Netsu Sokutei 47 (3), 83-89 (2020)

SV EIEIZA D AT &5 & U‘er_nﬂﬂm TREREATIRIC K D
BREAS LV
AN R RICIZE 1T 5 R ERAIERT

W FA

=S0FD

B R SAL ALY

(ZHEH 202044 H 27 R,

ZHLH :20204E 6 29 H)

Kinetic Analysis of Thermal Decomposition of Inorganic Solids and
Polymer by Sample Controlled Thermal Analysis and Kinetic
Deconvolution Analysis

Shuto Yamada

Department of Applied Chemistry, National Defense Academy of Japan

(Received Apr. 27, 2020; Accepted June 29, 2020)

Practical usefulness of sample controlled rate thermal analysis (SCTA) and kinetic deconvolution analysis for
simultaneous overlapped thermal decomposition processes of inorganic solids and polymer were reviewed. The principle
and techniques of SCTA, especially controlled rate evolved gas analysis- thermogravimetry (CREGA-TG), was
compared with conventional measurements. A physico-geometrical kinetic interpretation is described based on the results
of a kinetic study using TG and the microscopic observation of the reaction process. As exemplified by successful kinetic
approaches to the thermal decomposition process, the applicability and the usefulness of kinetic deconvolution are

discussed.

It was concluded that kinetic deconvolution serves as a tool to characterize the simultaneously overlapping

kinetic processes of thermal decomposition of inorganic solids and polymers, as long as the overlapping reaction

processes are kinetically independent.

Keywords: Thermal decomposition, sample controlled thermal analysis (SCTA), kinetic analysis, kinetic deconvolution

1. [ZC&IC

(L5 O W BE SR IO FENT I, AT O BIR L 9]0 5 D
e Th v, BEDS X 0 EEMED BT 21585
728, BT ORIEFIER S ONTE LA OV THF
ZENED LN TN D, TOMRE IR DRENT, M AR
%m“%®i9ﬁ@%@ﬁ%kA%iTk%fw A [
RO FERGIE, T2 OBFEM B RO TS T 5 HE
%@m?ﬁmfmtxf%@,:n%mﬁwwg®ﬁmﬁ
R a e AOHEE B E LT, BONRNIA VD

NTWD, D ZORISOREGRAVEALIT, POSSRMAEDRE
X7 1k AN B 2 MR F R & LT ofF A IS
SNTEY, BN & H Tl R E’Jﬁﬂﬁ?ﬁ)ﬁbhf%
2o D ET, MO TOBRGMIISE, & EOE%L

ﬁk%ﬁ%@@&@ﬁmﬁ%,%@LEAMHﬂiﬁAﬁ
DR SN L0005 OEBKIENT —~D—2ThH, %

Netsu Sokutei 47 (3) 2020

83

< OEBEREEROFN TIEN BRI TV D, 4BICE
W, EERETOSS TR OB, iﬁ&oﬁﬂ%
BT 2720 OB &5 5 EE R GEE L TEAGHTRE L
ﬁménfwéon
%%ﬁ@ﬂ%kﬁéﬂmﬁm@kgm%%ﬁi iz D
— BRI T D HEE S O S K IRE TR D B
T OBMEER k 2R, ZFOWRBEAENE & AT 5 5981
FEZ L > THHTbITE 72, BT & W FIRAGRINE S
BOTHE, 3Rk bRl FR S C H AR £ ThnEL
L=, BEZHERET 5 2 L TRIGOEITICHE S & % Bl
BOELE R OB E LTHIET 5, SRS W
THE, BAEEF CREFE AT D RIICRE W T H RIS T
TT2203H5720, KISPIOT —ZIZONTOBHE
FRIELD N HEEL 2D, DT, —EOFEHET
DIMERZR 12 K D IFFRARE DR F A AV CHE TR AR
W47 o Fli 2 OIFEIRMITHE 3D BNEZ SN, HHRD

© 2020 The Japan Society of Calorimetry and Thermal Analysis



2019 A B ABMIE 2

(a)

@;r_l(—{ Chronometer |—>| Temp. Prog. I

Thermometer}——)l Controller l

| X-meter(X;, X, ...

@(—{ Chronometer |—>| Temp. Prog. |

Thermometer|—>| Controller |

[ X-meter(X1, X2, ...

Fig.1 Conceptive diagrams for the general thermal analysis (a)
and SCTA (b).
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Fig.2 Schematic diagram of the CREGA-TG.
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Fig.3 Typical TG-DTA-EGA curves (a) and typical CREGA-
TG curves (b) for the thermal decomposition of NaHCO3 (15.0
mg) under flowing N2 (200 cm® min™").
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Fig.4 Comparison of the temperature profiles of the CREGA-
TG measurements carried out under various concentrations of
CO2 (a) and H20 (b).
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Table 1  Typical kinetic model functions f{ ) for the solid-state
reactions and random scission models for polymer degradation.

Model Symbol §.(2%)
Phase boundary- Rn _Ni-1/n
controlled (n=1.2.3) n1-a)
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diffusion controlled 2a
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Fig.8 Typical deconvolution results of the kinetic rate data,
recorded under constant mass-loss rates, for thermal
decomposition of Ag2COs to Ag20.
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Fig.9 The values of Ea evaluated for the thermal degradation of
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