JOURNAL OF MATERIALS SCIENCE35 (2000)2653— 2657

An investigation of pitting initiation mechanism
of 1Cr12Ni2W1Mo1V steel after induction
hardening
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Pitting potential of the 1Cr12Ni2W1Mo1V steel specimens, which is hardened and
tempered at different temperatures, was measured under different corrosion environments
and different stress levels. Test results showed that the external stresses have great
influence on the pitting initiation of the 1Cr12Ni2W1Mo1V steel besides the material
processing, microstructure and corrosion environments. Pitting potentials increase with
decreasing of the concentration of chloride ion and have a linear relationship with log C¢-.
Under a certain concentration of chloride ion, the effects of pH on the induction-hardening
specimens after low temperature tempering are negligible, while the effect of pH on the
high temperature tempered specimen is relatively great. Pitting potentials decrease
dramatically with the increasing of the stress when the stress is lower than 50 MPa; pitting
potentials decrease little with the increasing of the stress in the region of 50-400 MPa;
pitting potentials tend to be stable when the stress is higher than 400 MPa. Based on the
test results, a mathematical expression of passive film cracking coincides with the
experimental results. Heat treatment have great effects on the corrosion resistance of
1Cr12Ni2W1Mo1V steel. © 2000 Kluwer Academic Publishers

1. Introduction upon reaching the metal/film interface, results in film
1Cr12Ni2W1Mo1V steel which is used for the steambreakdown. However, the materials used mostly have
turbine last stage blades, not only suffers complexdefects, defects, corrosion environments and stresses
stresses, but also suffers corrosion, especially pittindpave great effects on the formation of passive film and
corrosionwhichis due to corrosive deposits condescenthe breakdown of the film. Therefore, during the study
in the blade surface from the impurities of the steam inof mechanism of pitting corrosion initiation, the mate-
the working environment. 1Cr12Ni2W1Mo1V steel in- rials, heat-treatment processing, corrosive environment
clines to the pitting corrosion. Studies [1, 2] show thatand stress should all be considered, the actual mecha-
stress corrosion and corrosion fatigue cracks mostly ininism of pitting corrosion initiation can be reached.

tiate in the pitting corrosion points, which result in the

failure of the blades. So, investigation of behaviors and

mechanism of pitinitiation isimportant to increase life- 2. Experimental setup

time of blades and improve heat-treatment processin@he electrochemical method was used to measure the
of the blades steel. Corrosion resistance of metal mategitting tendency of materials. This theory divides the
rials have great relation with their surface passive filmscorrosion process into oxidization and reduction, and
[3]. Recent studies of pit initiation try to explain the pit assumes that all oxidization rates are equal to all reduc-
initiation phenomena in ideal metal surfaces (no physition rates on the corrosion surfaces. The dynamic po-
cal defects such as inclusions, heterogeneity of compdential method uses two main characteristic potentials:
sition, etc). These theories believe that the initiation ofpitting potentialE, and passive potenti&, to measure
pitting corrosion is due to Clof corrosive environment the pitting tendency of materials. The typical polariza-
penetrates and migrates through the passive films, arttbn curve of stainless steel in Clsolution is shown
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Figure 1 The typical anodic polarization curve of stainless steel in Cl
solution.

ery solution was deoxidized by argon for an hour. The
anodic-polarization curves which were used to mea-
sure the pitting potentials, were measured by dynamic
potential method, assistant electrode is Pt, and refer-
ence electrode is 232 type saturation calomel electrode,
scanning speed is 10-15 mV/min. The sample used in
measuring the effect of stress on the pitting potentials
is shown in Fig. 2b, there is 40 mm length of partial in-
duction hardening region in the middle of the sample,
measured regions are induction hardening region and
its transitional region, and measured area is 0.3, cm
the other areas are sealed with epoxy. The experiment
is performed in sodium chloride solution, and the con-
centration of the solution is 4.373 mol/L, pH values
is 7. The experiment is performed in atmosphere. The
stresses are loaded through self-made equipment shown
in Fig. 3. The stresses used in the experiments are 0,
49 MPa, 98 MPa, 196 MPa, 294 MPa, 392 MPa, 490

in Fig. 1. In Fig. 1, anodic polarization starts from the MPa and 588 MPa respectively. The pitting potentials

corrosion potential A, the metal is at active dissolution
process, current increases rapidly with the increase of
the potential. When potential reaches point B, passive
film forms on the metal surface, current decreases and
reaches a certain value and keeps unchangeable with
the increase of potential. When potential increases to
point C, current starts to increase. This point means the
partials of the passive film, and the potential at the point
is the pitting potentiaE,. With the increase of poten-
tial, current will continue to increase. Then reverse the
scanning direction, current decreases with the decrease
of the potential and reaches point D which is the passive
potential Ep,.

The material used in study is partial induction hard-
ening 1Cr12Ni2W1MolV steel tempered at 5@0
350°C, 250C respectively. The measured area of sam-
ples shown in Fig. 2a is 0.25 dthe other areas are
sealed with epoxy, although there are crevice corro-
sion on the interface of the sample and the epoxy, the
measured areas were not found. And the measured sur-
faces are all polished with 5# metallographic sand pa-
per before the experiment. The experiment of the effect
of chloride ions on pitting potentials is performed in
sodium chloride solution, and the concentration of the
solution is from 0.0001 mol/L to 4.473 mol/L and pH
value is 7. The experiment of the effect of pH values on
pitting potentials is performed in sodium chloride solu-
tion, and concentration of the solution is 4.473 mol/L
that has different pH values. The pH values were con:
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Figure 3 Schematic of experimental setup: 1, Bolt; 2, Nut; 3, Load base;

trolled by adding HCI and NaOH solution and mea- 4, corrosion chamber; 5, Pt electrode; 6, Specimen; 7, Sphere seal; and

sured by standard pH meter. Before experimenting, evs, Sphere support.
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Figure 2 Corrosion specimens.
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Figure 4 The relationship between pitting potential and the concentra-Figure 5 The relationship between pitting potential and pH values.
tion of chloride ions.
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3. Results and discussion mol/L CI~, pH=7).

Fig. 4 is the relationship between pitting potentials
and the concentration of chloride ions. The pitting po-
tentials of four different heat-treatment specimens de€ning transitional regions are lower than those of in-
crease with the increasing of the concentration of chloduction hardening regions. The difference is about 10—
ride ions, and pitting potential has linear relationship30 mV. For the induction hardening specimens after
with log C4-. The pitting potentials of induction hard- three different temperatures tempering, there are three
ening specimens are higher than those of hardening arfélages of the pitting potentials with the increasing of
tempering specimens under the same level of concerstresses: (1) pitting potentials decrease dramatically
tration of chloride ions. With the increasing of tem- with the increasing of the stresses when the stress
pering temperature (from 250 to 540 C), the pitting  iS lower than 50 MPa; (2) pitting potentials decrease
potentials of induction hardening specimens decreasgradually with the increasing of the stresses when the
gradually under the same level of the concentration oftresses are in the region of 50-400 MPa; (3) pitting po-
chloride ions. The difference between the pitting potenientials continue to increase when the stress is higher
tials of three different induction-hardening specimensthan 400 MPa, while stresses reach 500 MPa, the pit-
decreases gradually with the increasing of the conceriing potentials tend to be stable, and nearly no change
tration of chloride ions. Compared to induction harden-with the increasing of the stresses.
ing specimens, the pitting potentials of hardening and Fig. 4-6 showed that the corrosion resistance of
tempering specimens is the lowest, but has only a litinduction-hardening specimens after 26Gempering
tle bit of difference with those of induction hardening is the highest.
specimens after 54C tempering.
Fig. 5 is the relationship between pitting potentials
and pH values. pH values have slight effects on the pit4. Discussion
ting potentials under the certain concentration of chlo-Currently there are four pitting initiation mecha-
ride ions (4.373 mol/L Ct). The trend is clearer for nism: (1) competitive ion absorption theory; (2) com-
induction hardening specimens after lower temperatur@lex ion formation theory; (3) ion penetration theory;
tempering specimens. When pH values equal to 2 or 34) chemico-mechanical theory. Although these theo-
the pitting potentials of induction hardening specimengies can account for most of the experimental data qual-
are nearly the same values, but as for hardening anitatively, no quatitive treatment has developed so far,
tempering specimens, pH values have relatively greathey are many shortcomings. Macdonald. etc. [4, 5] pro-
effects on the pitting potentials. pose a model to explain pitting initiation as breakdown
Fig. 6 is the relationship between pitting potentialsof passive film formed in metal surface: the growth of a
and stresses. The pitting potentials of induction hardpassive film involves transport of both anions (chloride
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ions) and cations ( metal ions) or their respective vacansive film which results in pitting potentials decreasing
cies. Furthermore, anions diffuse from the film/solutiondramatically. When stress is in the region of 50-400
(f/s) interface to the metal/film (m/f) interface and sub- Mpa, the change of the pitting potentials with the in-
sequently result in film thickening. On the other hand,creasing of stress is basically the same for three differ-
cation diffusion, while not excluded, results only in dis- ent induction hardening specimens. With the stresses
solution and not in the growth of the primary passiveincreasing, interface regions between second phase and
film. One consequence of the diffusion of metal cationmatrix will gradually yield, resulting in stress reducing
from the m/f to the f/s interfaces is that metal vacanciesear the interface, so that pitting potential decreases
(or “metal holes”) are created at the metal/film inter- gradually with the increasing of stress in the region of
face. These metal “holes” will tend to submerge into50-400 MPa. Compared to lower stresses, this effect is
the bulk of the metal and hence to “disappear”. How-relatively slight. When stress is greater than 400 MPa,
ever, when the cations diffusion rate (i.e. the metal holevhen phase interface region yield fully, pit still initi-
production rate) is higher than the rate of “metal hole”ates in phase interface, with stress increasing further,
submergence into the bulk, the metal holes will startthe stress has no further effect on pitting potentials.
piling up and hence will form a void at the metal/film  Under different experimental conditions, the corro-
interface (this is the process of pit initiation). When thesion resistance of induction-hardening specimens af-
void grows to a certain critical size, the passive filmter 250C, 350C and 540C tempering is better than
suffers local collapse which then marks the end of pitthat of hardening and tempering specimens and the
incubation period. Subsequently, the collapse site diseorrosion resistance of induction-hardening specimens
solves much faster than any other place on the surfacafter 250C tempering is the highest. This may be
thereby leading to pit growth. At the same time, math-caused by the different microstructures of the mate-
ematical expression for the relation between the pittingial after different heat-treatment. Studies [8] showed
potential and the concentration of chloride ions is assulphide, oxide and carbide have great effects on the

following: pitting initiation of stainless steel. There are different
kinds of carbides due to different tempering tempera-
4.606RT | Jn — A— Bgp tures. There are (Fe,GglCs and (Fe,CrCs carbides
b= Fa Y JOu—*/2 after 540C tempering, (Fe,CfiC3 and (Fe,Cr)C car-
2303RT i bides after 350C tempering, and (Fe,G¢ carbides
—2=" loga® (1) after 250C tempering. Compared to (Fe,@E; and
aF (Fe,Cr}C carbides, the precipitation of (Fe,g4Cs

carbides decreases chromium in the matrix around
0 Ny T4 */? —AGY? the carbide and worsens the corrosion properties of
7= XKDVMX[ ) ] eXD( RT ) (2)  1Cr12Ni2W1Mo1V steel.

Fe

~RT 3 5. Conclusions

(1) The pitting potentials decrease with the increasing
whereJ,, is the rate of submergence of the metal holesof the concentration of chloride ions, and have linear
into the bulk metalx is the charge on a catiom,is  relationship with log G;-;
the field strength in the filmpDyyx is the diffusivity (2) Under a certain concentration of chloride ion, the
of the cation vacancyl\y is Avogadro’s numbei2 is  effects of pH on the induction-hardening specimens af-
the molecular volume per cationG? is the charge ter low temperature tempering are negligible, while the
in Gibbs energy for the Schottky-pair reactienjs a  effect of pH on the high temperature tempered speci-
constant,F is Faraday’s constanég - is the activity men is relatively great;

K

of chloride ion in solutiongy, is effective strainu is (3) Fortheinduction hardening specimens afterthree
the chemical potentialA and B are material constants different temperatures tempering, there are three stages
respectively. of the pitting potentials with the increasing of stresses:

From Equation 1, pitting potential decreases with(1) pitting potentials decrease dramatically with the in-
the increasing of the concentration of chloride ion increasing of the stresses when the stress is lower than
solution and pitting potential has linear relation with 50 MPa; (2) pitting potentials decrease gradually with
logac-, which coincides with experimental results in the increasing of the stresses when the stresses are in the
Fig. 4 and the experimental result of Janik-Czachoregion of 50-400 MPa; (3) pitting potentials continue to
[6]. pH values have slight effects on pitting potentials,increase when the stress is higher than 400 MPa, while
which mainly due to the formation of blocking section stresses reach 500 MPa, the pitting potentials tend to
in pit so that the pH values in blocking section keep con-be stable, and nearly no change with the increasing of
stant [7]. Fig. 6 shows that when stress is lower than 5@he stresses;

MPa, the pitting potentials of three induction hardening (4) Based on the experimental analysis, the pitting
specimens decrease dramatically with the increasing giotential mathematics expression coincides with the
stress, this may be due to the difference of Young'sexperimental data;

modulus between matrix and oxidate, sulphide and al- (5) The corrosion resistance of induction hardening
loy carbide, under the effect of stresses, phase interfacgpecimens after 25Q tempering is the highest, and the
formed relative great tensile stress resulting from streskeat-treatment have great effects on the pitting corro-
concentration, so as to promote the breakdown of passion resistance of 1Cr12Ni2W1Mo1lV steel.
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