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r The protection potential is defined by Pourbaix (1) as the

potential above which active pits will grow, and below which

(in the absence of other reducible species) active pits "have

been found to become inactive and harmless." As work by Pour-

baix (1), ifilde and Williams (2), and Wilde (3) has shown, pit-

ting, once initiated above the critical pitting potential (ER),

wili :ontinue to propagate at electrochemical potentials more

noble tZ.-n the protection potential (Ep). In order to determine

the effect of the protection potential on the propagation of

pits initiated below the critical pitting potential, a technique

of controlled pit initiation was developed (4).
A modification was made of an electrochemical corrosion

cell (S) to allow insertion of a glass probe with a diamond

point. This was positioned to allow scratching of the sample

surface while controlling sample potential through the Luggin-

Haber probe. Brown and Mears have shown (7,8) that scratches on

waxed samples exhibit electrochemical behavior similar to that

of naturally occurring pits.

The samples used were Fe-16.9 Cr and their preparation was

the same as for the Fe-Cr samples in the work by Verink and Pour-

baix (5). The samples were potentiostated at the potentials in-

dicated by the letters, A, B, and C on the experimental Pourbaix
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Diagram for Fe-16.9 Cr shown in Fig. 1 (4). During the test,

current output of the potentiostat was monitored using a strip

chart recorder. I
The electrolyte was 0.10 molar NaCI buffered to pH 8.8 with

0.10 molar NaHCO3 . This solution was vacuum deaerated and sat-

urated with hydrogen gas for the duration of the experiment.

The temperature of the electrolyte was maintained at 230 ±-I0 C.

A sample was first polarized at -0.500 Vsce (Point A), be-

low both ER and Ep. The current density was allowed to attain

a steady state value (several minutes), at which time the sur-

face was scratched with the diamond point. Each time the sur-

face was scratched, the current density increased and immediately

returned to the steady state value. These spikes are schematic-

ally shown in Section A of Fig. 2, where each spike represents

one scratch.

The sample was then potentiostated at -0.100 Vsce (Point B),

a value between ER and EP IER = +0.090 Vsce and Ep = -0.280 Vsce

(4,6)] and allowed to attain a steady state current density.

Once again, each time the sample surface was scratched a current

spike occurred, and the current returned to the steady state

value.. This is represented in Section B of Fig. 2.

When the sample potential was raised to +0.400 Vsce (Point

C), above the rupture potential, the current density immediately

began to increase with no evidence of decreasing. This is rep-

resented in Section C of Fig. 2.

In a second experiment, the sample was scratched once with

the diamond stylus after being placed in deaerated electrolyte
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(.1M NaCl, pH = 8.8). The sample was momentarily polarized to

+1.00 Vsce in order to "activate" the scratch. The potential

was then lowered to -0.100 Vsce and the current density was mon-

itored. The current density increased with time indicating that

the scratch was still active at potentials between Ep and ER.

The potential was next lowered to -0.500 Vsce (below EP), It

was found that the current density now decreased sharply with

time indicating deactivation of the scratch. This is shown

schematically in Fig. 3.

Conclusions

It has been shown that in chloride solutions, a binary Fe-

Cr alloy containing 16.9% Cr and 0.15% C, may be activated for

pitting corrosion by subjecting it to potentials at and above

the pitting potential (or rupture potential, ER).

Once activated, pits will continue to propagate at poten-

tials between ER and the protection potential Ep.

For this alloy, active pits cease to be active when the po-

tential is lowered below the protection potential Ep.

It also has been shown for this alloy that unless the po-

tential has been raised above the pitting (or rupture) poten-

tial, even intentional 4cratches do not propagate as active

pits.

Acknowledgements

This work was performed as a part of the research program

supported by ARPA Contract N00014-68-A-0173-0003 and the Office

of Naval Research Contract N-00014-68-A-0173-0015.

:: , mm:- ... . . ..



References

1. M. Pourbaix, "Significance of Protection Potential in Pit-
ting and Intergranular Corrosion," Cor., 26, 431 (1970).

2. B. E. Wilde and E. Williams, "On the Correspondence Between

Electrochemical and Chemical Accelerated Pitting Corrosion
Tests," J. Electrocham. Soc., 117, No. 6, June, 1970.

3. B. E. Wilde, "On Pitting and Protection Potentials: Their
Uses and Possible Misuses for Predicting Localized Corrosion
Resistance of Staii.less Alloys in Halide Media," Paper pre-
sented at U. R. Evans Internat'l. Conf. on Localized Corro-
sion, Dec., 1971, Williamsburg, Va.

4. R. L. Cusumano, "The Establishment of a Three Dimensional
(Potential-pH-Composition) Diagram for Binary Fe-Cr Alloys
in 0.1 Molar Chloride Solutions," M.S. Thesis, Univ. of
Florida (1971) March.

S. E. D. Verink, Jr. and M. Pourbaix, "Use of Electrochemical
Hysteresis Techniques in Developing Alloys for Saline Ex-
posures," Cor., 27, 495 (1971).

6. E. D. Verink, Jr., "Construction of Pourbaix Diagrams for
Alloy Systems with Special Applications to the Fe-Cr System,"
Report to the Advanced Research Projects Agency ARPA, Con-
tract No. N00014-68-A-0173-0003 (1970) June.

7. R. H. Brown and R. B. Mears, "The Electrochemistry of Corro-
sion," Trans. Elect. Soc., 74, (1938). J

8. R. H. Brown and R. B. Mears, "Application of Electrochemical
Measurements to Studies of the Corrosion of 18-8 Stainless
Steel," Trans. Far. Soc., 35, (1939).

fti



0P 0

U- U)

ca

*1.4 c

Lt)
o

'-4

Is))

0 40

060

L~ o*

1+ 
0 H

4.10

0 4 U

I + .24J f-4
++

0L 0 4o CIS
+ + $4r 06

I I Iu



CI I

*r4 al U

4J %00-%
r-4 t~l I

ul0

u.* 414J

00 0
r-40 u r

0. 04 -P1

4J r4 .34J

L)0 ---4

0 0

UOOC)4.4

00kU

0.0 0 4J U

0 r. d)4

0 411

u .J"-4 .0

-~~~r - - 4 V A

9: U 4 r4
.-4 es :o tt :

0 .0 C

AIISN30 ____ 0004-' U



!. 0
01 4J 14

*0 00
u 0)

I 02

0 0

0 C)'-

0 4o-1-' -

00 0

\$ 4 =0 >'lw 0

U M .

vs C:I 4J :5.

w *~.d0 tj

41 $. tIn
~~~'~~ 0 o 0~ ' ~ (
Ia.r U -

0 0 0 0 d0

w 7I


