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Non-isothermal Kinetics and Mechanism of Thermal Decomposition of
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Abstract: The thermal decomposition and non-isothermal kinetic evaluation of basic zirconium carbonate were
studied in air by using simultaneous thermal analyzer, and the kinetics parameters were calculated by
solid-phase reaction and thermal gravity-differential thermal gravity techniques at thermal decomposition of
heating rates of 10 °C/min, 20 °C/min and 30 °C/min. The most probable mechanism functions were deduced by
Kissinger-Akah-Sunose equation, Flynn-Wall-Ozawa equation and the least square method. The results show
that the decomposition process of basic zirconium carbonate is divided into four stages. The value of the
activation energy in phase I, II and I1I is 94.963 kJ/mol, 309.781 kJ/mol and 362.591 kJ/mol, respectively,
and the corresponding pre-exponential factor is 27.40-27.864 1, 57.730 4-58.873 6 and 53.268 8-55.034 6.
The most probable decomposition mechanism in phase I, II and III obeys the assumed random nucleation, the
assumed random nucleation and the chemical reaction mechanism, respectively. The study provides a
theoretical basis for the preparation of zirconia, ammonium zirconium carbonate, potassium zirconium
carbonate by thermal decomposition using basic zirconium carbonate as raw materials.
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Tab. 1 Activation energies, relative errors, intercept, and pre-exponential factors of thermal decomposition of

basic zirconium(IV ) carbonate at different stages of conversion by different calculation methods
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0.7 98.361 93.237 94.461 94.461 4.1287 -1.2958 0 0 18.764 31.900 28.658 9 28.458 0
0.8 94.923 92538 93.666 93.666 13420 -1.2043 0 0 19.132 32.114 29.889 2 29.5512

average  98.860 94.411 94963 94.963 4.1037 -0.5813 0 0 19.348 33.152 27.407 6 27.864 1

0.2 316.891 309.980 313.473 313.473 1.0904 -1.1143 0 0 51.731 69.671 56.268 8 58.4729

0.3 319.507 308.632 309.636 309.636 3.1879 -0.3242 0 0 49.654 67.493 56.0555 58.183 2

0.4 319.383 307.961 310.652 310.652 2.8105 -0.8662 0 0 49.942 67.521 57.783 6 59.644 7

0.5 319.156 310.584 310.498 310.498 2.7884 0.0277 0 0 47.589 63.362 56.6509 56.707 1

! 0.6 318.279 308.728 307.863 307.863 3.3833 0.2810 0 0 48.721 64.594 58.890 8 59.064 0
0.7 318.041 305.028 307.991 307.991 3.2631 -0.9620 0 0 47.380 64.321 58.6514 59.8828
0.8 314.102 305.346 308.351 308.351 1.8651 -0.9745 0 0 47387 63.439 59.811 6 60.160 6
average  317.908 308.037 309.781 309.781 2.6235 -0.5630 O 0 48916 65.772 57.7304 58.873 6
0.2 379.249 363.619 363.257 363.257 4.4024 0.0997 0 0 44364 60.542 53.662 6 53.809 9
0.3 376.263 363.602 363.985 363.985 3.3732 -0.1052 0 0 42991 61.999 52.8306 55.8039
0.4 376.920 362.051 362.443 362.443 3.9943 -0.1082 0 0 43.489 60.362 53.766 2 54.613 0
0.5 375.511 363.985 363.994 363.994 3.1641 -0.0025 0 0 41.963 60.452 52.650 0 55.104 2
It

0.6 370.301 363.646 362.069 362.069 2.2736 04355 0 0 40.856 59.691 51.943 1 54.7540
0.7 370.273 362.523 362.140 362.140 2.2458 0.1058 0O 0 40.975 59.683 52.504 1 55.187 6
0.8 366.876 360.512 360.251 360.251 1.8390 0.0724 0 0 43.462 59921 55.5249 55.969 8

average  373.628 362.848 362.591 362.591 3.0439 0.0709 O 0 42.586 60.379 53.268 8 55.034 6




552 WA R R A 1 AR A AR SR T 8l ) 2 ML Y 139
F2 NERPEREXRBRGEBEADBEMPEE R 20 C/min HAT=ZMEMTEFELEERERBER
Tab.2 Algebraic expressions of functions and results of thirty types of mechanism functions for thermal decomposition of
basic zirconium(IV) carbonate (20 “C/min)

H—BrBe 5B B BB
o AR (@) stage I (1=150 C) stage [I (1=350 C) stagell (1=554 °C)
=
o, Cleebraiclomulagensae e WE RRE RO BB REE OGH
gla) intercept  slope  correlation  intercept  slop  correlation intercept  slop  correlation
B k R B k R B k R

1 o’ -1.1820 -0.6378 0.999 6 -0.4759 -0.3607 0.980 4 1.0397 -0.6589 0.9658
2 a+(1-a)ln(1-a) -1.7125 -0.6662 0.999 6 -0.8558 -0.4034 009821 1.0632 -0.8029 0.9751
3 [1-(1-a)"”]? -3.0465 -0.6963 0.9997 -2.0115 -0.4532 0.9840 04605 -09856 09841
4 (1-2a/3)-(1-a)” -3.1599 -0.6762  0.999 7 -2.2440 -0.4199 009828 -0.1438 -0.8662 0.9787
5 [(1+a)"-1] -3.6340 -0.5970 0.9993 -3.0614 -0.3189 09792 -1.7910 -0.5623 0.9625
6 [(1—a)™"-1] -2.6985 -0.7584 0.9999 -1.2752 -0.5610 0.9868 25010 -1.4449 0.9939
7 ~In(1-a) -0.3386 -0.3634 0.9998 0.2722 -0.2526 009855 1.8120 -0.6029 0.9899
8 [-In(1-a) ]** -0.2257 -0.2423 0.9998 0.1815 -0.1684 009855 1.208 0 -0.4012 0.9899
9 [-In(1-a)]" -0.1693 -0.1817 0.999 8 0.136 1 -0.1263 0.9855 0.9060 -0.3015 0.9899
10 [-In(1-a) ™ -0.1129 -0.1211 0.999 8 0.0907 -0.0842 009855 0.6040 -0.2010 0.9899
11 [-In(1-a) ™" -0.0847 -0.0908 0.999 8 0.0681 -0.0631 009855 0.4530 -0.1507 0.9899
12 1-(1-a)™ -1.7896 -0.3519 0.9998 -1.2495 -0.2329 0.984 4 0.0583 -0.5228 0.9857
13 1-(1-a)'® -1.5233 -0.3481 0.9998 -1.0058 -0.2266 0.9840 0.2302 -0.4978 0.9841
14 I-(1-a)"™ -1.1600 -0.3406 0.9997 -0.6865 -0.2143 09831 0.4142 -0.4506 0.9805
15 o -0.5910 -0.3189 0.9995 -0.2379 -0.1803 0.9804 0.5198 -0.3295 0.9658
16 a” -0.8865 -04783 0.9995 -0.3569 -0.2705 0.9804 0.7797 -0.4942 0.9658
17 o' -0.2955 -0.1594 0.9995 -0.1189 -0.0902 0.980 4 0.2599 -0.1647 0.9658
18 " -0.1970 -0.1063 0.999 5 -0.0793 -0.0601 0.9804 0.1733 -0.1098 0.9658
19 a™ -0.1477 -0.0797 0.9995 -0.0595 -0.0451 0.9804 0.1299 -0.0824 0.9658
20 (1-a)™~1 -0.8991 -0.3873 0.9999 -0.1343 -0.2952 0.987 4 19446 -0.7875 0.9953
21 (1-a)'-1 -0.0691 -0.4120 0.9999 0.8664 -0.3421 09891 3.5806 -1.003 3 0.9982
22 (1-a)7-1 1.04387 -0.1862 0.996 4 2.2088 -0.3235 0.9958 6.1216 -1.3477 0.9992
23 1-(1-a)’ -0.1333 -0.2784 0.9989 0.0263 -0.1246 0.9733 0342 8 -0.1670 09166
24 1-(1-a)’ 0.0535 -0.2417 0.9980 0.076 5 -0.0836 0.9639 0.1802 -0.0805 0.8413
25 1-(1-a)* 0.1386 -0.2089 0.996 8 0.0723 -0.0546 0.9521 0.0880 -0.0378 0.7496
26 [-In(1-a) -0.6771 -0.7269 0.999 8 0.5445 -0.5052 0.9855 3.6240 -1.2058 0.9899
27 [-In(1-a) -1.0157 -1.0904 0.999 8 0.816 7 -0.7577 09855 54360 -1.8088 0.9899
28 [-In(1-a) J* -1.3543 -1.4539 0.9998 1.0889 -1.0103 09855 7.2480 -2.4117 0.9899
29 [1-(1-a)"]" -0.5800 -0.1703 0.9997 -0.3432 -0.1071 09831 0.2071 -0.2253 0.9805
30 [1-(1-a)"]" -0.7616 -0.1741 0.999 8 -0.5029 -0.1133 09839 0.11512 -0.2489 0.984 1
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B A S5 IR 3 F1 2. ZrCOS(OH ), Zr0, AE 25
POyl 4 B B o T B BE 2 WG Ak BE E.=
94.963 kJ -mol ™', InA=27.407 6~27.864 1, & 1] KL 3
B g( o )=[—In(1- o) 1, BEHLR ARG 5 A2 K HL

il

;58 I o BE 3% W35 4k BE E.=309.781 kJ - mol ™',

InA=57.730 4~58.873 6, fix " HLE e L g( @ )=[ ~In
(1= a ) J*, BEMLBUAZ FBE I A= K HLE] 5 265 T B Be %
WG Ak g E.=362.591 kJ - mol”, InA=53.268 8~
55.034 6, e " ALBE PR A g (@) =(1-a) '-1, fL° 7
I AL

SE 3k

(1]

CHRASKA T, KING A H, BERNDT C C, et al. On the
size-dependent phase transformation in nanoparticulate
zirconia[ J]. Materials Science and Engineering, 2000,
286:169-178.

GUO G Y, CHEN Y L. A nearly pure monoclinic
nanocrystalline zirconia [J]. Journal of Solid State
Chemistry, 2005, 178:1675-1682.

DOBSON K D, MCQUILLAN A J. An infrared
spectroscopic study of carbonate adsorption to zirconium
dioxide sol-gel films from aqueous solutions [7].
Langmuir, 1997, 13:3392-3396.

KAYA C, HE J Y, GU X, et al. Nanostructured
ceramic powders by hydrothermal synthesis and their
applications [J]. Microporous and Mesoporous Materials ,
2002, 54(1):37-49.

ROOSEN A, HAUSNER H. Influence of ethanol washing
of the hydrous precursor on the textural and structural
properties of zirconia[ J]. Ceramic Powders, 1983, 35:
773-782.

BOURELL D L, KAYSSER W. Sol-Gel synthesis of
nanophase yttria-stabilized tetragonal zirconia and
densification behavior below 1600 K [J].
American Ceramic Society, 1993, 76(3):705-711.

DUDNIK E V. Modern methods for hydrothermal

Journal of

synthesis of ZrO, based nanocrystalline powders [J].
Powder Metallurgy and Metal Ceramics, 2009, 48 (3/
4):238-248.

ARIAS A M, GARCIA M F, BALLESTEROS V, et al.

Characterization of high surface area Zr-Ce (1: 1)

[9]

[13]

(18]

mixed oxide prepared by a microemulsion method [J].
Langmuir, 1999, 15(14):4796-4802.

SLIEM M A, SCHMIDT D A, BETARD A, et al.
Surfactant-induced ~ nonhydrolytic ~ synthesis  of
phase-pure ZrO, nanoparticles from metal-organic and
oxocluster precursors [J]. Chemistry of Materials,
2012, 24(22):4274-4282.
LIANG J H, DENG Z X, JIANG X, et al
Photoluminescence of tetragonal ZrO, nanoparticles
synthesized by microwave irradiation [J].
Chemistry, 2002, 41(14):3602-3604.
CAU C,GUARI Y,CHAVE T, et al. Sonohydrothermal

synthesis of nanostructured (Ce, Zr) O, mixed oxides

Inorganic

with enhanced catalytic performance [J]. Physical
Chemistry, 2013, 117(44) :22827-22833.

SOYEZ G, EASTMAN J A, THOMPSON L J, et al.
Grain-size-dependent  thermal  conductivity — of
nanocrystalline yttriastabilized zirconia films grown by
metal-organic chemical vapor deposition[J]. Applied
Physics Letters, 2000, 77(8):1155-1157.

ZHANG C, LI C X, YANG J, et al. Tunable
luminescence in monodisperse zirconia spheres [J].
Langmuir Article, 2009, 25(12):7078-7083.
GARVIE R C. Stabilization of the tetragonal structure
in zirconia microcrystals [J]. The Journal of Physical
Chemistry, 1978, 82(2): 218-224.

VYAZOVKIN S, BURNHAM A K, CRIADO J M,
et al. Ictac kinetics committee recommendations for
performing kinetic computations on thermal analysis
data[J]. Thermochimica Acta, 2011, 520(1):1-19.
JANKOVIC B, MENTUS S, JELIC D. A kinetic study
of non-isothermal decomposition process of anhydrous
nickel nitrate under air atmosphere [J]. Physica B:
Condensed Matter, 2009, 404(16):2263-2269.
GENIEVA S D, VLAEV L T, ATANASSOV A N.
Study of the thermooxidative degradation kinetics of
poly  (tetrafluoroethene)  using  iso-conversional
calculation procedure[]]. Journal of Thermal Analysis
and Calorimetry, 2010, 99(2):551-561.

LI L Q, DONG H C. Application of iso-temperature
method of multiple rate to kinetic analysis dehydration
for calcium oxalate monohydrate [J]. Journal of
Thermal Analysis and Calorimetry, 2004, 78 (1) :

283-293.

AXm#E K





