


As yet unpublished, isopiestic data on sodium aluminate solutions from 110 to 169OC  are available from the
work of Howard Holmes (retired) carried out in our laboratory for the geothermal program.
Due to the restricted concentrations of aluminate that could be reached in these solutions, modeling of the
resulting osmotic/activity coefficients according to the Pitzer ion-interaction model proved to be ambiguous.
The cause of this problem rests with the pure NaAI(OH),  parameters, which could not be uniquely specified
without having data at high mole fractions of this salt. Although solubility data exist in the literature for
boehmite in relatively high caustic solutions, it was decided to conduct some batch experiments to verify the
accuracy of these results and to provide the needed high aluminate concentrations that would contribute to
the modeling effort. A series of experiments was conducted from 100 to 200°C in a Teflon-lined autoclave
up to approximately four molal total NaOH, with aluminate concentrations up to 1.9 molal. Beyond this
concentration, precipitation of an aluminate phase occurred in the sampling lines dictating the upper
concentration limit for these experiments. A preliminary Pitzer model of the NaAI(OH),  - NaOH system
using these results and selected studies taken from the literature is complete. This model is not only
consistent with our previously published, low temperature (~80°C) results based on gibbsite solubility
experiments, but only required three independent variables (temperature-dependent terms) to fit the ion
interaction parameters for the entire system. Two manuscripts describing the thermodynamics of boehmite
dissolution are currently in preparation.

By monitoring the change in pH with time, considerable kinetic information can be obtained without the
need for sampling. Therefore, studies of the dissolution/precipitation rates of boehmite were initiated in
neutral to basic solutions at 100 to 290°C at 0.1 molal ionic strength. In FY 2000, the
dissolution/precipitation kinetics and solubilities of aluminosilicates will be studied with the intent of
addressing problems associated with brine reinjection, scaling, and corrosion in down-hole and in-plant
systems. Studies will involve equilibrium solubility and dissolution/precipitation rate determinations of
gibbsite at low temperature (50-7O”C),  and for a number of aluminosilicate phases prevalent in geothermal
reservoirs at higher temperatures, using the hydrogen-electrode concentration cell. The principal limiting
factor in the use of these cells will be the formation of additional phases during the course of the
experiments. Therefore, we will first initiate studies of gibbsite, for which equilibrium data are available
from earlier work in this program and we know that at least in the case of the dissolution reaction, no other
phases are formed. We will then undertake to investigate aluminosilicate solubility equilibria and kinetics
by first determining the dissolution and precipitation kinetics of increasingly complex aluminosilicates, such
as kaolinite, dickite and feldspars. Natural kaolinite from Decazeville, France, is already available and will
be used after treatment to remove traces of iron oxide.

The hydrogen-electrode concentration cell approach is also entirely amenable to studies of the rates and
equilibrium constants of mineral transformation reactions, such as the hydrolysis of feldspars via reactions
such as the alteration of potassium feldspar to muscovite  and quartz:

3KAISi,O,  + 2H’ + KAI,Si,0,,(OH)2 + 2K’ + 6Si0,
If these phases react sufficiently rapidly to achieve equilibrium in a few weeks at temperatures of 200-300°C
in our cells, which are magnetically stirred with high efficiency promoting rapid attainment of solid/liquid
equilibrium, the kinetics will be investigated in detail. This knowledge will aid in predicting pH, steam
corrosivity and scale formation in geothermal systems. Furthermore, by first establishing an equilibrium
K’/H+ ratio, then quickly changing this ratio by titration of acid, base, or potassium into a solution in
equilibrium with the mineral assemblage, and monitoring pH to a new equilibrium value, we can obtain the
rates of reaction, both at near- and far-from-equilibrium conditions, as a function of temperature, pH,
salinity, and mineral grain size. This will enable us to test commonly used fluid geothermometers,
determine the pH imposed by various mineral assemblages on circulating brines, and help lay the
framework for realistic fluid/rock interaction rate models.










