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Galvanic Corrosion in Waste Tank Environments

1.0 Summary

The Closure Business Unit plans to utilize a submersible mixer pump during bulk sludge
removal operations in waste tanks. The foot of the pump will rest on the bottom of the
tank. The foot of the pump is constructed of stainless steel, while the tank bottom is
constructed of carbon steel. The risk of accelerated attack due to contact between
dissimilar metals (i.e., galvanic corrosion) was assessed.

Laboratory data relevant to the carbon steel/stainless steel couple that has been exposed
to a simulated waste environment was reviewed. The data indicated that either the
carbon steel tank or the stainless steel foot may be the anode (i.e., component that
corrodes). However, the corrosion rates of both materials were estimated to be less than
1 mpy. Thus the severity of the attack on either of these materials is expected to be
minor.

2.0 Background

The Closure Business Unit plans to utilize a submersible mixer pump (SMP) during bulk
sludge removal operations in waste tanks [1]. The foot of the pump will rest on the
bottom of the tank (See Figure 1 for drawing of foot). The foot of the pump is
constructed of stainless steel, while the tank bottom is constructed of carbon steel.

Contact between dissimilar metals has the possibility of accelerating the corrosion rate of
the more active material. This type of corrosion is referred to as galvanic. Galvanic
corrosion is driven by the potential difference of the two metals in a given environment.
The severity of galvanic corrosion is governed by several factors including the
equilibrium corrosion potential (Ecoy), their polarization characteristics, the solution
resistance, and the area ratio between anodic and cathodic regions. The available
corrosion data for stainless steel and carbon steel in waste simulants will be evaluated and
applied to this specific case.

For a particular solution, a metal has an E,, that develops from the interaction of the
metal surface with the environment. Corrosion potentials for metals in a particular
environment may be listed in numerical order. This listing is referred to as a galvanic
series. The galvanic series may be utilized to determine the initial relationship of two
dissimilar metals that are in contact. The metal with the more electro-negative potential
(i.e., more active) will be the anode of the galvanic couple, while the metal with the more
electro-positive potential will be the cathode.

The initial relationship between the dissimilar metals may change depending on the
magnitude of the difference between their E,,; values. For a large difference, the initial
relationship will likely remain unchanged over time. However, a small difference may
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result in a relationship in which the anode alternates between the two metal or completely
switches from one metal to the other.

A significant factor in the severity of attack is the area ratio of the anodic to cathodic
regions. The galvanic current density (Icoupie) Which is proportional to the galvanic
corrosion rate is an area-dependent variable. All of the electrochemical galvanic
corrosion testing at SRS has been performed with a cathode to anode area ratio of 1:1.
The galvanic corrosion rate will generally decrease as the cathode to anode area ratio
decreases below 1:1. Conversely, if the cathode to anode area increases above 1:1, the
severity of attack will also increase. This area dependence assumes that the corrosion
process is under cathodic control. For these materials in the waste environments this is a
reasonable assumption.

3.0 Evaluation of Stainless Steel/Carbon Steel Galvanic Corrosion Data
3.1 Electrochemical Data
3.1.1 Waste Simulant Solutions and Material Conditions

The composition of the waste during bulk sludge removal can range from a concentrated
supernate (i.e., nitrate, nitrite, or hydroxide greater than 1 M) to a rather dilute solution
due to the addition of water as the slurry medium. Operation of the SMP may also raise
the temperature of the waste due to dissipation of mechanical energy. Thus galvanic
corrosion data that spans a fairly wide range of compositions and temperatures should be
evaluated.

Galvanic corrosion rate data for the carbon steel/stainless steel couple was obtained for
the ten solutions shown in Table 1 [2, 3]. Based on previous sludge removal operations
[4, 5] these compositions appear to bracket the waste compositions that may be expected
during bulk sludge removal. It should be noted that pitting of carbon steel has been
observed during corrosion tests in waste simulants # 2, 5, and 8. This result was expected
as the test solutions do not meet the minimum nitrite requirement specified by the
Corrosion Control Program [6]. Waste simulant #7 also does not meet the minimum
nitrite requirement specified. Although no pits were observed on the carbon steel sample
following the electrochemical test, the results of the test suggest that the passive film is
experiencing some activity [7]. It is recommended that the sludge slurry not be allowed
to achieve these low inhibitor levels as this may impact other tanks downstream that
receive the sludge slurry transfer as well as the tank in which removal is being performed.

The tests were performed at temperatures of 30, 45, and 60 °C. The initial temperature of
the supernate above sludges tends to be between 30 to 45 °C, while the initial sludge
temperatures tend to be between 30 to 74 °C [8]. The temperature of the sludge
frequently depends on the availability of the cooling coils in the tank. As mentioned
earlier the SMP will likely raise the temperature slightly in the tank. Although no
detailed energy balance calculations have been performed, the temperature of the sludge
slurry in most cases of bulk removal is expected to be within the range of the test data.
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The materials utilized for the corrosion tests were 304L stainless steel (304L) and A537
Class I carbon steel (A537). Additional 304L samples were heat treated (304L-ht) at 650
°C for 24 hours. These samples were prepared to simulate base metal that had been
exposed to high temperatures during welding processes. Prior to performing each
electrochemical test, the samples were polished to a 600 grit finish to ensure a uniform
surface for testing.

3.1.2 Variability in Ec Measurements

The Ecor value for 304L and A537 exposed to these environments was monitored for
time periods ranging between 30 minutes and 48 hours. For both materials, Eor was
observed to change with time as shown in Figure 2. This data was obtained in waste
simulant #9. In both cases the potential drifted in the noble, or electro-positive, direction
before achieving a relatively stable value. The change in potential from the initial
measurement could be as much as 100 mV. Thus the measured value of E.or will depend
on the time at which the measurement was taken.

The value of E,,; may also vary even if the measurements are taken at the same time.
Figure 3 shows results of E¢,; measurements for 304L and A537 obtained after 30
minutes of exposure to waste stimulant #6 at 30 °C. As can be seen from the figure the
tests were performed on different days. Thus different batches of the same solution were
utilized, as well as different samples of the same material. For 304L the average value
for Ecorr was -433 mV, the standard deviation was approximately 44 mV and the range
was between -350 mV to -500 mV. These differences may be attributed to slight changes
in the solution environment, differences in handling the samples during surface
preparation, and differences in the microstructure of the material that is exposed at the
surface. Although there are fewer data points, the variability in E,, for A537 exposed to
the same environment for 30 minutes appears to be similar to the 304L.

The Ecor values for 304L and A537 in the same environment are relatively close despite
the variability. Figure 2 shows that the two potentials are within 20 mV at all times.
Figure 3 shows that both of the E.orr values for carbon steel were within the range of Ecorr
values measured for the stainless steel. The relative closeness of the E.qr values in other
waste simulants will be examined in section 3.1.3. As a consequence of these
observations, either the stainless steel or carbon steel may be the anode in the coupled
system. The fact that Ec,, for both materials changes with time also means that the
material that behaves like the anode could change with time. The relative closeness of
the Ecorr values also suggests that the galvanic current between the two materials may be
small. This assessment will be confirmed in section 3.1.4 when the polarization
characteristics of these two materials in these environments are evaluated.

3.1.3 E o« Values in Waste Simulants

Table 2 shows the values measured for E.o in the various waste simulants. E,, values
for the first 8 simulants were measured after 30 minutes, while the E.,; values for
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simulants # 9 and 10 were monitored for up to 2 days. In most simulants, the E.qr values
for A537 were anodic to those for 304L and 304L-ht. The differences in potential ranged
from 2 to 125 mV. Thus at least initially A537 is likely to be the anode in most waste
environments. However, the variables mentioned in section 3.1.2 could easily result in
the 304L materials becoming the anode. These differences in potential are small and
should result in a small galvanic current.

The table also shows that the potential differences between 304L and 304L-ht couple are
also small. The data is not conclusive as to which material would be the anode. The data
appears to suggest that at a low simulant temperature 304L-ht is the anode, while at the
higher temperature 304L appears to be the anode. The mechanistic explanation for this
observation is unknown at this time.

3.1.4 Estimation of Corrosion Rates
3.1.4.1 Corrosion Rates of Stainless Steel and Carbon Steel in Waste Simulants

The corrosion rates of 304L and A537 by themselves in each of the environments were
determined by two methods. Tafel slope measurements [9] were utilized to determine the
corrosion rates in simulants #9 and 10. For these tests, the potential was initially
polarized 200 mV below E,,. The potential was then increased to a value 200 mV above
Ecorr While the current is measured (see Figure 4). The portion of the curve where the
potential is below Ecor is referred to as the cathodic branch while the portion above E¢or
is referred to as the anodic branch. Tangent lines are drawn to the cathodic and anodic
branches of the plots. The two lines intersect at Eco, at a current value known as Lo
Icorr is proportional to the corrosion rate of the material as given by equation 1 [10].

Corrosion Rate = 0.13*(Equivalent Weight of Corroding Species)* Lo ¢))
(Density of the Material)

For both 304L. and A537 the corroding species is iron, thus the equivalent weight is 27.4
g/equivalent and the density is approximately 7.9 g/cm’. Table 3 shows the values for
Leorr and the corrosion rate for A537 and 304L in simulants #9 and 10. The corrosion
rates are less than 1 mpy.

The data for simulants #1 through 8 were obtained from anodic cyclic polarization (CP)
scan [11]. Figure 4 shows an example of a typical CP curve for A537 in these waste
simulants. The scan is initiated at 50 mV below E,,. The potential is increased until a
breakdown potential (i.e., location where current increases significantly with little change
in the potential) occurs and then the potential is returned to the initial Ecoy value. The
anodic branch of the curve is characterized by a region where the value of the current
density does not change with potential. This behavior is due to the presence of a passive
oxide film on the surface of the material. This current density is commonly referred to as
the passive current density (Ip). As shown in Figure 4, 1, is clearly greater than L.
Therefore as a conservative estimate for the corrosion rate I, may be substituted into
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equation (1) for I.o;. Values for Ip and the corrosion rate for A537 and 304L in simulants
#1 through 8 are shown in Table 4. The corrosion rates are less than 1 mpy.

3.1.4.2 Galvanic Corrosion Rates for Stainless Steel and Carbon Steel in Waste
Simulants

Galvanic corrosion rates were measured by one of two techniques: 1) Direct galvanic
current measurement, 2) a Tafel slope overlay technique. In the tests that were performed
the areas of the A537 and 304L samples were equal. Direct galvanic current
measurement [12] was performed by immersing both materials in the test solution and
then connecting them both to an external zero resistance ammeter that will measure the
current (Icouple) that is passed between them as a function of time (see Figure 5). In this
case a negative current would mean that the carbon steel is the cathode, while a positive
current would indicate that the stainless steel is the cathode. The corrosion rate may be
estimated by substituting Icouple for Icorr in equation 1.

Figure 6 shows an example of the Tafel slope overlay technique [13]. The Tafel curves
for A537 and 304L in simulant #9 were plotted together. In this case, A537 is anodic to
304L. The I.ouple is determined by the intersection of the anodic branch of the A537
curve and the cathodic branch of the 304L curve. At this potential the anodic current
density equals the cathodic current density. Note that since the potentials are so close
together, very little polarization of either surface occurs. As a result a small galvanic
current density would be anticipated.

Direct galvanic current measurements were performed in simulants #9 and 10. Figure 4
shows Ieoupie as a function of time for simulant #10. The test was initially run for 24
hours and then stopped. The test was restarted the next day and run for an additional 20
hours. Initially the carbon steel was the cathode, and the corrosion rate of the stainless
steel was approximately 0.01 mpy. After approximately 10 hours, the carbon steel
became the anode. At the end of 44 hours, the corrosion rate for the carbon steel was
approximately 0.018 mpy. In the case of simulant #9, carbon steel remained the cathode
for approximately 24 hours. At the end of 24 hours, the corrosion rate of stainless steel
was approximately 0.006 mpy. Given enough time, the carbon steel may have become
the anode in this solution as well. However, the corrosion rates would still be expected to
be low.

The Tafel slope overlay technique was utilized for all waste simulants. The values for
Leouple and the corrosion rate are shown in Table 5. All of the galvanic corrosion rates are
less than 1 mpy. Thus the presence of the 304L/A537 galvanic couple in the waste
environments does not accelerate corrosion of either metal above its normal corrosion
rate. It is interesting to note that the direct galvanic current measurement indicated that
stainless steel was the anode for simulant #9, whereas the overlay technique indicates that
carbon steel is the anode. This observation is another example of how the anode and
cathode can switch over time due to small changes in the environment or material.
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3.2. Coupon Data
3.2.1 Waste Simulant Solutions and Material Conditions

Coupon tests were performed to further investigate the possibility of galvanic corrosion
between A537 and 304L [2]. The compositions of the three waste simulant utilized for
the coupon tests are shown in Table 6. The compositions cover a wide range of nitrate,
nitrite, and hydroxide concentrations comparable to the solutions utilized for the
electrochemical tests. The test temperature of the simulants was 60 °C. The A537
coupons (3/4” x 3” x 1/8”) were tightly wrapped with two pieces of 304L wire. The
coupon was partially immersed in the waste such that one wire was exposed to the vapor
space, while the other wire was immersed. Thus, the area of the carbon steel was much
greater than the area of the 304L wire. The coupons were exposed in simulant #11 for 2
months, followed by consecutive 1 month exposures in simulant #12 and #13,
respectively.

3.2.2 Results of Galvanic Coupon Tests

The coupons were examined between the changes in solution. After 2 months, there was
evidence of surface corrosion of the carbon steel in the vapor space, but little corrosion in
the immersed region. The stainless steel wires showed no evidence of attack. No change
in the appearance of the coupons was observed after 3 months. At the conclusion of the
test, the coupons and wires were examined thoroughly for evidence of galvanic attack.
Although a small amount of corrosion was observed, the corrosion was not associated
with areas of contact between the 304L and the A537. The limited amount of corrosion
observed in the coupon tests correlated well with the results of the electrochemical tests.

4.0 Application of the Galvanic Corrosion Data to the Submersible Mixing Pump

As shown in Figure 1 the diameter of the stainless steel foot of the SMP is approximately
9 inches. Thus the area of contact is approximately 64 in?. Since the conductivity of the
waste solution is quite high, a portion of the foot above the area in contact with the tank
bottom may also be impacted. Nonetheless, the area of the stainless steel component will
remain significantly less than the area of the carbon steel tank.

If the carbon steel is the anode, the corrosion rates estimated from the tests will be further
reduced due to the small cathode to anode area ratio. On the other hand if the stainless
steel becomes the anode, the corrosion rates will be greater than those estimated from the
tests. However, given the extremely low corrosion rates when stainless steel is the anode
(e.g., on the order of 0.1 mpy or less) the area ratio is not expected to play a significant
factor in accelerating the corrosion. Based on the galvanic corrosion data available, no
significant acceleration of corrosion is anticipated due to contact between the stainless
steel foot of the SMP and the carbon steel tank.
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5.0 Conclusions

Results from laboratory tests with 304L and A537 in simulated waste environments were
reviewed. Galvanic corrosion due to contact between these two dissimilar metals was
estimated to be less than 1 mpy. No significant acceleration of corrosion is anticipated
due to contact between the stainless steel foot of the SMP and the carbon steel tank.
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