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Abstract

The dedolomitization reaction kinetics is studied through several long-term experiments consisting of an aqueous dispersion of fine

powders of dolomite and portlandite with alkalinity between 0.1 and 1 M KOH, at 25 and 75 �C. The experimental results are numerically

simulated to calculate the apparent dissolution constant rates for dolomite, kdol. At low temperature, two dissolution stages were observed. In

an early stage, part of dolomite powder dissolves quickly until an apparent steady is reached. After several days, the reaction continues at a

lower rate. The calculated dissolution rate for dolomite in the first stage is one order of magnitude higher than that of the second stage. At 75

�C, the kdol is two orders of magnitude higher than at 25 �C. The addition of alkali increases the kdol at high temperature, but reduces it at

room temperature.
D 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Dolomite represents an important reserve of carbonate

rocks that could be used as aggregate in the manufacture of

concretes. Dolomite aggregates, in some cases, could be

associated with expansion and cracking processes that can

deteriorate the concrete structure [1,2]. However, it is dem-

onstrated that this problem only occurs in some kind of

dolostones that contain clays, which provide silica to the

system [3,4]. For most dolomitic rocks used as aggregate, the

main aspect to consider is the dedolomitization reaction and

their effect on the durability of concrete.

Dolomite in most natural environments is thermodynami-

cally unstable and dedolomitization reaction occurs in

different conditions [5].

The proposed dedolomitization reaction in alkaline

media is:

CaMgðCO3Þ2 þ CaðOHÞ2 ¼ 2CaCO3 þMgðOHÞ2 ð1Þ
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It has been postulated [6] that this reaction takes place

through two steps and needs the presence of alkali:

CaMgðCO3Þ2þ 2NaðOHÞ ¼ CaCO3þMgðOHÞ2þNa2CO3

Na2CO3 þ CaðOHÞ2 ¼ 2CaCO3 þ 2NaOH ð2Þ

However, a recent work [7] has demonstrated that NaOH

is not a necessary compound for the reaction. Indeed, at

room temperature, the reaction is faster in pure water

solution, while at higher temperatures, alkali accelerates

the reaction. Furthermore, it is not clear whether Na2CO3

could play a role in the dedolomitization.

Most of experiments on alkali–carbonate reaction (ACR)

related in the literature are performed with alkaline NaOH

solution. In this paper, we present several dedolomitization

experiments similar to those reported in a previous paper [7]

but using KOH and mixed NaOH +KOH solutions to

imitate the pore water solutions in the Portland cement

paste, which, on average, is approximately 0.15 + 0.45 M

KOH (0.6 M KOH equivalent) [8].



Table 1

Chemical reactions considered in the chemical model

Log K

Primary aqueous species

Ca2 + , Mg2 + , K + , Na + , OH� , CO3
2�

Aqueous complexes

OH� +H + =H2O 14.000

HCO3
� +OH� =CO3

2� +H2O 3.666

CaCO3(aq) =Ca
2 + +CO3

2� � 3.327

CaOH + =Ca2 + +OH� � 1.145

KOH= K + +OH� 0.465

NaOH= Na + +OH� 0.1849

Minerals

CaMg(CO3)2 = 2CO3
2� +Ca2 + +Mg2 + � 17.090

CaCO3 =CO3
2� +Ca2 + � 8.480

Ca(OH)2 =Ca
2 + + 2OH� � 5.435

Mg(OH)2 =Mg2 + + 2OH� � 11.690

The values of the equilibrium constants are those of the EQ3NR database

[11].
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Increasing the alkalinity up to 1 M KOH gives rise to a

different way of dedolomitization through the reaction

2CaMgðCO3Þ2 þ 6KðOHÞ ¼ CaCO3 þ CaðOHÞ2
þ2MgðOHÞ2 þ 3K2CO3 ð3Þ

which produces portlandite and a potassium carbonate. This

reaction is not observed when NaOH substitutes KOH at

similar concentration.

As stated in a previous work [7], the limiting step of

these reactions is the dissolution of dolomite. To obtain

the apparent constant rates for the dissolution of dolo-

mite, long-term experiments on the evolution of alkaline

media saturated with portlandite and dolomite were

undertaken. These experiments include quantitative con-

trol of dissolution–precipitation of phases in different

potassium hydroxide solutions at room temperature and

at 75 �C. All these results have been reproduced by

computer simulation, and the estimated kinetic parameters

allow the extension of the simulation to a wide variety of

conditions.
2. Experimental procedure

The basic batch experiments consisted of an aqueous

dispersion of fine powders of dolomite and portlandite. Two

different initial alkaline water solutions were used: (1) 0.1 M

KOH solution and (2) 0.6 M KOH equivalent solution (0.45

M KOH+ 0.15 M NaOH). Experiments with each composi-

tion were performed at 25 and 75 �C. Moreover, a series of

similar experiments at higher alkali concentrations and

without the addition of portlandite was undertaken to find

the conditions for reaction (3). These included solutions

with alkali concentration between 0.1 to 1 M KOH and

NaOH performed at 25 and 75 �C.
The starting materials were finely powdered (below 25

mm in diameter) gem quality crystals of dolomite and

‘‘Alfa’’ commercial Ca(OH)2 powders from Johnson and

Matthey. The measured BET specific surface areas were 3.0

and 16.5 m2 g� 1, respectively.

The amount of portlandite and dolomite added to the

solution had a volume ratio of 1/100 (mass ratio of 1/

400). Portlandite was introduced in slight excess to obtain

a complete reaction. The starting water solution and

mineral powders were introduced in Teflon bottles pro-

vided with a cap to avoid atmospheric carbonation. About

20–25 bottles were prepared with the same initial com-

position, for room temperature experiments, and 5 bottles

for those at 75 �C. The content was stirred every 30 min.

Bottles were extracted from the thermostatic bath after

different periods of time. The period between extractions

was increased as the rate of the reaction slowed down.

Each extracted sample was filtered using a millipore filter
with 0.22 mm pore diameter. The solid particles retained

in the filter were identified by X-ray powder diffraction.

Quantitative analyses of the crystalline solids were

achieved by the full-diffraction profile-matching method

(quantitative Rietveld analyses) using the FULLPROF

program [9].

Characterisation of the filtered solution included pH

measurement with a standard high-alkalinity electrode and

cation analyses of the metals by Inductively Coupled

Plasma-Atomic Emission Spectrometry (ICP-AES). The

spectrometer used was a Perkin Elmer Elan 6000.

The chemical model used is widely explained in Ref. [7].

This model considers that calcite and brucite precipitate in

equilibrium [10]. The involved reactions and their equilib-

rium constants are shown in Table 1.
3. Results

The amount of dissolved and precipitated solid phases,

the composition of the solution, and the pH were simulated

as a function of time. Experimental results and the corres-

ponding numerical simulation of each experiment are plot-

ted in Figs. 1 and 2.

Numerical simulation of the experimental results allows

the estimation of the apparent dissolution rate constant of

the phases involved in the different experiments.

In long-term experiments at room temperature, two

different dissolution stages were observed from the

experimental data. In the first stage, part of dolomite

powder dissolved very quickly until an apparent steady

state was reached. After some days, in the second stage,

the reaction continued until the dolomite was completely

exhausted.

In the following sections, we give a brief account of the

main features of each group of experiments.



Fig. 1. Dissolved and precipitated solids. (a) Solution 0.1 M KOH, 25 �C; (b) Solution 0.1 M KOH, 75 �C; (c) solution 0.6 M KOH equivalent, 25 �C;
(d) solution 0.1 M KOH, 75 �C. Different symbols indicate experimental values. Lines indicate simulated results.
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3.1. Solution 0.1 M KOH, 25 �C (Figs. 1a and 2a)

At the beginning, the reaction takes places very

quickly, probably consuming the finest fraction of dolo-

mite powders. After about 20–25 days, the reaction slows

down, until reaching a first apparent steady state that

remains for 100 days. At this moment about 60% of the

starting dolomite is consumed. The solution is subsatu-

rated (Vdol = 0.2� 10� 6) and the calcium concentration

dissolved in the solution remains constant during this

period of time (Fig. 2a).

In the second stage, the reaction continues for 400 days

when dolomite is completely exhausted (Vdol = 0.3�10� 5).

Calcium concentration decreases considerably in the solu-

tion until it reaches very low values. At the end of the

experiment, the 17 wt.% of the starting portlandite remains

in the solution forming a laminate aggregate (Vport = 1.0).

From the experimental results and numerical simulation

calculated for each stage, two different apparent dissolution

constant rates were estimated for dolomite. In the first stage,

the apparent constant dissolution rate calculated was

1.1�10� 9 mol m � 2 s� 1 and the dissolution rate obtained

from the second stage was 1.2� 10� 10 mol m� 2 s� 1.
3.2. Solution 0.1 M KOH, 75 �C (Figs. 1b and 2b)

In this experiment, the reaction ends after 4 days when

dolomite is completely consumed (Vdol = 0.1 10� 3). The

apparent dissolution rate constant obtained from the experi-

mental results is 1.8� 10� 8 mol m � 2 s� 1. It is about two

orders of magnitude higher than the value estimated from

the previous experiment.

3.3. Solution 0.6 M KOH equivalent, 25 �C (Figs. 1c and

2c)

About 44% of the starting dolomite is consumed in

very few hours and the solution remains subsaturated

(Vdol = 0.7� 10� 6). An apparent rate constant of 5.8�
10� 9 mol m� 2 s� 1 is obtained for dolomite dissolution

in this first stage. From this moment until 76-day time,

the reaction remains in an apparent steady state, similar to

that observed in the first experiment. Afterwards, the

dissolution of dolomite goes on for 370 days until it is

completely dissolved (Vdol = 0.2� 10� 5) and 18 wt.% of

the starting portlandite is forming a laminate aggregate

similar to that in experiment with 0.1 M KOH solution.



Fig. 2. Concentration of Ca2 + and CO3
2�. (a) Solution 0.1 M KOH, 25 �C; (b) solution 0.1 M KOH, 75 �C; (c) solution 0.6 M KOH equivalent, 25 �C;

(d) solution 0.1 M KOH, 75 �C.

Table 2

Saturation index obtained for portlandite at 25 �C in experiments without

added portlandite

Vport

0.1 M KOH 0.0

0.3 M KOH 0.9

0.6 M KOH 1.3

1 M KOH 3.1

0.1 M NaOH 0.0

0.3 M NaOH 0.0

0.6 M NaOH 0.1

1 M NaOH 0.1
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The second apparent rate constant estimated was 1.2�
10� 10 mol m � 2 s� 1, the same as that obtained for the

0.1 M KOH solution.

3.4. Solution 0.6 M KOH equivalent, 75 �C (Figs. 1d and

2d)

The reaction ends after 2 days, when dolomite is com-

pletely exhausted (Vdol = 0.6� 10� 4). The dissolution rate

constant calculated from the experimental data is 2.3�
10� 8 mol m � 2 s� 1.

3.5. Alkaline solutions without added portlandite

In experiments without portlandite, the main results are

different depending on the alkaline cation used. In presence

of KOH, reaction (3) is observed: dissolution of dolomite

produces calcite, portlandite, brucite, and potassium carbon-

ate. On the contrary, portlandite is never observed in

solutions with NaOH.

The saturation indexes for portlandite after 30 days at

room temperature are listed in Table 2. Portlandite

becomes supersaturated in KOH concentrations higher than
0.6 M. In NaOH solutions, portlandite always remains

subsaturated.

Fig. 3 synthesizes the evolution of the reaction at 75 �C
for the experiments with 1 M KOH solution. In this case,

experimental points are not included because the mass

balance of solids is difficult on account of the metastability

of portlandite. The reaction is completed after 3 days, when

dolomite is absolutely exhausted. At the beginning, port-

landite precipitates before calcite, but in the end, the



Table 3

Saturation index for the different phases involved at the end of the

dedolomitization reaction

Vdol Vport Vcc
a Vbru

a

0.1 M KOH 25 �C 0.3� 10� 5 1.0 1.0 1.0

0.6 M KOH equivalent 25 �C 0.3� 10� 5 1.0 1.0 1.0

0.1 M KOH 75 �C 0.1�10� 3 0.0 1.0 1.0

0.6 M KOH equivalent 75 �C 0.6� 10� 4 0.3 1.0 1.0

a According to the chemical model, calcite and brucite are in equilibrium.

Fig. 3. Dissolved and precipitated solids in experiment without starting

portlandite and 1 M KOH solution.
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calcite–brucite pair becomes the most stable pair. Potassium

carbonate is always undersaturated.
Table 4

Apparent constant rate (mol m� 2 s� 1) of dolomite in different solutions

and temperature, and activation energies (kJ mol� 1)

kdol (25 �C) kdol (75 �C) Ea

Pure watera 4.5� 10� 10 3.9� 10� 9 37.2

Silicaa 2.3� 10� 10 – –

0.1 M NaOHa 2.1�10� 10 1.9� 10� 8 76.5

0.1 M KOH 1.2� 10� 10 1.8� 10� 8 86.8

0.6 M equivalent 1.2� 10� 10 2.3� 10� 8 91.0

a Ref. [7].
4. Discussion

In all the experiments, the dedolomitization reaction

proceeded with the complete consumption of dolomite

powder. As a result, calcite and brucite precipitated and

some portlandite, which was introduced in excess, remained

as a solid phase forming laminate aggregates of big crystals

(low temperature experiments). These have grown at the

expenses of the small fraction, according to the Ostwald

ripening mechanism [12,13], indicating that portlandite has

been in equilibrium with solution during all the experiment.

In the early stage, dolomite reactive surface included in the

simulation corresponds to the measured BET surface, but

when dedolomitization reaction takes place, the reactive

surface decreases considerably. At the beginning this reduc-

tion of the reactive surface is due to the fastest dissolution of

the finest fraction of dolomite powder and reduction of the

volume fraction of this phase on the system. This process is

accounted for in the numerical simulation. In addition,

another important process that contributes to the reduction

of the dolomite surface is the precipitation of the new phases

on dolomite particles. This point has been confirmed by

Scanning Electron Microscopy (SEM) observation of the

solids retained on the filters. SEM images show that brucite

and/or calcite cover the dolomite powder. To gain some

understanding about this process, single crystals of dolomite

were immersed in portlandite-saturated alkaline solution with

the same composition and temperature as the experiments in

the present work. SEM observation and DRX of the crystals

corroborate that calcite and brucite grow on the dolomite

surface [14].

The two stages of dissolution at low temperature repre-

sented by two different apparent dissolution rate constants

can be explained as follows. In the first stage, as pointed out

above, there is an elimination of dolomite surface and

creation of new calcite and brucite surface. Since the dissolu-
tion of dolomite provides CO3
2� , Ca2 + , and Mg2 + for the

reaction, the reduction of its surface slows down the dedolo-

mitization. During the apparent steady state, a new surface of

dolomite is created by corrosion, and the process continues

until the complete consumption of dolomite. In this second

stage, newly precipitated calcite and brucite crystallises

mainly on calcite and brucite surfaces created in the first

stage and do not cover dolomite any more [14].

The apparent dissolution constant rate for dolomite (kdol),

estimated from simulated experimental data, is about one

order of magnitude lower than in the early stage for each

experiment.

Table 3 summarises the saturation index of the different

phases involved at the end of the experiments. Dolomite

always remains subsaturated; portlandite is either subsatu-

rated or saturated (solution 0.6M equivalent at 25 �C); calcite
and brucite, as observed throughout all the experiments, are

always in equilibrium with the solution. Then, we can

consider that the process that controls the overall reaction is

the dissolution of dolomite because this is the slowest step. To

explain the kinetics of the reaction in different solutions it is

necessary to take into account the dissolution rate constant of

dolomite.

Table 4 shows the estimated kdol from experiments. By

comparison, the apparent dolomite constant rates estimated in

a previous work [7] and in the present paper, the addition of

alkali in the solution at room temperature has an opposed

effect than that at 75 �C. At room temperature, alkali addition

slightly slows the dedolomitization reaction. On the contrary,

in experiments at 75 �C, the alkaline solution increases kdol by
about one order of magnitude. The different behaviour at high

and low temperature, as compared with solutions without

addition of alkali, could be explained in the way that the

surface charge of dolomite changes with the temperature. The

solids, when immersed in water solutions, acquire a surface

charge, which may be strongly affected by pH, ionic concen-
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tration, and temperature. At low pH, the surface charge tends

to be positive. On the contrary, at high pH, it becomes

negative. For each solid in a water solution, there exists a

pH value (pHpzc) where the surface charge is zero. As a result,

the surface charge depends on whether the solution have

higher or lower pH than the pHpzc. It has been proved that the

dissolution rate as a function of pH has an absolute minimum

at the pHpzc [15,16]. It is assumed then, that at 25 �C,
increasing pH approach pHpzc point, while at 75 �C moves

away from it.
5. Conclusions

1. Dolomite is always unstable in contact with the average

alkaline pore solutions of Portland cements.

2. The mechanism of the dedolomitization reaction is

different according to the temperature. At low temper-

ature, regardless of alkaline concentrations, two different

stages are observed. In the first stage, kdol is about one

order of magnitude higher. At the end of this stage, there

is a significant reduction of dolomite surface. In the

second stage the rate is lower.

3. At 75 �C, the mechanism of dedolomitization is simple,

and the rate is only slightly affected by the alkali

concentration.

4. For low alkaline concentrations, there are no significant

differences in the dedolomitization mechanism between

NaOH and KOH solution, as compared with previous

results [7]. However, in this previous work, the authors

were not completely aware of the two-stage mechanism

operating at low temperature.

5. For alkaline solutions higher than 0.6 M, the dedolomi-

tization reactions at room temperature start to show a

different behaviour, with portlandite being saturated for

KOH and unsaturated for NaOH solutions.
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