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Research Objective

Super Critical Water Oxidation (SCWO) is a promising technology for destroying highly toxic organic
waste (including physiological agents) and for reducing the volume of DOE’s low-level nuclear
waste. A major problem inhibiting the wide implementation of SCWO is the lack of fundamental
knowledge about various physico-chemical and corrosion processes that occur in SCW environments.
In particular, the lack of experimental techniques for accurately monitoring important parameters,
such as pH, corrosion potential, and corrosion rate, has severely hampered the development of a
quantitative understanding of the degradation of materials in this extraordinarily aggressive
environment.  Accordingly, the principal objective of the present program has been to develop new,
innovative methods for accurately measuring parameters that characterize corrosion processes under
super critical conditions.

Research Progress and Implications

As a result of our three-year effort, we have developed new chemical and corrosion sensors for use in
high subcritical and supercritical aqueous environments.  In particular, a novel flow-through yttria-
stabilized zirconia (YSZ) pH electrode and a flow-through external reference electrode have been
developed and evaluated.  Potentiometric measurements have been carried out to determine the pH
of dilute hydrochloric acid (from 0.001 to 0.01 mol kg-1) at temperatures up to 400°C.  High precision
potential data were obtained with an uncertainty of ± 3 mV.  The association constant of hydrochloric
acid was evaluated to judge the accuracy of the pH measuring system.  The results have been compared
with available literature data and good agreement between experimentally measured and literature
data is obtained, demonstrating that quantitative potentiometric studies on aqueous solutions at
temperatures above the critical temperature are now possible.

Three-electrode electrochemical noise (EN) sensors have been developed for measuring corrosion
rate in subcritical and supercritical environments.  The EN sensors were tested in flowing aqueous
solutions containing NaCl and HCl at temperatures ranging from 150° to 390°C, at a pressure of 25
MPa, and at flow rates from 0.375 ml/min to 1.00 ml/min.  The noise records in the potential and
coupling current from Type 304 stainless steel were recorded simultaneously.  The inverse noise
resistance (1/R
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) and was compared with the corrosion rate determined via mass loss measurements.  The inverse

noise resistance correlated very well with the measured corrosion rate measured at various temperatures
and flow rates.  At temperatures higher than 150°C, the corrosion rate was found to be proportional
to the inverse noise resistance as required by the Stern-Geary relationship.  Accordingly, noise
resistance can be used to evaluate corrosion rate in these aggressive, low density (super critical)
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environments.  Good agreement was found between the Stern-Geary constant evaluated via
electrochemical noise analysis (ENA) and that determined via polarization measurements.  To our
knowledge, the work reported here represents the first determination of corrosion rate using
electrochemical noise techniques in super critical aqueous solutions.

A phenomenological model that was previously developed to account for the dependence of
corrosion rate of steel in super critical aqueous systems on pressure.  The model takes into account
the effect of pressure on the volumetric concentration of the reactant (e.g. O

2
), the compression of the

solvent (water), and the activation process through the finite volume of activation.  The model has
been used for Stone & Webster Engineering Co. to estimate corrosion rates of materials in the US
Army’s SCWO program for the destruction of hydrolysate from the chemical agent, VX.  In particular,
the model was used to correct the corrosion rates measured at MIT for differences in pressure between
the laboratory studies and the MOC (Materials of Construction) work that was being carried out at
General Atomics in La Jolla, CA.

The current project has been completed and a proposal for follow-on work is currently being
prepared.


