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Abstract Thermal decomposition kinetics of magnesite

were investigated using non-isothermal TG-DSC technique

at heating rate (b) of 15, 20, 25, 35, and 40 K min-1. The

method combined Friedman equation and Kissinger equa-

tion was applied to calculate the E and lgA values. A new

multiple rate iso-temperature method was used to deter-

mine the magnesite thermal decomposition mechanism

function, based on the assumption of a series of mechanism

functions. The mechanism corresponding to this value of

F(a), which with high correlation coefficient (r-squared

value) of linear regression analysis and the slope was equal

to -1.000, was selected. And the Malek method was also

used to further study the magnesite decomposition kinetics.

The research results showed that the decomposition of

magnesite was controlled by three-dimension diffusion;

mechanism function was the anti-Jander equation, the

apparent activation energy (E), and the pre-exponential

term (A) were 156.12 kJ mol-1 and 105.61 s-1, respec-

tively. The kinetic equation was

da
dT
¼ 105:61

b
exp � 18777:9

T

� �

� 3

2
ð1þ aÞ2=3½ð1þ aÞ1=3 � 1��1

� �
;

and the calculated results were in accordance with the

experiment.

Keywords Magnesite � TG-DSC � Thermal

decomposition � Reaction mechanism � Linear regression

List of symbols

E Activation energy, kJ mol-1

A Pre-exponential factor, s-1

a Conversion factor

b Heating rate, K min-1

R Universal gas constant, 8.314 kJ mol-1 K-1

T Temperature, K

r Regression coefficient

Tmax Temperature at the maximum reaction rate, K

Introduction

With the reserves, production, and export volume ranking the

first in the world, Magnesite (MgCO3) is a mineral resources

advantage in China [1]. It is a main raw material in magnesium

industry and refractory industry [2, 3], and widely used in

building materials, chemical, paper, aerospace, automobile,

and environmental protection [4]. Industrial magnesia and

activity magnesium oxide are typically produced from mag-

nesite by calcining directly. Research on thermal decomposi-

tion kinetics of magnesite enable us to better understand the

decomposition mechanism, control steps, and the various fac-

tors on the process of thermal decomposition, thereby allowing

us to optimize the thermal decomposition conditions for the

high efficient use of magnesite. However, thermal decompo-

sition kinetics of magnesite is rarely researched, so research on

the thermal decomposition mechanism of magnesite is of great

significance.

The aim of the study was to investigate the thermal

decomposition of magnesite by TG-DTG technology [5, 6].

Based on the analysis of the thermal decomposition

X. W. Liu � Y. L. Feng (&) � P. Zhang � P. Wang

Civil and Environmental Engineering School, University

of Science and Technology, Beijing 100083, China

e-mail: ylfeng126@126.com

H. R. Li

National Key State Laboratory of Biochemical Engineering,

Institute of Process Engineering, Chinese Academy of Science,

Beijing 100190, China

123

J Therm Anal Calorim (2012) 107:407–412

DOI 10.1007/s10973-011-1841-x



dynamic parameters, the magnesite decomposition mech-

anism was investigated and the key dynamic parameters

were also tested.

Experimental

Materials

Raw materials used in this study are listed as follows:

Natural magnesite was supplied by Haicheng in Liaoning

Province. From chemical analysis the natural magnesite

contained 46.7% MgO, 1.35% CaO, 0.52% SiO2, 0.41%

Fe2O3, 0.05% Al2O3, and 50.97% Ignition loss.

TG analysis

The ore was crushed and sieved to 0.45 mm for TG and

DSC data. The calcination experiments were carried in the

temperature range between 25 and 900 �C. Decomposition

works were carried out using a NETZSCH STA 449C

thermal analysis instrument TG-DSC system. For TG and

DSC, a given amount of sample was put into an Alumina

crucible and its mass loss was recorded at heating rate of

15, 20, 25, 35, and 40 K min-1 in an N2 gas flow. In the

TG-DSC system, masses of sample of 18.915 mg were

used, and the results obtained were repeatable.

Results and discussion

Decomposition of magnesite

TG and DSC curves of the ore are given in Fig. 1.

The TG-DSC curves indicate that magnesite decom-

posited completely when the temperature was in the range

of 400–800 �C, which is slightly different from the litera-

ture [7]. This is mainly due to operational conditions, the

structure, and composition of different mineral. In the

temperature program process, different heating rates have

the same trend of TG-DSC. DSC downward peaks corre-

spond with weight loss steps of the TG curves, and its

weight loss rate are basically the same. As the thermal

decomposition of magnesite need to absorb heat, it results

in the appearance of DSC curves with downward peaks.

TG curve is only one weight loss step corresponding to an

endothermic peak, and it shows that the thermal decom-

position of magnesite belong to one-step reaction [8].

Dynamic parameters calculation

According to non-isothermal kinetic theory, the kinetic

equation of solid-state thermal transformation under linear

temperature increasing condition could be generally

described as [9–12]:

da
dt
� b

da
dt
¼ kðTÞf ðaÞ ¼ A exp

�E

RT

� �
f ðaÞ ð1Þ

where a represents the extent of reaction, which can be

determined from TG curves as a fractional mass loss, b
is the linear heating rate, t is time, k(T) a temperature

dependent rate constant usually expressed by an Arrhe-

nius-type expression with A, and E the pre-exponential

factor and the activation energy, respectively and f(a)

denotes the particular reaction model, which describes

the dependence of the reaction rate on the extent of

reaction.

In Eq. 1, the mutual dependence of the Arrhenius

parameters A and E, which are affected by the choice of the

kinetic model function, f(a), recommends that at least one

of the kinetic triplet [A, E, f(a)] elements should be com-

puted independently from the others. In this study, to

estimate the kinetic parameters of magnetized thermal

decomposition both Friedman equation and Kissinger

equation were used.

Simple rearrangement of Eq. 1 leads to Eq. 2, which

forms the foundation of the differential isoconversional

method of Friedman [13, 14]:

ln
da
dt

� �
a;i

� ln bi

da
dt

� �
a

¼ ln½Aaf ðaÞ� � E

RTa;i
ð2Þ

where the subscript a denotes value at a specific of reaction

and the subscript i denotes different heating rates. From

Eq. 2 we can see that: under b diversity and a value are

identical situation, by plotting ln bðda=dTÞ � ð1=TÞ-
curves, a straight line can be produced, from which slopes

can be used to calculate E, which obtained without the

involvement of mechanism functions [15].

0 200 400 600 800 1000
0

20

40

60

80

100

Temperture/°C

M
as

s 
/%

TG curves

 DSC curves heating rate
 (from top to bottom):

 15, 20, 25, 35, 40 °C/min

DSC curves

–8

–6

–4

–2

0

D
S

C
/m

W
/m

g

TG curves heating rate

(from left to right): 15, 20, 25, 35, 40 °C/min

Fig. 1 TG and DSC diagram of magnesite ore
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In this study, the experiments were conducted at five

heating rates of 15, 20, 25, 35, and 40 K min-1. The curve,

when a = 20%, was shown in Fig. 2.

Under different conversions, the magnesite decomposi-

tion activation energy was calculated by the same method.

Kissinger equation [16] can be written as:

ln
b

T2
m

¼ ln
AR

E
� E

RTm

ð3Þ

According to Kissinger method E and A can be

determined from a plot of the logarithm of the heating

rate over the squared temperature at the maximum reaction

rate, Tmax, versus the inverse of Tmax in constant heating

rate experiments. Where Tmax is the temperature

corresponding to the inflection point of the thermo-

degradation curve, which corresponds to the maximum

reaction rate. The lnðb=T2
mÞ� 1=Tm curve was shown in

Fig. 3.

The E and lgA were calculated by the Friedman equation

and Kissinger equation was shown in Table 1.

Determination of the magnesite reaction mechanism

function

The integral form of Eq. 1 [17] can be written as:

FðaÞ ¼
Za

0

da
f ðaÞ ¼

A

B

ZT

T0

e�ðE=RTÞdT � A

B

ZT

0

e�ðE=RTÞdT

¼ AE

bR

Zx

1

�e�x

x2
dx ¼ AE

bR

e�x

x
pðxÞ ð4Þ

And the nature logarithm form of Eq. 4 can be

expressed as:

ln FðaÞ ¼ ln
AE

R
þ ln

e�x

x
þ ln pðxÞ

� �
� ln b ð5Þ

According to Eq. 5, a plot of ln FðaÞ versus ln b was

constructed. Ten different values of F(a) from document

[18–22] were tested. The form of F(a) that given the best

straight line, which with high correlation coefficient (r-

squared value) of linear regression analysis and the slope

was equal to -1.000, was selected and the mechanism

corresponding to this value of F(a) was assigned as the

mechanism for the reaction.

The conversions for b = 15, 20, 25, 35, and 40 K min-1

were illustrated in Table 2. An appropriate temperature

was randomly selected. Because when a\ 0.10 or [0.90,

the reaction was in the initial stage or finished stage, they

cannot represent the whole process of reaction truly, so the

range of the conversions of this temperature should be

within 0.10–0.90. We chose the corresponding conversions

of T = 931 K for example.

The parameters calculated by this method were sum-

marized in Table 3. From the results we can see that the

slopes of D3, R2, and 3D were near to -1.0000 than others

and with better correlation coefficient r2, but which type of

mechanism is the most probable one, needs further

research.

When 0.10 \ a\ 0.90, several temperatures in Table 2

were chosen to calculate the slope k, correlation coefficient

r2, and intercept B of D3, R2, and 3D mechanism function

by the same method. The results were listed in Table 4,
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Fig. 2 The ln bðda=dTÞð Þ � ð1=TÞ curve when conversion a = 0.20
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Fig. 3 The lnðb=T2
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Table 1 Kinetic parameters of magnesite thermal decomposition.

Method E/kJ mol-1 lgA/s-1 r2

Friedman equation 155.89 – 0.9992

Kissinger equation 156.34 5.61 0.9887

Average 156.12 5.61 0.9924
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they illustrated that the slope of 3D was the approach to -

1.00000 and correlation coefficient r2 was higher. So we

can deduce that 3D mechanism function is the most

probable one of magnesite thermal decomposition.

Meanwhile, the Malek method was also used to deter-

mine the most probable mechanism function. In the case of

correlation coefficient close to one another, Malek method

is the effective method, which is employed to further

determine the most probable mechanism function [17]. The

standard curve equation of mechanism function can be

written as:

yðaÞ ¼ f ðaÞFðaÞ
f ð0:5ÞFð0:5Þ ð6Þ

Experimental curve equation can be written as:

yðaÞ¼ T

T0:5

� �2 da
dt

� 	
da
dt

� 	0:5
ð7Þ

F(a) and f(a) are the reaction model, and da=dt is obtained

from TG curve. Plot y(a) versus a curves, if the experi-

mental curve and the standard curve overlap or all exper-

imental data points fall on a standard curve, the

corresponding standard curve, F(a) or f(a), is the most

probable mechanism function.

Take 20 K min-1 as an example, the y(a) versus a curve

is given in Fig. 3. Experimental curve is expressed by the

dashed line and labeled by p.

From Fig. 4, it can be deduced that the magnesite

decomposition is 3D mechanism. And the regression lines

of anti-Jander kinetic model are illustrated in Fig. 5.

The average activation energy (E) calculated by anti-Jan-

der equation mechanism was 168.77 kJ mol-1, and more

consistent with the activation energy (156.12 kJ mol-1) was

calculated through Friedman equation and Kissinger equa-

tion. However, the activation energy is related to the mecha-

nism function; therefore, the activation energy calculated by

Table 2 Relation of temperature and conversion a at different

heating rates b/K min-1

T/K a

b = 15 b = 20 b = 25 b = 35 b = 40

780 0.102 0.087 0.085 0.083 0.03

803 0.121 0.102 0.095 0.094 0.038

860 0.201 0.161 0.141 0.137 0.086

875 0.231 0.204 0.171 0.158 0.108

918 0.462 0.421 0.312 0.274 0.231

931 0.564 0.522 0.381 0.333 0.297

937 0.631 0.581 0.421 0.364 0.334

944 0.702 0.650 0.471 0.405 0.381

959 0.851 0.812 0.602 0.509 0.506

971 0.923 0.901 0.731 0.624 0.611

987 0.964 0.951 0.882 0.775 0.751

Table 3 Basic data of lg FðaÞ versus lg b curves of 10 types a of

mechanism functions at T = 931 K (b = 15, 20, 25, 35, 40 K min-1)

Function B -k r2

D4 0.27048 1.80364 0.99964

R3 0.07422 2.68244 0.99249

D3 -0.50560 1.09984 0.99807

R2 -0.22249 1.04639 0.99886

3D 0.20328 0.99211 0.99963

A2 1.76512 1.62695 0.98449

A1.5 3.25930 1.44995 0.92569

A3/4 0.28039 0.52050 0.97898

A1 0.24830 0.40784 0.96062

A2/3 -0.11188 0.52263 0.99886

Table 4 Basic data of lg F(a) versus lg b curves of three types a of

mechanism functions (b = 15, 20, 25, 35, and 40 K min-1).

T/K B -k r2

875

D3 -0.30592 0.99241 0.99901

R2 -0.94041 1.02789 0.99912

3D -0.08275 1.01413 0.99959

918

D3 -0.38578 0.98276 0.99123

R2 0.02872 1.04425 0.98246

3D -0.60103 1.0124 0.99949

937

D3 0.53808 0.98124 0.98976

R2 -0.07891 1.02314 0.99197

3D -0.69100 1.0025 0.99956

944

D3 0.90124 0.90426 0.99912

R2 -0.72935 0.103413 0.99058

3D -0.86041 0.99912 0.99924
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anti-Jander equation mechanism has certain error with the

activation energy calculated through Friedman equation and

Kissinger equation.

Based on the above analysis, it is determined that the

thermal decomposition of magnesite followed anti-Jander

equation mechanism. Anti-Jander equation in integral form

is given by:

FðaÞ ¼ ½ð1þ aÞ1=3 � 1�2 ð8Þ

Differential form is given by:

f ðaÞ ¼ 3ð1þ aÞ2=3½ð1þ aÞ1=3 � 1��1=2 ð9Þ

The average of activation energy (E) calculated through

Friedman equation and Kissinger equation was

156.12 kJ mol-1, and the average of lgA-value was

5.61 s-1. Therefore, the thermal decomposition of

magnesite differential equation can be written as:

da
dT
¼ 105:61

b
exp � 18777:9

T

� �

3

2
ð1þ aÞ2=3½ð1þ aÞ1=3 � 1��1

� �

Conclusions

a. A method Combined Friedman equation and Kissinger

equation was applied to calculate the E and lgA values.

A new multiple rate iso-temperature method and the

Malek method were both used to determine the mag-

nesite thermal decomposition mechanism function.

b. The process of thermal decomposition of magnesite

was controlled by three-dimensional diffusion, and the

kinetic function’s differential form is f ðaÞ ¼ 3ð1þ
aÞ2=3 ½ð1þ aÞ1=3 � 1��1=2.

c. The kinetic parameters of magnesite decomposition

process obtained were: E = 156.12 kJ mol-1,

A = 105.61 s-1, and the kinetic equation of the process

was established.
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