
Research Interests and Accomplishments

My work on modeling of transport phenomena in porous media [6, 7] has in-
volved study of concurrent transport processes that are nonlinearly coupled
to each other, to changes in the properties of the medium, or to chemical
reactions. Examples include diffusion of chloride into concrete [4], flows of
compressible fluids through compressible porous media [3, 5] (relevant to
analysis of hydraulic transients in water and oil/gas reservoirs), advective
transport with concurrent adsorption [2] (relevant to groundwater pollution,
design of novel materials for chromatographic separations and gas purifica-
tion/storage), CO2-enhanced coalbed methane recovery, and electrodeposi-
tion of porous insulating layers [1, 45, 46] (relevant to the corrosion protection
of metals and the behavior of porous battery electrodes.) Additional nonlin-
earities can also result from interfacial conditions, as in diffusion of hydrogen
through layered composites [9, 10, 11, 12, 13, 14].

Since the chemical potential gradient is the driving force for material
transport, deviations from thermodynamic ideality in general correspond
to nonlinear transport behavior. Thermodynamic study of electrolyte solu-
tions under conditions where pronounced nonidealities are expected (found
in geothermal fields and the steam cycles of power plants) was the focus of my
work in the high-temperature aqueous chemistry group at ORNL [17,27,30-
35] and in an earlier appointment at Murdoch University [43,44].

As a result of my original training in experimental physical chemistry
[68], collaboration with experimentalists has been an important theme in
my research, in the design of equipment [19,28,42,56] and analysis of results
[20,23-25]. In connexion with the development of errors-in-variables meth-
ods for parameterization of nonlinear thermodynamic models [15,21,22], I
acquired experience in the use of a variety of optimization techniques.

My interest in applied mathematics developed not only from my doctoral
[61-67] and subsequent work [49-52] on theoretical electrochemistry, but also
from applied research at ANL. In addition to experimental work [48,57-60],
I developed an interest in the calculation of current distributions in electro-
chemical cells with resistive [39,41,47,53] and porous [54,55] electrodes. Work
on accelerating the convergence of the Fourier series arising in these applica-
tions [37,38] led to development of rapidly convergent Green functions for the
Laplace/Poisson equation with Neumann [36] or periodic [26,29] boundary
conditions. The periodic Green functions are relevant to molecular dynamic
simulation of polar fluids, and to solid-state electronic structure calculations.
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[48] Simon L. Marshall, László Rédey, Donald R. Vissers, George F. Van-
degrift III, and James E. Matos. Continuing investigations on electro-
chemical preparation of LEU targets for 99Mo production. In Argonne
National Laboratory report ANL/RERTR/TM-13, pages 443–486. Ar-
gonne National Laboratory, Chicago, IL, 1993.

7



[49] Simon L. Marshall and Brian E. Conway. Analysis of molecular polariza-
tion and interaction in adsorbed monolayers at electrodes. IV: Madelung
constants for adsorbed hexagonal lattices of ions and dipoles. Journal of
Electroanalytical Chemistry and Interfacial Electrochemistry, 337:67–89,
1992.

[50] Simon L. Marshall and Brian E. Conway. Analysis of molecular polar-
ization and interaction in adsorbed monolayers at electrodes. III: Mean-
field treatment of long-range coulombic interactions involving ions and
dipoles. Journal of Electroanalytical Chemistry and Interfacial Electro-
chemistry, 337:45–66, 1992.

[51] Simon L. Marshall and Brian E. Conway. Analysis of molecular polar-
ization and interaction in adsorbed monolayers at electrodes. II: Surface
solvation energy of adsorbed charges. Journal of Electroanalytical Chem-
istry and Interfacial Electrochemistry, 337:19–43, 1992.

[52] Simon L. Marshall and Brian E. Conway. Analysis of molecular polariza-
tion and interaction in adsorbed monolayers at electrodes. I: Interaction
between adsorbed dipoles. Journal of Electroanalytical Chemistry and
Interfacial Electrochemistry, 337:1–18, 1992.

[53] Simon L. Marshall. Calculation of electrode ohmic resistance effects in
tube plating. Journal of the Electrochemical Society, 139:160–165, 1992.

[54] Simon L. Marshall. Mathematical analysis of interfacial current distri-
bution in cylindrical porous electrodes. Journal of the Electrochemical
Society, 138:1040–1045, 1991.

[55] Simon L. Marshall. Current distribution in cylindrical porous electrodes.
Proceedings of the Electrochemical Society, 90(10):189–201, 1990.
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