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Knowledge of carbonate mineral dissolution/precipi- 
tation kinetics of is of crucial importance in 
modelling surficial aquatic environments and the 
biogeochemical cycles of carbon, phosphorus, 
calcium, magnesium and trace elements. Although 
magnesium-bearing carbonates (dolomite and 
magnesite) are ubiquitous in many sedimentary 
environments, few studies have been aimed at 
characterizing their interracial chemistry and dissolu- 
tion/precipitation kinetics. In this study, the surface 
complexation model of carbonate-aqueous solution 
interfaces of Pokrovsky et al. (1998) is used to 
interpret new data on the dissolution kinetics of 
magnesite and dolomite at 25~ 

Exper imenta l  

Pure highly crystalline magnesite and dolomite 
50-100 gm (specific surface area of 1270 and 900 
cm2/g as determined by krypton absorption using the 
B.E.T. method) were used in this study. Steady-state 
dissolution rates were determined at 25.0 + 0.2~ as a 
function of solution composition (ionic strength of 
0.002 to 0.5 M, pH of 0.2 to 12, and ZCO2 of 0 to 0.1 
M) and chemical affinity (A) using a mixed-flow 
reactor. Between 2 and 3 g of magnesite or dolomite 
was dissolved in fluids of prescribed input composi- 
tion. Steady-state dissolution rates, as indicated by 
constant Mg concentration in outlet solutions, were 
obtained after 8 h to 5 days depending on the flow 
rate. 

Results and discussion 

Magnesite dissolution rate data define four distinct 
regions as a function of pH. In strongly acidic 
solutions (pHi<2.5), dissolution rates (R) are 
independent of  pH and ionic strength: R = 
(2.43_+0.46)b.10 -12 mol/cmZ/s. In mildly acid 
solutions (3 ~< pH ~< 5), the dissolution rate is propor- 
tional to H + activity and depends strongly on ionic 
strength. At 5 ~ pH ~< 8, the dissolution rate is again 
of both pH and ionic strength independent: R = 

(4.57 + 0.30). 10-14 mol/cmZ/s. In alkaline solutions 
(pH > 8) rates decrease again with pH, and HCO3 
and CO32- concentration. 

According to our speciation model (Pokrovsky et 
al,, 1998) the main carbonate species present at the 
magnesite surface are >CO3 at pH > 5 and >CO3H ~ 
at pH < 3. The metal site is dominated by >MgOH~ at 
0 < pH < 8. At pH > 8, >MgOI-t~ is successively 
replaced by >MgHCO3 ~ >MgCO3, >MgOH ~ and 
>MgO- with increasing pH. The proton promoted 
dissolution rate at 3 < pH < 5 is associated with the 
>CO3 protonation. At pH < 3, MgCO3 dissolution 
rates becomes pH independent as all >CO3 sites are 
fully protonated. A plot of the proton-promoted 
dissolution rate (RH, mol/cm2/s) of magnesite as a 
function of >CO3H ~ concentration (Fig. 1) shows a 
fourth order dependence of dissolution rate on 
[>CO3H~ consistent with 

RH = 1 0 7 " 2 0  �9 [>CO3H~ 397 (1) 

This suggests the four surface carbonates 
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FIG. 1. Proton-promoted magnesite dissolution rate at 
25~ and pH<5 as a function of [>CO3H ~ in solutions 

of various ionic strength. 
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FIG. 2. Magnesite dissolution rate at 25~ and pH>8 as a 
function of [>MgOH~]. 

surrounding a hydrated surface Mg must be 
protonated to detach this metal from the surface. 
Dissolution at neutral and alkaline conditions is 
controlled by surface metal site hydration as 
demonstrated by the fourth order dependence of 
magnesite dissolution rate on [>MgOH~] (see Fig. 2): 

RH20 = 105"38 " [>MgOH~]  TM (2) 

This suggests that magnesite dissolution requires 
the hydration of the four surface magnesium 
surrounding a surface carbonate site. This fourth 
reaction order with respect to both >CO3 H~ and 
>MgOH~ concentrations is not fortuitous. This result 
strongly suggests that the limiting step for magnesite 
dissolution is the breaking of oxygen bridges binding 
Mg ions to carbonate groups which is promoted by 
the full protonation/hydration of adjoining surface 
carbonates and/or hydration of surface Mg ions. 

At close to equilibrium conditions, an overall rate 
equation can be generated within the framework of 
Transition State Theory (Oelkers et al., 1994). 
Hydration of n magnesium sites to form the precursor 
complex ([>MgOH~] #) can occur according to: 

n >MgCO 3 + nH20 = [n >MgOH~] # + nCO~- (3) 

Assuming that close to the equilibrium ( - 2  ~< A 
~< 2 kJ/mol) the surface precursor complex is the 
same for magnesite dissolution and precipitation, the 
rate limiting step for magnesite precipitation should 

be: 

n >MgCOf+ nMg 2+ + nH~O = 
[n >MgOH~] # + n  MgCO3(solid) (4) 

Combining Eqns 1 and 2 with the equilibrium 
constants of reactions (3) and (4) yields the following 
expression for magnesite overall reaction rate: 

RT =/~CO~ " {>CO3H~ m + 
~ g .  {>MgOH~}". [1-(Q/K~p)"] 

where/~co3 = 10vz~ m = 3.97, K~ = 105415, n = 
3.95, and the units of Rv and {>i} are mol/cmZ/s and 
mol/m z, respectively; Q stands for ion activity 
quotient, and Ks ~ stands for magnesite solubility 
product. 

It is proposed that similar reactions occurring 
independently on metal and carbonate sites, control 
the dissolution/precipitation of other carbonates. In 
particular, analysis of dolomite dissolution rates 
(Busenberg and Plummer, 1982; this work) leads to 
rn ~ 2 and n - 4 assuming that the precursor complex 
in alkaline solution, >MgOH~, does not contain 
calcium. For calcite, the values of m and n are equal 
to 2 (Van Cappelen et al., 1991) and 1 (Chou et al., 
1989; this work), respectively. The different order of 
magnesite, dolomite, and calcite dissolution rates 
with respect to [>CO3H ~ and [>MgOH~] reflects the 
different reactivity of these minerals, having very 
close pI~sp values. As it was shown for orthosilicates 
(Westrich et al., 1993) this difference is due to the 
different hydrolysis affinity of the metal cation and 
correlates with the rates of water exchange from the 
solvent into the hydration sphere of the corre- 
sponding dissolved cation. 
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