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A summary of key accomplishments and highlights from this project is given below. Our
collaborators on the overall project are Stanford University and Pacific Northwest National
Laboratory; the overall project leader is Dr. John Zachara, PNNL.

Resear ch Objective

Our component of this project focuses on the reaction of contaminant-containing fluids
with carbonate mineral surfaces in order to better understand the dissol ution-growth and related
solid-solution processes that ultimately affect contaminant mobility in settings containing
carbonates or carbonate grain coatings. Our collaborators (Stanford, PNNL) have focused on
other aspects of carbonate and carbonate mineral surfaces as part of the overall project. Because
some of the sediments through which contaminants leaking from the Hanford waste have
carbonate grain coatings; better understanding the chemistry of carbonate-contaminant interaction
constitutes fundamental chemistry needed in order to construct better models of contaminant
transport through carbonate-containing sediments.

Resear ch Progress and Implications

In the first budget year, we made improvements to the hydrothermal atomic force
microscope (HAFM) design to be used in this project. The original HAFM was built with
funding from the U.S. DOE, Office of Basic Energy Sciences. Current operating limits are 70
barsand 170°C. We started studying magnesite, MgCOs, because this minera is structurally
equivalent to calcite but reacts much more slowly, alowing us to study carbonate reactivity under
pH conditions (i.e., low pH) that are much more problematic for the study of calcite. We found
that dissolving magnesite exhibits a dramatic change in step orientation, and therefore etch pit
shape, as pH is lowered through 4.2 to 3 and 2. This change in step orientation is NOT
accompanied by an increase in step velocity with decreasing pH. The increase of overall
dissolution rate is not caused by an increase in step velocity but rather an increase in the step
density. Thisis, inturn, apparently caused by increases in the two-dimensional etch pit
nuclestion rate with decreasesin pH.

We also found that, after growing magnesite on a magnesite substrate, the newly grown
magnesite dissolved much more readily than the underlying substrate magnesite, and exhibited
far larger etch pit densities. This effect may have been related to the rate of growth or to the
presence of an Fe impurity in the growth solutions.

We studied the dissolution of magnesite and calcite (104) surfaces under awider variety
of conditions with a hydrodynamically defined AFM fluid cell, and we have observed the
precipitation of a strontium-containing carbonate phase on dissolving calcite. We have applied
the advection-diffusion equation coupled to proposed homogeneous and heterogeneous kinetic
models to test rate laws for dissolution.




The step density, rather than step velocity, is a strong function of pH near the surface and
that the step orientation is sensitive to pH. 1n these studies, we definitively demonstrate that
diffusive mass transport is only important at very low fluid velocities for magnesite, but that
studies of calcite dissolution are generally in the mixed transport-kinetics controlled regime (even
at high fluid velocities) where quantitative information can only be obtained by accounting for the
transport components. We also have found that alkaline earth secondary carbonate formation on
calcite surfaces significantly alters the net flux of Ca’* and may passivate the CaCO; surface from
further reaction.

The image above is a backscattered el ectron image in which light areasindicate the presence of

i L :
heavier dements. The image is approximately 600 mm along the long axis. X-ray analysis of the
light areas revea the presence of Sr, whereas the darker area shows only Ca. The direction of
solution entering the fluid cell through the HAFM inlet jet isindicated.. Theinlet solution was 5
mM SrNO; (i.e., no CO,*). The image demonstrates the key role of transport, and both spatially
and temporally variable conditions, in the study of chemical kineticsin an AFM fluid cell. The
area at the arrow that is not covered by the Sr-containing phase is an area of calcite dissolution.
As the fluid moves across the surface, its carbonate and calcium concentrations increase because
of dissolution. Eventualy, at a point indicated here by the light area encountered as the fluid
moves away from the inlet jet, the fluid becomes supersaturated with respect to strontianite
(probably actually an impure strontianite), and SrCOs begins to precipitate. We have used the
HAFM to image the growth of individua crystals on this sample surface. Further downstream,
the fluid approaches saturation with respect to strontianite growth, and further growth ceases.
The upstream and downstream edges of the SrCO; precipitation zone correspond to the spatia
points at which the product [Sr*][CO5”] exceeds and lags the strontianite K, respectively. This
in turn places limits on the precipitation kinetics of strontianite in the presence of Ca®* impurities.

Recently, we have completed studies of calcite dissolution, step velocity, and growth of
Sr-containing secondary phases at arange of initial Sr concentrations (0.2, 0.4, 1.0, and 2.0
SrNGO;). In addition, much additional SEM and AFM imaging have been accomplished. In the
subsurface Hanford setting, diffusive transport is likely to often be a rate-controlling factor. At
lower Sr concentrations, Sr-containing carbonate crystals with crystal habits identical to
strontianite or aragonite grow, but not over an entire band of the surface as in the above
illustration; rather, crystals only grow at macrosteps on the calcite surface and other locations
where the dissolution flux of carbonateis likely to be high and for which the partly diffusion
controlled reaction leads to higher aqueous carbonate concentrations near the surface and thence
to favored strontianite nucleation and growth.

Planned Activities
We are current continuing with studies similar to those described in this report using Co™
and CO,” instead of Sr**. These projects are nearing completion as the end of the project nearsin




September, 2003. The graduate student working on the project, Ms. Briana Deeds, has moved
away from UW in the past project year for family reasons, which has dowed progress.
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