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ABSTRACT 

The present work is focused on the kinetic study of hydromagnesite thermal decomposition carried out by constant rate 
thermal analysis technique at 5 hPa partial pressure. The apparent activation energies were measured experimentally all 
along the decomposition without any assumption about the rate law of the determining step. Under these conditions the 
decomposition of hydromagnesite occurs in two steps. The first step is a dehydration which occurs with apparent 
activation energy of 60 kJ.mol

-1
 and D4 kinetic model. The second step is essentially decarbonatation, which occurs 

according to an F1 kinetic model and activation energy equal to 95 kJ.mol
-1

.  
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1. INTRODUCTION  

Basic magnesium carbonates with general formula xMgCO3.Mg(OH)2.yH2O [1] are considered the most important 
compounds of the magnesium industry. Two chemical formulae were proposed for hydromagnesite: 
Mg5(CO3)4(OH)2.4H2O [2] and Mg4(CO3)3(OH)2.3H2O [3]. 

Hydromagnesite with chemical formula Mg5(CO3)4(OH)2.4H2O is the most commonly available magnesium hydroxyl 
carbonate. It has been widely used in various industries such as toothpaste, painting, cosmetic manufacturing, plastic and 
rubber. It is also used as precursor for the synthesis of other magnesium-based materials [4-7] and as fire retardant agent 
[5,8]. 

Thanks to the fundamental interest and industrial importance in the production of magnesium oxide MgO, several works 
have been subjected to the thermoanalytical studies of hydromagnesite thermal decomposition for revealing the reaction 
path way and kinetic mechanism [5,9-24].  

Hydromagnesite has been shown [9-14] to decompose endothermically releasing water and carbon dioxide over a 
temperature range of approximately 220–550°C: 

Mg5(CO3)4(OH)2.4H2O(sd)  = 5MgO(sd) + 4CO2(g) + 5H2O(g) 

Many of these studies focused on the abrupt exothermic peak observed during the thermal decomposition process [9-
14,17]. 

Three reaction pathways were proposed for the thermal decomposition of hydromagnesite. Some authors [14,16,18,21] 
have proposed a decomposition in two steps as following:  

Step 1:     Mg5(CO3)4(OH)2.4H2O(sd)   →  Mg5(CO3)4(OH)2(sd) + 4H2O(g) 

Step 2:      Mg5(CO3)4(OH)2(sd)   →   5MgO(sd) + H2O(g) + 4CO2(g) 

Other authors [5,9-13,15,18,22-24] have proposed a mechanism of three-step reaction as following:  

Step 1: Mg5(CO3)4(OH) 2. 4H2O   (sd)   →   Mg5(CO3)4(OH) 2(sd) + 4H2O (g)    

Step2: Mg5(CO3)4(OH) 2 (sd) → Mg4(CO3)4 (sd) + MgO (sd) + H2O (g)    

Step 3 : Mg4(CO3)4 (sd)   →   4MgO(sd) + 4CO2(g) 

When thermal decomposition of hydromagnesite was carried out in CRTA conditions [19] five steps have been proposed 
to describe the corresponding mechanism: 

Step 1: Mg5(CO3)4(OH) 2.4H2O (sd)   →   Mg5(CO3)4(OH) 2.2H2O (sd) + 2H2O (g)     

Step 2: Mg5(CO3)4(OH) 2.2H2O (sd)   →   Mg5(CO3)4(OH) 2 (sd) + 2H2O (g)    

Step 3: Mg5(CO3)4(OH) 2 (sd) → Mg4(CO3)4 (sd) + MgO (sd) + H2O (g) 

Step4:  Mg4(CO3)4(sd)   →   4MgO(sd) + 4CO2(g) 

Step 5: 4MgO(sd)  →  4Mg(sd) + 2O2(g) 

It was shown that the mechanism pathway depends strongly on the experimental conditions such as sample preparation 
method, particle shape, heating rate and grain size. 

Concerning the kinetic study of thermal decomposition of hydromagnesite, only few works exist [18,21,23,24] (Table 1). 

Table 1. Literature data on the kinetics parameters of hydromagnesite thermal decomposition 

Authors  Atmosphere Decomposition step Kinetic law Ea/kJ mol
-1
 

N.Koga and col. [18] N2 

dehydration 

dehydroxylation 

decarbonation 

D3 

D3 

F1 

89 

216 

141 

LIU XIn-wein and col. [21] air 
dehyd+dehydrox 

decarbonation 

D3 

A1.5 

51.84 

191.97 

D. Bhattacharjya and col. [23] N2 decarbonation - 
174 

202 

H. Ren and col. [24] N2 

dehydration 

dehydroxylation 

decarbonation 

D1 

C1.5 

A1 

18.27 

22.41 

70.79 
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As can be seen, the kinetic decomposition of hydromagnesite was studied using only constant heating rate under N2 or air 
atmosphere. The dehydration steps are described by diffusion mechanism (D1 or D3) but the decarbonatation step is 
described by nucleation mechanism (F1 or A1). To our knowledge, no work has been done concerning the kinetic study of 
hydromagnesite thermal decomposition using CRTA technique. 

It is widely accepted that conventional thermogravimetry which subjects samples to a linear heating rate can have a major 
influence on the information content of the TG curve and on the properties of the heat treated products. This can be a 
source of irreproducibility and highlights the importance that constant transformation rate thermal analysis (CRTA) can 
have [25,26]. CRTA permits a constant reaction rate slow enough to minimise the temperature and pressure gradients 
within the reacting sample and thus results in a more reproducible experiment [27]. It gives generally better separation of 
intermediate stages in thermal decomposition. CRTA can also be used for kinetic studies of transformations [28]. 

Besides, CRTA has been employed with success in the study of the stability and thermal decomposition pathways of 
minerals such as attapulgite [29], hydromagnesite [19], hydrozincite and smithsonite [30], aurichalcite [31], hydrotalcite 
[32], hydrated borates [33], kaolinite [34], brucite [35], cerium cyclophosphate [36], neodymium cyclophosphate [37] and 
modified minerals such as mechanochemically activated and intercalated kaolinites [38,39]. 

The present work aims to contribute to the kinetic study of the thermal decomposition of hydromagnesite using CRTA 
technique. 

2. EXPERIMENTAL AND METHODS 

2.1. Sample preparation 

3 g of MgCl2 was dissolved in freshly prepared 33 mL of aqueous urea solution mixed with 43 mL of ethylene glycol in a 
100 mL round bottom flask. The pH of the final reaction mixture was 7.2. The mixture was refluxed at 110 ± 10°C for 12 h 
in air under continuous stirring. Afterwards, the mixture was cooled to room temperature and the product was filtered. The 
solid phase of hydromagnesite was collected and washed several times with deionized water to remove all other soluble 
materials followed by final washing with alcohol. The washed product was dried at 110–120°C for 5 h in air. 

2.2. Experimental conditions 
Powder X-ray diffraction measurements (XRD) were recorded using a Bruker X-ray diffraction unit Cu Kα radiation (λ = 
1.5406 Å) at room temperature in 40 KV and 30 mA at a scan speed of 1.2°/min. 

The infrared absorption spectra of a KBr pressed pellet of the powdered sample was studied in the range 4000-400 cm
-1
 

using a brucker alpha type spectrophotometer. 

The Constant Rate Thermal Analysis (CRTA) experiments were carried out on an apparatus built in house and 100mg 
samples weighed in a silica-cell in the temperature range from 248K up to 873K. Once the equilibrium temperature is 
reached, the pressure above the sample is lowered using vacuum pumping system from 1 bar to the desired value (5hPa 
in our case). The pressure is continuously followed using a Pirani gauge (PID control) placed in proximity of the sample. 
The pressure signal produced by the Pirani gauge is sent to the furnace-heating controller. The heating of the sample then 
takes place in such a way as to keep constant, at the preset value, the vapour pressure generated by the sample [25,26]. 

3. RESULTS AND DISCUSSION 

3.1. Characterization of the initial material 

The starting material gave XRD pattern (Fig.1) in general agreement with the result reported in the JCPDS data card (70-
0361) of pure hydromagnesite Mg5(CO3)4(OH)2 .4H2O. 

The structure of hydromagnesite belongs to the monoclinic system with space group P21/c [40] and lattice parameters a = 
10,11 Å; b = 8,97 Å; c = 8,39 Å; β = 114.6°; Z = 2 [40]. Both independent magnesium atoms have octahedral coordinations 
with average Mg-O distances of 2.10 Å and 2.04 Å, respectively [40]. The structure is based on a three dimensional 
framework of MgO6 octahedra and triangular carbonate ions [40]. There are large cavities with dimensions of about 

4.64.64.1 Å in the structure [40]. 

Fig.2 shows the characteristic IR spectrum of the prepared hydromagnesite. Table 2 presents the wavenumbers of the 
absorption bands and their attributions. These attributions are based on works given in Ref.[41-44]. 

 The water of crystallization of Mg5(CO3)4(OH) 2.4H2O absorbs in the 3459-3666cm
-1

 regions and 1662cm
-1

 which 
presumably correspond to O-H stretching and O-H bending vibrations, respectively.  

The most noteworthy features being the appearance of very strong absorption bands centered at 1431and 1490 cm
-1
 

which are assigned to the asymmetric stretching vibration of CO3
2-

whereas the band which absorbs at 1127 cm
-1
 is 

attributed to the symmetric stretching vibration mode of CO3
2-
. Absorption bands observed in the 801-887 cm

-1
 region can 

be assigned to the bending vibration of CO32- . The bands of doublet observed at 431 cm-1 and 597cm-1 can be 
assigned to the stretching vibration of MgO. 
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Table 2. IR absorption wavenumbers of hydromagnesite and their assignments 

Assignement Absorption wavenumbers /cm
-1
 

νas  (CO3
2-
) 1431-1490 

  (CO3
2-

) 801-858-887 

νs  (CO3
2-
) 1127 

ν  (OH
-
) 3459-3530-3666 

  (H2O) 1662 

ν  (Mg-O) 431-597 
 

3.2. Thermal behavior  

The CRTA curves of hydromagnesite, shown in Fig. 3, were obtained by thermolysis of 100 mg of sample under 5 hPa 
partial pressure from 248 to 873 K. The final mass loss at 873 K is 58% which corresponds to the theoretical loss 
(56.89%) of five water molecules and four carbon dioxide molecules from the initial material. 

The CRTA curves show the sample temperature (curve I) variation with time, controlled so as to keep constant the 
pressure (curve II) above the sample. In the case where the gas composition above the sample does not change, the 
vapour pressure is kept in a state of quasi-equilibrium: its rate of production during the dehydration is maintained 
constantly equal to its rate of elimination which is itself kept constant with time. Under these conditions, the length of each 
decomposition step varies proportionally with the mass loss. The plot of temperature vs. time thus obtained by CRTA is 
analogue to a thermogravimetric curve. Thus, the time is directly related to a given mass loss and a direct comparison 
between curves obtained via CRTA and conventional TG can be made.  

Here, we have considered that, under 5 hPa, dehydration starts at 286 K which is the temperature at which the constant 
pressure regime, required for CRTA, is reached. At around 864 K, a rapid drop in the pressure signal is observed 
indicating the end of the decomposition of the initial phase. The total thermolysis occurs within 77 hours. 

In Fig. 4 is shown the sample temperature curve and its derivative. It is clear that the decomposition occurs in two main 
steps noted (A–B)  and (C–D). However step (A–B) is in the temperature range 

286–432 K and occurs within 34 hours whereas step (C–D) is in the temperature range 561-864 K and occurs within 43 
hours. 

 

 

 

 

 

 

 

Fig.1. XRD pattern of the hydromagnesite 
prepared sample 

Fig.2. IR spectrum of the hydromagnesite 
prepared sample  
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In Fig.5 and 6 are shown, respectively, the X-ray diffractograms and IR spectra of hydromagnesite thermally decomposed 
at 473 K and at 873K in CRTA conditions.  

 

 

 

 

 

 

 

 

 

 

 

The analysis of the observed inter-reticular distances and absorption bands shows that:  

- at 473K, the obtained phase is presumably Mg5(CO3)4(OH)2. Indeed, the observed diffraction peaks can’t be attributed 
neither to Mg(OH)2  nor to MgCO3 or to MgO or to a mixture of these phases. This is confirmed by the disapperance of 
water absorption bands in 3459-3666cm

-1
 and 1662 cm

-1
 regions and the persistance of CO3

2-
 absorption bands. 

- at 873K, the observed diffraction peaks are attributed to a pure MgO phase (JCPDSN°:89-4248) and the IR absorption 
bands of carbonate ion disappear. 

and the formation of Mg5(CO3) From these results, it is possible to conclude that the first step (A-B) corresponds to the 
release of four water molecules 4(OH)2. The second step corresponds to the dehydroxylation and the decarbonation of 
Mg5(CO3)4(OH)2.The decomposition scheme of hydromagnesite in CRTA conditions is : 

Step (A-B) : [286K-432K] 

Mg5 (CO3)4(OH)2.4H2O (sd)  → Mg5(CO3)4(OH)2(sd) + 4H2O(g) 

Step (C-D) : [561K-864K] 

Mg5(CO3)4(OH)2(sd)      →      5MgO(sd) + H2O (g) + 4CO2(g) 

3.3 Kinetic study  

3.3.1. Theory 

In heterogeneous kinetics, in the simplest cases, the rate law is assumed to be expressed by the product of two terms: the 
change of degree of advancement of reaction α vs time can be described with the help of mathematical functions f(α) like 
those listed by sharp and al.[45] for a number of limiting cases. The second term depends only on temperature and 
pressure. If the Arrhenius law is obeyed, the rate law can be written: 

Fig.3. CRTA curves of thermal 
decomposition of hydromagnesite at 5 
hPa partial pressure 

Fig.4. CRTA temperature curve of 
hydromagnesite thermal decomposition 
and its derivative 

Fig.5. X –ray diffraction patterns of 
hydromagnesite decomposed at (a) 473K 
and (b) 873K in CRTA conditions 

 

Fig.6. IR spectra of hydromagnesite 
decomposed at (a) 473k and (b) 873K 
in CRTA conditions 
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                                                                                                 (1) 

Where Aa is the apparent pre-exponential factor and Ea is the apparent Arrhenius activation energy. 

Since the above experiment is carried out in isokinetic conditions, we can state: 

                                                                                                                (2) 

When using CRTA, a first idea of the kinetic law involved is easily obtained by comparing the experimental curves α vs T 
with the set of isokinetic theoretical curves built by Criado et al.[46] and which easily split into three groups, on the basis of 
their general shape (Fig.7). 

Process F1 corresponds to the case when the transformation rate of each single particle, is limited by a random 
nucleation, itself followed by a very rapid growth of the nuclei. Processes R2 and R3 correspond to an interfacial reaction. 
Processes D1, D2, D3, and D4 correspond to the case when the transformation rate is limited by diffusion through the 
layer of solid product and processes A2 and A3 correspond to nucleation and nuclei growth. 

 

 

 

 

 

 

 

Fig.7. Theoretical α vs T kinetic curves as obtained with the assumption of CRTA 

3.3.2. Experimental results 

The kinetic study of thermal decomposition of hydromagnesite consists of the calculation of the apparent activation energy 

and the determination of the most probable f() function for each decomposition step. From the above results, the first 
step (A-B) is a dehydration reaction and the second step (C-D) is a dehydroxylation and decarbonatation reactions. 

Taking into account the theoretical weight loss after dehydroxylation (3.85%) and decarbonatation (37.64%) of the second 
step of hydromagnesite decomposition it is possible to consider that step (C-D) is essentially a decarbonation reaction.  

αAD, αAB and αCD are respectively the degree of advancement of reaction associated to (A-D), (A-B) and (C-D) steps. 

3.3.2.1. Activation energy measurement 

The experimental activation energy Ea of a reaction can be obtained directly during a single rate jump experiment using a 
setup described elsewhere [47] where the reaction rate is changed between two values with periodical use of a second 
diaphragm (assessed by means of an automated vacuum valve) allowing to operate at two alternate pumping rates. Thus 
for a single value of α during a reaction, without any presumption of the reaction mechanism and whilst keeping all other 
parameters identical (sample mass, residual pressure) an expression of the activation energy, at a given value of α, can 
be obtained: 

                                                                                                              (3) 

where T1 and T2 are the temperatures corresponding to the rates C1 and C2. 

In our study, the activation energies were measured using two CRTA curves obtained under the same residual gas vapor 
pressure (5hPa) and at two different rates in the ratio C2:C1 = 2. Here again, temperatures can be evaluated for the same 
value of α and then an activation is energy deduced using equation (3). 

In Fig. 8 are reported the different values of Ea as a function of the degree of advancement of reaction “AD”.  

It is possible to observe two different variation of the activation energy corresponding to the steps (A-B) and (C-D) 

observed in Fig.4. Indeed, for a degree of reaction AD < 0.40, the activation energy has an average value equal to 60 ± 5 
kJ.mol

-1
. For αAD > 0.4, the average activation energy is equal to 95 ± 6 kJ.mol

-1
. 
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Fig. 8. Variation of experimentally apparent activation energy along the decomposition process at 5hPa 

3.3.2.2. Estimation of the conversion function f(α) 

An initial approach to the kinetic analysis of the reaction can be determined from a qualitative point of view by comparing 
the shape of the experimental curve with the theoretical isokinetic curves given in Fig .7. 

A more elaborated method consists of following the change of ln[f()] as a function of 1/T, which varies in a linear manner 

when the chosen function f() corresponds to the most probable single elementary process. The comparison of the 
activation energy determined from the slope of the line obtained via this latter method with the experimentally measured 
value adds a supplementary criterion to the elementary process. 

Temperature curve for dehydration step (Fig.4) have symmetric sigmoidal shape and resembles those of diffusion 
mechanism (Dn). The temperature curve of decarbonatation (Fig.4) resembles those of F1, R2 and R3 mechanisms. 

Since the apparent Arrhenius activation energies measured for each step are constant, it is possible to consider that each 

step occurs within a unique process characterized by the measured activation energy. So, plot of ln f() vs1/T for each f() 
functions listed by Sharp can be carried out. In Tables 3 and 4 are given, the linear regression coefficient r

2
, the apparent 

activation energy Ea and the apparent pre-exponential factor Aa for each kinetic law and for each step. For dehydration 
step, it can be seen that the kinetics laws of diffusion mechnaisms (D1, D2 and D4) gives the highest values of linear 
regression coefficient which allow us to assume them as the most probable elementary mechanisms for dehydration. The 
three dimensional diffusion mechanism D4 gives the closest activation energy (58 kJ.mol

-1
) to the one measured 

experimentally (60 kJ.mol
-1

). 

Whereas for decarbonatation step F1, R2 and R3 kinetics laws gives the highest values of linear regression coefficient. 
The F1 kinetic law gives the closest activation energy (90 kJ.mol

-1
) to the one measured experimentally (95kJ.mol

-1
). 

Based on the Ea value measured experimentally D4 and F1 laws seem to be the most probable kinetics laws for the 
dehydration step and decarbonation step, respectively. 

 

 

 

Kinetic law Ea/kJ.mol
-1
 A/s

-1
 R

2
 

A2 16,4 6.12.10
-3
 0,278 

A3 7.6 3.74.10
-4
 0.081 

F1 42 47.22 0.652 

R2 21 1.96.10
-2
 0.652 

R3 27 0.26 0.652 

D1 37 0.84 0.944 

D2 51 76.32 0.929 

D3 73 6.10
4
 0.878 

D4 58 236.26 0.910 

 

 

Kinetic law Ea/kJ.mol
-1
 A/s

-1
 R

2
 

A2 41.14 9.6.10-2 0.675 

A3 31.25 1.08.10-2 0.451 

F1 88 1089.6 0.982 

R2 44 0.124 0.982 

R3 60 2.543 0.982 

D1 95 1.216.103 0.682 

D2 60 0.606 0.643 

D3 137 1.632.109 0.862 

D4 145 4.340.106 0.819 

Table 3. Linear regression coefficients r and Arrhenius  
parameters for kinetic laws applied to the experimental  
CRTA curve (0,03 ≤ αAB ≤ 0,9 ; PH2O = 5 hPa ; C = 0.030 h-1)  

 

Table 4. Linear regression coefficients r and Arrhenius 
parameters for kinetic laws applied to the experimental 
CRTA curve (0,03 ≤ αCD ≤ 0,9 ; PCO2 = 5 hPa; C = 0.024 h-1)  
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4. CONCLUSION 

This work, concerns the kinetic study of Mg5(CO3)4(OH) 2.4H2O thermal decomposition carried out by constant rate 
thermal analysis technique at 5 hPa partial pressure. Under CRTA conditions, hydromagnesite decomposes in two steps: 

- The first step occurs in 286K-432K temperature range and corresponds the dehydration (15.4% wight loss) of 
hydromagnesite. The corresponding reaction is: 

Mg5 (CO3)4(OH)2.4H2O(sd)     →     Mg5(CO3)4(OH)2(sd) + 4H2O(g) 

The duration of this step is 32.76 h, which corresponds to a reaction rate equal to 0.47mg.h
-1
. 

- The second step occurs in 561K-864K temperature range and corresponds to dehydroxylation (3.85% weight 
loss) and decarbonatation (37.64% weight loss) of the anhydrous hydromagnesite. The corresponding reaction 
is:  

Mg5(CO3)4(OH)2(sd) → 5MgO(sd) + H2O(g) + 4CO2(g) 

The duration of this step is 40.52 h, which corresponds to a reaction rate equal to 0.93mg.h
-1
. 

From kinetic point of view, the dehydration step occurs according to the three dimensional diffusion mechanism (D4) with 
apparent activation energy equal to 60 kJ.mol

-1
 whereas the second step occurs according to random nucleation 

mechanism (F1) with apparent activation energy equal to 95 kJ.mol
-1

. 
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