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Abstract: Magnesite decomposition reaction behaviors and kinetic parameters in pure N, and
pure CO, atmospheres were investigated by conducting thermogravimetric experiments. Firstly,
by analyzing the TG-DTG curves, it was found that CO, exerted an inhibitory effect on the
magnesite decomposition, and the corresponding decomposition temperature range increased by
50~100 K in a CO, atmosphere compared to that in N,. Meanwhile, affected by CO,, the
decomposition of CaCO; impurities in the sample was separated from the primary reaction,
manifesting as a distinct weight loss stage in the TG-DTG curves. Furthermore, by using the
combined kinetic analysis method to calculate kinetic parameters, it was revealed that the activation
energy for the magnesite decomposition reaction in a CO, atmosphere was 307. 93 kJ/mol, which
was significantly higher than that in N,. Finally, the kinetic expression was established based on
kinetic parameters, and the magnesite decomposition time was estimated under various
temperature conditions. The results show that for temperatures below 1 000 K, an increase in the
temperature by 40~80 K is required to make the decomposition time in a CO, atmosphere close to
that in N,. Conversely, for temperatures above 1 000 K, the decomposition time in two
atmospheres is relatively close.
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Fig.3 TG-DTG curves of magnesite decomposition in N, and CO, atmospheres

(a)—TG HiZk N,

&l 3¢ FTE] 3d A 22 BE 0 FE CO, SR T 4 i 1Y
TG MIDTG [l £k . AL N, S5, 2250 7E CO, AR
TR RN P 4 R AR [ e TR X3RS B, B g R A
800~1 050 K X [A] N i#E4T AN A AR 3R T 22860

FEM M ZRIAF) 0.1 F10.9 X 107 AR HREE (BA . K) 5y
°4(897,955),(909,976) , (914,986) A & (917,
993) , Y57 F N, A5 T X R A SE g0 45 51 X 2
CO, AR T 28560 1 M SO, S 802 R L

45 (b)—DTG {12k, N,

4 (o)—TG i, Co,

SR (d)—DTG 4k, CO, R

T 2 R R A e kA 5 NSRS
o 2 SR S A () B 2, TEAE i 20 i 1Y R E By
B EAMAAE— R E B, FEAETTEL 180~
1220 K Y EESEE N 76 TG e iz 2k dad %
/NI ME L REE (H DTG i £ A6 i s 1T
XA ER B X —I % 5 Samtani ZU Y S G 4
SR, BV ZE B0 A AR I B TR 5 4% ot 37 3
CO, HAMHIVER , A fife S B 25 22 0 R A o3t



% 34

RARF CO,ANT ELET D MHBEEFH N FARKFT 77

N 3t R ) O v UL X B RS B L WA ok T B B
() S 35 ¢ E & 43 00 R (50.861.14) % F1 (0.67+
0.22)%. A T $E 4 — 25 e , 78 CO, KA
XiF 405 R 99.5% P ik R BE R S EAT T HREE S5
HACE MLk 4 frs .l LUK B, 40 55 5 1
B b 14 2 FE R P R A HE BB S 1 X B R
L.

1.0
0.8

0.6
@)
=

DTG x10*

0.4

0.2

0

600 800 1000 1200
TIK

El4 CO,5%5 ™ 99.5% MkEitE TG-DTG H 4k
Fig.4 TG-DTG curves of 99.5% magnesium
carbonate in CO, atmosphere

2.2 EBU DB ANFESEKE

FH L R TR B, il IR 515 2% % IO 19 4 i
KRR LT LA R T 8 1 5
BT A BRh 43 M7 . 5 3 I S50 e
P4 R X 158 26 7 e A B A AR R A e BT, TR I 7
HEAT Bl J1 25 A AT I A SR AR AE 0.1~0.9 Y ]
PRSI 5 R ATC 7 F B R TR AL RESS SR,
Hoh Aa=0.02.58 i 18 5 7T LA R B, BEE #5L K o
P3G I, WP S 22 B i S N T L e 3
L PR R A B S SR R N, T CO,
SR o3 - 2 1% AR R 43 1) A 203.47 kJ/mol
H1325.35 kJ/mol. &l 6 Jy 3 T CKA J7 45 2 1
PR AR 220 i L 8l ) 2= A4 L L 1] 6a
FIE 6b 2 CO, AR T 22 860 43 fiff S VL 1Y) T AL g
FHE AT PR 9 53 A A 0, G R A A RN\ A b 4y
SR 3 (4) F A R B m A T LR B, AR (myn)
HUH T CKA ik k15 1 16 L i 5 46 A I 748 1k
R EEHI T REX 5 ARG R
S APERE L (Z %8 6d T N, SR SR IR
NG ALBE M ). R IL , H RAIE CKA 7k 25 i nl
FEVE TETT R DL ATC Jr iR 3R A TG fL e R O
B 10% 114 B A R m A1 (9 B, HA 245 Rl
TEE 6 AT T 2R R L B 6¢ R CO, SR
HANTR] (m ) 2H A5 55 I Y Pearson AH G R 5. £ 6¢
JE7R T HE (m ) B4 RCBUE S B N A A — A et
fi (=0.27,0.68). i if X > Fe ML A T LUTE K] 6a Fil

Il 6b P E CO, A 22 BE 0 0 fifk S 3% 1k
fig (E) #1461 B F (Ind) 43 51 4 307.93 kJ/mol LA
}¢33.68 s A LA B, CKA J5 R i A5 2 1 75 4k
fit 0 P (307.93 kl/mol) 5 AIC J5 % Y 45 R
(325.35 kJ/mol) dEH #53T N, SR F 22 B0 70 it
SRR R RS CO, MR, Hm Ak fE
FE 1T KT LA K X5 W B4 Pearson AH ¢ 22 85070 At
6d~[& 6 25 i .CO, FIN, P A5 TR 28 5607 7 it
N Bl 1 2 SRS R R 3R 2 R A5 2
g J12E R (9) A= (10) s .

800
. =N,
. CO,

600
"E .
o400 e
§ oooooooooooooooooooooooooooooo
g ®e .o.

200 -

0 0.2 0.4 0.6 0.8 1.0

o
5 ZEHH EN,MCO,SRPNFREMELEE
Fig. 5 Activation energy of magnesite decomposition
reaction in N, and CO, atmospheres
F2 ARSFHPEGT SBRRNHNFESHISER
Table 2 Fitting results of kinetic parameters for

magnesite decomposition reaction
under different atmospheres

S% m n E/(kJ-mol™") Ind/s™ R
CO, -0.01 0.95 307.93 33.68 0.9991
N, -0.27 0.68 196. 07 20.42 0.998 7

dl — 14 ( M -0.01 0.95

1 =4.24x10" exp T (1-a)",(9)

% — 8 _ M ~027 (1 _,, )0.68

g =7.38x10 exp( RT )a (1—-a)"*.(10)

K e A& - PR T %t 8h J 2 S 80k AT &
IR I IR 5 RS 5 9 1B LR L
i (25 K/min) (938 BEELUEAT EL X, 4n &l 7 s . 24
o fE 0.1 2 0.9 Y B Py B, 31 41 5 SC B0 =22 [R] 1)
Py AR 2% 2/ N TS IR YE L (800~1 000 K )
X R ) )2 S BUA B B ] R
2.3 EHH R ETN

i %Sk [ 26 110 UM, AR SO 80 71 2 S5
T T SR A T 280 2 %Rk 0.1 L JH3]
0.9 Fir i By F 1], AN & 8a FIr /s . AP A4 T, 2548
A 53 i P s P BT [ B o T %) 3 S BRI,
HRTE CO, RN 2280 43 Tl (R[]
Wk 5 T 9 ) P 5 B SR B d . RS ] 8a L



78

AR FFIR(A KAFIR)

% 47 %

ATLAE B, FEM R SR AT 228607 CO, AU
ZE R SRR T B RO T N, SR, LS
T B B T R, 2 Y 22 IR /N | TR 8b Ry 2E Bk
7 T 057 R A RIRLRE 2% 0 43+ JIT 5 s [
P AR . AT L& B, TR AT 1 000 KB, Sk fiff

E/(J-mol)

CO, R N 220 1Y 43 fff B o) #2238 N, A1 T 1Y
S FFETR], XoF 7 A T B 45 R 7 2 4 1 40~80 K5 1T
MR T 1000 KB, Z2EER 16 Y Rl SR 5 1F
T G 0 ik JUT e R [R) D A AR X 2T

=,

Ind/s™

[ 5.500E+5
r4.650E+5
F3.800E+5
F2.950E+5
2.100E+5
+1.250E+5 -
+4.000E+5

+—4.500E+5
F—1.300E+5
F—2.150E+5
+--3.000E+5 L

()

-1.0 1 1 1

60.00
50.00
40.00
30.00
20.00
10.00

~0olololoooloo

-10.00
-20.00
-30.00
L -40.00

LLL L OOOOO000000000~

SO Coo000CoOOUNNORS

ococoo

mOOO L Lanin

1.0 E/(J-mol)

®,

Ind/s™

3.000E+5
2.600E+5
2.200E+5
1.800E+5
1.400E+5
1.000E+5 -
6.000E+4

2.000E+4

-2.000E+5
-6.000E+5
-1.000E+5 L

(e

35.00
29.50
24.00
18.50
13.00
7.500
2.000
-3.500
—-9.000
-14.50
L -20.00

AN\eS

COCO000OOOOOOONRORS

ococoo

LLLLOOOOOOOO000000
mOOO b hingvioooloiobioe
ONh—OOOOOOODNI0OOOD

Y

COOOOOOOOOOOODNIW

-1.0 -0.5

0
m

05 1.0 1.0

El6 CKAFZEITEHZR
Fig. 6 Calculation results of CKA method
(a)—%1kiiE,CO,; (b)—Pearson HHIEFR %L, CO,; (c)—iTHELEH,CO,;
(d)—3H 1k AE ,N,; (e)—Pearson FiE R EL, N, ; (H)—ITH LR N,

1.0

0.8F o N,EEMHE

8

/K

0.6

0.4r

0.2

N, LA

o CO,EEE
CO,,3EIHE
MSE_T(N,)=3.96K

MSE_T(CO,)=5.65K %

0

600

750

900
TIK

1050

1200

B7 ETAEWE-EEAENINZFFREELER
Fig. 7 Reconstruction results of kinetic equations

1040
1000
960
920
880
840
800

based on Runge—Kutta method

(@)

10°

840
800

too /by,

1040 100.0 (b)
1000 31.62
960 10.00
3.162

%_ 920

=~ 1.000
880 0316
0.100
0.031
0.010

800 840 880 920 960 1000 1040
T, /K

B8 WMSRTEHT EARIRE TSR E
Fig. 8 Magnesite decomposition time at different

temperatures in two atmospheres

(a) =S (L XS5 (b) 1o/t AT

3 4 ®

1) SIS 2 A TG-DTG i<k 71, CO,
ST ZE B0 0 40 A B DX TR)AH HE N, SR 42
THT 50~100 K, % B CO, X6} 4 iff 33 2 A7 78 30 441 7
FH A B i i R 5 2% I3 1) 43 fif 32 3] CO, I 5%
i) 5 =8 B R W 43 5, 530 CO, A% I 1) TG



# RARF CO,ANT ELET D MHBEEFH N FARKFT 79

DTG i £/ T 2R B Bom i Bl — v ay 2k
A, 100N, SRR A 2 R R B — AR
BrEs.

2) N CKA T L RE T PN U T 28860

G SN BN 1 S50, R CO, UG M 2280
O3 ik SN 1 35 AL BE (307.93 kJ/mol) % 5 T N,

R

(196.07 kJ/mol). JLAk, 43 ke a8t 1 PR 4R,

HZE RN ik SR 2l 1 R (9) M (10).

3) HET 8l 1 E B BOE L 09 B e 3Rk Ak

BT ARG Z AN RR T /Y 4 i BT
I IE] . 25 SRR R AR 2R R Y A0 i i
[F1] 357 i 25 R P2 19 I v i R U /D, HL7E CO, 4R
IR YA S N T e e SR i [T
P, SR E AR T 1000 K I, CO, 40 T X I 19 i
JEE R 24 4R R 40~80 K LA T N, 4R 18 4 i i
1] 5 2496 B 7 T 1000 K, 78 PRI S5 410 F 1
3 i s 1) AR X6 2830

Sk

[1]

[9]

[10]

An P, Han Z N, Wang K J, et al. Energy-saving strategy
for a transport bed flash calcination process applied to
magnesite [J]. Carbon Resources Conversion, 2021, 4:
122-131.

Guo T J, Geng Y, Song X Q, et al. Tracing magnesium
flows in China: a dynamic material flow analysis [J].
Resources Policy, 2023, 83: 103627.

Huang Q, Zheng W X, Dong J M, et al. Influences of
different
oxychloride cement [J]. Journal of Building Engineering,
2022, 57: 104923.

Zhao L, Feng J S, Dong H. Analysis of carbon footprint

bischofite on the properties of magnesium

and reduction approach of magnesia production in China
[T]. Journal of Cleaner Production, 2022, 334 130194,

Lux S, Aniser W,
Reductive calcination of mineral magnesite: hydrogenation

Baldauf-Sommerbauer G, et al.
of carbon dioxide without catalysts [J]. Chemical
Engineering & Technology, 2016, 39(11): 2035-2041.
HE, EAEE, oAb T A R BRI ) 4 R e S A Bk
I B4R UL BR 1 26 - CN202021746223.X[P]. 2021
02-09.

(Dong Hui, Wang De-xi, Zhang Ji-yu. A gas self-
circulating pyrolysis device for the production of light
calcined magnesite and the enrichment of carbondioxide:
CN202021746223.X[P]. 2021-02-09.)

Vyazovkin S, Burnham A K, Criado J] M, et al. ICTAC
Kinetics recommendations for

Committee performing

kinetic computations on thermal analysis data [J].
Thermochimica Acta, 2011, 520(1/2): 1-19.

Vyazovkin S, Chrissafis K, Di-Lorenzo M L, et al. ICTAC
Kinetics Committee recommendations for collecting
experimental thermal analysis data for kinetic computations
[J]. Thermochimica Acta, 2014, 590: 1-23.

Khawam A, Flanagan D R. Solid-state kinetic models:
basics and mathematical fundamentals [J]. Cheminform,
2006, 37(47): 200647223.

Koga N, Sakai Y, Fukuda M, et al. Universal kinetics of

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

the thermal decomposition of synthetic smithsonite over
different atmospheric conditions [J]. The Journal of
Physical Chemistry C, 2021, 125(2): 1384-1402.

Liu X W, Feng YL, Li HR, et al. Thermal decomposition
kinetics of magnesite from thermogravimetric data [J].
Journal of Thermal Analysis and Calorimetry, 2012, 107
(1): 407-412.

Maitra S, Mukherjee S, Saha N, et al. Non-isothermal
decomposition kinetics of magnesite [1]. Ceramica, 2007,
53(327): 284-287.

Hurst H J. The thermal decomposition of magnesite in
nitrogen[ J]. Thermochimica Acta, 1991, 189(1): 91-96.
Samtani M, Dollimore D, Alexander K S. Comparison of
dolomite decomposition kinetics with related carbonates and
the effect of procedural variables on its kinetic parameters
[J]. Thermochimica Acta, 2002, 392/393: 135-145.

Tian L, Tahmasebi A, Yu J L. An experimental study on
thermal decomposition behavior of magnesite [J]. Journal
of Thermal Analysis and Calorimetry, 2014, 118 (3) :
1577-1584.

Ersahan H, Ekmekyapar A, Sevim F. Flash calcination of a
magnesite ore in a free-fall reactor and leaching of magnesia
[J]. International Journal of Mineral Processing, 1994, 42
(1/2): 121-136.

LR, S X 5, 55 AL IR A ZE BRI iR be
REAFE K 32 (] AL T 2441, 2019, 70(8) : 2928-2937.
(Jiang Wei-wei, Hao Wen-gian, Liu Xue-jing, et al.
Characteristic and kinetics of light calcination of magnesite
in micro fluidized bed reaction analyzer [J]. CIESC
Journal, 2019, 70(8): 2928-2937.)

W, BT, MR ZEBE IR a3 12 E i aE [T ik
2 b3 42,2017, 36(6): 1886-1890.

(Peng Qiang, Qu Dian-li. Thermal
decomposition kinetics analysis of magnesite[J]. Bulletin of
The Chinese Ceramic Society, 2017, 36(6): 1886—1890.)
JIEAR, FER, S, 5 YOS L K 3l )
JrRR AL [T ] LA, 2017, 43(7) : 1823-1828.
(Zhou Bao-yu, Li Zhi-jian, Wu Feng, et al. Thermal

Guo Yu-xiang,

decomposition mechanism and establishment of kinetic
equations of block magnesite [J]. Journal of Synthetic
Crystals, 2017, 43(7): 1823-1828.)

Kk, Y, PR . BT AR ST R A B 1 %
fElr 1], H AT 2R, 2014, 33(2): 391-396.
(Zhang Qiang, He Hong-ping, Tao Qi. Decomposition
kinetics of magnesite deduced from thermogravimetric
analysis [J]. Acta Petrologica et Mineralogica, 2014, 33
(2):391-396.)

XTI , AR , 205K . 2R I M i o0 s R Y ST
(J]. EHLER Tk, 2011, 43(11): 15-18.

(Liu Xin-wei, Feng Ya-li, Li Hao-ran. Establishment of
differential equations of magnesite thermal decomposition
[J]. Inorganic Chemicals Industry, 2011, 43(11): 15-18.)
Sestak J, Berggren G. Study of the kinetics of the
mechanism  of  solid-state reactions at increasing
temperatures| J . Thermochimica Acta, 1971, 3(1): 1-12.
Sanchez-Jiménez P E, Perejon A, Criado J M, et al
Kinetic model for thermal dehydrochlorination of poly
(vinyl chloride)[J]. Polymer, 2010, 51(17): 3998-4007.
Hotta M, Tone T,
parameterization of the effects of atmospheric and self-

Favergeon L, et al. Kinetic
generated carbon dioxide on the thermal decomposition of
calcium carbonate [J]. The Journal of Physical Chemistry
C, 2022, 126(18): 7880-7895.

Ming X, Xu F F, Jiang Y, et al. Thermal degradation of



80

AR FFR(A RAFR)

% 47 %

[26]

[27]

(28]

food waste by TG-FTIR and Py-GC/MS: pyrolysis
behaviors, products, kinetic and thermodynamic analysis
[J]. Journal of Cleaner Production, 2020, 244 118713.
Xu H L, Dong H, Zhao L, et al. Isoconversional kinetic
analysis of the pyrolysis of Salt Lake industrial waste
bischofite with isothermal reaction time predictions [J].
Process Safety and Environmental Protection, 2023, 169:
725-735.

Shao Y, Guizani
characterization and kinetic analysis of microfibrillated

C, Grosseau P, et al. Thermal
cellulose/lignosulfonate blends [J]. Journal of Analytical
and Applied Pyrolysis, 2017, 124: 25-34.

Yamamoto Y, Favergeon L, Koga N. Thermal dehydration
of lithium sulfate monohydrate revisited with universal
different
atmospheric water vapor pressures [J]. The Journal of
Physical Chemistry C, 2020, 124(22): 11960-11976.

kinetic  description over temperatures  and

[29]

[30]

[31]

[32]

Cao H Q, Jiang L, Duan Q L, et al. An experimental and

theoretical study of optimized selection and model
reconstruction for ammonium nitrate pyrolysis [J]. Journal
of Hazardous Materials, 2019, 364: 539-547.

Vyazovkin S, Sbirrazzuoli N. Isoconversional kinetic
analysis of thermally stimulated processes in polymers [J].
Macromolecular Rapid Communications, 2006, 27 (18) :
1515-1532.

Farjas J, Roura P. Isoconversional analysis of solid state
transformations: a critical review. part I. single step
transformations with constant activation energy [1]. Journal
of Thermal Analysis and Calorimetry, 2011, 105(3): 757-
766.

Vyazovkin S, Wight C A. Model-free and model-fitting
approaches  to analysis  of
nonisothermal data [J]. Thermochimica Acta, 1999, 340/

341: 53-68.

kinetic isothermal and



