growth resistance diagrams of material in
air plotted using testing date of specimens of basic
8, and meximum Bmyx thickness, which provides plane
strain conditions, and coefficient Jde is calculated on
the basis of invarient CCCGR diegrams of material plot-
ted using testing data of specimens of 8, thickness at
extreme service conditions in given environment with
pHy= pHe and in environment with pHyzpHy o o imita=-

ting extreme electrochemical conditions at the CFC tip.

The methodology has been used for plotting of
vasic CCCGR diagrams of a number of materials: reactor
steels and their welds, steels for discs of steam tur-
bines, pump rods, etc.

Methods of evaluation of LAD and HE mechanisms

It is known that LAD and HE are the main mecha-
nisms of accelerated fatigue crack growth in aqueous
environment. Taking into account these facts a model
(6) is proposed according to which increment Avp is
approximately equals to the sum of increments AVy &nd
AVy due to LAD and HE mechanisms, Basing on the gra-
phical representation of the cyclic crack growth resis-
tence diagrams of material in aqueous and inert envi-
ronments in the logarythmic coordinate system this sup-
position can be written as:

lg Ve lg v=lg Avyrlg AVy 4)

The Avp and AVy jncrement vaelues are determinde accor-
ding to formulae:

AVp= §pr AEy , AEg=Eq-Erj AVy=y -4y, ABy7Ex” By (5)

For determination of P and By coefficients special
calculetion-experimental techniques have been develo-
ped.

Thus, for example, for the 40Kh steel=distilled
water system on the basis of the given methodology it .
was shown (Figure 1) that fatigue crack growth rate in-
crement is called forth mainly by HE, which intensity
increases with § decrease.
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Methods of K

Electrochemical criterion AEy was used in the
calculation-experimental methods for prediction of
values for given testing base (7), the main point of
which is as follows.

evaluation

Iscc RS ASA St

The comparison of the electrochemical conditions
at the crack tip with thermodynamic water stability di-
agrem shows that the hydrogen evolution at the crack
tip is thermodynamically possible only at positive AEy
values., The total amount of hydrogen evolved at the
crack tip from the moment of corrosion environment in-
troduction to the moment of crack start equals:

s
g4 | ag, ()at 6)
0
It is established that in the logarythmic coordi-
nate system the value is lineary connected with K
and a regression line 1s described by an equation:
(]r. KM:AO (7

Thus, it follows from equations (6) and (7) that
the value KIscc can be determined from condition:

te A/m
Ko & LAo/ek j y AE (ydt] (8)

The satisfactory coincidence of experimental and
calculated data of KIscc values for a number of metal-

environment systems has been obtained (7).

Methods of evaluation of inhibitor protection efficacy

By investigation of tendencies of electrochemical
Hyand B¢ characteristics variations during testing
of steel 40Kh in distilled water inhibited by corrosi-
on inhibitors of various principles of action it has
been esteblished that the increase of the CCCGR is cau-
sed by the decrease of LAD and HE processes intensity.
Therefore for the evaluation of inhibitor efficacy we
may use electrochemical criteria Exr and Ey or their
mean electrochemical parameters for LAD mechanism.

— N
AEA=-:-‘-° S OO[AEA(N)] dN (9)
and for HE mechanism N
By, S0° (88, 00)) 4N (10)
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Diagrams AEp-0Euallow & new position approach to
solution of the question of corrosion-mechanical frac-
ture inhibitor choice. They may be used for determina-
tion of an optimum sort and metal structure as well &s
optimum inhibitor concentration for the work in the gi-
ven environment.

Methods of evaluation of oxygen effect on CCCGR of me-
terial

In 80-ies investigations of cxygen effect on
CCCGR of material have begun, but up till now they ha-
ve not unambiquously solved this question.

For solving this problem investigations of ¢ ef-
fect on pH¢ and E+ were performed which showed that
varietion tendency and their values are very much de-
pended on ¢ . It means that C varies LAD and HE inten-
sity mechanisms. Therefore for eveluation of this ef-
fect electrochemical parameters AEp end AE may be
used, as it was done at working out the optimum C va-
lue determination methods, Applicetion of these methods
for 4OKhN2MA steel-distilled water system in particu-
lar showed (Figure 2) diverse influence of oxygen on
LAD end HE processes intensity, end if the restriction
of these processes is desired, optimum variable oxygen
concentrations may be determined: from the standpoint
of LAD C is to be strictly regulated, from the stand-
point of HE it may be considerably relaxed.

As AV, value is directly connected with LAD and
HE mechanisms thus it allows to assess ¢ effect on
SCCGR and CCCGR of material.

SYMBOLS USED

Aq .AS = parameters defining physicochemical proce-
ases at a crack tip

Ao = coefficient

4 = coefficient

i = coefficient taking into account structure

thickness effect

ke = coefficient taking into account the effect
of extreme electrochemical condition at
the crack tip

By By = pareameters characterizing the state of the
fracture surfece
%o = basic specimen thickmess
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%Mu

Ba
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AEp
A€
A€y
AEy
AVe

ANy

p“tMin

& o

maximum specimen thickness

characteristic of metal-environment gystem
under the influence of LAD

characteristic of metel-environment system
under the influence of HE

material constants

concentration of oxygen dissolved in envi-
ronment
electrochemical criterion of LAD

mean paremeter of AEp

electrochemical criterion of HE

mean parameter of AEy

increment of fatigue crack growth rate

increment of fatigue crack growth rate due
to LAD

increment of fatigue crack growth rate due
to HE

metal electrode potential at the crack tip

metal electrode potential on the specimen
surface

potential of equilibrium hydrogen electrode
frequency
stress intensity factor
maximum stress intensity factor
threshold value K under static loading
coefficient
number of loading cycles
basic number of loading cycles

hydrogen ion exponent of the environment at
the crack tip

hydrogen ion exponent of the environment at
the chamber

minimum value of pH¢

amount of hydrogen evolved at the crack tip
from environment

fracture surface
time

time of the beginning of the hydrogen evo-=
lution
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= time of the crack start

= time of prediction
= fatigue crack growth rate in inert environ-
ment

= fatigue crack growth rate in corrosive envi-
ronment

= value Ve at basic CCCGR diagram of material
= value Ve in basic specimen

SCCGR = gstatic corrosion crack growth resistance
CCCGR = cyclic corrosion crack growth resistance

CFC

= corrosion fatigue crack

LAD = local.. anodic dissolution

(1)
(2)

(3)

(4)

(5)
(6)

(7

= hydrogen embrittlement
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Figure 1 Influence of frequency
on LAD and HE mechanisms.
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Figure 2 Influence of oxygen
on LAD and HE mechanisms
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