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6.2 DEVELOPMENT OF A CONTAINER FAILURE FUNCTION FOR TITANIUM

B.M. Ikeda and D.W. Shoesmith

Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment

Pinawa, Manitoba, Canada

In the earlier presentation (B.M. Ikeda et al., this proceedings, p. 43)
we described our experimental program designed to develop a good
mechanistic understanding of the crevice corrosion of titanium in hot
saline solutions. The results from this program and the more general
studies of the crevice corrosion process published by Oldfield and
Sutton (J.W. Oldfield, and W.H. Sutton, Br. Corrosion J., 13(1), 13,
1987) have enabled us to specify the conditions under which crevice
corrosion occurs, and the parameters of importance in determining the
rate at which the process proceeds. The overall process involves a
number of reactions, some of which are in competition. The "balance"
between these competing processes determines the crevice propagation
rate, and the balance itself is determined by the crevice geometry. The
geometry is important since processes such as transport and migration
are involved. Since for a container failure process it is impossible to
define this geometry, a predictive model based on explicit mathematical
expressions for the individual reactions would be extremely difficult to
develop. Consequently, any prediction of container failure times will
be based on measurements of crevice corrosion rates under conditions
that simulate those anticipated in a waste vault. Since we have a good
mechanistic appreciation of crevice corrosion, such an approach is
reasonable.

Before we describe our approach to modelling the crevice corrosion
process, we need to reemphasize a number of points made in our previous
presentations:

(1) Our electrochemical approach is a valid method of determining
the susceptibility of various grades of titanium to crevice
corrosion under a variety of conditions. Such experiments are
very important in deciding the operating limits (e.g., of
[Cl~] and temperature) for the various grades.

(2) Under the conditions expected in a Canadian waste vault,
hydrogen pickup leading to the formation of titanium hydrides
and embrittlement of the material appears to be significant
only under active crevice conditions. From our previous
discussion we concluded that the container failure model
should assume that penetration of the container wall will be
by crevice corrosion, not by cracking due to hydrogen
embrittlement.

(3) The initiation of localized corrosion processes, such as
crevice corrosion is difficult to predict. Any attempt to
determine the probability of crevice initiation would involve
the study of an impossibly large number of specimens.
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However, our experimental results show that it is not the
failure to initiate but the inability to propagate that
confers resistance to crevice corrosion. Hence, predictions
of container failure times must be based on tests where
initiation is forced to occur and the subsequent propagation
rate is measured. This approach is used in the series of
immersion tests described below. By designing our experiments
in this fashion, we avoid the problem of predicting the
probability of initiation, and our rates will be conservative
in nature.

(4) For grades of titanium shown to be susceptible to crevice
corrosion under the exposure conditions used, a supply of
oxidant is required to maintain the propagation step. In this
situation, the extent of crevice corrosion will be related to
the supply of oxidant. Also, there will be a threshold
oxidant concentration required to maintain the crevice pH
sufficiently acidic for crevice corrosion to continue.
Consequently, the limited rate of oxidant transport to the
container surface under vault conditions could very well
control the rate of crevice propagation at a low rate.

Bearing these points in mind, our approach to the prediction of
container failure times is outlined in Figure 1, where Ru is t.e
penetration rate for uniform corrosion; Rc+U is the overall pen*, "ration
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FIGURE 1: Various Components in an Approach to Generating a Container
Failure Function
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rate for the situation where crevice corrosion is limited by repassivation
and, subsequently, corrosion proceeds uniformly; and Rcc is the penetration
rate for the worst possible situation, where crevice corrosion proceeds for
a long period of time. The expected variation in these rates with time is
shown schematically in Figure 2A, and the total extent of corrosion
penetration is shown schematically in Figure 2B. The container failure
time is, of course, the time at which the total penetration (crevice
corrosion + uniform corrosion) exceeds the corrosion allowance.
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FIGURE 2: Schematic Representation of the Expected Container Failure
Penetration Rate (A) and Total Penetration (B) as a Function of
Time
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Some containers, ~ 1 in 10 to 10 (G. Doubt, Atomic Energy of Canada
Limited Report, AECL-8328, June, 1984), are assumed to fail immediately
because of undetected fabrication defects. The consequences of such
instant failures were discussed earlier by Garisto (N.C. Garisto, This
proceedings, p.255).

The experiments designed to measure these corrosion penetration rates are
under way. We have designed a series of immersion tests to determine the
depth of corrosion penetration with time for three materials at various
combinations of chloride concentration and temperature. The materials we
are studying include two Grade-2 titanium samples, one containing 0.02 vt.%
iron and the other containing 0.13 vt.% iron. The third material is a
Grade-12 titanium. The matrix of tests and the number of samples involved
are outlined in Figure 3. Chloride concentrations range from 0.97 mol/L
(in standard Canadian Shield saline solution) to 5 mol/L; temperatures from
80 to 150°C, and exposure times from 1 week to 2 years. Both artificially
creviced and planar samples are being used.

Uniform corrosion rates will be determined from weight-gain measurements
and, in a few cases, estimated from measurements of oxide thickness using
Auger spectroscopy. Measuring the crevice corrosion penetration rate is
more complex, since corrosion propagates at localized sites within the
creviced area, as indicated in Figure 4A. Each site can act as an
independent pit and penetration will occur unevenly, as shown schematically
in Figure 4B. Hence, estimating the crevice corrosion rates from weight-
change measurements will not yield the true penetration rate.



Temperature °C

150(n=60) -

125(11=24)

100

80(n=100) -

- 262 -

SCSB (n=24)

5mo]/LNaCl(n=60)

i2mo]/LNaCl(n=24)

SCSSS (n=60)
Duration t

i 1 \->1 3 3 9 1 2

week week month month year year

FIGURE 3: The Experimental Matrix Used to Generate Samples for Determining
the Penetration Rates Needed in the Container Failure Model.
SCSSS stands for standard Canadian Shield saline solution
(D.R.M. Abry et al., Atomic Energy of Canada Limited Technical
Record, TR-189 (1982)) and SCSB stands for standard Canadian
Shield brine (M. Gascoyne, Atomic Energy of Canada Limited
Technical record, TR-403 (1986))

B.

FIGURE A: Schematic Diagram Showing Independent Active Sites Inside a
Crevice Acting as Pits. (A) A full view, (B) a cross-sectional
view.

One way to estimate the depth of penetration within a crevice is to produce
a metallographic cross section and measure the penetration depth optically
or by SEM. This technique may or may not produce a true penetration rate,
depending on where the cross section is taken from. A more reliable method
is to count the number of pits and corroded areas within the crevice using
an image analyzer. By mechanically polishing thin sections from the
surface and repeating the image analysis, we will obtain a distribution of
pits as a function of penetration depth and a measure of the maximum pit
depth, both as a function of time, as indicated schematically in Figure 5.
From these parameters the probability of finding a pit at a particular
depth can be estimated. By determining a large number of pit-depth
probabilities, a pit-depth probability distribution function can be
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FIGURE 5: The Expected Forms of Data That Can Be Obtained from Image
Analysis and Depth Profiling of Creviced Coupons. (A) shows
numbers of pits as a function of their depth, and (B) shows
the maximum depth (from plot A) as a function of exposure
time.

estimated for any exposure period (G.P. Marsh, I.D. Bland, and K.J. Taylor,
Harwell Report, AERE R 12665 (Oct. 1987)). If the probability distribution
is bounded, then it can be used to predict maximum pit depths. If the
distribution is unbounded, a maximum pit depth cannot be determined because
this type of distribution predicts a finite probability for an infinitely
deep pit.

To complete our analyses, we will determine the distribution of hydrides
within the creviced area and measure the extent of hydrogen pick-up using a
hot vacuum degassing technique.

By performing such analyses on the wide range of exposed specimens under
the various conditions outlined in Figure 3 we hope to be able to:

(i) Determine the susceptibilities of the three materials to crevice
corrosion;

(ii) Measure the uniform and crevice corrosion rates as a function of
temperature and chloride concentration;

(iii) Measure the extent of hydrogen pickup as a function of
temperature and chloride concentration; and

(iv) Predict the lifetime of containers under Canadian waste vault
conditions.

DISCUSSION

GARISTO

SHOESMITH

There seems to be a wide discrepancy in the published
values for the uniform corrosion rate of titanium. If you
use all this data you will obtain a wide range of container
failure times.

The higher rates of uniform corrosion are observed in



- 264 -

acidic solutions at high temperatures. The data we have
obtained were measured in neutral chloride solutions and
are consistent with the values listed in a recent review by
Schutz and Thomas (R.W. Schutz and D.E. Thomas, in Metals
Handbook, 9th Ed., Corrosion, Volume 13, ASM International,
Ohio (1987), p. 669.)

WERME The uniform corrosion rates are generally so low you are,
in effect, quoting a detection limit.

SHOESMITH I doubt whether uniform corrosion rates have been measured
consistently as a function of time. But, as the oxide film
thickens, the rate will decrease with time to a very low
value.

WERME You would expect a logarithmic dependence of c .-rosion rate
with time. The oxide thickness would be about 50 nm or so
after one year.

SHOESMITH Over a long enough period of time, the oxide would reach a
steady-state thickness and the corrosion rate would become
constant and determined by the stability of the oxide film
in the exposure environment.

MARSH Could breakaway corrosion occur under vault conditions? It
is known to occur in nitric acid solutions.

SHOESMITH I wouldn't have thought that breakaway corrosion was
possible at the low temperatures expected in a vault.

MARSH The general understanding of oxide film growth processes is
that the oxide will thicken until the stresses build up and
the film cracks and exposes the underlying metal.

SHOESMITH I do not think the film will thicken to that extent. It
will achieve a limiting thickness determined by the
chemical stability of TiO2.

WERME The TiO2 film does continue to thicken, and over long
exposure periods could build up stresses.

SHOESMITH Perhaps we should examine situations where breakaway
corrosion is observed, such as on zirconium claddings.
There we may be able to estimate the fila thickness at
which breakaway corrosion is expected to start.

GARISTO I don't understand why you rule out hydrogen embrittlement.
Once the crevice has initiated, hydrogen pick-up will occur
and embrittlement will be possible.

IKEDA Yes, that will be the case if active crevice corrosion is
occurring. However, the crevice corrosion rate will then
be fast enough to make hydrogen embrittlement irrelevant.
However, we would like to use a material which will
repassivate and not allow extensive crevice corrosion. If
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repassivation is to occur we expect it to occur rapidly
before significant hydrogen pickup occurs.

The tests of Braithwaite and Molecke (Sandia) show that
crevice corrosion will not initiate. Why do you assume
that initiation will occur?

In many practical situations we do not expect it to occur.
However, to prove that initiation will not occur is very
difficult, if not impossible. By designing our experiment
to force initiation we avoid the need to prove it cannot
occur. Then you need only prove that the material will
repassivate, not propagate. This will be determined by the
basic metallurgical and chemical properties of the
material, and will not alter with time of exposure.

Is there any magnesium in the SCSB high salinity brine?

Not very much. That brine contains 75,000 ppm Ca2+, 40 to
50 ppm Mg2+, 25,000 ppm Na+ and 177,000 ppm Cl".

Does the pH of this brine change with temperature?

It is neutral when it is made up as a synthetic brine. I
don't know what the pH is at temperature.

Why would you need to use Auger spectroscopy to measure
film thickness? Couldn't you do it more economically by
film stripping techniques?

I don't think so. The films are difficult to strip off.
Generally, film removal is done by sandblasting.

We tried to use surface analytical methods before. It is
very costly and not as simple as it appears. The oxides
are thick enough that you need to argon sputter to find the
underlying metal. The titanium ions tend to be reduced in
the electron beam and your results are correspondingly
suspect.

I remember the report describing those results. The
technique used was ESCA. We intend to use Auger to avoid
long exposures, and to perform the depth profiles quickly.

The problems have nothing to do with the time taken to
perform the experiment. The method will always
underestimate the amount of oxide present, because as you
sputter and analyze, you reduce oxide to metal and you
think you are at the oxide/metal interface before you
actually are.

Is there any possibility of using impedance measurements?
The film will have a high dielectric constant, and some
form of film capacitance measurement would indicate the
film thickness.
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SHOESMITH The electrochemical technique of a.c. impedance could
measure film thickness. You would moddl the film as a
simple capacitor as you suggest, and, knowing its
dielectric constant, calculate its thickness.

IKEDA I don't think a.c. impedance would be sensitive enough. My
attempts to measure the capacitance of other thin
insulating films were unsuccessful.

STAHL Surely, a simple measurement of film thickness is
insufficient to give you a true measure of the corrosion
rate. If you are forming and dissolving film at the same
time, then a measurement of film thickness will
underestimate the corrosion rate.

IKEDA A comparison between the corrosion rates measured from
weight change measurements and those from film thickness
measurements will tell us if dissolution is significant.

LAM Could you measure the passive current by applying the
polarization technique under completely deaerated
conditions?

IKEDA I don't know whether we could actually make such a
measurement. We know the corrosion rates are very low. I
would anticipate difficulties in measuring the passive
current.

SHOESMITH All these suggestions that we look for a better technique
(than Auger) for investigating the uniform corrosion of
titanium are appreciated. The perception among the
questioners, that we have not adopted the best method to
measure thicknesses of TiO2 films, is probably valid.
However, if corrosion is simply by a uniform process
container lifetimes will be very long. Our major emphasis
is on crevice corrosion as the fastest potential failure
mechanism.

INTERRANTE Is your weight change data of any value at all in
estimating crevice corrosion rates?

IKEDA Only as a check. The crevice corrosion rate will be
estimated from the pit penetration measurements. However,
for any actively propagating crevice the great majority of
weight change will be within the creviced area. Hence,
there should be a correlation between weight change and
crevice penetration rate.

GARISTO Based on your crevice corrosion rate measurements, how long
do you predict the container will last?

SHOESMITH If you accept the averaged, but conservative, values
presented previously by Ikeda, then the container should
last 200 to 300 years. However, those data were recorded
on the material we know to be susceptible to crevice
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corrosion. Our present series of immersion tests will
compare the performance of this material to a much better
Grade-2 material as well as to Grade-12.

KASS Are you convinced that fabricating or welding the container
is not a problem?

SHOESMITH That is a question that should be addressed by Crosthwaite
who, unfortunately, isn't here today. We have never seen
any crevice corrosion on welded samples either in immersion
tests or in electrochemical experiments.

SORENSEN The welding, even of full-sized canisters, is almost
trivial.

GARISTO Have you decided that titanium Grade-12 is a better
material than Grade-2?

SHOESMITH It probably is, but the purpose of our experimental program
is to compare the behaviour of both glides of titanium. We
would conclude that, as far as Grade-2 titanium is
concerned, the iron content is very important. The
material with the higher iron content is much less
susceptible to crevice corrosion. The increased iron
content produces intermetallics and forces formation of
some /?-phase. This makes the Grade-2 closer in
microstructural properties to the Grade-12, where the
presence of nickel produces a /J-phase and intermetallic.
Their susceptibility to crevice corrosion also becomes very
similar. We are attempting to understand these
similarities (and differences) so that when we make a
recommendation we will have a good mechanistic basis upon
which to defend our choice.

GARISTO Can we make a case for titanium-12 as a container material?

SHOESMITH Yes, on the basis of the Sandia results. However, we still
need to explain the results of Westerman, which showed
significant crevice corrosion of titanium-12 in magnesium-
containing brines in the presence of irradiation.

IKEDA We feel comfortable in defending titanium-12 as a container
material. However, we have insufficient data to predict
actual container lifetimes.

STAHL Do you need to embark on an alloy development program in
order to optimize the chemistry?

SHOESMITH Such an optimization was undertaken by Schutz at TIMET for
titanium Grade-12. This work was done under contract to
Sandia. The conclusion from that study was that the
commercially available Grade-12 was acceptable. As far as
Grade-2 is concerned we are doing a small amount of work in
that area. We are looking at a range of iron contents and
a small number of heat treatments. These experiments are
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not extensive enough to be called an optimization program.
We are really interested in knowing whether iron content is
the important parameter in determining crevice corrosion
susceptibility. Titanium suppliers, such as TIMET, have
assured us that controlling the iron content is relatively
easy with the present fabrication process.

How microstructurally uniform are these materials?
Yesterday you showed evidence that iron was present in a
separate phase. If the material is homogeneous then I am
surprised that you observe pits within your crevices. I
see no reason why one part of the crevice should get ahead
of another, unless the material possesses some
inhomogeneity at which pitting can initiate.

Since we also have a cathodic reaction occurring inside the
crevice (i.e., proton reduction) we will have distinct
anodic and cathodic sites within the crevice. Hence, I
don't think it is too surprising that we see localized
pitting within the crevice.

Initially, we see a localized pitting process which is
consistent with the expectations of Sutton and Oldfield
(J.W. Oldfield and W.H. Sutton, Br. Corrosion J., 13(1), 13
(1987)). However, if crevice corrosion continues to
propagate these micropits appear to join, and propagation
appears to adopt a uniform corrosion front. We hope to
justify these tentative conclusions by our image analyzing
of immersion samples.

The distribution of pits, and their depth, appear to vary
from Grade-2 to Grade-12 titanium. This may be related to
the difference in /?-phase content between the two
materials.

Do you know how stable these microstructures are? What
effect will their stability or instability have on the
materials crevice corrosion behaviour over long exposure
times?

We discussed this question yesterday. I don't think
microstructural changes will be significant at the
temperatures expected in our vault. We expect the
temperature to be around 100°C for the first 100 years or
so and then to fall to 80°C or less.

Sensitization of Grade-12 titanium is only observed at high
temperatures in the range 700 to 850°C. Intermetallic
compounds of Ti2Ni are formed.

Our heat treatment changes the microstructure in the
opposite direction. When we start out we have beta phase
stringers through this material, but there are also
intermetallic particles (FeTi) sitting at grain boundaries.
The heat treatment gets rid of these stringers and small
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intermetalllcs (apparently; I can't say that we've done it
all in real detail) by redistributing the /J-phase around
the grains.

SORENSEN The Grade-2 and Grade-12 are both alpha-beta alloys where
the beta phase contains things like molybdenum, iron, and
nickel. These are all beta stabilizers. Typically the
beta forms at the grain boundaries of the alpha phase.

WESTERMAN When we recommended to the Salt Repository Project that
they eliminate the titanium Grade-12 in favour of the
nickel-based alloys we cited two things: one was the
crevice corrosion; and the other was the hydrogen-induced
delayed failure (HIDF) that has not been resolved. I'm
surprised that HIDF has not come up for discussion, it
being a real Achilles heel of the alpha-beta alloys, unless
it can be shown that mechanism of embrittlement isn't
operative. I don't hear anybody planning to study it.

IKEDA We do have some tests underway to look at crack initiation
and delayed fracture.

SHOESMITH Brian, you summarized yesterday our work on hydrogen uptake
as a function of crevice corrosion and stress/strain
levels.

IKEDA Here we are talking about delayed hydride fracture, as
opposed to embrittlement; i.e., relatively low levels of
hydrogen resulting in fracture under constant load
conditions. The tests we have planned haven't been
completed.

SHOESMITH How much hydrogen is required for delayed fracture to
occur?

WESTERMAN Well, it depends, but Dutton's and Puls' article indicates
10's of ppm is enough to do it; like 20 or 30.

INTERRANTE You say it is the two-phase alloy which is susceptible.

WESTERMAN Well the alpha-beta alloys are known to be susceptible to
the phenomenon.

INTERRANTE Do they crack along the boundary?

WESTERMAN I don't know. But the hydride platelets tend to reform at
the root of the advancing crack in a triaxial zone, and
since they are thermodynamically favoured there, the
hydrogen tends to migrate to that area and reprecipitate.
The crack front then follows the interface between the
platelet and the surrounding metal matrix.

WESTERMAN Lars, isn't this the phenomenon that caused titanium to
fall into disfavour in the Swedish program several years
ago?
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Yes, it is. That was one of the reasons why we dropped
titanium as a canister candidate. We had to demonstrate
that delayed cracking would never happen. It happens with
carbon steels but it happens slowly and is under control.
It is almost impossible to definitely rule it out. In
carbon steels the process occurs and failure is actually
observed, but at a controlled rate. With titanium we face
the situation that in most cases it will not happen. You
cannot completely rule out the possibility. You have to
consider it and it's very difficult to study.

If it occurs is it going to be very rapid?

I don't think it will occur. However, don't your results
show that you can get hydrogen into your two-phase alloy,
titanium-12?

Are you referring to the experiments where we crack
titanium-12? Yes, but only at very cathodic potentials.

However, you do get more hydrogen uptake in titanium-12 as
opposed to titanium-2?.

We did our slow-strain rate tests with both titanium
Grade-12 and Grade-2 with the high iron content. We could
not induce cracking of the Grade-2 material, probably
because we couldn't break the film down for long enough.

The question that comes up is whether or not you'll be able
to prove that the phenomena will never occur over these
long time periods under your repository conditions. That
may be possible if the material can be shown to be
unsusceptible to the phenomenon. It may be very difficult,
despite what test results show over short times, to prove
that it will never happen. It is this inability to prove
nonsusceptibility lhat forces many to discard materials
that have potential problems like this one. Any material
with microstructural instabilities is questionable. I
don't think the scientific community, at least in the
United States, wants to skate on thin ice.

I would recommend that if you plan to use the titanium
alloys then you start investigating this sort of problem
very early. If you have to do anything like justify your
material to licensing bodies, as we have to do in the U.S.,
they will question you on such problems.

We have addressed the problem of delayed hydrogen cracking.
So far we haven't completed our tests, but the test results
indicate that at temperatures of 150°C, delayed cracking
does not occur.

If I remember correctly, the mechanism for delayed failure
is hydride formation. However, either the AECL or the
Sandia results showed that significant embrittlement only
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occurred when you got about 900 ppm of hydrogen in the
interior of the metal.

SORENSEN Those results were from slow strain rate experiments which
don't test for delayed hydrogen fracture.

MARSH 900 ppm is well above the solubility limit for hydrogen in
titanium. If you can form hydrides at much lower hydrogen
levels, they are not leading to embrittlement for some
reason which needs to be understood. Alternatively, the
kinetics of nucleation and growth of the hydrides are so
slow that you haven't actually formed them in substantial
amounts at that lower hydrogen level over the duration of
your experiment. If the latter is the case, then I don't
see how you can argue that your material is resistant to
delayed cracking on the basis of your experimental results.

INTERRANTE At the tip of the advancing crack, the situation is much
different than it is in the smooth bar specimens you use in
a slow strain rate test. At the tip of the advancing
crack, there's a very high triaxial compound of stress.
That region is like a well for hydrogen so that the
hydrogen concentration builds up greatly in that region.
This buildup is fine as long as the system is at
equilibrium. Any perturbation of that equilibrium
precipitates the hydrogen and immediately leads to
reactions such as the formation of the hydride. I suspect
that such reactions are not very reversible. Once the
hydride has formed, it's then present as a brittle
constituent and can crack. A new triaxial region is
established and the process can repeat. Hence, even with
relatively small total hydrogen contents in the material,
this hydride forms locally at the crack front and continues
to form and cause fracture. The time involved is minute
compared with the required lifetimes of materials under
waste vault conditions.

IKEDA

INTERRANTE

STAHL

You have to have a crack present in order for delayed
fracture to occur. It reduces to a problem of crack
initiation.

In one sense that is true, in another it isn't. If you
regard all fabricated structures as flawed structures, then
the same thing can happen, only to a lesser extent, in a
region near any flaw, an inclusion for example. At the
tips of the inclusion there would be a region of triaxial
stress at which the same phenomenon might occur. However,
the sharpness of the notch at that flaw is probably much
less than that of the one or two atom thickness sharpness
of a crack. Consequently, the concentration factor
wouldn't be quite as great.

For each of those geometries, there must be a critical
stress that causes the cracking to propagate.
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Yes, you'd need a critical stress to get a sufficient
buildup. However, it's not an easy problem to demonstrate
you're not going to have the critical stress, especially if
you assume, as many will, that you have yield level
stresses in some locations in any large vessel. If you
make such assumptions, it will be very difficult to prove
that you're never going to get delayed cracking.

The AECL defense against this scenario is to say that the
hydrogen doesn't get into the metal in the first place,
unless you have an active crevice.

SHOESMITH Yes.

MARSH You are assuming, then, that the TiO2 layer acts as a
diffusion barrier to hydrogen pickup?

SHOESMITH Yes, that would be the conclusion drawn from Oriani's
results (Y.J. Kim and R.A. Oriani, Corrosion (NACE), 43(2),
85, and 92 (1987)).

MARSH If that is the case then TiO2 is only a kinetic barrier.
Eventually, it will achieve equilibrium over a long period
of time.

SHOESMITH Equilibrium with what? We're not generating any hydrogen.

MARSH Equilibrium with hydrogen at the Eh at the surface of the
container in the vault environment.

SHOESMITH The Eh at the container surface will be positive because
it's passive, I don't see where we will get the hydrogen
from.

MARSH You haven't got water reduction going on, except in an
active crevice?

SHOESMITH

MARSH

That's correct. We only have significant reaction
occurring when we have an active crevice and we can't
attempt to defend an active crevice model. We can only
defend the material which is passive when the Eh at the
container surface will be positive. I don't see how we
generate the hydrogen to penetrate the passive film under
these conditions.

You don't anticipate that your repository will become
anaerobic?

SHOESMITH According to our experiments even under the most reducing
conditions we can achieve, the potential always indicates
an oxide-covered surface. We don't know the nature of the
film.

MARSH Titanium should stay passive even if there isn't any oxygen
present. There is little point arguing about the degree of
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passivity. Even if the oxygen activity is as low as 10
you will still have a passive film by virtue of the water
reduction. But then you'd be generating hydrogen at a rate
equivalent to whatever the passive corrosion rate was. It
may be very low, but it will be occurring.

WERME In Sweden, we didn't have to study hydrogen pickup. We
were told that the redistribution of the existing hydrogen
within the metal was enough to cause the problem. In
extreme cases, such as welding titanium to other metals,
the phenomenon has been observed. The hydrogen in the
metal moved into the weld causing a crack, to develop.


