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WINDPOWER ’99

WINDPOWER ’99, the annual national conference of the American Wind Energy Association, took
place June 20 through 23 in Burlington, Vermont. More than 600 people participated in the

. conference and exhibition, and 25 companies exhibited. In addition, AWEA welcomed a cross
section of key stakeholders in the wind industry, including project developers, utilities, independent
power producers, representatives of state and local government (Sen. Jim Jeffords, R-VT, and Molly
Lambert, Chairman, Vermont Department of Commerce), researchers, manufacturers, consumers and
representatives of various federal agencies, including The Honorable Bill Richardson, Secretary, U.S.
Department of Energy.

AWEA accomplished all tasks under the contract including, (1) site selection, (2) conference
outreach, (3) conference outreach materials (attached), (4) program development, (5) providing
networking opportunities in Burlington, and (6) conference resource materials.

Project Description

We were successfi.d in bringing together key industry players in a forum for the discussion and
dissemination of information about wind energy; the cost-effective applications of the technology in
the marketplace; the Office of Utility Technologies wind technology development efforts; the
direction of the Office’s research and development; the needs of users and consumers; the additional
technology development efforts that are required to meet these needs; and associated state and local
issues relevant to the siting and use of wind energy technology.

We received a great deal of positive feedback on WINDPOWER ’99 and will utilize this input as we
plan WINDPOWER 2000. In addition to the positive feedback, WINDPOWER ’99 received a great
deal of coverage in the media, which in turn has led to a higher profile for the industry.

Site Selection & Wind Energy Tours

Burlington, Vermont, drew a number of important people belonging to key stakeholder groups. The
opportunity for educating stakeholders and the general public was enhanced by the inclusion of wind
energy-related exhibitors that participated for the first time because of the location.

AWEA offered two wind energy tours – one for participants interested in utility-scale projects, and
one for small wind system users and enthusiasts. Both tours were very well attended. The tour to the
Searsburg Green Mountain Power project drew approximately 30 participants (very good for a six
hour bus ride round trip). The small system tour drew almost 150 people.

Conference Outreach

AWEA’s outreach to potential conference participants included brochure mailings, advertisements in
trade magazines and postings on AWEA’s web site as well as links from other web sites. With the
help of local AWEA member companies, AWEA was effective in reaching out to the local media,
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oxyhydroxides are often difficult to characterize and are frequently difficult to obtain in a
dry state in a well defined crystalline form.

2. Issues/Concerns

We have now completed extensive calculations of Tc, for various hydroxides,
oxyhydroxides, and oxides in the Fe-Cr-Ni system. The maximum value of TC~at which
a stable oxyhydroxide can exist under the conditions of the Yucca Mountain repository (=
6000 ft above the sea level and a relative humidity of 100 ‘%o)is 366 “C. This temperature
corresponds to the equilibrium temperature of the chemical reaction

FeO*OH = 4Fe30q + 6HzO(g) + Oz(g)

Iron (III) oxyhydroxide, FeO*OH, is almost certainly a proton conductor in the presence
of “bound” water (although we have not yet found any definitive information on the
subject in the literature) and hence is expected to support both general and localized
corrosion. Accordingly, the possibility that corrosion initiates and propagates at
temperatures significantly above the boiling temperature of water cannot be ignored.

In future, we will extend our analysis to the mixed oxides, for example, NiFe204,
which are known to form on alloys.

Task. 2. Continued Model Development:

1. Task status:

During the past quartile we concentrated our attention on the problem of the
nucleation of cracks from corrosion pits.

2. Issues/Concerns:

As indicated by available experimental data, the nucleation of corrosion crevices
(stress corrosion cracks and corrosion fatigue cracks) depends on two criteria: (1) The
stress intensity factor for the crevice, KI (or AK1 for corrosion fatigue), must exceed the
threshold stress intensity factor, KESCC(or AKI,ti), and (2) the crack growth rate must
exceed the pit growth rate. However, in accordance with the slip dissolution model, the
crevice tip is partially blocked by the passive film. Accordingly, for a given set of tip
conditions (metal potential, pH, etc.), the anodic dissolution rate of the crevice tip must
be smaller (estimations show that it must be much smaller) than the pit propagation rate
(with the bare tip surface). This means that if the environmental component of the crack
propagation rate is comparable with the mechanical component of the rate, the transition
from a pit into a crevice occurs if (1) the depth of the pit exceeds some critical length,
L.,, (where K1>K1sccorAK12 AKl,ti), and (2) the pit has passivated (i.e., died).

Because, for a given value of the stress, o, the threshold stress intensity factor, K]
(AK1,,~),depends not only on the pit depth, but also on the shape of the pit, it is important
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to determine the shape of the pit as a fhnction of its depth. During this quartile we
developed a computer code for solving Laplace’s equation for the electrostatic potential
within a corroding cavity. This was done by using the boundary element method for an
open pit of arbitrary axis-symmetrical geometry under a thin electrolyte film covering the
external surface and by assuming arbitrary polarization laws for the electrochemical
reactions occurring inside and outside the pit. Using this program to calculate the current
and potential distributions, together with Faraday’s law, yields the shape of the pit as a
fimction of its age, and, accordingly, the shape of the pit as a fimction of its depth.
However, our experimental investigations show that the pits on Alloy C-22 are covered
with an oxide film (closed pits), which is presumably the remnant of the barrier layer.
Our code is now being generalized to handle the case of a closed pit.

We began to develop a computer code to calculate the crevice (pit and crack)
growth rate under thin electrolyte film. The model takes into account cathodic processes
that occur on the sides of the crevice and on the external surfaces (outside the crevice).

Finally, we have also initiated the development of computer code for calculating
the corrosion potential (on the basis of the Mixed Potential Model) for Alloy C22 when
covered by the thin electrolyte film.

Task 3: Measurements of Key ModeI Parameters:

Anodic (in the potential range from the steady-state potential to more positive
values) and cathodic (at potentials more negative than the steady-state potential)
potentiodynamic curves (current density vs. potential, at a potential sweep rate of 1
mV/s) were measured on Alloy C-22 alloy in NaCl solutions (from 0.1 to 1.0 M) at
temperatures from 20 to 95”C. These measurements are being performed under
subcontract to SRI by the Frurnkin Institute in Moscow, Russia.

. Cathodic Curves

A region of oxygen reduction with the limiting current for the reaction

Oz + 2HZ0 + 4e- + 40H-

is observed in the cathodic curve. This region lies at potentials that are more negative
than approximately -0.1 V (SHE), i.e. significantly more negative than the equilibrium
potential for the oxygen electrode reaction for the prevailing concentration of oxygen
dissolved in water [0.815 V (SHE) at pH = 7]. Therefore, the formally determined
exchange current (io) of this reaction (by the extrapolation of the observed Tafel region to
the equilibrium potential) is very low (i. <10-10 A/cm2), as expected. In the fhture, the
value of i. will be refined and measured as a function of important independent variables
([02], pH, T). The limiting current for oxygen reduction is virtually independent of pH
within the range from pH = 6 to 10.

At pH< 6, the cathodic polarization curve displays a segment corresponding to the
hydrogen evolution reaction
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The region of the limiting current for hydrogen evolution almost coincides with the
region of the limiting current for oxygen reduction. The limiting current of hydrogen
reduction increases as the pH is decreased, as expected. At current densities lower than
the limiting value, a Tafel region is observed with a slope of 130 mV/decade. The
extrapolation of the Tafel slopes to the equilibrium potential allows us to estimate the
exchange current i. of this reaction: at 20 ‘C, for 0.1 M NaCl solution with pH = 2, i. is
2X10-5 A/cm2; at pH = 3, i. is 6X10-GA/cm2; at 80 C, for 0.1 M NaCl solution with pH =

3, io is 5X10-5 A/cm2.
At more negative potentials, the reaction

2H20 + 2e- -+ H2 + 2 OH-

takes place. It is not yet known whether kinetic parameters can be measured for this
reaction as well.

. Anodic Curves

The anodic polarization curves of current density vs. potential consist of several
segments. The curve segment in the vicinity of the steady-state potential maybe ascribed
to “pseudoactive” alloy dissolution. In this region, the alloy dissolution rate increases
with the potential; however, this process is, probably, hampered by partial passivity.
Obviously, at the steady-state potential in neutral NaCl solutions, the alloy is covered
with natural oxide film preventing active dissolution.

At higher potentials, a region is observed, which we will call “the passivity
region”. In this region, the current increases with the potential, with the slope being low
and in some cases zero (parallel to the potential axis) or even negative. In this passive
region, the current increases with an increase in temperature and with an increase in the
concentration of NaC1. At pH =11, two current waves are observed instead of the passive
region. The waves may be caused by the dissolution of the alloy components to form
oxidation products that are readily soluble alkaline solutions. These components include
molybdenum (13 .26% in the alloy), tungsten (2.80Yo), and chromium (21.700A).

At the most positive potentials, an abrupt increase in the current with increasing
potential is observed; this is associated, probably, with transpassivation. At these
potentials, the oxygen evolution reaction

2H20 + 02+ 4~ + 4e-

may proceed; however, no gas-bubble formation was observed on the electrode.
The complicated anodic behavior of the alloy at ambient temperature (very short

segment of “pseudoactive” dissolution with an uncertain slope, possibly due to the
presence of natural oxide film on the metal) does not allow us to easily determine with
certainty the kinetic parameters of the metal dissolution reaction. At high temperatures
(80 and 95 C) and high concentrations (1 M NaCl), however, the region of
“pseudoactive” dissolution is wider. Here, the Tafel slope may be estimated to be 140
mV/decade.
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. Pitting

The initiation of pitting was studied under potentiodynarnic/potentiostatic
conditions. Preliminary experiments involved sweeping the potential from the steady-
state value to a (more positive) value of interest at a sweep rate of 5 mV/s. Then, the
electrode potential was held at the final potential for 1200 s, while measuring the time
variation of the current. All experiments were pefiormed on Alloy C-22.

The study, which was performed in 0.1 and 0.2 M NaCl solutions at 20 “C,
allowed us to make the following conclusions. With increasing anodic potential, two
competitive processes proceed on the alloy stiace: on the one hand, the growth of the
oxide film enhances alloy passivation, and, on the other hand, an increase in the
aggressive effect of chloride ions leads to passivity breakdown and the initiation of
pitting. At a comparatively small potential shift from the steady-state value in the
positive direction, the second effect prevails and reaches a maximum at a potential of
about O V (SHE) [the steady-state potential was about -0.15 V (SHE)]. Examination of
the surface with a metallographic microscope with the oxide film intact showed the
presence of great number (tens) of pit. However, removal of the passive film changed the
situation. Only a small number of pits were found in the metal. They, probably,
correspond to the current peaks, in which the largest charges passed (according to the
preliminary data, more than 25 pC). Thus, many of the “pits” observed with the film
intact were, in fact, imperfections in the passive film, most likely in the outer layer.

After electrode exposure at higher potentials (in the passivity region), only a few,
small current peaks were observed on the current vs. time curve. Several small pits
formed on the metal; the total decrease in the current during the course of the experiment
indicated that the pits are, most probably, metastable. In some experiments, neither
current peaks nor pits on the metal were observed.

At the potential of the transpassive increase in the current, the electrode surface,
when viewed after the experiment, was found to be covered with a thick brown oxide
film. Upon the removal of the film with fine emery paper (for example, in the
experiment at a potential of 1.25 V), numerous pits of various size and depth were seen
on the surface. At the beginning of the experiment at a potential of 1.25 V (SHE), the
current was high (significantly higher than at the potentials in the passivity region), but it
decreased significantly with time. Probably, this was caused by the blocking of the pits,
which had formed at high currents, with growing oxide (film closed pits).
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