e b
43 7 A I 45 K F R Vol.43  No.7
2014 7 JOURNAL OF SYNTHETIC CRYSTALS July 2014

BAERLFER X 7, mBH7, % w7, FHhy

(1. 114051; 2. 114051;
3. 115100)
TG 20 mm-30 mm.40 mm 50 mm o :
(L =20 ~50 mm) (E =4.
795 x L +34.070(kJ * mol ') : Anti-Jander
n=2 3D tda/dT =6.111 x 10" xB 'exp (4.098 —0.577 x L) x
T' (1+a)™” (1+a)" -1 Avrami-Erofeev n =3( Code: AE3)
tda/dT=1.422 x10° xB "exp (4.098 -0.577 xL) xT™' (1-a) ~—In(1
-a) -2 Avrami¥rofeev n=3/2
tda/dT=2.477 x10° xB 'exp (4.098 —=0.577L) xT™' (1-a) =-In(1-a) 7
MgO 0
1 TQ175 TA : 1000-985X(2014) 074823-06

Thermal Decomposition Mechanism and Establishment of
Kinetic Equations of Block Magnesite

ZHOU Bao—u' LI Zhigian'> WU Feng'®> QU Dian-i' > XU Na'’® LI Lin-shan’

(1. School of High Temperature Materials and Magnesite Resource Engineering University of Science and Technology Liaoning
Anshan 114051 China; 2. Engineering Research Center of Magnesite Resource and Magnesite Materials Liaoning Anshan 114051 China;
3. Liaoning Fenghua Industrial Co. Ltd.  Yingkou 115100 China)

( Received 19 November 2013 accepted 8 May 2014)

Abstract: Thermal decomposition of cubic magnesite blocks with the side length of 20 mm 30 mm 40 mm
and 50 mm were investigated by TG. The results indicate that under the same conversation ratio

decomposition activation energy increases with size of block magnesite increasing. The relation between
block size ( L =20-50 mm) and activation energy meets the formula: E =4.795 x L +34.070( kJ/mol) .
Thermal decomposition of magnesite block is controlled by different mechanism functions at different
decomposing stages: At earlier stage 3D mould with n =2 controlled by Anti-Janders formula is the most
probable mechanism function. Decomposition equation is da/dT =6.111 x 10" x B 'exp (4.098 - 0.
577 xL) xT™" (1+a)®” (1+a)'” =1 ~'; In the middle stage random nucleation and subsequent

growth models with n =3 ( Code: AE3) controlled by Avrami-¥rofeev formula is the most probable
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mechanism function. Decomposition equation is da/dT =1.422 x10° xB "exp (4.098 —0.577 x L) x
T (1-a) -In(1-@ 7% in the later stage random nucleation and subsequent growth models with
n =3/2 controlled by Avrami—Frofeev formula is the most probable mechanism function. Decomposition
equation is da/dT =2.477 x10° xB 'exp (4.098 =0.577L) xT™' (1 -a) -1In(1-a) ~>. The
study provides a theoretical basis for the planning of block magnesite production MgO process.
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Table 1 Chemical compositions of magnesite /wt%
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a MgCO, MgO A min~'; B Kemin'; T
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Wall-Ozawa 1
o Ozawa e
lgB=1g (AE/R/G(a) -2.315-0.4567E/R/T (2)
B a Gla) lgB-T""
E, B 3Kemin"'\5Kemin™" 7K e*min"' @
0.1.0.2.0.3.0.4.0.5.0.6.0.7.0.8 0.9 20 mm+30 mm.40 mm 50 mm
E 2,
2
Table 2 Activation energy of different size block magnesite
L =20 mm L =30 mm L =40 mm L =50 mm
E/k] * mol = r E/kJ * mol = r E/kJ * mol = r E/kJ * mol ~! r
0.1 268. 498 0.994 460.228 0.996 504.119 0.998 638.796 0.995
0.2 201.779 0.992 292.164 0.995 409. 856 0.996 432.921 0.995
0.3 158.902 0.998 271.611 0.998 273.723 0.997 277.946 0.995
0.4 137.679 0.989 155.018 0.993 196. 208 0.996 239.371 0.995
0.5 103. 553 0.998 113.496 0.987 217.125 0.994 233.127 0.994
0.6 95.625 0.995 140.926 0.994 153.153 0.996 212.538 0.995
0.7 78.511 0.989 108.351 0.998 110. 651 0.998 171.942 0.993
0.8 53.343 0.997 71.158 0.991 96.107 0.998 137.113 0.995
0.9 20.223 0.998 65.300 0.994 72. 880 0.994 93.941 0.995
E =124.235 E =186.472 E =225.980 E =270.885
2 280F —=— Experimental curve
— — Fitting curve
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Fig.2 Linear relationship between size and

activation energy of different size block magnesite
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Table 3 Linear regression results calculated by G( «) g8
L =20 mm L =30 mm L =40 mm L =50 mm
T/K No.
a b r a b r a b r a b r
1 -1.848 -1.058 -0.994 -2.091 -1.016 -0.994 -2.315 -1.067 -0.997 -2.613 -1.052 -0.993
2 -2.135 -1.068 -0.974 -2.381 -1.023 -0.995 -2.608 -1.073 -0.998 -2.909 -1.056 -0.993
6 -2.774 -1.078 -0.974 -3.023 -1.030 -0.995 -3.253 -1.078 -0.998 -3.556 -1.059 -0.997
8 -2.830 -1.010 -0.993 -3.066 -1.002 -0.996 -3.285 -1.057 -0.997 -3.579 -1.005 -0.993
673. 15 17 -1.354 -0.816 -0.974 -1.543 -0.777 -0.955 -1.718 -0.813 -0.997 -3.579 -1.045 -0.995
18 -1.805 -1.087 -0.974 -2.058 -1.037 -0.954 -2.291 -1.083 -0.997 -2.596 -1.063 -0.993
19 -2.708 -1.631 -0.974 -3.087 -1.556 -0.964 -3.436 -1.625 -0.996 -3.894 -1.595 -0.993
20 -3.610 -2.175 -0.973 -4.116 -2.074 -0.955 -4.582 -2.167 -0.997 -5.192 -2.126 -0.9%
29 -1.387 -0.539 -0.973 -1.512 -0.515 -0.954 -1.627 -0.539 -0.997 -1.778 -0.530 -0.992
31 -1.214 -0.536  -0.974 -1.338 -0.513 -0.955 -1.453 -0.538 -0.988 -1.604 -0.529 -0.992
1 -1.067 -1.159 -0.974 -1.059 -1.026 -0.872 -1.161 -0.970 -0.988 -1.184 -1.140 -0.993
2 -1.333 -1.185 -0.975 -1.324 -1.050 -0.872 -1.428 -0.992 -0.988 -1.453 -1.163 -0.9%4
6 -1.950 -1.210 -0.974 -1.939 -1.075 -0.872 -2.046 -1.015 -0.988 -2.074 -1.187 -0.993
8 -2.083 -1.017 -0.992 -2.077 -0.986 -0.991 -2.174 -0.993 -0.998 -2.194 -1.002 -0.995
773.15 17 -0.719 -0.927 -0.975 -0.710 -0.825 -0.873 -0.793 -0.779 -0.989 -0.816 -0.908 -0.992
18 -0.959 -1.237 -0.975 -0.947 -1.100 -0.873 -1.057 -1.038 -0.989 -1.088 -1.210 -0.993
19 -1.438 -1.855 -0.975 -1.420 -1.650 -0.873 -1.586 -1.557 -0.988 -1.632 -1.815 -0.99%4
20 -1.918 -2.473 -0.975 -1.893 -2.199 -0.873 -2.114 -2.076 -0.988 -2.176 -2.420 -0.993
29 -0.975 -0.605 -0.975 -0.969 -0.537 -0.872 -1.023 -0.508 -0.988 -1.037 -0.593 -0.998
31 -0.808 -0.599 -0.975 -0.803 -0.531 -0.872 -0.856 -0.502 -0.988 -0.869 -0.587 -0.993
1 -0.487 -0.525 -0.995 -0.445 -0.538 -0.985 -0.545 -0.526 -0.999 -0.662 -0.533 -0.995
2 -0.693 -0.571 -0.995 -0.645 -0.589 -0.984 -0.758 -0.569 -0.995 -0.888 -0.569 -0.995
6 -1.244 -0.622 -0.995 -1.188 -0.646 -0.985 -1.317 -0.616 -0.997 -1.463 -0.608 -0.995
8 -1.573 -0.473 -0.994 -1.537 -0.483 -0.986 -1.623 -0.477 -0.999 -1.727 -0.488 -0.995
873,15 17 -0.139 -0.506 -0.996 -0.091 -0.529 -0.984 -0.200 -0.498 -0.999 -0.321 -0.486 -0.995
’ 18 -0.185 -0.675 -0.995 -0.121 -0.705 -0.984 -0.267 -0.664 -0.999 -0.428 -0.648 -0.995
19 -0.277 -1.012 -0.996 -0.182 -1.058 -0.986 -0.401 -0.995 -0.999 -0.642 -0.972 -0.9%4
20 -0.370 -1.350 -0.995 -0.242 -1.410 -0.985 -0.534 -1.328 -0.999 -0.856 -1.296 -0.995
29 -0.622 -0.311 -0.995 -0.594 -0.323 -0.984 -0.658 -0.308 -0.998 -0.731 -0.304 -0.995
31 -0.471 -0.298 -0.995 -0.445 -0.309 -0.985 -0.506 -0.296 -0.995 -0.575 -0.294 -0.995
1 -0.010 -0.249 -0.998 -0.028 -0.271 -0.978 -0.052 -0.319 -0.997 -0.100 -0.375 -0.983
2 -0.066 -0.343 -0.999 -0.099 -0.360 -0.981 -0.140 -0.408 -0.999 -0.214 -0.458 -0.985
6 -0.396 -0.493 -0.994 -0.458 -0.494 -0.983 -0.528 -0.536 -0.996 -0.644 -0.567 -0.986
8 -1.177 -0.206 -0.997 -1.191 -0.226 -0.978 -1.210 -0.268 -0.997 -1.248 -0.320 -0.983
973.15 17 0.684 -0.500 -0.974 0.611 -0.485 -0.985 0.532 -0.509 -0.995 0.410 -0.515 -0.988
18 0.912 -0.667 -0.974 0.815 -0.647 -0.985 0.710 -0.679 -0.995 0.546 -0.686 -0.988
19 1.367 -1.001 -0.997 1.223  -0.971 -0.987 1.065 -1.018 -0.995 0.819 -1.029 -0.989
20 1.823  -1.334 -0.997 1.630 -1.295 -0.985 1.420 -1.357 -0.995 1.092 -1.372 -0.988
29 -0.198 -0.246 -0.994 -0.229 -0.247 -0.983 -0.264 -0.268 -0.996 -0.322 -0.284 -0.986
31 -0.102 -0.210 -0.996 -0.125 -0.214 -0.982 -0.153 -0.237 -0.996 -0.201 -0.257 -0.986
1 0.052 -0.126 -0.995 0.076 -0.166 -0.933 0.108 -0.309 -0.994 0.157 -0.488 -0.996
2 0.092 -0.246 -0.996 0.132 -0.311 -0.948 0.146 -0.476 -0.995 0.179 -0.690 -0.993
6 0.080 -0.621 -0.994 0.156 -0.737 -0.974 0.031 -0.837 -0.997 -0.009 -1.034 -0.990
8 -1.128 -0.102 -0.996 -1.109 -0.135 -0.932 -1.081 -0.247 -0.997 -1.040 -0.404 -0.996
1073. 15 17 1.416 -0.984 -0.99%4 1.507 -1.042 -0.985 1.220 -0.978 -0.995 1.105 -1.083 -0.986
18 1.887 -1.206 -0.990 2.010 -1.389 -0.985 1.627 -1.304 -0.995 1.474 -1.444 -0.987
19 2.831 -1.808 -0.993 3.014 -2.084 -0.985 2.440 -1.957 -0.995 2.211 -2.167 -0.987
20 3.775 -2.411 -0.990 4.019 -2.779 -0.985 3.254 -2.609 -0.995 2.948 -2.889 -0.986
29 0.040 -0.310 -0.995 0.078 -0.369 -0.974 0.016 -0.419 -0.998 -0.005 -0.517 -0.990
31 0.055 -0.214 -0.997 0.084 -0.260 -0.966 0.059 -0.329 -0.996 0.057 -0.433 -0.996
3.2
(2)
lgG( o) = lg(AE/R) -2.315-0.4567E/R/T -1gB8 =a +blgB (4)
TA o' 12 G(a)
B (4) lgG( @) HgB T~ b
as b -1r -1 G( o) 2,
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T 673.15 K.773. 15 K.873.15 K.973.15 K 1073.15 K L 20
mm-30 mm.40 mm 50 mm a B 3K- min "' .5 K ¢ min~"
7 K * min~' (4) leG( @) g8 3.
lgG( @) HgB
o 3 20 ~50 mm 3
( 673.15 K<T<873.15 K) AntiJander ( No.8) n=2 3D
; (873.15 K=T<973.15 K) Avrami-Erofeev ( No. 19) n =3( Code: AE3)
; (973.15 K< T<1073.15 K) AvramiErofeev ( No.
17) n=3/2 o 4,
3.3
2. 4 (3) CEA fla)
17
da/dT=AxB 'exp( —E/R/T) f{ @) (5)
tda/dT =6.111 x10" xB "exp (4.098 —0.577 x L) x
T'" (1+a)? (1+a)' -1 ' tda/dT =1.422 x10° xB "exp (4.098 —=0.577 xL) xT™" (1
-0 -In(l-a0 7% tda/dT =2.477 x10° xB 'exp (4.098 =0.577 xL) xT™" (1 -q) ~—In
(1-0) 7%
4
Table 4 Decomposition Kinetic parameters of block magnesite
Decomposition Function G(a) fla) A/min !
Earlier stage Anti-Jander equation (1+a) =12 32x(1+0)?? (1+a)'?"1 ! 4.074 x 10"
Middle stage Avrami-Erofeev equation n =3 ~In(1-q 3 13x(1-q =-In(1-q 2 4.266 x 10°
Later stage  Avrami-Erofeev equation n =3/2 —In(1-q) 37 213x(1-aq) —-In(1-q ~'? 3.715 x 10°
4
(1) TG Flynn-Wall-Ozawa

(L =20 ~50 mm)
"E=4.795xL +34.070( kJ * mol ") .

(2) :
o AntiJander n=2 3D ; Avrami-Erofeev
n =3( Code: AE3) ; Avrami-Erofeev
n=3/2 o A 4.

074 x 10" min~'4.266 x 10" min~'  3.715 x 10’ min "',
(3) (20 ~50 mm) :
tda/dT =6.111 x10" xB 'exp (4.098 =0.577 xL) xT™" (1+a)?”? (1+a)'” -1 7'
tda/dT =1.422 x10° xB 'exp (4.098 -0.577 xL) xT™" (1-a) ~-In(1-0) 7%

tda/dT =2.477 x10° xB 'exp (4.098 =0.577 xL) xT™" (1 -0a) =-In(1-0a) %
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