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Brinkman, et al., have addressed
the microstructural design and
characterization of 3D inter-
connected microstructural  net-
works in  mixed ionic and
electronic  conducting  ceramic
composite membranes.[1-6] That
work has recently focused on
mixtures of conductive phases that
clearly show the dependence of
oxygen flux on microstructure
features as well as constituent and
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interface behavior (Figure 1). An interesting result of this effort is the fact that a systematic,
monotonic change in the volume fractions of the electronic and ionic conducting phases does
not necessarily produce a corresponding order of observed flux changes (see example in

Figure 2).

This anomalous behavior presents an obstacle to the understanding of the

fundamental physics of the behavior and to the development of design concepts and analyses

that enable the design and development of such materials and membranes.

Wagner’s

equation, as shown in Fig. 1 for example, is clearly not sufficient for this purpose.
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Over the last four years, we have constructed a general approach to the prediction and
observation of charge distributions in mixtures of conductors and dielectric materials. We
have successfully predicted permittivities for a control material that was anisotropic, as a
function of volume fraction and orientation of meso-constituents, as well as the interfacial
surface charge for this system at that scale.[5] During that time, we have also observed
anomalous oxygen transfer in MIEC membranes wherein the microstructure is at the sub-
micron scale, that is a strong function of PO,, temperature, and micro-morphology. In the
present paper, we will apply our methodology to understand emergent oxygen flux in a micro-
mixture.

First principles modeling of real microstructures with 3D models capable of solving
Maxwell’s equations to calculate impedance, currents, and voltage distributions of a given
heterogeneous domain have been developed by our team using COMSOL. For impedance
measurements and voltage distributions of regular geometrical meso-structures, the model
shows agreement with experimental work.[5] To model 3D irregular shaped nano-structures
at the conformal level, 3D domains were created from x-ray nano-tomography images using
the commercial code Simpleware. The code generates 3D meshes from image slices generated
from x-ray nanotomography data. In our continuing work, this model is further developed to
incorporate a modified Wagner’s equation at the local, conformal level, to predict collective
flux through a membrane. This modified equation will consider constituent conductivity as
well as interfacial interactions between the constituents that give rise to emergent properties
that are different from the sum of the individual constituent properties. Our approach also has
the capability to assign different impedance and conduction properties to boundaries (or finite
boundary regions) between two different constituent materials, which can be used to represent
interfacial effects. The resulting individual and global properties i.e., ion flux, conductivity,
permittivity etc., can be measured over a wide frequency and temperature range.
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