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Abstract— Dissolution and precipitation of calcium carbonate minerals in aqueous solutions with turbu-
lent flow are controlled by a diffusion boundary layer (DBL) adjacent to the surface of the mineral,
across which mass transfer is effected by molecular diffusion. A rotating disk technique was used to
investigate the effect of the DBL on the dissolution rates of CaCQO;. This technique allows an exact
adjustment of the thickness of the DBL by controlling the rotation speed of a circular sample of CaCO;.
Measurements of the dissolution rates in H,0-CO,-Ca?* -solutions in equilibrium with various partial
pressures of CO, from 11072 up to | atm showed a dependence of the rates R on the rotation frequency
w, given by R x w". The exponent n varies from 0.25 at low Pco, to about 0.01 at a Pco, of 1 atm.
This reveals that the rates are not controlled by mass transport only, which would require n = 0.5. The
experimental data can be explained employing a theoretical model, which also takes into account the
slow reaction CO, + H,O = H* + HCOj3 and the chemical reactions at the surface (Dreybrodt and
Buhmann, 1991). Interpretation of the experimental data in view of this model reveals that conversion
of CO, plays an important role in the control of the rates. At high Pco, and large DBL thickness (e
> 0.001 cm), conversion of CO, occurs mainly in the DBL and, therefore, becomes rate limiting. This
is corroborated by the observation that upon addition of the enzyme carbonic anhydrase, which catalyzes
CO,-conversion, the dissolution rates are enhanced by 1 order of magnitude. From our experimental
observations we conclude that the theoretical model above enables one to predict dissolution rates with
satisfactory precision. Since the precipitation rates from supersaturated solutions are determined by the
same mechanisms as dissolution, we infer that this model is also valid to predict precipitation rates. The
predicted rates for both dissolution and precipitation can be approximated by a linear rate law R = a - (¢,
— ¢), where c., is the equilibrium concentration with respect to calcite and « a rate constant, dependent
on temperature, Pco,, DBL thickness (¢), and the thickness of the water sheet flowing on the mineral.

Values of « are listed that can be used for a variety of geologically relevant conditions. Copyright ©

1997 Elsevier Science Litd

NOTATION
R dissolution rate mmole cm ™ s~
A surface area of rotating disk cm®
14 volume of the solution cm’
D coefficient of diffusion cm®s™!
r radius of rotating disk cm
F diffusional flux mmole cm™2 57!
c concentration mmole cm™
Cq  equilibrium concentration mmole cm™
Pco, partial pressure of CO, atm
[ ] -concentration mmole cm ™
() activity mmole cm™
€ thickness of DBL cm
w angular velocity s”!
v kinematic viscosity of water cm? s~
[ thickness of turbulent core cm
a rate constant cms™!

1. INTRODUCTION

Dissolution and precipitation of calcite in a CO, — H,O
system play an important role in many geological processes,
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such as diagenesis of calcareous deep-sea sediments (Berner,
1980; Boudreau and Canfield, 1993), the formation of karst
in limestone terranes (Dreybrodt, 1988; Ford and Williams,
1989; White, 1988), the evolution of water chemistry in
calcite depositing stream systems (Hermann and Lorah,
1987; Dreybrodt et al., 1992; Liu et al., 1995), and the global
cycle of CO, (Archer and Maier-Reimer, 1994; Kempe,
1977). Both the precipitation and the dissolution rates in the
system H,0-CO,-CaCO; are controlled by three rate de-
termining processes: (1) The kinetics at the mineral surface,
which is given by the mechanistic rate equation (called PWP
equation ) proposed for dissolution by Plummer et al. (1978)
and which has later been verified also for precipitation (Bu-
senberg and Plummer, 1986; Reddy et al., 1981; Inskeep
and Bloom, 1985). This PWP-equation reads

R = ki (HY) + ko(H,CO¥)
+ Ky — k4(Ca?") (HCO37) (1)

where the rate R is given in mmol cm™ s™'; and &, k2, K3,

and «, are temperature dependent rate constants and the
parentheses denote activities in mmole cm™* of the corre-
sponding species at the surface of the mineral; (2) The slow






