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In this paper the Peak properties of the dynamic thermograms in DSC, DTA and DTG analysis have been
examined. It has been proved that the fraction decomposed at the peak maxima does not depend upon the heat.
ing rate and that the peak temperature strongly depends upon the heating rate. An equation for the calculation
of activation energy has been derived.

Differential Thermal Analysis (DTA), Differential Scanning Calorimetry (DSC) or Differential Ther -
mogravity (DTG) thermograms are rather difficult to analyse, from the view point to get kinetic parameters, -
as compared to isothermal thermogravimetry (TG) thermograms. The complications arise due to the fact
that temperature and the extent of reaction both vary simultaneously with respect to time. Recently, Kishore
e¢t. al. have shown t}xa't DSC dynamic thermograms can be satisfactorily analysed to get kinetic parameters
by a method which is free from any kinetic assumptions',2. The purpose of present paper is to examine
in detail the properties of the DTA, DSC or DTG peaks and to find out usefuiness of them in deriving simple
procedures for obtaining Kinetic parameters.

NOMENCLATURE
o . = fraction of the reactant remaining at any time ¢
dm = fraction of the reactant remaining at the maximum rate (i.c. at the peak) -
f (@ = arbitrary function of the reactant concentration
@ = e
ro - O
*-‘5;“— = rate of the reaction
T == absolute temperature
T = temperature (°K) atthe maximum rate (i.e. peak temperature)
T, = temperature (°K) at which DSC, DTA, DTG thermograms start appearing'
ki = rate constant which depends upon the temperature "
kr = G
& . Gk
r ar
n = order of reaction
E = activation energy (kcal molc-1)
¢ = heating rate °C min—!
A = frequency factor
AN, A = constants

163



Der. Sc J., VoL, 29, OcroBer 1979

RESULTS AND DISCUSSION

In order to examine the properties of DSC, DTA and TG (dynamic) thermogram maxima, let us start
with the following general kinetic law.

~ do
— g =k f(x) ®
According to” Arrhenius equation
kr = Awp (— EJRT) f ' @)
Since the temperature in a dynamic run varies linearly, we get
T=1T,+ ¢t
ar - , .
or @ = e
and also
o du
| W T ar ? , | @
Combining eqns. (1) and (4) , we get
da .
—¢ g =k f@ ’ . ©®)
The differential form of egn. (5) would be
d? (o) Ak d
or: “‘#7;'?' (dT J (@) + —=z5— f() _ (6)
Put
d kr , AT,
and T =k'r, 72'—=k1' ~ {7
d f (a) d oc) ”
Equation (6) can now be written as o
9 dz a ’ ’ . A" ’
< ¢ G =f @[ $Er—f @ Pr | s @

Equation (8) will hold for the thermogram maxima when the condition for maximum rate is applied i.c.

_d_ ( da —0 d d « 0
ar \"a R @ \"d ) = ©)
Using eqn. (9) and (8), we get

k1 = f' (a) Bp

k2
or PR Li 8 (10

For getting a similar equation, free from heating rate ¢, one could proceed with Equation (5) as follows

¢ff() ‘“f” | an
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The integral limits are put by considering that initially « = 1 at T = T,. Substituting the conditior
for maxima from equ. (10) in eqn. (11)
1 7
, da ET
[ (@) T T i f(lT (12)
a T,

After getting a general equation applicable to the peak of the thermogram, let us know examine the peak
properties as follows. :

(I) whether or not T, depends upon ¢

(II) whether or not a, depends upon ¢

(111) whether the knowledge of T, at various ¢ could be used to calculate E.

In order to test the condition whether T, depends on ¢ or is independent, the requirement would
be that T, should not change with .

Thus
IIV
1 a
((l)f e == L Vi I.,lu f Ll’ dT = (13)
For the first order reaction (n =1 :f(a)=ua and therefore eqn. (13) becomes — (14)
,;r loga =k
and for the nth order. reaction, eqn. (13) becomes
o n ’
woT \M T “""“) =2 (15)

From eqns. (14) and (15) it is evident that « should be constant during the course of the reaction, if
T, isindependent of ¢, which is practically not possible. It may thercfore be concluded that no
kinctic law can be obtained from peak properties considering that 7, does not vary with ¢ which
suggests that T, is strongly dependent upon ¢.

Let us now see if a,, depends upon ¢ or not. The requirement for a,, to depend on ¢ is that

df (@)
‘ ( =1 (16)
On combining eqns. (10) and (16)
& ,
. By =1
’ d kr _ ‘

or | e =N f T+ A ()
or kr = (C — bT) (18)

The condition required for the above equation is just not possible and therefore it suggests that «a,, is
independent 6f $, and that it would depend upon the nature of the kinetic law applicable to the process.
1t is very clearly shown in Table 1 that «, values remain constant at the peak temperature even when
heating rate is varied. : '

TABLE 1

) PEAK TEMPERATURE OF THE LOW TEMPERATURE EXOTHERM OF AMMONIUM PERCHLORATE AT VARIOUS HEATING RATES

Heating Rate (qS) Peak temperature a_ value at the peak
(°C min) K) 7 temperature
2 j— 534.0 0.46
4 544.5 0.48
'8 556.0 0.45
16 567.5 0.47
32 584.5 0.49
64 ‘ 601.0 0.45
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Let us now obtain the kinetic law from the dependence of T,, on ¢. Usingeqn. (10) and differen-
tiating it withrespectto 7', - one can obtain the following equation for first order reaction.

ding K R
it Sl -2 oid
o r I ( SRy ) | (19)
27, R . .
On R.H.S. of eqn. (19) — Fo— is much less than unity, therefore eqn. (19) can be written as
1 dl n¢
7 ar, P
dln ¢
or N e R E[R : (20)

Equation (20) suggests that the plot of In ¢ versus 1/T,, should ' yield a straight line which should pass
through the origin, and the slope should give the value of E.

Equation (19) on integration yields eqn. (21) which is free from approximation arriving at (20).
B .
¢ '—‘:.BTm2 GXP( —m ) (2])

Equation (21) is celebrated equation by Kissinger®, The E values calculated for various decomposition
reaction from eqn. (20) and (21) are given in Table 2 which are quite comparable to each other.

TaBLE 2

ACTIVATION-ENERGY (E) VALUES OF VARIOUS COMPOUNDS IN K cAL MOLE™

Compounds E (K cal mole™) E (K cal mole) by
by equation (20) equation (21)

RDX (ref. 2) 38.0 34.0
Phenylalanine (ref. 4) . .

Ist Endotherm 56.6 53.0

IInd Endotherm 51.0 48.0

Ilird Endotherm 48.0 42.0 o
Phase-transition endotherm of ammonium per-chlo- 108.0 102.0
rate (ref. 5)
Ammonium perchlorate high-temperature exotherm : *72.0 .JQ.O
(l'e ) . N 4
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