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Application of Controlled transformation Rate Thermal Analysis (CRTA) to the kinetic

analyses for the solid-state reactions is reviewed. The principle and techniques of CRTA are

compared with conventional isothermal and nonisothermal measurements. On the basis of the

characteristics of kinetic data recorded by CRTA, the practical methods of kinetic analyses for

the CRTA data are introduced. As exemplified by several successful kinetic approaches to the
thermal decomposition of solids, the usefulness of CRTA for kinetic study is discussed. It is
concluded that application of CRTA to the kinetic analysis of the solid-state reactions is very

promising, especially for the reactions influenced largely by the self-generated and applied

atmospheric conditions.
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Fig.2 Schematic diagram for a CRTG apparatus of
the Paulik type.
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Fig.3 Schematic diagram for a CRTG apparatus of
the Rouquerol type.
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Fig.4 Typical experimental curves of conventional TG

and CRTG for the thermal decomposition of
synthetic malachite under flowing Na.
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Fig.5 Influence of sample mass on the temperature

profile for the thermal decomposition of calcium
carbonate under vacuum recorded by CRTG of
the Rouquerol type.

Basal Pressure =2.0 X 103 Pa and Controlled
Pressure =4.0 X 10 ? Pa.
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Table 1 Typical kinetic model functions for the solid-state reactions.

Model Symbol flay
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(Avrami-Erofeev equation) m=0.5,1, 1.5 2, 25,3, and 4 m(l—o)[—1In(l — o))t tm
Phase Boundary Controlled R(n) n(l o)t Un
Reaction n=1,2, and 3
ID-Diffusion Controlled D(l) 1
Reaction 2a
2D-Diffusion Controlled D(2) 1
Reaction In(l -
3D-Diffusion Controlled D(3) 31— a3
Reaction (Jander equation) 2{1 —(1 —a)'3]
3D-Diffusion Controlled D(4) 3
Reaction 201 —a)y 317
(Ginstling-Brounshtein eq.)
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Fig.6 Typical rate-jump CRTG for the thermal g_a: Aexp (,%) flayala, T, P, ) 3)
decomposition of synthetic malachite under !
flowing N,.
ZZT 3 FHE TV ST Biid
Controlled rate =1.0% 10 2 and 2.5 X 10 2mg min '. () ‘ﬁ?%m 4 %%E? ﬂj:%?@w
EYMOBTEBOLEIIN LT, KICREOETOEEE
P MF2EE L TER SN/ TH 5,722 Table
3.2 REYVyTE 112, BRI A S 0D XL BB RT,

WERDOHERBHMEIC BV T, —HO%EEMHE,S K
IBORPTOERIL T ALE -2 B 2EEE LTE
B x yTEFRONT VS, BEY v > R L B8E0E
TiE, Zo0lEREYXH L P LoROTEE, RIEHi
ERICAERE A ZL S 2T, FRIE) RIEEEDOE
LELHET 5, THICHLT LHEL CRTGIZBVTER
B, RURHO IR EERE * B2 s S 2% Y
¥ > 7% (Rate jump method) & 75,2 Fig.6!Z, Paulik
ROBEBLHWIEE Y v v THRILLABH I A b
BRI OPES % T

BED ¥ TEI L BEML T AL F — DERENFEMIC

DV TLEEROBITOE TR 595, HEOCELE,I ST,

BE D v THEEOEERHAE TALEI & b My —
BREHZR OGN D, ZHIE, MR X BRI ST B R#

Netsu Sokutei 27 (3) 2000

133

REME ala, T, P,y 13, BHLLS LT HRIEOME
AT L2y ABORERFIEL Table 1WRLZZE D %
BIFRETVEED S A RAEERIZE T AT
VST = Y RBBIL L R TT AR EIIEET L
BEL, BRNLEER L EROMEOZRYINET 5
REZR7T 70 ERMEENTHASNS L) L HAY
RRIGIZA LT, AR ERE R VAT 528t
T& 5, —%, BRAWLEERUEITCBVTIE, NEH
BEEZEL2HBENEL, TRICI VBN EERD
87 A= OWIE{LENERDVE L BAbRE I LMD
L, WEBBOBERNZEIE L TE, EBORLH Aa)T
ZEZOND L) BB RICEE,» SRR T 25546,
FEBKIKESAHIFET 256, KITEBEN B0
BEITIEOEILT 235402 R EIIBVTE, a(o) 2 EAT



550

(a) A(m) model (b) R(n) model {c) IXT) mode!
4 480 460 4
500 4 470-‘ 440 4
480
420 <
450 4
X 450 400
-~ 440
e~ =31l 30 4
430 4
400 420 4 360
=2
410 4 340 4
} n=1
350 1T T 400 T T 320 T T T T
00 02 0.4 0.6 08 1.0 0.0 02 04 06 08 1.0 60 02 04 06 08 1.0
Fractional reaction «
Fig.7 Temperature profiles of the CRTA curves for

various types of kinetic models drawn
theoretically by assuming E=100kJ mol |, A =

50x108s !, and do/dr=1.0X10 4s 1
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Fig.8 An example of analysis for the Rate Jump Method.
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Fig.9 Influence of partial pressure of CO, and

temperature on the accommodation function for
the thermal decomposition of calcium carbonate.
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Fig.10 Typical Friedman plots for the thermal

decomposition of calcium carbonate under vacuum

based on the measurements of CRTG under

vacuum with different sample masses.
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Fig.11 Influence of self-generated atmospheric conditions
on the temperature profiles of CRTA curves
for the thermal decomposition of synthetic

malachite at 1.5 X 10 2mg min ..
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Fig.12 Influence of applied atmospheric conditions on

the temperature profiles of CRTA curves for
the thermal decomposition of synthetic malachite

at 1.5 10 2mg min !.
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