











effects are the major factor contributing to corrosion damage on Carbon steel, the 8-day
exposures of the Monel-Carbon Steel couple would show and increase in damage as the rotation

speed increases.

Procedure and Specimen Preparation

A solution of ASTM artificial seawater was prepared at room temperature and the pH

was adjusted to 8.2 pH units. Approximately 500 mL were used for each electrochemical cell.

Figure 1 shows the configuration of the Monel-Carbon Steel couple for the 8-day
exposure. Electroplater’s tape seals off the crevices formed between the metals on the Teflon
seals while the crevice formed between the Monel and Carbon Steel specimens remained
exposed to the solution. This Monel-Carbon Steel assembly and exposure test models a Monel
K-500 fastener that forms a crevice threaded into 1018 Carbon Steel plate under aqueous service
conditions. Although little can be done to vary the size of the formed crevice, the results of this

experiment are a first steps into the investigation of galvanic crevice corrosion.

Measured dimensions of the Monel K-500 specimen were 12.15 mm in diameter and 8.10
mm in length, and for the 1018 Carbon Steel specimen the dimensions were 12.15 mm in
diameter and 8.04 mm in length. Because of the similarity in surface area for both specimens, the
surface area ratio of Monel to Carbon Steel can be assumed to be 1:1. For the 8-day exposures
the Monel specimen measured 11.91 mm in diameter and 3.34 mm in length, and the average
dimensions for the Carbon steel specimens were 11.99 mm in diameter and 3.73 mm in length. A
bore was present through the center of each specimens so that they may be inserted into the

rotating electrode shaft.












The results of the 8-day exposures at 100 rpm and 400 rpm are contrary to the theoretical
results. The corrosion damage on the Carbon Steel specimen at appears to decrease with an
increase in rotation speed. 3D microscope images give qualitative results of the damage on
specimens. Figure 4 shows the general, undamaged condition of the 1018 Carbon Steel
specimens before the 8-day exposure. Damage to the Carbon Steel specimen after the 8-day
exposure at 100 rpm is shown in Figure 5 (a) — (d) for. Sites 1,2,3,4 were taken at 0°, 90°, 180°,
270° respectively for both specimens exposed at 100 rpm and 400 rpm. The left side of the
specimen in the image was in electrical contact with the Monel specimen. The damage to the
Carbon Steel specimen at 100 rpm extends about 2000 microns on average down the length of
the specimen. Damage to the Carbon Steel specimens after the 8-day exposure at 500 rpm is
shown in Figure 6 (a) — (d). The left side of this specimen was also in electrical contact with the
Monel specimen. The damage to the Carbon Steel specimen at 400 rpm extends about 100
microns on average down the length of the specimen. Significant amounts of pitting and crevice
damage are present on the specimen exposed at 400 rpm which are not present on the specimen
exposed at 100 rpm. Two relatively large pits are present on the 400 rpm specimen at site 3 in
Figure 6 the measure about 160 microns in diameter. The line scans for the 400 rpm specimen in
Figure 7 shows the depth of one of the pits in Figure 6 (c) to be 42.3 microns. Also damage to
the 400 rpm specimen on the Monel crevice side in Figure 7 has a maximum depth of 23.4
microns. The line scans for the 100 rpm in Figure 8 shows a maximum damage depth of 28.4

microns.

Qualitatively, it appears that the greatest amount of damage occurred on the 100 rpm
sample since there was a greater extent of damage across the length of the specimen and the

depth of damage closed to the crevice side had greater damage depths than the 400 rpm



specimen. Also visual results show a greater amount of corrosion product build up on the 100
rpm specimen in Figure 10 than on the 400 rpm specimen in Figure 11. However, quantitative
results on mass loss data are necessary to make definitive claim that there is greater corrosion
damage on the 400 rpm specimen than the 100 rpm specimen. The buildup of corrosion products
may play a role the corrosion behavior of the galvanic couple. Figure 9 shows the OCP of both
the 100 and 400 rpm specimen. The 100 rpm specimen has a more negative OCP than the 400
rpm specimen. The 100 rpm specimen had more corrosion build up than the 400 rpm specimen
which may be indicative of an I-R drop through the corrosion build to the surface of the Carbon

Steel specimen
Conclusion

Data from the polarization curves show that the galvanic current density theoretically
should increase with increased rotation speed. According to the polarization curves, corrosion
behavior on a galvanic couple, in theory, is governed by oxygen diffusion limiting effects. Data
from Figure 3 show the values of corrosion current density on a theoretical galvanic couple at 0,
50, 125, 400 and 1000 rpm to be 0.13, 0.92, 1.24, 2.14, 2.57 A/m?, respectively. Data from the 8-
day exposures, which are affected by crevice corrosion in addition to galvanic and oxygen
diffusion effects, yield contrary results from theoretical data. Qualitative results suggested that a
greater degree of corrosion damage occurred on the galvanic couple exposed for 8 days at 100
rpm than on the one exposed for 8 days at 400 rpm. The maximum damage on the crevice side of
the 100 rpm specimen was 28.4 microns and had greater damage across the length of the sample.
The maximum damage depth on the crevice side of the 400 rpm specimen was 23.4 microns and
had lesser damage across the length of sample; however, the 400 rpm specimen has the presence

of pitting damage. This form of damage was not evident on the 100 rpm specimen. The depth a



pit measured on the 400 rpm specimen was 42.3 microns. OCP measurements for both the 100
and 400 rpm specimens suggest that the 100 rpm specimen had a greater degree of corrosion
damage. Typically materials corroding at more negative OCPs have higher corrosion rates than
materials corroding at more positive OCPs. The average OCPs of the 100 and 400 rpm
specimens after t = 300 ks were -0.693 Vsce and -0.660 Vsck, respectively. The evidence
presented suggests that the galvanic crevice corrosion behavior of the 8-day exposures does not
follow corrosion behavior governed by oxygen limited effects, however quantitative mass loss
results are required to definitively characterized the governing corrosion mechanism for the

corrosion behavior of the 8-day exposures at varying rotation speeds.

Figure 4. 3D scan of a 1018 Carbon Steel specimen before 8-day exposure
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Figure 5. (a) — (d) 3D scan of damage on four sites about the circumference of a 1018 Carbon Steel
specimen after 8-day at a rotation speed of 100 rpm
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Figure 6. (a) — (d) 3D scan of damage on four sites about the circumference of a 1018 Carbon
Steel specimen after 8-day at a rotation speed of 400 rpm
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Figure 7. Damage profiles on 1018 Carbons Steel specimen after 8-day exposure at a rotation speed of
400 rpm
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Figure 8. Damage profiles on 1018 Carbons Steel specimen after 8-day exposure at a rotation speed of
100 rpm
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Figure 9. Open Circuit potential for 8-day exposures for both rotation speeds of 100 and 400
rpm

Figure 10. Build up corrosion product on the galvanic couple assembly at 100 rpm after
about 4 days of exposure. A relatively high degree of corrosion scale has built up on the
surface of the Carbon Steel specimen.
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it is fastened to, creating a galvanic couple as well as forming a crevice between the metal
surfaces. Understanding galvanic crevice corrosion becomes essential in reducing risks

associated with corrosion failures in metal fasteners.
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