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ABSTRACT 

In conditions where tight crevices exist in hot chloride 
containing solutions Alloy 22 may suffer crevice corrosion. 
The occurrence (or not) of crevice corrosion in a given 
environment (e.g, salt concentration and temperature), is 
governed by the values of the critical potential (E,",) for crevice 
corrosion and the corrosion potential (E,,,). This paper 
discusses the evolution of E,,, and corrosion rate (CR) of 
creviced Alloy 22 specimens in 5 M calcium chloride (CaCI2) 
at 120°C. Tested specimens included non-creviced rods and 
multiple creviced assemblies (MCA) both non-welded 
(wrought) and welded. Results show that Alloy 22 suffers 
crevice corrosion under the open circuit conditions in the 
aerated hot CaC12 brine. However, after more than a year of 
immersion the propagation of crevice corrosion was not 
significant. The general corrosion rate decreased or remained 
unchanged as the immersion time increased. For rods and MCA 
specimens, the corrosion rate was lower than 100 nrnlyear after 
more than a year immersion time. 
Keywords: N06022, Calcium Chloride, Corrosion Potential, 
Crevice Corrosion 

INTRODUCTION 

Alloy 22 (N06022) is a nickel base alloy designed to be 
resistant to all forms of corrosion. Alloy 22 (N06022) contains 

approximately 56% nickel (Ni), 22% chromium (Cr), 13% 
molybdenum (Mo), 3% tungsten (W) and 3% iron (Fe) (ASTM 
B 575). ' Because of its high level of Cr, Alloy 22 remains 
passive in most industrial environments and therefore has an 
exceptionally low general corrosion rate. 2-4 The combined 
presence of Cr, Mo and W imparts Alloy 22 with high 
resistance to localized corrosion such as pitting corrosion and 
stress corrosion cracking even in hot high chloride (Cl-) 
solutions. 5-'0 It has been reported that Alloy 22 may suffer 
localized corrosion such as crevice corrosion when it is 
anodically polarized in chloride containing solutions. 6-83"-13 It 
is also known that the presence of nitrate (NO3') and other 
oxyanions in the solution minimizes or eliminates the 
susceptibility of Alloy 22 to crevice corrosion. 6-8.'4-20 The 
value of the ratio ([NO3']/([Cl7) has a strong effect of the 
susceptibility of Alloy 22 to crevice corrosion. '4-22 The higher 
the nitrate to chloride ratio the stronger the inhibition by nitrate. 

From the general and localized corrosion point of view, it 
is important to know the value of E,,, for Alloy 22 under 
different environmental conditions. l 6  The corrosion 
degradation model for the Yucca Mountain nuclear waste 
container assumes that localized corrosion will only occur 
when E,,, is equal or greater than a critical potential (Ecrit). l 6  

That is, if E,,, < E,", or AE = Eoit - E,, >O, general or passive 
corrosion will occur and localized corrosion is not expected. 
Passive corrosion rates of Alloy 22 are exceptionally low.7 In 
environments that promote localized corrosion, Ecri, is the 
lowest potential that would initiate crevice corrosion. The value 
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logged into in the internal memory of the DA unit and 
simultaneously to a spreadsheet to an interfaced personal 
computer. Usually, data back up was performed monthly. 

At the same time that E,,, was being monitored for all 
fourteen (14) Alloy 22 specimens in Cell 20 (Table 2), the 
polarization resistance (PR) of six specimens was also 
monitored as a function of time using the ASTM G 59 
technique.26 Polarization resistance measurement was 
performed in one of different "type" of specimens (e.g. rod vs. 
MCA) (Table 2). The resistance to polarization was generally 
measured at monthly intervals. The polarization resistance 
values (R.cm2) were later converted to corrosion rates 
(pmlyear). To measure the polarization resistance, an initial 
potential of 20 mV below the corrosion potential (E,,,) was 
ramped to a final potential of 20 mV above E,,, at a rate of 
0.167 mV/s. Linear fits were constrained to the potential range 
of 10 mV below E,,, to 10 mV above E,,,. In a plot of 
potential vs. current the slope is defined as Rp or resistance to 
polarization (ASTM G 59). To calculate Rp, the potential was 
plotted in the X-axis and the current (dependent variable) in the 
Y-axis. The Tafel constants, ba and bc, were assumed to be 
k0.12 Vldecade. Corrosion rates were calculated using 
Equations 1 and 2 

Where k is a conversion factor (3.27 x lo6 pm.g.~- l .cm- 
'.yr"), i,,, is the corrosion current density in Alcm2, which is 
calculated from resistance to polarization (Rp) slopes, EW is 
the equivalent weight of Alloy 22 (23.28), and p is the density 
of Alloy 22 (8.69 g/cm3). The EW was calculated assuming an 
equivalent dissolution of the major alloying elements as ~ i ~ + ,  
cr3+, M O ~ + ,  ~ e " ,  and w6+ (ASTM G 102). 26 

The start and finish date for Cell 20 are given in Table 2. 
Then the specimens were removed from the cells, disassembled 
and examined under 20X magnification for evidence of 
localized corrosion (mainly crevice corrosion). Some 
specimens were studied under a scanning electron microscope. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Evolution of the Corrosion Potential of Allov 22 

Table 2 lists the E,,, for platinum and the fourteen 
Alloy 22 specimens immersed in Cell 20 at one day after the 
lest started and towards the end of the immersion test (492 
days). Table 2 shows that for Alloy 22 the E,,, increased as 
time increased for all the specimens, both rods and MCA. 
Figure 2 shows the weekly values of E,,, for Alloy 22 welded 
rods and platinum. The E,,, for ASW rods was approximately 

steady in time after the first 50 days of immersion and in the 
order of 0 V (SSC) (see also Table 2). The E,,, for the high 
temperature aged (HTA) welded rod was higher and 
approximately 200 mV. It is not clear why the E,,, of the rod 
containing TCP phases was higher than for ASW rods. 
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Figure 2. Weekly E,,,, of Pt and  Welded Alloy 22 
Rods  in aera ted  5 M CaCI2 a t  120°C 

Figure 3 shows the weekly value of E,,, as a function of 
immersion time for the MA (non-welded) Alloy 22 rods. 
Similarly as in Figure 2, the E,,, of the non-welded (MA) rods 
did not change significantly in time after the first 50  days of 
immersion. The value of E,,, for the non-welded rods was 
generally between -50 and -150 mV (SSC) (see also Table 2). 
In general the value of E,,, for the welded rods (Fig. 2) was 
higher than for the non-welded rods (Fig. 3). An explanation 
cannot be offered at this time for this behavior. 

Figures 4 and 5 show respectively the E,,, as a function of 
immersion time of welded and non-welded MCA. Figure 4 also 
has the data for a welded and HTA MCA specimen. For all the 
creviced MCA specimens the E,,, was practically the same and 
between -100 and 0 mV (Figures 4-5 and Table 2). That is, the 
creviced specimens behaved similarly regardless of their 
metallurgical condition. Figures 2-3 show that for the non- 
creviced or rod specimens there was an influence of the type of 
material such as non-welded vs. welded vs. welded plus HTA. 

Figure 6 and 7 shows the hourly evolution of E,,, vs. time 
for non-welded Alloy 22 rod and MCA specimens, respectively 
for the period between immersion days 302 to 323. The 
fluctuation of the E,,, in rods (Fig 6) was more "instantly" 
nosier than for MCA (Fig 7). However, for the MCA, the 
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longer period fluctuation of the Eco, (e.g on a 400 h basis) was 
approximately twice as large as for the rod specimens (100 mV 
vs. 40 mV). The larger fluctuations of Eco, for the MCA 
specimens could be related to the onset and subsequent 
repassivation of crevice corrosion (Fig. 7). 
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Figure 3. Weekly Ecorr of Pt and Non-Welded Alloy 22 
Rods in aerated 5 M CaCI2 at 120°C 
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In each cycle (Fig. 7), E,,, would increase to near 0 V, 
initiate crevice corrosion and the Eco, would then decrease to 
near the repassivation potential (see discussions in subsequent 
sections) of approximately -150 mV, this cathodic direction 
move would repassivate the specimen and the Eco, would thus 
increase again repeating the cycle. 
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Figure 5. Weekly E,,,, of Pt and Non-Welded Alloy 22 
MCA in aerated 5 M CaCI2 at 120°C 
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Figure 7. Hourly E,,, of Non-Welded Alloy 22 MCA in 
aerated 5 M CaCI? at 120°C 
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CONCLUSIONS 

( I )  Results shows that Alloy 22 in highly resistant to both 
general and localized corrosion in 5 M CaCI2 at 120°C. 

(2) Even in the pure chloride brines used here, the general 
corrosion rate of Alloy 22 was negligible for practical purposes 
(less than 100 ndyear).  

(3) Alloy 22 was prone to crevice corrosion under tight 
crevices under normal aeration conditions, however the extent 
of crcvice corrosion was not significant. 

(4) Crevice corrosion seemed to stifle probably due to the 
precipitation of corrosion products in or around the creviced 
area. 

(5) The criteria of using the repassivation potential value 
as a threshold value below which crevice corrosion will not 
occur seems to be correct. 
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Table 1. Heats and Approximate Composition of NO6022 Specimens 

Specimens 

MA Rods DEA2824' DEA2825 and 
DEA2826 

ASW Rods JE2052, JE2053 and 
JE2054 

ASW + HTA Rod JE2024 

MA MCA DEA3248' DEA3249 and 
DEA3250 

MCA JE0136' JE0137 and 
JE0138 
ASW + HTA MCA JE0 1 2 1 

MA MCA DEA3234, DEA3235, 
DEA3236, DEA3234, DEA3286, 
DEA3287 and DEA3288 

MCA JE0034y JE0035 and 
JE0036 

Heat - Manufacturer 

2277-0-3251 Haynes International 

Base 'late 059902LL1 by and 
Wire XX1753BG ('late 

D10) by Inco Alloys International 

2277-1-3265 Haynes International 

Base Plate 059902LL1 and Filler 
Metal Wire XX1753BG (Plate Dl)  

2277-1-3265 Haynes International 

Base Plate 059902LL1 and Filler 
Metal Wire XX1753BG (Plate Dl 
and D4) 

Approximate Composition 

-56 Ni, 22 Cr, 14.1 Mo, 2.7 W, 4.5 Fe, 1.3 
Co, 0.31 Mn, 0.16 V, 0.03 Si, <O.Ol S, 
0.01 P, 0.003 C 
Base Metal = 59.56 Ni, 20.38 Cr, 13.82 
Mo, 2.64 W, 2.85 Fe, 0.01 Co, 0.16 Mn, 
0.17 V, 0.05 Si, 0.0002 S, 0.008 P, 0.005 C 
Filler Metal = 59.7 Ni, 20.54 Cr, 14 Mo, 
3.1 W, 2.08 Fe, 0.03 Co, 0.12 Mn, 0.03 V, 
0.06 Si, 0.001 S, 0.004 P, 0.004 C 
-56 Ni, 21.39 Cr, 13.36 Mo, 2.9 W, 3.77 
Fe, 0.81 Co, 0.24 Mn, 0.15 V, 0.02 Si, 
0.004 S, 0.009 P, 0.005 C 

See above 

See above 

See above 



Table 2. Specimens and Corrosion Potentials for Cell 20 

Table 3. Characteristic Potentials (mV, SSC) from the Cyclic Polarization Curves (CPP) 
For Alloy 22 in 5 M CaCI2 at 120°C 

Specimen ID 

DEA3234 
DEA3235 
DEA3236 
DEA3234 
DEA3286 
DEA3287 
DEA3288 

Ave.+ SD 

JE0034 
JE0035 
JE0036 

Ave.+ SD 

The CPP test was stopped after the breakdown potential for specimens DEA3286-88. 

ECO", 24-h 

-373 
-288 
NA 
-328 
-324 
-34 1 
-337 

-332228 

-365 
-353 
-340 

-353213 

Type of 
Specimen 

MCA, MA 
MCA, MA 
MCA, MA 
MCA, MA 
MCA, MA 
MCA, MA 
MCA, MA 

MCA, ASW 
MCA, ASW 
MCA, ASW 

E20 

-8 1 
-10 
-44 
-62 
5 

-36 
-53 

-40+30 

-64 
7 3 
64 

2 4 + 7 7  

E200 

-4 1 
8 

-19 
-15 
--- 
--- 
--- 

-17220  

4 1 
8 1 
80 

6 7 5 2 3  

ERlO 

-164 
-160 
-166 
-178 
--- 
--- 
--- 

-167+8 

-163 
-165 
-156 

-161+5 

ER 1 

-193 
-200 
-1 85 
-22 1 
--- 
--- 
--- 

-200215 

-210 
-233 
-190 

-211522 

ERCO 

- 164 
-215 
-177 
-197 
--- 
--- 
--- 

-188222 

-161 
-179 
-182 

-174211 


