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- ACHIEVEMENTS

'_ Thisreportsummarizesthef'mdingsofourfundamentalresearchprogramon

passivityandpassivitybreakdownunderGrantNo.DE-FG03-84ER45164,"Fundamental

StudiesofPassivityandPassivityBreakdown."Thisgrantwas heldfromSeptemberI,

1990toOctober31,1991bythePrincipalInvestigator(Dr.D.D.Macdonald)whileatSRI

International.However,onJulyI,1991,Dr.MacdonaldjoinedThe PennsylvaniaState

UniversityasProfessorofMaterialsScienceandEngineeringandasDirectoroftheCenter

forAdvancedMaterials.Subsequently,thegrantwasactivatedatPennStateUniversityas

DE-FG02-91ER45461.

During the past three and one half years in !ohisprogram (including the three year

incrementally-funded grant prior to the present grant), we developed and experimentally

tested various physical models for the growth and breakdown of passive films on metal
O

surfaces. These models belong to a general class termed "point defect models" (PDMs), in

which the growth and breakdown of passive films are described in terms of the movement

" of anion and cation vacancies. Specifically, our work during the past three and one half

years of this program resulted in:

(1) Derivation of a theory for the steady-state properties of passive films
on metal surfaces. This theory was found to give an accurate
description of the dependence of the steady-state film thickness and
current on potential and pH for passive nickel in phosphate solutions,
as derived in this work, and for a variety of metals and alloys in
various aqueous media as determined from data from the literature.

(2) Demonstrated that the passive filrn on nickel is a cation conductor
whereas that on tungsten is an oxygen ion conductor. Ionic
conduction in the passive film on nickel involves the irreversible
ejection of cations from the film into the solution at the film/solution
interface.

(3) Development of deterministic models for the distributions in the
critical voltage and induction time for passivity breakdown. The
distributions in these parameters are attributed to distributions in the
breakdown sites in terms of the cation vacancy diffusivity.

(4) Derivation of distribution functions for the critical voltage (Vc) and
induction time (tinct)for passivity breakdown using different
distributions for the breakdown sites with respect to the cation

' vacancy diffusivity. The continuous distributions used include the log
and normal distributions. Other distributions (student "t" and Z-

_ square) are now being developed. Numerical analysis of the derived
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distributions in Vc and tind is now being performed for comparison
with experimental data.

o (5) Development of a coupled environment model for pit growth. We are
currently coupling this model with the distribution functions for Vc
and tind to derive a detea'ministie treatment for predicting damage

, functions for pitting corrosion (distribution in pit depth versus,/

exposure time).

(6) Development of the solute-vacancy iateraction model to account for
the effects of alloying elements on the critical voltage and induction
time for pit nucleation on an alloy surface.

(7) Unification of the point defect and solute/vacancy interaction models
to explore the effects of alloying elements on the distributions in the
critical voltage (Ve) and induction time (tind) for passivity breakdown.
The model was then used to account for critical pitting potential data
for Fe-Cr-Ni-Mo alloys taken from the literature.

(8) Measurement of distributions in the critical breakdown voltage and
induction time for pit nucleation on Ni-xA1, Ni-xTi, and Ni-xMo
alloys in buffered boric acid and buffered chloride solutions. These
data agree with the predictions of the solute-vacancy interaction model

" for the effects of alloying elements on passivity breakdown.

(9) Development of a "point defect" model for the segregation of alloying
elements into passive films. The predictions of the model are in
accord with experimental segregation data obtained using a new
technique, SALI (surface analysis by laser ionization), on dilute Ni-
xA1, Ni-xT_, and Ni-xMo (x < 8 wt%) alloys.

(10) Detection and explanation of photoinhibition of passivity breakdown
as observed on nickel in buffered KCI solution. Photogeneration of
electron/hole pairs apparently quenches the electric field in the passive
film thereby reducing the driving force for the movement of cation
vacancies from the fdm/solution interface to the metal/film interface.
The lowered vacancy flux results in a positive shift in the breakdown
voltage and hence in enhanced resistance to pitting.

(11) Extension of the Chao, Lin, and Macdonald theory for the impedance
characteristics of passive f'drns by incorporating kinetic effects caused
by reactions involving vacancies at the metal/film and f'flm/solution
interfaces. We show that the impedance of passive nickel in
phosphate buffer solutions (pH = 9-11) at high frequencies (f> 100
Hz) is dominated by the kinetics of reactions occurring at the
metal/film interface, whereas the impedance at low frequencies (f < 1
Hz) is dominated by the movement of vacancies through the film.

=
,,f

(12) Development of methods for measuring photoelectrochemical
impedance functions for metal- and semiconductor-solution interfaces
by modulating the intensity of an incident, monochromatic light beam

• and by transforming photocurrent transients from the time domain to
the frequency domain. By using an He/Ne laser with a photon energy
of 1.96 eV (632 nm), we measured the photoelectrochemical
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impedance spectra for n-Si and p-Si in contact with sodium hydroxide
solution over wide ranges of modulation frequency and applied bias
potential. We are currently developing theoretical models to explain

• the impedance data in terms of the photogeneration of electron/hole
pairs and their recombination via surface states, and in terms of the
reactions of electrons and holes with redox species in the solution.

f

, :.! (13) The use of Kramers-Kronig (K-K) transforms of electrochemical
impedance spectroscopy (EIS) data to ascertain whether
electrochemical systems satisfy the linearity, causality, and stability
constraints imposed by linear system analysis. We examined how
well experimental EIS data satisfy the K-K transforms by exploring
one particular class of impedance functions known as constant phase
impedances. We show unequivocally that constant phase impedances,
which frequently include those for passive films at low frequencies,
transform PrOvided that the loci are restricted to the right side of the
complex plane.

(14) Development of a mixed potential model (MPM) for e',dculating
corrosion potentials in the heat transport circuits of watel cooled
nuclear reactors. To our knowledge, this is the first deterministic
estimation of this important parameter, which is of fundamental
importance in determining the susceptibilities of sensitized ausenitic

" stainless steels to intergranular stress corrosion cracking in nuclear
reactors. We have used the MPM to derive corrosion potential maps
for in-vessel components of two domestic boiling water reactors
(BWRs) - Dresden-2 and Duane Arnold - and we used the maps to
explore the efficacy of hydrogen water chemistry (additions of
hydrogen to the feedwater) _s a means of preventing fracture in
operating plants.

(15) Development of a fully deterministic coupled environment fracture
model (CEFM) for estimating crack growth rates in sensitized Type
304SS in water cooled nuclear reactor heat transport environments.
To our knowledge, this is the only model for stress corrosion cracking
that satisfies charge conservation explicitly, by stipulating that the
current exiting the crack month must be consumed quantitatively by a

- net cathodic process _curdng on the external surfaces. The CEFM is
found to yield crack growth rates that are in exceUent agreement with
both laboratory and plant data and therefore appears to be well-suited
as a basis for estimating operating lifetimes of plant components.

A central hypothesis of our theoretical work on the effect of alloying elements on

passivity breakdown is that highly charged solutes, such as Mo 6+substituted into NiO

. passive films, form ion pairs with mobile cation vacancies of the type M4° V2' . ThisNi..... Ni
interaction is described as a chemical equilibrium using the Debye-Huekel and Onsager-

Fuoss ion-pairing theories, originv2__ydeveloped for aqueous electrolyte solutions but later11
.,,

used to describe vacancy-impurity interactions in semiconductors. This approach accounts

very weil for the effect of molybdenum on the pitting resistance of stainless steel and for



the effects of Al, Ti, and Mo on the breakdown characteristics of nickel in buffered chloride

solutions. The most effective alloying elements are those that
e

(1) Segregate to the greatest extent into the passive film (Mo > Ti > Al).

(2) Possess the greatest charge relative to the host cation (i.e., Mo4" Ti2°

> A1Ni). Ni Ni

The extent of segregation was attributedprincipally to the high dielectric constant of

the thin, electronically conducting passive film and hence to the ability of the film to

"solvate" the substituted alloy solute. The magnitude of the charge is important because it

determines the electrostatic energy of interaction with the negatively charged cation

vacancies and hence the extent of ion-pair formation. However' these charges are also

screened by oppositely charged entities (e.g., cation vacancies and electrons), and

allowance for this effect is made using the Debye-Hiickel screening radius.

As noted above, photoinhibition of passivity breakdown, as observed in this
,t,

program for nickel in buffered chloride solutions, is a direct manifestation of coupling
between the electronic and lattice defect structures of the films. Because the films are

"' highly doped with vacancies, which act either as acceptors (V_') or donors (Vo, where X
is the oxide stoichiometry (MOTf2), the model that emerges for the electronic structure of

the film is that of a metal-n+-i-p+-solution junction, with the relative p+ and n+ characters

depending on the relative concentrations of metal and oxygen vacancies, respectively.

As with classically degenerate n+-i-p +junctions, the potential drop occurs entirely

across the depletion region, with the electric field strength determined by the compensating

processes of charge separation owing to isoenergetic tunneling from filled levels in the

valence band to unfilled levels in the conduction band and electron/hole recombination,

possibly via surface states. The photogeneration of electrorqhole pairs quenches the electric

field, thereby reducing the driving force for the transport of cation vacancies from the

film/solution interface to the metal/film interface. Thus, incident light is expected to inhibit

passivity breakdown, as observed experimentally. We are now exploring photoinhibition

as a practical means of protecting equipment in the power generation industry from pitting

corrosion and stress corrosion cracking. This concept is being explored under an EPRI

Exploratory Research grant.

Our work on stress corrosion cracking was prompted by the considerable concern

that is developing in the nuclear industry as to the susceptibilities of in-vessel components

in the nation's boiling water reactors (BWRs) to stress corrosion cracking, particularly a,'



high neutron fluences. The developn :,ntof the MPM and the CEFM provide, for the first

time, deterministic methods for estimating corrosion potentials and crack growth rates for

" in-vessel components in BWRs, and hence could form the basis for an effective life

prediction methodology.
¢



" FUTURE RESEARCH THRUSTS
x

- / The work carriedout over the past several years in this program has resulted in the

, , development of several new and unique methods andconcepts for exploring corrosion

processes. Of particular significance is the development of deterministic methods for

describing the distribution functions for the nucleation of pits on metal surfaces, because
q,

only stoiehastic (empirically statistical) methods had been employed in the past. The new

method permits, for the first time, estimation of pitting corrosion damage functions for

industrial systems. Indeed, we are using the theoretical foundation developed in this

program to estimate pitting damage functions for gas-fired condensing heat exchangers for

the Gas Research Institute. Additionally, the solute/vacancy interaction model developed in

_ this program has led to a set of "rules" for designing new, corrosion resistant alloys that

may be used to improve the performance of energy conversion, conservation, and

" production systems.

We believe that the key to developing a comprehensive understanding of the
w

11 phenomenon of passivity is the characterization of the coupling between the electronic and
(crystallographic) defect structures of the passive film. Possibly the most effective way of

characterizing this coupling is to monitor, simultaneously, the responses of both structures

to appropriate perturbations. Thus, we have employed a combination of electrochemical

impedance spectroscopy (EIS), which excites the crystallographic defect structure, and

photoelectrochemical impedance spectroscopy (PEIS), which excites the electronic defect

structure. By measuring the impedances while varying the conjugate excitation function

(i.e. by measuring the EIS function while varying the photon energy and flux and by

measuring the PEIS function while varying the voltage), we hope to provide new insight

into the remarkable properties of passive films. We hasten to add that while the

experimental techniques (including those developed in the present progi'mn) are relatively

mature, the theoretical methods and concepts required to interpret the data are still in their

infancy. Accordingly, much of our effort will be devoted to developing more accurate

theoretical techniques for interpreting impedance data and relating the data to the properties

" of passive films.

Finally, we have embarked on an effort in this program to develop a more

deterministic description of stress corrosion cracking, with pa_aicular emphasis on the

cracking of components in the heat transport circuits of water-cooled nuclear power
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reactors. Because measurements of crack growth rate and corrosion potential are difficult

(and, in many cases, impossible) to make inside reactor pressure vessels, we do not believe

• that satisfactory empirical models will be developed within the near future. Accordingly, in

our view, the only viable approach is to develop fully deterministic treatments based on

- established physico-ehemieal laws (e.g., the conservation of charge). Appropriately, an

effective component life estimation methodology will require the development of fully

deterministic treatments for the nucleation of cracks from pits and flaws and for estimating

crack growth rates; these treatments are provided by our work in this program on passivity

breakdown and on developing the coupled environment fracture model for stress corrosion

cracking in water cooled nuclear reactors.

!

•,i i

!i

i

,, ,_ , ,, i ii r r_ '



- PUBLICATIONS AND PRESENTATIONS

_)

Peer.Reviewed Journals and Conference Proceedings

1. M. Urquidi-Macdonald and D. D. Macdonald, "Theoretical Distribution Functions for
Breakdown of Passive Films," J. Electrochem. Soc., 134, 41 (1987).

2. D.D. Macdonald and M. Urquidi-Macdonald, "Distribution Functions for the
Breakdown of Passive Films," Electrochim. Acta, 31, 1079 (1987).

3. S.J. Lenhart, M. Urquidi-Macdonald, and D. D. Macdonald, "Photoinhibition of
Passivity Breakdown," Electrochim. Aeta. 32, 1739 (1987).

4. M. Urquidi-Macdonald and D. D. Macdonald, "Theoretical Analysis of the Effects of
Alloying Elements on Distribution Functions for Passivity Breakdown," J.
Electrochem. Soc., 136, 961 (1989).

• 5. M. Urquidi-Macdonald and D. D. Macdonald, "Effect of Alloying Elements on the
Theoretical Distribution Functions for the Breakdown of Passive Films," in Localized
Corrosion, (NAC'E, Houston (in press, 1988).

" 6. D.D. Macdonald, C. English, J. Pallix, and M. Ben-Haim, "Segregation of Alloying
Elements into the Passive Films on Binary Nickel Alloys," Electrochem. Soc. Ext.
Abstr., 88-2, 173 (1988).

7. S.I. Smedley, M. Ben-Hairn, andD. D. Macdonald, "An Electrochemical Impedance
Study of the Passive State on Nickel and Dilute Nickel Alloys," Electrochem. Soc.
Ext. Abstr., 88-2, 277 (1988).

8. S.I. Smedley and D. D. Macdonald, "An Electrochemical Impedance Study of the
Passive State on Nickel," Proc. Symp. Transient Techs. Corros. Sci. Eng., (W. H.
Smyrl, D. D. Macdonald, and W. Lorenz, eds.), Electrochem. Soc., 89-1,254
(1989).

9. D.D. Macdonald, M. Ben-Haim, and J. PaUix, "Segregation of Alloying Elements
into Passive Films," J. Electrochem. Soc., 136, 3269 (1989).

10. D.D. Macdonald and M. Urquidi-Macdonald, "Kramers-Kronig Transformation of
Constant Phase Impedances," J. Electrochem. Soc., 137, 515 (1990).

11. D.D. Macdonald and M. Urquidi-Macdonald, "Deterministic Models for the
Distributions in Passivity Breakdown Parameters," Proc. l Oth I_ _'ongr. Met.

. Corros., Oxford and IBH, New Delhi, Vol. 4, p. 3875 (1987).

12. D.D. Macdonald and M. Urquidi-Macdonald, "Theory of Steady-State Passive
, Films," J. Electrochem. Soc., 137, 2395 (1990).

N_

|

8



13. M. Urquidi-Macdonald, S. Real, and D. D. Macdonald, "Application of Kramers-
Kronig Transforms in the Analysis of Electrochemical Impedance Data III. Stability,

,_ Causality, and Linearity," Electrochim. Acta, 35, 1559 (1990),

14. D.D. Macdonald, "Review of Mechanistic Analysis by Electrochemical Impedance
Spectroscopy," Electrochim. Acta, 35, 1509 (1990).

15. D.D. Macdonald and M. Urquidi-Macdonald, "Theoretical Analysis of the Steady-
State Properties of Passive Films on Metal Svrfaces," Proc. 40rh ISE Meeting,
Kyoto, Japan, Sept. 17-22, 1989.

16. D.D. Macdonald and M. Urquidi-Macdonald, "How Do I Know My Impedance
Measurements Are Correct?" Proc. 40rh ISE Meeting, Kyoto, Japan, Sept. 17-22,
1989.

17. D.D. Macdonald and S. I. Smedley, "An Electrochemical Impedance Analysis of
Passive Films on Ni(Hl) in Phosphate Buffer Solutions," Electrochim. Acta, 35,
1949 (1990).

18. D.D. Macdonald, "Some Advantages and Pitfalls of Electrochemical Impedance
Spectroscopy," Corrosion, 46, 229 (1990).

" 19. D.D. Macdonald, "Electrochemical Impedance Spectroscopy," Proc. Electrochemical
and Optical Techniques for the Study and Monitoring of Metalli Corrosion, (Ed.
M.G.S. Ferreira and C. Melendres); NATO ASI Series, Vol. 203 (1991).

20. D.D. Macdonald and M. Urquidi-Macdonald, "Deterministic Models for Passivity
Breakdown," Proc. Sixth Int. Syrup. Passivity, Jap. Soc. Corros. Eng., Sapporo,
Japan, Sept. 24-28, 1989, Corr. Sci., 31, 425-430 (1990).

21. D.D. Macdonald, M. Ben-Haim, and J. Pallix, "SALI Analysis of Passive Films on
Nickel Alloys," Proc. Sixth Int. Syrup. Passivity, Japan Soc. Corros. Eng. Sapporo,
Japan, Sept. 24-28, 1989. Corr. Sci., 31, 223-230 (1990).

22. D.D. Macdonald and S. I. Smedley, "Characterization of Vacancy Transport in
Passive Films Using Low-Frequency Electrochemical Impedance Spectroscopy,"
Proc. Sixth Int. Symp. Passivity, Proc. Japan Soc. Corros. Eng., Sapporo, Japan,
Sept. 24-28, 1989. Corr. Sci., 31, 667-672 (1990).

23. D.D. Macdonald, "Nonsteady-State Electrochemical Techniques," Chapter in
Corrosion-3, Buttersworths, London (in press, 1990).

'1

I

0

• From October 1, 1990

24, D.D. Macdonald and S. R. Biaggio, "Steady-State Passive Films -- Interfacial
, Kinetic Effects and Diagnostic Criteria," J. Electrochem. Soc., in press (1991).

25. H. Song and D. D. Macdonald, "Photoelectrochemical Impedance Spectroscopy. I.
Validation of the Transfer Function by Kramers-Kronig Transformation," J.

' Electrochem. Soc., 138, 1408 (1991).

9



26. P.C. Searson andD. D. Macdonald, "Consequences of Non-linear Doping for Mott-
Schottley Analysis," J. Electrochem. Soc., in press (1991),

g

27. P.C. Searson, H. Song, andD. D. Macdonald, "Electrochemical Behavior of a
Composite Platinum-Silicon Electrode," J. Electrochem. Soc., submitted (1991).

28. P.C. Searson, H. Song, and D. D. Macdonald, "Transient Impedance Analysis of
Photoprocesses at Illuminated Semiconductor Electrodes," J. Electrochem: Soc.,
submitted (1991).

29. D.D. Macdonald, "Review of Mechanistic Analysis by Electrochemical Impedance
Spectroscopy," in Proc Electrochemical and Optical Techniques for the Study and
Monitoring of Metalli Corrosion, (Ed. M.G.S. Ferreira and C. Melendres), NATO
ASI, Ser E, Vol. 203 (1991).

30. D.D. Macdonald, "Probing (and Understanding?) The Passive State," 1991 Carl
Wagner Award Address, Proc. Symp. on Critical Factors in Localized Corrosion,
The Electrochemical Soc., in press (1991).

31. D.D. Macdonald, "Calculation of Redox and Corrosion Potentials in the Cores of
Light Water Reactors," Proc. 5th Int. Syrup. Environ. Degrad. Mat. Nucl. Power
Systs. - Water Reactors, The Nat. Assoc. Corros. Eng./Amer. Nucl. Soc., in press

" (1991).

32. D.D. Macdonald and M. Urquidi-Macdonald, "An Advanced Coupled Environment
- Fracture Model for Predicting Crack Growth Rates in LWR Heat Transport Circuits,"

Proc. 5th Int. Syrup. Environ. Degrad. Mat. Nucl. Power Systs. . Water Reactors,
The Nat. Assoc. Corros. Eng./Amer. Nucl. Soc., in press (1991).

33. D.D. Macdonald and M. Urquidi-Macdonald, "An Advanced Coupled Environment
Fracture Model for Predicting Crack Growth Rates," Proc. Parkills Symp. Fund.
,4,s_ets Stress Corros. Crpcking, TMS/ASM in press (1991).

Presentations

1. D.D. Macdonald, "l'he Advantages and Pitfalls of Elecff_hemical Impedance
Spectroscopy." presented at CORROSION/89, New Orleans, April 17-21 (1989).

2. D.D. Macdonald, "Review of Mechanistic Analysis by Electrochemical Impedance
Spectroscopy," presented at First Int. Svmo. Eleetrochem. Imped. Spectres.,
Bombannes, France, May 22-26, 1989. -

= 3. M. Urquidi-Macdonald and D. D. Macdonald, "Validation of Impedance Data by
Kramers-Kronig Transformation," presented at the First Int. Svrla_ Electrochem.
Imped. Spectros., Bombannes, France, May 22-26 (1989).

I 4. D.D. Macdonald, "Impedance Analysis of Corrosion Systems," presented atCORROSION/89, New Orleans, April 17-21 (1989).

• 5. D.D. Macdonald, "Electrochemical Impedance Spectroscopy," presented at NATO-
ASI SvmD. Electrochemical and OPtical Techniaues for the Study and Monitoring of
Metallic (2orrosion, Viana do Castelo, Portugal,July 10-21 (1989).

10



i

6. D.D. Macdonald, "Impedance Analysis of Corrosion Systems," presented at
CORROSION/88, St, Louis, April 17-21 (1988).

° 7. D. D, Macdonald, "Advantages and Pitfalls of Electrochemical Impedance
Spectroscopy," Presented at CORROSION/88, St. Louis, April 17-21 (1988).

" 8. D.D. Macdonald, "Fandamentals of AC Impedance Spectroscopy," presented at the
University of Petroleum and Minerals, Saudi Arabia, May 20-29 (1988).

9. D.D. Macdonald and M. Urquidi-Macdonald, "Recent Advances in Models for
Passivity Breakdown," presented at the Technical University, Trondheim, Norway,
June 3 (1988).

10. D.D. Macdonald, "Recent Advances in Modeling Passivity," presented at the Fischer
Symposium, Karlsruhe, Germany, June 14-18 (1988).

11. D.D. Macdonald, "Impedance Measurements in Electrochemistry and Corrosion."
presented at the Inst. Phys. Chemistry, Warsaw, June 20-25 (1988).

12. D.D. Macdonald and M. Urquidi-Macdonald, "Deterministic Models for the
Distribution in Passivity Breakdown Parameters." presented at the Inst. Phys.
Chemistry, Warsaw, June (1988).

,11

13. D.D. Macdonald and M. Urquidi-Macdonald, "Point Defect Models for Passive
Films," presented at the Inst. Phys. Chemistry, Warsaw, June (1988).

14. D.D. Macdonald, "Introduction to AC Impedance Spectroscopy." presented at the
University of California, Berkeley, August 3 (1988).

15. D.D. Macdonald, "Applications of AC Impedance Spectroscopy," presented at the
University of California, Berkeley, August 3 (1988).

16. D.D. Macdonald, "Modeling the Passive State," presented at the Gordon Conf.
Physical Electrochem., New London, NH, August 8-12 (1988).

17. D.D. Macdonald, "Segregation of Alloying Elements into the Passive Films on
Binary Nickel Alloys." Presented at the 174th Electrochem. Soc. Meeting, Chicago,
October 9-14 (1988).

18. D.D. Macdonald, "An Electrochemical Impedance Study of the Passive State on
Nickel and Nickel Alloys," presented at the 174th Electrochem. Soc. Meeting,
Chicago, October 9-14 (1988).

19. D.D. Macdonald, "Growth of Passive Films," presented to the Naval Research
Laboratory, December 8 (1988).

20. D.D. Macdonald, "Problems and Advantages of Electrochemical Impedance
" Spectroscopy," presented at the Third Annual Symp. Electrochem. Corros.

Techniques, San Francisco, December 12-14 (1988).

' 21. D.D. Macdonald, "Kramers'Kronig Transform," presented at the Third Annual
Syrup. Electrochem. Corros. Techniq: _, San Francisco, December 12-14 (1988).

11



22. D.D. Macdonald, "The Passive State," Chemistry.Division Seminar, Oak Ridge
National Laboratory, Oak Ridge, March 21 (1990).

,g

23. D.D. Macdonald and H. Song, "A Study of Si/SiO2/Electrolyte Interfaces by
Photoelectrochemical Impedance Spectroscopy," presented at CORROSION/90, Nat.
Assoc. Corms. Eng., Las Vegas, April 23-27 (1990).

24. M, Urquidi-Macdonald, D. D. Macdonald, and S. Biaggio-Rocha, "Steady-State
Properties of Passive Films," presentedat CORROSION/90, Nat. Assoc. Corros.
Eng., Las Vegas, April 23-27 (1990).

25. D.D. Macdonald, "Initiation of Locali:red Corrosion-New Perspectives," Gordon
Research Conference on Corrosion, N(.'wLondon, to be presented July 23, 1990.

26. D.D. Macdonald, "Probing the Passive State," The Pennsylvania State University,
University Park, PA, Dec. 3,1990.

27. P. Searson, H. Song, and D. D. Macdonald, "Pulse Photoimpedance Analysis of
Photoprocesses at Illuminated Semico_tductor Electrodes," presented at the
Electrochemical Society Meeting, Seat_le, WA, October 1990.

28. H. Song aud D. D. Macdonald, "Photoelectrochemical Admittance Studies on n-Type
• Silicon in Alkaline Solutions," presented at the Electrochemical Society Meeting,

Seattle WA, October, 1990.

• - 29. S.R. Biaggio, P. Searson, and D. D. Macdonald, "Electrochemical Impedance
Studies on Passive Single-Crystal Nickel in Phosphate Solutions," presented at the
Electrochemical Society Meeting, Seattle, WA, October 1990.

30. D.D. Macdonald, "Probing the Passive State, "The University of Florida,
Gainesville, FL, Nov. 27, 1990.

31. D.D. MaeAonald, "Calculation of R_tox and Corrosion Potentials in the Cores of
Light Water Reactors," presented at the Fifth International Syr__posiumon
Environmental Dem'adation of Mate_ds irl Nuclear Power Systems -- Water
Reactors, NACE//kNS, Monterey, CA, Aug. 25-29, 1991.

32. D.D. Macdonald and M. Urquidi-M_onald, "An Advanced Coupled Environment
Fracture Model for Predicting Crack Growth Rates in LWR Heat Transport Circuits,"
presented at the Fifth International Symposium on Environmental De m'adatiol_of
Materials in Nuclear Power Systerns-- Vq'aterReactors, NACE/ANS, Monterey, CA,
Aug. 25-29, 1991.

33. D.D. Macdonald, "CalcuJation of C_¢rosion Potentials in High Temperat-zre
Aqueous Environments", presented, at the 13PRIWorkshop on IGAJSCC Initiation &
Electrochemical Potential Measuremedll_, Washington, DC., Sept. 5-6, 1991.

34. D.D. Macdonald, S. R. Biaggio, and H. Song, "Point Defect Model for Passive
Films -- Identification of Charge Carriers," presented at The 180th Electrochemical
Society_Fall Meeting, Phoenix, AZ, Oct. 13-18, 1991.
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35. D.D. Macdonald andM. Urquidi-Macdonald, "Deterministic Prediction of Localized
Corrosion Damage Functions," presented at The 180th Electrochemical Society Fall

, _, Phoenix, AZ, Oct. 13-18, 1991.

36. D.D. Macdonald and M. Urquidi-Macdonald, "CriticalFactors in Localized
ql Corrosion," presented at The 180th El_hemical Society_Fall Meeting, Phoenix,

AZ, Oct. 13-18, 1991.

37. D.D. Macdonald and M. Urquidi-Macdonald, "Electrochemical Modeling of the
Cores of Light Water Reactors," presented at The 180th Electrochemical Society ]:ali
Mgglillg, Phoenix, AZ, Oct. 13-18, 1991.

38. D.D. Macdonald and M. Urquidi-Maedonald, "An Advanced Coupled Environment
Fracture Model for Predicting Crack Growth Rates in LWR Heat Transport Circuits,"
presented at The 180th Electrochemical Soeie _tyFail Meeting, Phoenix, AZ, Oct. 13-
18, 1991.

39. D.D. Macdonald, "Probing the Passive State," presented at :['he 180th
Electrochemical Society Fall Meeting, Phoenix, AZ, Oct. 13-i8, 1991.

40. D.D. Macdonald and M. Urquidi-Macdonald, "An Advanced Coupled Environment
Fracture Model for Ptvzticting Crack Growth Rates," presented at

" _ (TMS/ASM/MSD) Materials Week '91, C_cinnati, OH, OCt. 21-22,
o 1991.

" 41. D.D. Macdonald and M. Urquidi-Macdonald, "Progress Towards Modeling the
Cores of Water-Cooled Nuclear Reactors," DOE Corrosion Contractors Meeting,
Brookhaven National Laboratory, Sept. 19-20, 1991.

z

Awards
J

1. D.D. Macdonald, 1991 CarlWagner Award, The Electrochemical Soc. - Award
made at the 180rh Society Meeting in Phoenix, AZ, Oct. 13-18, 1991.

2. D.D. Macdonald, 1992 Rodney Willis Whitney Award, "l%eNat. Assoc. Corros.
Eng. - To be awarded at CORROSION/92, Nashville, TN, April 27 - May 1, 19,92.
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