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4.4 CORROSION OF FERROUS MATERIALS IK A BASALTIC ENVIRONMENT

W.F. Brehm
Pacific Northwest Laboratory*
Richland, Washington, U.S.A.

In this presentation I will discuss the results of corrosion tests on A27
cast low-carbon (0.20%) steel, which is similar to the A216 steel specified
as a reference material for basalt environments, and Fe/9Cr/Mo(A387) steel
thought to have a better corrosion resistance than A27. The experimental
and data analysis techniques were very similar to those described
previously for testing copper alloys. We have tested the corrosion
performance of these materials in condensed systems at temperatures ranging
from 50°C to 200°C and in air-steam mixtures in the range 150°C to 300°C.

TESTING

The groundwater used is a deoxygenated, mild sodium chloride solution. The
composition of this water is given in Table 1 of the paper on the corrosion
performance of copper alloys. All water used was "synthetic". Since we
used large volumes in our flow-through systems, we could not easily obtain
enough natural groundwater. All tests were performed in titanium pressure
vessels and autoclaves. Steel vessels were avoided to prevent the
introduction of extra iron into our system. Dissolved iron possesses
reducing properties and we wished to avoid this complication. Also, iron
and copper alloys were not exposed together in the condensed phase tests.

As with copper alloys, many of the tests were performed in groundwater/
packing mixtures, where the packing consisted of a mixture of 75% crushed
basalt and 25% Wyoming sodium bentonite. This mixture was made up under
oxic conditions and then mixed with the groundwater under anoxic conditions
in a glove box. The specimens were then placed in the pressure vessels so
that they did not touch each other or the walls. To avoid contact on the
bottom of the vessels, we used either a Teflon plate or, in the presence of
radiation, crushed basalt. Approximately 20 mL of groundwater was poured
on the top, the vessel closed, and tested for the appropriate period. At
the conclusion of the tests, we removed the specimens in the glove box.
For a number of tests we measured both the pH of the packing and the
dissolved 02 concentration. The latter was a coulometric analysis. In all
cases, the post-test 02 concentrations were below 20 ppb. Water samples
were taken, filtered, and analyzed by inductively coupled plasma
spectrometry. The corrosion products on the specimens were analyzed by X-
ray diffractometry.
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RESULTS

Figures 1 and 2 show weight-loss data in saturated packing as a function of
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FIGURE 1: Corrosion of Cast Carbon Steel (A27) in Saturated Packing:
o , 1-Month Exposure; + , 4 Months; V, 10 Months; and <>, 18
Months
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FIGURE 2: Corrosion of Wrought Alloy Steel (A387) in Saturated Packing:
D, 1-Month Exposure; +, 4 Months; <>, 10 Months; A, 18 Months

temperature for a series of exposure periods from 1 to 18 months. For the
A27 steel, the maximum corrosion (weight loss) occurred at approximately
100°C, though there is some evidence the peak occurs at a higher
temperature for longer exposure periods. For A387 steel, the maximum
corrosion occurs around 150°C. The peak corrosion rates, after 25 months
exposure were 9 /<m»a" for the A27 steel and 1.8 /Jin'a"1 for the A387
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material. The initial corrosion rates were higher. At 200°C essentially
all the corrosion occurred in the first month. This suggests that the
steel is rapidly passivated and hence possibly susceptible to pitting. At
150°C the corrosion rates decrease with time, whereas at 50°C the corrosion
rate is still increasing. Also, the data scatter observed for copper
alloys is not observed with steels.

The pH decreased with time; an example is shown in Figure 3. The sulphate
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FIGURE 3: pH of Groundwater Solutions in Pressure Vessels After Corrosion
Tests; +, 1-Month Test; <>, 4 Months; A, 10 Months; x, 18
Months

concentration in the water increased, presumably coming from the bentonite.
Generally, there was little other change in the initial water composition.
What chemistry changes did occur (i.e., in pH and sulphate concentration)
we observed over approximately the first four months. We were interested
in the chemical changes in the groundwater to assess whether the evolution
of groundwater composition with time would affect the corrosion
performance. Wells at the Hanford site had produced waters with different
compositions. These differences were not major, but they did suggest that
waste packages buried at the site would be exposed to a range of
groundwaters.

The nature of the corrosion products on the A27 steel varied with
temperature. At 200°C the surfaces were black and shiny with magnetite
(Fe3O4). At 100°C, we observed siderite, an iron carbonate containing
calcium and magnesium. This material was non-adherent and explains why the
maximum corrosion rate occurs around 100°C. We also found definite traces
of the carbide, cementite (Fe3C). Our analyses of the packing material
indicated the presence of an iron-enriched octahedral smectite clay, which
is a known degradation product of basalt exposed to high temperature in
water.

Halfway through the test program, A387 steel was dropped as a candidate
container material. Consequently, we did not analyze the surface phases
formed on it.
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The corrosion rate in refreshed autoclaves was very similar, but generally
slightly lower. The major difference between closed vessel and refreshed
autoclave tests was in the pH. Whereas the pH decreased in the closed
pressure vessels, this trend was rapidly reversed in the refreshed
autoclaves, with the pH eventually returning to near the starting value of
9.7.

Figures 4 and 5 show the results of our corrosion tests in air-steam

12 16
TIME (Months)

FIGURE 4: Corrosion of Cast Carbon Steel (A27) in Air-Steam Mixtures in
the Absence of Radiation for Various Temperatures:D , 150°C;
V, 200°C; 0, 25O°C; A, 300°C
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FIGURE 5: Corrosion of Wrought Alloy Steel (A387) in Air-Steam Mixtures at
Various Temperatures in the Absence of Radiation;o , 150°C,
V, 200°C; 0, 250°C; A, 300°C

mixtures. The penetrations (in micrometres) are plotted as a function of
time for four temperatures. For both materials the corrosion rates are
very low, and, surprisingly, there is little difference between the two
materials. Rates of < 1 /im»a" are obtained even at 300°C. Visual
examination of the specimens showed that no pitting had occurred.
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Generally, the corrosion product was magnetite, though we did observe some
hematite (Fe2O3) after the longer exposure periods at the higher
temperatures. In contrast to observations with copper alloys, we saw no
effect of the packing in these tests.

Figures 6 and 7 show the effects of radiation on the corrosion rates from
our air-steam tests. At 150°C the effect is minor, but at 250°C a very
definite radiation effect is observed. Since the corrosion rates are
generally very low, this corrosion enhancement in the presence of radiation
is not a major cause for concern. There is no proven explanation for the
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Effect of Radiation Level on Corrosion in Air-Steam Mixtures at
150°C; 0, A27 Carbon Steel; A, A387 Wrought Alloy Steel
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FIGURE 7:
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Effect of Radiation Level on Corrosion in Air-Steam Mixtures at
250°C; 0, A27 Carbon Steel; A, A387 Wrought Alloy Steel
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irradiation enhancement observed at 250°C but not at 150°C, as discussed in
the paper concerning copper alloy corrosion.

Since we were concerned about the propogation of pits, particularly with
the A27 steel, we attempted to generate pits in a basaltic environment and
determine whether they would propagate under typical exposure conditions.
To initiate pitting, we suspended a number of specimens in the packing
mixture in a small glass beaker inside a pressure vessel. Then we added
groundwater and heated the vessel to 200°C for up to seven days to produce
a dense corrosion film. We then removed the beaker from the pressure
vessel and potentiostatted the specimens at a potential positive to the
free corrosion potential of -440 mV. This treatment produced a small
number of small pits, 20 to 100 fim deep. The specimens were then tested,
without removing them from their packing mixture environment, in pressure
vessels for one month at 100°C and 200°C. At 100°C, the rapid uniform
corrosion occurring during the one-month exposure rapidly swallowed the
pits. At 200°C, the pits remained but did not grow. Of course, at 200°C
the uniform corrosion rate is lower than at 100°C and the material
surrounding the pits is not removed so rapidly. We could not produce
pitting on the A387 steel by this technique.

A test we would like to do, is to treat specimens in an air-steam
environment, and then evaluate their performance in groundwater/packing
mixtures. Such a test would simulate the transition from an air-steam to a
condensed-water environment which will occur eventually in a basalt
repository. The major question such tests would answer is whether the
protective films formed in the air-steam environment would remain
protective in the condensed-phase environment. If the films are prone to
rupture, or other forms of attack, then the required conditions for pitting
may be present.

CONCLUSIONS

In Synthetic Groundwater:

The basaltic environment appears to be quite benign. Corrosion rates for
both cast carbon steel and A387 steel in saturated packing and air-steam
mixtures are quite low. Maximum rates of 9 /im»a~ for A27 steel and
1.8 /im'a'1 for A387 steel were observed.

Maximum corrosion rates were observed at intermediate rather than maximum
test temperatures because of the formation of non-protective corrosion
films at the intermediate temperatures.

In A27 steel, magnetite was the principal corrosion product observed, with
non-protective siderite observed at 100°C.

Pits were extremely difficult to produce in saturated packing in the A27
steel and did not grow upon subsequent exposure.
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In Air-Steam Mixtures:

Corrosion of both steels was again extremely low, < 1 /im«a , even at 300°C
in the absence of radiation. Magnetite and small amounts of hematite were
detected in corrosion product films.


