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Examination of the Kinetic Analysis of
Solid State Reactions by Thermal Analysis
Sachio Tanabe"™ and Ryohei Otsuka*?

Typical integral and differential methods for the kinetic analysis of solid state reactions
by thermal analysis have been examined based on the results obtained theoretically from
assumed conditions (kinetic equation, parameters, etc.), giving the following results.

(1) The integral method (In[g{a)] vs. 1/T plots) will be inapplicable to the analysis of the
reaction, of which mechanism may be altered in the course of the reaction process, or of
which beginning temperature can not be evidently regarded as 0 K, as in the case of the
decomposition reaction under self-generating gas.

(2) In order to determine the kinetic equation and parameters of the reaction uniquely, it
is necessary to analyze multiple data obtained under such conditions as the reaction proceeds

at different temperature ranges, i.e. under different heating rates or different particle sizes.
(3) The above results indicate that the application of the differential method (In[(de/dT)/
f(a@)] vs. 1/T plots) under different heating rates will be recommended.
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Table 1 Commonly used kinetic equations for solid state
reactions (Sharp et al.2))

Function fla) gla)
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Fig. 2 In[{dat/dT)/f(a)] vs. 1/T plots calculated

from theoretical data (A) for various
kinetic equations shown in Table 1 (0.1
“a =0.9)
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Fig. 3 In[g{a)] vs. 1/T plots calculated from

theoretical data (A) for various kinetic
equations shown in Table 1 (0.1 =& < 0.9)
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Fig. 4 avs. T (1) and da/dT vs. T (2) curves of

theoretical data (B)
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Table 3  Conditions for theoretical data (B)

kinetic activation |pre-exponential heating initial
range of « equation energy factor rate conditions
fia) E/xJ mol’! Z/min’} v/Kmin! | 7o /K ag
@ < 0.1858 | Ay: (l-a){-1n(l-a)}?/? 96 3.269%10° 2.5 550 | 10°°
a > 0.1858 Fi: l-a 160 7.200x101° 2.5 675 |0.1858
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In{(da/dT)/f(¢)] vs. 1/T plots calculated Fig. 7 dea/dT vs. T curves of theoretical data (C)

from theoretical data (B) (0.01 =a = 0.99)
(a) plots for kinetic equation Fy

(b) plots for kinetic equation A;

Full lines indicate the portions expected to
be linear.
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In[g(a)] vs. 1/T plots calculated from
theoretical data (B) (0.01 =« =0.99)

(a) plots for kinetic equation F

(b) plots for kinetic equation A

Full lines indicate the portions expected to
be linear.
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Fig. 8 In[(de/dT)/f(a)] vs. 1/T plots calculated
from theoretical data (C) for kinetic equa-
tion As (0.1 =¢=0.9)

Table 4 Conditions for theoretical data {C)

kinetic activation |pre-exponential heating initial
equation energy factor rate conditions
fla E/kJ mol™! Z /min™! v/Kmin? | To/K [+
(a) 350
(b) 2/ 450 5
Aj;: (l-a){-ln(l-a)}?/? 20 4.482 1 10
(c) 550
(d) 650
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Fig. 9 In[g(a)] wvs.

1/T plots calculated from

theoretical data (C) for kinetic equation A,
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Fig. 10 @ vs. T (1) and da/dT vs. T (2) curves

calculated from eq. (4) under the condi-
tions;
(A) E=160k]-mol™", In(Z/v) =2339,

f @) =1-a (theoretical data (A))
(a) E=320k]-mol™, In(Z/»)=5001,

f (a> :d0.0 (1 _(Z>0.9986 {__ 1n<1 _d>}—0.9343
(d) E=80kJ-mol™, In(Z/v)=1008,

f (a) 7(100 (1 )LOOO?{ In (1 a>}0.4672
These three curves are almost completely
superposed on each other.

Table 5 Values of In Z, m, n and p calculated from theoretical data (A)
assuming different values of £

E / kJ moi™! In 2 m n D
(a) 320 51.62 0.0 0.9985 ~0.9343
(b) 240 38.31 0.0 0.9993 -0.4672
(c) 120 18.35 0.0 1.0004 0.2336
(a) 80 11.69 0.0 1.0007 0.4672
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Fig. 12 In[(da/dT)-v] vs. 1/T; plots calculated
from theoretical data (D)

Table 6 Conditions for theoretical data (D)

— 100 —

kinetic activation |pre-exponential initial
range of a equation energy factor conditions
fla) E/xJ mol™! Z2/min’! To /K| ag
a<ac |Di: (l-a) V¥ {(l-a)7}/*-1}7" 320 5.185x107%! 550 | 10°°
a > ac Fy: l-a 160 7.200%10'° Tc ac
heating
rate Te /K‘ o
v/ K min!
{a) 2.5 667.5 0.1084
(b) 5 677.5 0.1186
(c) 10 687.5 0.1281
(d) 20 697.5 0.1368
(e) 40 707.5 0.1445
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Fig. 13 log » vs. 1/7; plots calculated from
theoretical data (D)
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Fig. 14 In[(da/dT).-»] vs. 1/T, plots calculated
from theoretical data (C)

X512 Fig. 1413, Fig. 71207 N BIHE DR
1A —HOMBT — 2(CHIWL T In((da/dT), *v)
vs. /T, 70y AT 1o b DO TH D, TOHAICS
SENTSEL PRGBS O, I L DRI S Z S
5o

FHREALZ TR ON S —HOREHRIZH LT,
(OOR AR, BB REIZEYD, F,
n, pOWAELTENRT 20 ENTE S, D HHET,
EHEDREAICHE D KIS O LA I 308 TE 24D
THUL, FOLIEETELTE BAITE 2 ((5)
FUTHY T 2BFR A, RRIEICE L TR TR 0BG
Th, HALIC L 286K LEtFIZ X ORIr e TH A
9o L, HEBEILEDHLFREDUEIIETH
L5ELThH, HEDWNL TS EIPHA IR TS
AENSATIE, MohrDEBEHREELS HEEGRTSH
5o

InZz, m,

NETSUSOKUTEI 8(3) 1981

5. ¥ & &

TAVE TIORENBERT TR, Uk & Mk s
KAVEILBDS, (A) ERILE & 2 FGINA L B2
SNAFIED X HIT, HISOBRW TR IS AL T 5
agebk o & 2 UL, (B R EXURD ORI EFIZEB 5
SRERILD L DT, BUGHESEE 2 0K - A7 L 170
SRR L T, R Ein b AR08 T A2
S5t Ho

SO OBBASMTEL DS EX SN INTIE,
1 [MOEIEES H T T3, — &I A2 C &
BINEETH - T, ZDDITIRIUNOERT 2 3B o
RIS ZEHOMCHERAE N D080 H 5, b —E1
TR Fii, HEEESA (L x$ 2L THo,
FHoDOMPERROMITIZE, In[((da/dT), »v])vs.
VT, 7ay b GTHS,

S ) ORI DBRE XITL AR, HA I
DRIZ L T, FHFED [ (o) OB e HDAA ALY
FOBATIZS, In((da/dT) /f(«)lvs. I/T 7o
v PDMINTH D,

T2 AR TEH T BRI L 0 A ARG R
4 & —HITAC 8800/8700 > 27 A4 LTI »
bOTH b,

X 79

1) 7J. éesték, V. Satava and W.W. Wendlandt,
Thermochim. Acta 7,447 (1973)
2) J.H. Sharp, G.W. Brindley and B.N.N.
Acbar, J. Amer. Ceram. Soc. 49, 379 (1966)
3) J. Sestak and G. Berggren, Thermochim. Acta
3,1(1971)
4) BT RAL, INRUR, TARGHTT (TR A
p. 26, M A TV T 0 7 4 s, B (1975)
5) P. D. Garn, J. Therm. Anal. 13, 581 (1978)
6) V. Satava, Thermochim. Acta 2, 423 (1971)
7) B.N.N. Achar, G.W. Brindley and ].H.
Sharp, Proc. Inter. Clay Conf., Jerusalem 1,
67, (1966)
8) H. E. Kissinger, Anal. Chem. 29,1702 (1957)
9} T. Ozawa, Bull Chem. Soc. Japan 38, 1881
(1965)
10) T.Ozawa,J. Therm. Anal. 2,301 (1970)
11) J. H. Flynn and L. A. Wall,J. Polvm. Sci B4,
323 (1966)
12) H. L. Friedman, J. Polym. Sci
(1964)
13) MBI L, KEROE,

C6, 183

BRI 4, 139 (1977)

— 101 —





