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Table 1 Expected positive ions for mass spectra

m/z Expected positive ion
17 HO'

18 H,0"

35 cr

36 HCI

IAFE 2 (1 TG-DTA 3l 2K H H 4K T. EXSTA6000
R ZE A SEIOA PR M SRR A, il
LA 300 °C, FHEHE A 5°C/min, FE& R 23.324 mg,
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Table 2 Most frequently used mechanisms of solid state processes

No. Mechanism Symbol f(a) F(a)
1 1-Dimensional diffusion D1 0.5 o
2 2-Dimensional diffusion (Valensi Eq.) D2 [~In(1-a)]™ at(1-a)In(1-a)
3 3-Dimensional diffusion (sphere, Jander Eq.) D3 1.5(1-a)**[1-(1-)"*1 [1-(1-a)"P
4 3-Dimensional diffusion (cylinder, G-B Eq.) D4 L5[(1-a)"-17" (1-2a/3)-(1-)*
5 2-Dimentional phase boundary reaction R2 2(1-a)"? 1-(1-a)"?
6 3-Dimentional phase boundary reaction R3 3(1-)*? 1-(1-a)"®
7 Nucleationand nuclei growth (Avrami—Erofeev Eq., n=1) Al l-a —In(1-a)
8 Nucleation and nuclei growth (Avrami—Erofeev Eq., n=1.5) AlS 1.5(1-a)[-In(1-a)]"? [~In(1-e)]*?
9 Nucleation and nuclei growth (Avrami—Erofeev Eq., n=2) A2 2(1-a)[-In(1-a)]"? [~In(1-a)]"?
10 Nucleation and nuclei growth (Avrami—Erofeev Eq., n=3) A3 3(1-a)[-In(1-a)]*? [In(1-a)]"?
11 Exponential nucleation (Mample Eq.) P1 1 a
12 Exponential nucleation (Mample Eq.) P2 20" "
13 Exponential nucleation (Mample Eq.) P3 3 a”
14 Exponential nucleation (Mample Eq.) P4 4 o
15 Power law (n=1.5) C1.5 2(1-a)*? (-ay™?
16 Power law (n=2) C2 (1-a)? (1-a)
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Table 3 Calculated results using Eq.(2) for different solid state reaction mechanisms for decomposition of MgCl,-6H,0
Symbol r s E (kJ/mol) A(s™) r s E (kJ/mol) A
First phase Second phase
DI 0.9946 0.1610 131.5 6.51x10"7 0.9831 0.2820 180.1 1.13x10%
D2 0.9980 0.1070 145.0 4.08x10" 0.9900 0.2380 199.5 2.50x10%
D3 0.9997 0.0476 162.3 4.12x10% 0.9961 0.1670 2242 1.31x10%
D4 0.9989 0.0815 150.7 6.77x10" 0.9925 0.2150 207.6 7.14x10%*
R2 0.9993 0.0342 76.89 1.01x10" 0.9937 0.1010 106.0 3.24x10"
R3 0.9997 0.0238 81.13 2.95x10" 0.9961 0.0833 112.0 1.42x10"
Al 0.9986 0.0556 90.43 2.28x10" 0.9991 0.0439 125.4 2.70x10"
Al 0.9986 0.0370 60.28 1.19x10" 0.9991 0.0293 83.62 1.19x10"°
A2 0.9986 0.0278 4521 9.31x10° 0.9991 0.0220 62.72 2.72v107
A3 0.9986 0.0185 30.14 8.22x10° 0.9991 0.0146 41.81 6.99x10*
P1 0.9946 0.0803 65.73 4.13x10" 0.9831 0.1410 90.08 4.65x10'"°
P2 0.9946 0.0402 32.87 1.47x10* 0.9831 0.0705 45.04 1.33x10°
P3 0.9946 0.0268 21.91 575 0.9831 0.0470 30.03 2.25x10°
P4 0.9946 0.0201 16.43 124 0.9831 0.0353 22.52 319
C1.5 0.8925 0.1740 29.55 1.25x10* 0.9265 0.1450 42.52 1.56x10°
C2 0.8925 0.3480 59.09 2.68x10° 0.9265 0.2900 85.04 6.06x10"
Third phase Fourth phase
DIl 0.9619 0.4220 327.4 6.33x10%7 0.9850 0.2660 236.5 9.62x10%
D2 0.9726 0.3940 363.7 1.02x10% 0.9913 0.2230 261.6 3.32x10%°
D3 0.9832 0.3460 4103 1.36x10" 0.9965 0.1590 293.6 3.00x10%
D4 0.9766 0.3790 379.0 1.79x10% 0.9934 0.2010 272.1 1.13x10%
R2 0.9787 0.1850 193.7 6.24x10?' 0.9944 0.0945 138.9 3.74x10"
R3 0.9832 0.1730 205.1 1.07x10% 0.9965 0.0795 146.8 1.87x10"
Al 0.9904 0.1460 230.4 4.07x10% 0.9986 0.0558 164.1 4.75x10'°
AlS 0.9904 0.0973 153.6 2.75x10"7 0.9986 0.0372 109.4 7.36x10'"°
A2 0.9904 0.0729 1152 7.79x10" 0.9986 0.0279 82.04 9.97x10’
A3 0.9904 0.0486 76.79 2.48x10° 0.9986 0.0186 54.69 1.52x10°
Pl 0.9619 0.2110 163.7 2.58x10" 0.9850 0.1330 118.2 3.74x10"
P2 0.9619 0.1060 81.84 7.35x10° 0.9850 0.0665 59.12 3.30x10°
P3 0.9619 0.0704 54.56 5.76x10° 0.9850 0.0444 39.41 3.76x10°
P4 0.9619 0.0528 40.92 1.76x10* 0.9850 0.0333 29.56 438
C1.5 0.9523 0.1170 80.40 1.20x10° 0.9187 0.1520 54.99 2.98x10°
C2 0.9523 0.2340 160.8 6.76x10' 0.9187 0.3030 110.0 2.85x10"!
Fz4 B QM) UEHKEEARMASBEIERFELEE
Table 4 Calculated results using Eqs.(2) and (3) for the best fit mechanisms of
bischofite thermal decomposition and apparent activation energy
Equation Phase Mechanism Frequency factor (s™) Correlation coefficient Standard deviation Apparent activation energy (kJ/mol)
First R3 2.95x10'"° 0.9997 0.0238 81.13
@ Second Al 2.70x10" 0.9991 0.0439 125.4
Third Al 4.07x10% 0.9904 0.1460 230.4
Fourth Al 4.75x10'° 0.9986 0.0558 164.1
First R3 1.37x10" 0.9996 0.0241 79.32
3 Second Al 2.40x10" 0.9990 0.0445 1252
Third Al 1.04x10% 0.9898 0.1460 2349
Fourth Al 4.97x10" 0.9984 0.0561 164.4
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Mechanism and Kinetics of Thermal Decomposition of Bischofite

HUANG Xiao-fang, WU Yu-long, YANG Ming-de, HU Hu-sheng, DANG Jie, ZHANG Jian-an

(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract: Reaction mechanism and kinetic behavior of bischofite dehydration were studied by means of the TG-DTA-MS coupling
technique and the TG-DTA technique. The results show that there are four steps in the thermal decomposition of bischofite, in the first
two steps, four crystallized waters were lost and in the last two steps combined dehydration and hydration took place. The decomposition
action of the first step belongs to the R3 mechanism with 3-dimensional phase boundary reaction as the control step, last three steps
belongs to the A1 mechanism that Avrami—Erofeev nucleation and nuclei growth as control steps. The apparent active energy of four

steps is: 81.13, 125.4, 230.4 and 164.1 kJ/mol respectively, and the frequency factor is 2.95x10'°, 2.70x10'%, 4.07x10* and 4.75x10'¢ ™!
respectively.

Key words: bischofite; thermal decomposition mechanism; kinetics



