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Decomposition kinetics of magnesite deduced from thermogravimetric analysis

ZHANG Qiang"? HE Hong-ping' and TAO Qi
(1. Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China;
2. University of Chinese Academy of Sciences Beijing 100085, China)

Abstract : Decomposition kinetics of magnesite was investigated by using thermogravimetric (TG ) analysis. The
activation energy (E) and pre-ex ponential factor (Ig4) were calculated from Kissinger and Ozaw a-Doyle equa-
tions and the peak value of derivative thermogravimetry (DTG ) data was used as the maximum temperature.
The calculated E and lg4 were 211.55k}J mol and 11. 07 s ', respectively. The reaction mechanism was fur-
ther discussed by using single-TG curve, multivariate no-linear regressions and Malek method, respectively. The

obtained results indicate that the reaction was a three-dimensional phase boundary reaction (R3). The kinetic e-

B 3
quation was as follows : do/d T= (10'"-7/B) e M SP0T B 3D o3 (1 — )23,
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(Jesenak etal., 1997). 1 we/ %
, , Table 1 Chemical analyses of magnesite
- (TG-DSC) - MgO Ca0 AlLO; Si0, MnO, Fe,0; (10000
(TG-DTA) (Demir et al., 2003; Liu, 2011). 44.82 1.01 0.21 3.57 0.06 171 49. 15
1.2
C L1995, : 105°C
. 100 ~ 150
(Turcaniova et 15 00=£0. 05 mg, , 60 mL/
al.. 1996). ) , (TG) min . 5.10.20.30.40 ¢/ min
DSC DTA 30C 950 G, TG
TG . TG NETZSCH-STA 409PC
, TG (DTG ) , DTG
1
2
1.1
2.1 TG-DTG
X (XRD) X TG-DTG
(XRF) XRD ) 500~800 C  (
) . 2). ,
C 1. . 50%. ,
» XRD . XRF
C D : MgCOs 86. 75%., ’
CaMg (CO3)2 3.32%, MgsSis010 (OH ), 5. 62%, 6485 ~716.1°C
FeCO; 2. 48 . (Boris, 2002) (441°C) .
TG 750 ~800 C (40
6000 |- * * MgCo,
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Fig. 1 XRD pattern of magnesite

Fig. 2 TGDTG curves of magnesite
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2
‘% min ) , (Ozawa, 1992; Ma
, DTG Guixia et al., 2004), :
781.4°C, leB=lg[ AE/ Rf (a)] —2.315—(0.456 TE/ RT},)
5 ’ f( O() ’ ].gB 1/
’ Tp ’ DTG
TG ; R .
’ Kissinger  Ozawa-Doyle , DTG
> TGDTG : 0.98C 3
4),
2.2 (E) (4) ( 2).
: 2
MgCO3—>MgO+CO2(A —B +C ) Table 2 Kinetic parameters of decomposition kinetics
of magnesite
(Niu et al., 20100 (1), E/kJ. mol ! lgA/s™!
Kissinger 209. 13 11. 07 0.984 7
O zaw a Doyle 213.96 - 0.986 9
(ED. (A4 *E/RTf(a)c 211.55 11. 07 0.9858
da/dT=A4/B"e ACY) (1
: T (K); a T
s A (sﬁl);B (K/ o |
min); E (kJ/moD); R s R In(B/1;)) =15.348 1-25153.62/1;
R=0.984 7
=8.314 J/ (mol°K); f(a) o 2105 F
(E) 4) , -
Kissinger  Ozawa-Doyle % 1.0 |
, s
2.2.1 Kissinger 5
120 F n
Kissinger DTA DSC M T o G
(Kissinger, 1957), DTA 1.00 1.0: 1.04 1000/'/‘;,1'0‘) 1.08 1.10
DSC
. , 3 Kissinger
DTA DSC . X Fig. 3 Fitting curve based on Kissinger equation
DTG T,
. 2.3
DTA DSC . Kissinger
, TG
In(B/ T2)=In(AR/ E)— (E/RT,) TG
, DTG :
T, W@/ T2 /T, , €O
. , 5
2.2.2 Ozawa-Doyle (Samtan et al., 2002;
., 2002), TG
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33

16 Igh =13.494 3~11 753.35/7;,
R =0.986 9

08

1 1 n

1
1.08 1.10

0.6 1 |
1.00 1.02 1.04 1.06

1000/7;,

4 Ozawa Doyle
Fig. 4 Fitting curve based on Ozawa Doyle equation

N ETZSCH-Kinetic 2 . 5
0. 999,
¢ 3) TG
( ., 2002).
R2 R3 D2.D3 D4
¢ 4) ,
) M alek
( ., 2001).

y(a)=f(a)F ()/[ £(0. 5 F (0. 5)]

y(a)=(T/ T0.5)2°[ (do/d2)/ (da/sdt o 5]

S F(a)
sdao/dt TG . y ()
a ) ,
.20 Y
min , SC 5).
, S D3 R3 .

3 TG
Table 3 Kinetic parameters deduced from single- TG curve

/

E/kJ. mol ! lgA/s™!
K°min !
D2 300. 92 14.22 0. 999 842
D3 347.22 16. 4 0. 999 863
5 D4 315.96 14. 50 0. 999 867
R3 166. 76 6.35 0. 999 866
R2 155. 36 5.80 0. 999 875
D2 310. 07 14. 47 0.999 810
D3 352. 64 16. 59 0. 999 847
10 D4 321.76 14.72 0. 999 842
R3 169. 20 6. 56 0. 999 849
R2 157. 84 6.03 0. 999 853
D2 314.37 14.75 0. 999 780
D3 361.49 16. 89 0. 999 787
20 D4 329. 66 15. 01 0. 999 802
R3 173.50 6. 86 0. 999 790
R2 161.76 6.32 0. 999 808
D2 367.27 17. 47 0.999 776
D3 422.08 19. 98 0. 999 831
30 D4 384. 82 17.83 0.999 815
R3 203. 40 8.50 0. 999 832
R2 189. 56 7.86 0. 999 827
D2 348.70 16. 36 0. 999 780
D3 401. 40 18.72 0. 999 854
40 D4 365.57 16. 67 0.999 828
R3 192. 69 7.90 0. 999 855
R2 179. 83 7.31 0. 999 846
4

Table 4 Kinetic parameters deduced from multivariate

non-linear regressions

E/kJ° mol ! lg4/ s !
D2 263. 85 11. 87 0.997 824
D3 295. 05 13. 12 0.997 018
D4 273. 66 11. 82 0.997 571
R3 185. 46 7.5 0. 999 648
R2 180. 47 7.36 0.999 563

5.10.20.30.40 ‘C/ min

)2/3

fa)=3(1—a

da/dT:(1011.07/3)06*211.55><103/(8.3l4>< 7 .
3(1—a)??
CIY
40 ‘C/min)

min)
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Fig. 5 y()-a curve
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