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The Role of Oxygen on the Stability of Crevice Corrosion
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Crevice corrosion can initiate in a spontaneously active metal/electrolyte system even with some appreciable oxygen concentration
in the crevice electrolyte, as indicated by the measured instantaneous milliampere current arid, actp@ential values at the

bottom of the crevice. However, for crevice corrosion to occur, the oxidant concentration has to be below a certain level, set by
the metal/electrolyte system and the experimental conditions. Similarly, the oxidant concentration needs to be increased to some
higher level to terminate an on-going crevice corrosion process. Reinitiation of crevice corfmsianpassive crevice walls

much more difficult than the original initiation. This is because the passive crevice wall provides a small ionic current which
generates only a modest IR voltage that cannot shift the potential far enough on the crevice wall to reach the active region. Oxidant
reduction at the anodic sites on the crevice wall resulted in a significant reduction in the ionic dyreemd,hence in IR. This
decrease in IR causdf],_, to increase to a value in the passive region which resulted in passivation of the entire crevice wall and
termination of the crevice corrosion process. Conversely, removal of the oxidant dausiedrease ané,_, to shift negatively

back to the active region resulting in reactivation of crevice corrosion.
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It is generally believed that oxygen depletion may be a prereg-passive systems. This IR thedrias been adopted by others to
uisite for the initiation and stabilization of crevice corrosich.  describe the localized corrosion behavior of spontaneously passive
Within this context, Yacet al® found that by increasing the concen- systemd’? )
tration of dissolved oxygen in the electrolyte within a crevice in N the case of spontaneously active metal/electrolyte systems, for
titanium, the incubation time increased. In an earlier work, Ruskol conditions in which the aspect ratio, AR, of the crevice is greater
and Klinov? found that oxygen depletion increased with time, depth than the critical aspect ratiyR;, crevice corrosion occurs imme-
into the crevice, and decrease in the crevice gap dimension. diately upon polarizing the outer surface of the sample into the

. . 0 . e .
Crevice corrosion is characterized by a highly constricted geom-‘:’i”‘ssi"“le tfeg'O'J'- ghgs‘f nt% ch?n?efln composition of tht?] crevice
etry, which hinders the transport of the ionic species in and out ofSI€CIrOlyte IS needed lor the start of crevice corrosion in these cases.

the crevice, and leads to the separation of the anodic and cathodi 'S Immediate onset of crevice corrosion whaR > AR; was
) . . experimentally demonstrated in several spontaneously active
reactions and resulting large IR voltages, and to changes in the ConEystemsu'ls

position of the crevice electrolyte,.g, localized acidification and Since the induction time was zero in these experiments, acidifi-
chloride ion accumulation. The theory of achieving a critical com- cation or chloride ion accumulation could not occur in the crevice
position within the crevice electrolyte.g, localized acidification,  electrolyte prior to the start of crevice corrosion. Furthermore, a
attributes the initiation and stabilization of crevice corrosion to the specially designed cell/procedure was used that maintained either
breakdown of the passive film on the crevice wall. the pH or the entire crevice electrolyte at essentially the same pH or
On the other hand, the IR theory stipulates that crevice corrosiorcomposition as the bulk electrolyte, allowed visual observation of
is initiated and stabilized when the electrode potentizlx), at the crevice wall, and permitted measurement ofEiw) profile."*°
some distance into the crevice is in the active region of the polarAS @ result, it was also determined that crevice corrosion continued
ization curve that exists on the crevice wafn induction period is  indefinitely in the region of the crevice wall where théx) poten-
often required to achieve this conditidire., the active peak is ini- tial was in the active region of the polarization curve existing on the
tially too small, or nonexistent as in spontaneously passive metalfT€VIC€ wall. From these proof-of-concept experiments, it was clear

electrolyte systems. During thisduction time, the composition of that crevice corrosion was solely caused by the IR voltage in these

. . S -spontaneously active systems wh&R > AR .
the crevice electrolyte needs 1o change in the direction of destabi The objective of this paper is to provide an additional critical test

I|2|ng the passive film a_nd _formlng, and Incréasing the size of, aMof the IR mechanism of crevice corrosion in spontaneously active
active peak in the polarization curve of the crevice electrolyte. Thegystems and to investigate the role of oxidants in the crevice corro-
induction period ends and crevice corrosion starts when the IR voltsjon process. We are presenting here the results of novel experi-
age associated with the ionic current flowing through the crevicements in which various oxidants were suddenly added to the crevice
electrolyte places the bottom of the crevice in the potential region ofelectrolyte in order to quickly shift thE(x) values within actively

the growing active peak.Thus, when the active peak reaches the corroding crevices from the active to the passive regions, and to see
critical size for the given crevice aspect ratio, solution resistivity, if the crevice corrosion process was simultaneously terminated. The
and polarization conditions, crevice corrosion begins and is stabi€xperiments were designed to simultaneously measure the potential
lized by the IR voltage. The latter maintains the active region of theat the bottom of the crevic&,_, , and the crevice corrosidionic)
polarization curve on the crevice wall as described elsewhere.current,l, flowing out of the crevice, before and after an oxidant
Acidification and/or chloride ion accumulation in the crevice elec- was added to the crevice electrolyte. The results of these measure-

trolyte initiates and enlarges an active peak for many spontaneousl{nents also have an important bearing on the questions of oxygen
depletion and the separation of the anodic and cathodic partial reac-

tions as a requirement for the onset of IR-induced crevice corrosion.
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Figure 1. Experimental setup of the iron sample in a Teflon mount. The E, V (SCE)

sample is in the upside-down orientation, enabling gas-saturated electrolyte

to be added at the top opening of the crevice. Figure 2. Polarization curves of iron in deoxygenated, air-saturated, and

O,-saturated 0.5 M N&5O, + 0.1 mM NaCl solution; scanned from 1.600
to —0.800 Vgcgatl mV st

cleaned with acetone and methanol. Plexiglas plates allowing vari-

ous opening dimensiong, = 0.1 to 0.6 mm, were placed over the

one surface of the iron sample to form the crevice of 10 mm depth. o o solution(pH 6) of deaerated 0.5 M N8O, + 0.1 mM

The mounted sample was oriented upside down such that the entirg e "t pag a large active peak and a distinct active-to-passive
crevice wall and only part of the mount were submerged in the

solution, as shown in Fig. 1. In this arrangement the lower crevicetranSition centered alEpass~ —0.05 Visce accompanied by a de-
S : g. 1. g€l . ~“crease of over two orders of magnitude in the anodic current. The
opening is available to the electrolyte while the upper opening

(which is not accessible to the electrolytenables insertion of a polan_za_tlon curves for iron in air a_ndZQ;aturated solutlonépl-_| 6 .
potential microprobe into the crevice, and addition of drops of gas-2r€ Similar to the deaerated solution and are also shown in Fig. 2.
saturated electrolyte to the crevice electrolgfey. 1). This upside- The polarlzatlon_curve_ of iron in the hydrogen perOX|de_ _solutlon
down orientation also promotes convective mixing of the bulk and revealed less of its active peak as a result of a more positive open-
crevice solutions, since the denser electrolyte containing the corrogireult (Corr0_5|or? potentlal, but was otherwise similar to the others.
sion products can flow downward through the crevice opening under € OPen circuit potentialgOCPs were E,. — 0.69, —0.68, and

the influence of gravity and the lighter bulk solution can flow —0-62 Vscefor the deaerated, air-saturated, angs@turated solu-
upward!?4 The tip of the fine(<0.1 mm diam Luggin capillany tions at pH 6; and-0.13 Vgcg for the hydrogen peroxide solution.
microprobe was located inside the crevice furthest from its openingAn OCP Eo; = —0.74 Vscg and polarization curve for a deaer-
throughout the experiment, in order to continuously measure theated 0.5 M NaSQ, + 0.1 mM NaCl solution of pH 4.5 were also
electrode potentiaE,_, , at theL = 10 mm distance into the crev- measured; the latter was similar to the other polarization curves in
ice. The external surface of the iron sample was polarized to 0.800719- 2 o _

Vsce in the passive region using a potentiostat controlled by the — Figure 3 shows somie situ measurediz(x) profiles on the walls
saturated calomel electrod®CBE located at the outer surface of the

sample(Fig. 1), in an aqueous solution of 0.5 M pO, + 0.1 mM

NaCl (pH 6) for the duration of the experiment. Tl x) profile on 800
the crevice wall was also intermittently measured by moving the .
potential probe fromx = 0 to x = L. The polarization curves 600 + Gap Opening, a = 0.1 mm
were measured using similarly prepared crevice-free samples. OtheQ 4004 N e Gap Opening, a = 0.3 mm
details of the experimental design are available elsewitere. >

To determine the effect of oxidant concentration in the crevice f' 200 - ——+—— Gap Opening, a = 0.6 mm
electrolyte on the crevice corrosion process, bulk electrolyte satu-
rated with either N, air, or O, was added to an actively corroding E 0+
crevice at different times using a syringe at the top of the metal in @

[T, _
Fig. 1. Drops of the gas-saturated electrolyte, added to the top openg 200

ing of the creviceFig. 1), flowed into the crevice under the force of
gravity, replacing the(deaerated crevice electrolyte. Commercial
grade 3% HO, was also similarly added to the crevice to determine -600 -
its effect on the crevice corrosion process. Similar experiments were 800
performed after crevice corrosion was terminated by the oxidant

Electro

addition, in order to determine if crevice corrosion could be reiniti- 0 2 4 6 8 10
ated. Distance into crevice, x, mm
Results and Discussion Figure 3. Measured electrode potential profiles inside crevices of different

opening dimension for the upside-down orientation at approximately 50 min
Polarization curves, E(x) profiles, and IR-induced crevice of crevice corrosion of iron in 0.5 M N8O, + 0.1 mM NaCl solution
corrosion—Figure 2 shows the polarization curve of Fe in a nearly with E,_, = 0.800 V..
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Figure 4. The initial stable crevice corrosion of iron in an air-saturated
crevice electrolyte is indicated kg, top E,_, ~ —0.65 Vscgin the active Figure 5. E,_, (a, top andl (b, bottom transients show immediate crevice

region andb, botton) | in the milliampere range. The sudden large changes corrosion of iron; no destabilization of crevice corrosion by air or
in E,_,_ andl at 140 min when 20 mL of @saturated electrolyte was added N-saturated electrolyte, whereas,-€aturated electrolyteat 328 min

to the crevice electrolyte indicate the termination of crevice corrog@n: abruptly terminated crevice corrosion;(@ E,_, shifted from
E,-, jumped to neaiE,_, = 0.800 Vsce in the passive region ant) | ~ — 0.65 V t0~0.78 Ve in the passive region ang) | dropped to the
dropped to the passive value. passive value.

of crevices with gap opening dimensionsaf= 0.1, 0.3, and 0.6 it can be seen from Fig. 3 that the measukgd, value is theE,
mm that were polarized &,_, = 0.800 Vscgand were undergoing ~ value.
crevice corrosion in 0.5 M N8O, + 0.1 mM NaCl. Note the re- Upon applying theE,_, = 0.800 Vscg potential (att = 0) to
markable &1 V) shift in potential in the active direction over a the outer su_rface of th_e iron crev_ice sample in the air-saturated e_Iec-
distance of 2 mm at the crevice mouth. Th&fe) profiles confirm  trolyte, crevice corrosion began immediately, as revealed by the im-
that the visually observed corrosive attack on the crevice wall andmediately measured milliampere level current d&d, ~ —0.65
immediately measured milliampere currents are due to the IR-Vsce potential in the active peak region of the polarization curve
induced form of crevice corrosion.e, the corroding part of the  (Fig. 2), Fig. 4-8. This instantaneous onset of crevice corrosion has
crevice wall, hadE values that were negative of tB,s.value (Fig. been demonstrated before and is a strong confirmation that acidifi-
2) and, hence, were in the active region of the polarization curve, agation and/or other solution concentration changes are not the criti-
reported Previously for this and other spontaneously activecal factors in stabilizing the crevice corrosion process in this and
systems15 |n these measured profiles, of which there were more Other spontaneously active, metal/electrolyte systenfs.
than 25‘ there was als_o a perceptive c_hange in the mee_ts_ured limiting - 5yidant-induced termination of crevice corrosierAt an arbi-
potential, E;i, , deep inside the crevice to more positive values yary time during the initial stable crevice corrositsee Fig. 4 to §
(from ~approximately E;, = —0.63 to approximately Ejn  electrolyte containing an oxidant concentration was added to the
= —0.57 Vscp as the opening dimension of the crevice decreasedcrevice, effectively replacing the deaerated crevice electrolyte, in
froma = 0.6 mm toa = 0.1 mm. This trend oE;;,, can be seen  order to determine the effect of the oxidant on destabilizing crevice
in Fig. 3. These measurdg|;,, values are somewhat positive of the corrosion. It was found that when the deaerated crevice electrolyte
theoretical limiting values, which for base metal systems, is the OCRwyas replaced with @saturated electrolyte, sudden termination of
for the deaerated crevice electrolyi®,, E,c = —0.69 Vgce from the crevice corrosion process occurred in crevices with gap openings
the deaerated polarization curve in Fig/*®.This positive shift of  of a = < 0.25 mm. This role of crevice opening dimensian,or
the measured;,, values from the theoretical value has been re- aspect ratiol/a, in determining the effectiveness of the oxidant in
ported as 20 to 200 mV for other spontaneously active systéins.  terminating the crevice corrosion process is shown in Table I. In the
the experiments to follow in which thé&,_, value (where L O, column in Table I, termination of crevice corrosion occurred for
= 10 mm) was measured continuously throughout the experiment,the smallera values(as indicated by the x symbols in the, ©ol-
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Figure 6. E.  an | transients show immedi revi nating crevice corrosior_]_with {.%aturate_d electrolyte at 200 min, reinitiation
igure 6. (3, top By~ and (b, bottom | transients show immediate crevice occurred upon the addition to the crevice electrolyte of 10 mL of bulk elec-

corrosion of iron, whereas upon adding®} solution to the crevice electro- : : : ) N
lyte at 120 min, crevice corrosion abruptly stopped after a few minutes ofgastrOlyte which was 22 mM in NaClat 1000 min, followed again by termi

bubble formation and fluctuation &,_, andl and then was re-established nation when the @saturated electrolyte was added at 1250 min.
upon adding a btsaturated electrolytéat 135 mir).

reinitiation was more difficult than was the original initiation of

umn when Q-saturated electrolyte was added to the crevice, butcrevice corrosion. The time needed for the depletion of oxygen from
not for the largera values(as indicated by the o symbols in thg O the crevice can be calculated from the equatior, nFCa/ip,g,
column. wheren is the number of equivalents per mole for oxygen reduction,

Representative abrupt changes in ionic currengnd potential,  F is the Faraday constarg, is the saturation concentration of oxy-
E,-_, showing this effect of @in suddenly destabilizing crevice gen for water in contact with air at room temperatwads the gap
corrosion, are given in Fig. 4. In this experiment, 20 mL of an opening dimension of the crevidéhickness of the crevice electro-
O,-saturated electrolyte was added to the top opening of the crevicéyte), andi.gis the passive current density on the crevice Wall.
at the 140 min mark of stable crevice corrosion. For this oxygenUsing C =2 X 107 mol cm® (Ref. 2 and i pass
level and gap openingg = 0.10 mm withL = 10 mm), sudden = 105 A/cm? (Fig. 2), the calculated times for consumption of
deactivation of the on-going crevice corrosion process occurred. Théhe oxygen aret = 80 to 200 s fora = 0.01 to 0.025 cm. This
potential at the crevice bottonk,_, , which is maintained by the calculation assumes that oxygen will arrive at the surface as fast as
large IR voltage {-1.45 V), shifted within(tens of seconds to a it is needed to satisfy the anodic curreintes= 10°° A/cn?. This
value aboveE ;e i.e., from E,_| ~ —0.65 Vsce to within a few assumption is validated by calculating the time for oxygen to diffuse
tens of millivolts of Ey_q = 0.800 Vsce. However, to show the  to the surface from the maximum distanee= 0.01 to 0.025 cm,
rapidity of this transition in the experiments, more data points areusing the mean square displacement equation,x?/2D, and D
required in Fig. 4-8. This ne,_, value at a few tens of millivolts = 103 cn?/s. These times were 2.5 and 15 s.
below E,_y = 0.800 Vscg means that the IR voltage is much Thus, reactivation of this passive crevice wall was more difficult
smaller(tens of millivolty, as a result of the much reduckthat is than the original initiation of crevice corrosion with the crevice wall
associated with @reduction occurring at or close to the anodic sites in the active state. This is a consequence of the fact that the passive
on the crevice wall. Thus, the simultaneous decrease in the measurrent on the crevice wall produced a much smalleflowing
sured! to nearly zero, is commensurate with the electrode potentialthrough the crevice electrolyte than the initial active currents pro-
at the bottom of the creviceE,_, , now having a more positive duced. Hence, the IR voltage within the crevice electrolyte was also
value in the passive, rather than active, region. Thus, the entirénuch smaller for the passive crevice wall. Thus, it is not surprising
crevice wall, as well as the outer surface of the iron sample, are irthat the passive state with only a negligibly small passive current
the passive region of the polarization curve. and a measured potential well in the passive region at the bottom of

Beyond the 140 min mark in Fig. 4, the passive state continuedthe crevice,E,_; < 0.80 Vscg, remained in this state rather than
for the remaining several hours of these experimergs,long after reverting back to the active state after depletion of the addeith O
the added oxygen should have been consumed; this indicates théte crevice electrolyte. This resiyho reactivation of crevice corro-
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E — Table I. Effect of N,, air, O,, or H,O, additions to the crevice
600 electrolyte on terminating or reinitiating crevice corrosion. Sub-
stances that were added have either an o, X, y, or z in the column
400 + for the given a value, where o is corrosion continued, x is corro-
m sion stopped, y is no reinitiation, and z is corrosion reinitiated.
‘m_’_ 200 ¢ Additions were made sequentially from left to right. No entry
> (blank) means that substance was not added.
E 0+ Epes
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and air, as described above for the experiment in Fig. 4 and in other

(o) Time, min experiments with 0.1k a < 0.25 mm in Table I.

The explanation of the destabilization of the crevice corrosion
process shown in Fig. 5, is the same as for Fig. 4: With the replace-
ment of the original crevice electrolyte with electrolyte of higher
oxygen contentj.e., stronger oxidizing power, sufficient cathodic
reaction occurred inside the crevice at the anodic sites to signifi-
cantly reducé (flowing out of the crevicgand the IR voltage. Thus,
atx = L = 10 mm the potentialE,_, , is now more positive and
in the passive region. Subsequently, after the oxidant is depleted, the
sion after depletion of the dissolved,Owas observed in several small passive current on the crevice wall produces sinalid IR

Figure 8. E,_, (a, top and! (b, botton) transients show crevice corrosion
of iron from 0 to 120 min, whereas upon adding-€aturated solution of pH
4.3 to the crevice electrolyte, crevice corrosion stopped abruptly with the
passive state persisting on the crevice wall to the end of the experiment.

experiments with different gap dimensions, 0L0a < 0.25 mm, values, so thag,_, is stabilized by a small IR voltagé&ens of
for which crevice corrosion had been terminated by thea@dition millivolts) at a value only slightly less positive than the applied
to the crevice. Ey—o = 0.800 Vgce.

To study the effect of increasing oxidant concentration on the  As the gap opening increasedao> 0.25 mm, the ability of the
stability of crevice corrosion, bulk electrolytes saturated with N O,-saturated electrolyte to destabilize the crevice corrosion process
air, or O, were added in succession to a crevice with a gap openingsignificantly decreased. In several experiments, the addition of
of 0.25 mm, Fig. 5 and Table I. At 250 min of stable crevice corro- O,-saturated electrolyte to crevices with gap openings aof
sion, 2.6 mL of a N-saturated electrolyte were added to the crevice = 0.3-0.6 mm could not destabilize the crevice corrosion process
electrolyte. After minor disturbances B,_, andl, both remained (Table ). Two contributing factors are the dilution effect of the
at their original (crevice corrosioh values,i.e, E,_, ~ — 0.65 larger volume of crevice electrolyte and the premature reduction of
Vsceandl = 2 mA, as shown in Fig. 5. Thefat 295 min, 2.6 mL the oxygen before it arrives at the deeper location of the active
of air-saturated electrolyte were added to the crevice. Again, esser€gion on the crevice wall for the more open crevices. Experiments
tially no change occurred in tHg,_, andl values. Thus, neither the Were then performed using an electrolyte with more oxidizing
deaerated nor the air-saturated solution was able to destabilize th@ower.
crevice corrosion process. This was expected since crevice corrosion Figure 6 shows typicak,—, andl responses when 1 mL of a 3%
originally started in an air-saturated crevice electrolyte when thehydrogen peroxidéH,0,) solution was added to the crevice elec-
outer surface of the sample was initially polarized into the passivetrolyte. During the initial minutes following addition of the,B, to
region atE,_o = 0.800 Vgcg. the crevice, some gas bubbles formed, presumably from the decom-

Finally, the addition of 4.2 mL of an Osaturated electrolyte to  position of HO, to water and oxygen, while fluctuations of the
the crevice(at 330 min caused sudden destabilization of the crevice potential, E,_, , and current], occurred. Then, destabilization of
corrosion process, as revealed by the sharp decreds® af stable,  the crevice corrosion process was indicated by a sudden increase in
nearly zero value, and increase of the potential at the bottom of théE,_; from —0.65 to 0.25 \4c¢ (with fluctuations occurring between
crevice to a stabl&,_; ~ 0.750 Vsce. The G addition also termi-  ~0.11 and~0.19 Vg within the passive regionsimultaneouslyl
nated crevice corrosion when there were no prior additions of N decreased from 3.2 to 0.2 mA. These pasdtye, and| values,
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however, were not indicative of a strongly passive st&e., 4.5 as the gap opening dimension was decreased #em0.50 to
= 0.25 Vgcg, is only 0.30 V aboveE j,e5(= —0.05 Vsch). Also, 0.10. mm. Thg decrease in pH within the crevice durjng a stable
E,._ is 0.55 V below the crevice mouth’E,_, value (=0.800  crevice corrosion process demonstrates that the crevice electrolyte
Ve, meaning IR= 0.55 V from the crevice opening, = 0, to chqnged in composition during the course of the staple crevice cor-
the L = 10 mm depth of the passive crevice wall. This rosion process, in _partlcular, for the smaller gap dlm'ens_lo_ns for
IR (=0.55 V) voltage is less than the criticAkb* voltage needed which convective mixing was less than ad_eq_uate for maintaining the
for maintaining crevice corrosion, wherdd* = E,_, — E composmon.of the crevice electrolyte w!thln 9.5 pH of the bulk
— 0.800— (~0.05) = 0.85 V1! Thus.  althou ' e " solution achieved under the best of conditiofis®
= 0.55 V was ;significaﬁt in z;lmount it’ was not ?arge enough to An e>§p.er|ment was rn using an@aturated electrolyte with a
keep the bottom of the crevice in th‘e active regioa,, only the more acidic pH 4'-3' S|m|_lar (o the lowest pH 4.5_measured during
passive region of the polarization curve exists on the crevice wall. ltcrewce corrosion in the tightesa = 0210 mn) crevices. A pH 4'.3
is not clear what role the oxygen gas bubbles played during thebu".( electrolyte ”“.“ was sat_urated Wm&. @_as z_added to the crevice
several minutes prior to termination of the crevice corrosion processdu”ng.Stable crevice corrosidat 125 min in Fig. & The electrode
by the added bD,, or why the current did not decrease to a more potential at the bottom of the crevice suddenly increased from
typical passive valudi.e., 0.2 mA, rather than on the order of Ex-L = —0.64 10 0.72 cg and| decreased from 5.0 t0 0.1 mA.
<0.1 mA typically obtained with @saturated electrolyle This This shows th_at in a more aggressive crevice e_lectrolyte containing
general behavior was also observed in the other experiments usin n accumu]atlon of Hions, the oxygen content in a.‘”z@a‘Ufated
H.0. that are indicated in Table 1. Iegtrolyte is stll_l _able to de_stablllze crevice corrosion for these ex-
22 perimental conditions despite the relatively high acidity and the fact
Re-initiation of crevice corrosian-It was reported above for the that H" ions are known to increase the susceptibility of iron to
experiment in Fig. 4 that after termination of crevice corrosion by crevice corrosion by decreasing thep* valuel>*? This result
the O, addition, the passivity of the crevice wall was maintained for clearly shows that the measured transitions &mdE,_, in Fig. 4-8
the hours-long duration of the experimerg., long after the added are the result of the addition of the oxidant to the crevice electrolyte,
oxygen should have been consumed. To determine if crevice corroand not due to a change in pH. Furthermore, the transition times are
sion might resume in the }D, experiments where thé&,_; much too short in Fig. 4-8 for there to be a role of other changes in
(=0.25 Vscp value is only 0.3 V from the systemB,,value and ~ concentration of the crevice electrolyte during the transitions. It
| = 0.2 mA is a relatively high passive curreffig. 6), a de-  Would require a much longer timghan the transition timefor the
aerated electrolyte was added to the crevice in an attempt to remov@ass transport of species into the crevice by diffusion and migration

any remaining HO,. This caused an immediate decrease of the flom the bulk electrolyte.

potential fromE,—; = 0.25 t0—0.63 Vsce and increase of the cur- Critical oxidizing power or oxidant concentratiea-The above
rent froml = 0.2 to 4.7 mA, signifying the reactivation of crevice results show that initiation of crevice corrosion in this system is
corrosion. Presumably, the currefff flowing through the crevice immediate when the iron surface is polarized into the passive region
electrolyte increased as a result of removing the remainip@,H  of the system’s polarization curve, even in the presence of a signifi-
still available for reduction on the crevice wall, with the result that cant oxidant concentratiofe.g, air saturatiohin the crevice elec-

the IR value increased to greater thah*. Thus, in this case of a trolyte, as found also for other spontaneously active systertis:>
marginal passive condition, removal of the® provided the in- Consequently, a stronger oxidant or higher concentration of oxidant
creased that was needed to generate the required IR voltage inin the crevice electrolytée.g, O,-saturated electrolyte is a stronger
order to reactivate and stabilize crevice corrosion in this experimentoXidant than an air-saturated electrolyteeeds to be added to the
The rapidity of the transition also shows that other changes in solucrevice electrolyte withE,_, = 0.800 Vscg in order to terminate
tion composition were not involved in the reactivation process. Thistheé on-going crevice corrosion process in these experiments. These
is in accord with other data which show that only a sufficient IR Observations are in accord with IR theory, and its application to
voltage is required to initiate crevice corrosion in irdr? crevice corrosion. Related modeli'ﬁgshows the parameters which
nickel}>1* and stainless steét,when an active peak exists in the are important for determining the susceptibility of a crevice to IR-

system’s polarization curve and the aspect ratio is greater than th#hduced crevice corrosion or, conversely, for determining the stabil-
critical aspect ratid? ity, or lack thereof, of an on-going crevice corrosion process. This

. . . model assumes that all of tHethat results from metal dissolution

Role of chloride ion and acidificatioa-In another experiment,  4ccording to the anodic polarization curve, flows through the crevice
after terminating the crevice corrosion process and passivating thgjectrolyte to the cathodic reaction which occurs at the counter elec-
crevice wall using an @saturated electrolyte, the addition of 10 mL  {rode (during potentiostatic polarizatioror at the outer surface of
of bulk electrolyte containing 22 mM NaCl to the crevice electrolyte the sampleduring open circuit corrosionThese parameters are the
immediately reactivated the crevice corrosion procéS. 7);  same as those that determine whether or not some portion of the
whereas the same amount of electrolyte with a lower concentrationyctive peak of the crevice system’s polarization curve will be present
of NaCl (9 mM) did not immediately reactivate crevice corrosion. on the crevice wall for the given conditioh&2%18Thus, in prin-
Reactivation is attributed to the Significantly hlgher paSSiVe Currentciple’ one can determine if crevice corrosion will occur for a given
in the polarization curve caused by the increasing ©8h concen-  oxidizing power or amount of oxidant in the crevice electrolyte or,
tration in the bulk solution; the increasing Gbn concentration had  conversely, how strong an oxidant has to be added to the crevice
no effect on the size of the active pedkWhen G-saturated  electrolyte, in order to terminate an on-going, IR-stabilized crevice
(chloride-free electrolyte was subsequently added to the crevicecorrosion process.
electrolyte, the entire crevice wall repassivateel, E,_, suddenly These parametefsare the(i) crevice depthl., for a given(gap
changed to a more positive value thBp,ssand the current imme-  opening dimensiorg, or aspect ratio where the aspect rati@ for
diately fell to near zero. This was followed by a gradual increase ina rectangular crevic® (i) resistivity of the crevice’s electrolyte,
| as the Q became depleted in th@esidual chloride containing (i) anodic polarization curve with an active/passive transition for
crevice electrolyte. the metal in the crevice electrolyte, arfiy) electrode potential,

The pH of the crevice solution was measured with pH paperE,_,, at the outer surface. The reduction of oxidants on the crevice
during crevice corrosion and found to be dependent on the gapvall mainly modifies parametdiii) in that something less than the
opening dimension of the crevice. The pH within the crevice de-total possible ionic current from the anodic reactiqolarization
creased during crevice corrosion from a bulk value of about pH 6 tocurve on the crevice wall flows out of the crevice. The mddel
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assumes that there are no reduction reactiotizer than hydrogen Conclusions

eyolutio_r) occurring inside the crevice. In this case, all of the metal The principal conclusions of the present work can be summa-
dissolution current represented by the polarization curve on th&ized in the following points.

crevice wall is converte_d to ionic _current flowing out _of th_e crevice. If an oxidant is added to the crevice electrolyte, it decredses
In contrast, the reduction of oxidants at the anodic sites on thenat flows out of the crevice. As a result, the gradient of the IR
crevice wall reduces the magnitudeIoJf8 Thus, something less than voltage and the tendency for IR-induced crevice corrosion are
the largest possible IR voltage is generated when oxidant reductiomeduced.

occurs inside the crevice. Carrying this to the limit, when all of the  The presence of some oxygen within the crevice electrolyte for
anodic reaction on the crevice wall is satisfied by the reduction ofexternally polarized, spontaneously active systems does not, in gen-
oxidant at these anodic sites on the crevice wall, no ionic currenteral, preclude the onset of immediate IR-induced crevice corrosion,
flows out of the crevicéi.e., there is no separation of the anodic and Whereas under open circuit conditions, crevice corrosion occurs only
cathodic reactionst® and hence, the IR voltage is zero. Thus, the after some oxidant depletion occurs in the crevice electrolyte. Thus,

entire crevice wall is at the same potential in the passive region aih€ onset of crevice corrosion in spontaneously active systems for
the outer surfacei,e. E,_, = E,_o (=0.800 Vacr for the experi- both situations requires a certain amount of separation of the anodic

ments in this paperThus, to the extent that oxidants are present andanql_ﬁath%dlc react_l(;jc_n sites. . f . .
undergo reduction inside the crevice, they decrease the magnitude of e above rapics,— transitions from an active to a passive
. o ! ) potential(terminations of crevice corrosipnas well as their having
this |, which in turn decreases the size and gradient of the IR volt-poan obtained on a time scale too short for accompanying changes
age. Consequently, at some decreasing valuiedife to more and i the pH within the crevice electrolyte, provide an additional proof
more oxidant reduction on the crevice wall, the conditidiR of the IR voltage form of crevice corrosion for spontaneously active
=A¢*, needed to maintaii,_, in the active region as described systems.
elsewheré®1>181%s not met and termination of the crevice corro-  The oxidizing powere.g, concentration of oxidant in the crevice
sion process occurs. electrolyte, is the important quantity that either prevents the onset
Thus, one observes that the initial area of active metal dissolu0f, or conversely terminates, on-going, IR-induced crevice corro-
tion on the crevice wall decreases as reduction of oxidant increasesion. The critical concentration of oxidant depends on the polariza-
at the anodic sites on the crevice wale., the xgassboundary(the tion curve of the metal/electrolyte syste,_,, resistivity of the

initial location of the passive/active transition on the crevice wall crevice ellectrolyt.e, ar_lrdhthe Qimﬁnsions of the creu:;cen(rj]L E’r/a |
corresponding toE,ss of the crevice polarization curve, shifts rectangular crevice. Thus, In these experiments for the Fe/neutra

deeper into the crevice. Along witkf,.sthe critical depthL ., and s_ulff(t)e system, criwce dimensions, = 0'1'0'(.3 mm and L .

- . ; 10151 ) = mm andg,_, = 0.800 Vscg, the concentration of oxygen in
critical aspect ratioAR; , also increas&*!>*Thus, at some point  ,, Zirsaturated electrolyte did not prevent the immediate onset of
of increasing oxidizing power in the crevice electrolyte and decreas—ayice corrosion. Similarly, the addition of an-®aturated electro-
ing | and IR, the criterionl; < L or AR; < AR corresponding to  |yte with its higher oxygen concentration than in an air-saturated
IR= Ad*,*®for stability of crevice corrosion in a spontaneously electrolyte, to a crevice that was undergoing stable crevice corro-
active system is not met, and instead one has the criterion for tersion, terminated crevice corrosion in the samples of larger aspect
mination of crevice corrosior,, > L or AR, > AR corresponding  ratio, i.e, 0.10< a < 0.25 mm for L = 10 mm (Table ).
to IR = Ad*. Thus,L. has increased to a value which is larger than An even stronger oxidant, 40,, did the same for the smaller, as
the depth,L, of the crevice, so that an on-going crevice corrosion well as larger, aspect ratios,e., 0.10< a < 0.60 mm for L
process terminates. = 10 mm.

o . ) Reinitiation of crevice corrosion, following termination of a
Open circuit corrosion (OCC)—One can ask whether the imme-  ¢revice corrosion process, is more difficult than tfiest) initiation

diate onset of crevice corrosion that occurs in the above potentioin a spontaneously active system. Once terminated, all of the crevice
static experiments is possible in the case of OCC in a spontaneouskyal| is in the passive state and the passive current on the wall pro-
active system, where the oxidant concentration initially is the sameduces only a modest IR gradient, which may not be able to shift the
in the crevice electrolyte as everywhere else and is the only sourc@otential at the crevice bottonk,_, , to the active region of the

of the cathodic reactiorg.g, an air saturated solution. In this case, polarization curve. Addition of chloride ions to the crevice electro-
there initially is no separation of the anodic and cathodic reactions)yte promoted reinitiation of crevice corrosion through its effect on
i.e., the anodic reaction initially is everywhere compensated by theincreasing the passive current.

oxygen reduction reaction occurring at the same *ite. this case The same qualitative behavi@rapid termination of crevice cor-
crevice corrosion can not occur by the IR mechanism until somerosion was observed when the electrolyte concentratég, pH,
oxygen depletion occurs inside the crevice electrolyte, thereby prohad changed during the prior crevice corrosion process. Although
viding for some separation of the anodic and cathodic reaction sitesacidification produced a more stable crevice corrosion process, the
Once the oxygen is partially or fully depleted in the crevice electro- Subsequent addition of &Baturated electrolyte of the same pH to
lyte, some or all of the cathodic reaction has to occur on the outsidéhe crevice’s electrolyte provided a cathodic reduction rate on the
surface of the sample where oxygen is more plentiful. This separa€révice wall that was still adequate to terminate the crevice corro-
tion of the anodic and cathodic reactions, in turn, establishes the®!ON Process.

necessary and IR= A¢* voltage inside the crevice electrolyte
(andL. < L or AR, < AR) needed to shifE,_, into the active
region for a spontaneously active system, as described above arlﬂ1
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