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Note

AN INTEGRAL SCHEME FOR THE THERMOANALYTICAL
STUDY OF TWO-STEP REACTIONS
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Consider the simplest two-step reactions proceeding in monomolecular
steps: parallel monomolecular reactions A - B; A -»C; simultaneous inde-
pendent monomolecular reactions A - B, C » D; two-step consecutive
reactions; reactions involving monomolecular steps A -»B - C . In earlier
studies [1, 2], technique has been suggested for recognizing the reaction
steps, identification of reaction types and determining the kinetic
parameters of separate steps from the basic thermoanalytical data for ther-
mogravimetric and scanning calorimetric analyses. However, the approach
in [1] for reactions of this type has some disadvantage when applied to inde-
pendent and consecutive reactions: it requires the second-order derivatives
for the amount of heat released or a change in the mass ¢, m, which can af-
fect the accuracy of results obtained by this method. The present study deals
with a calorimetric isothermal thermoanalytical experiment which was used
to develop an integral scheme not subject to such limitations in the deter-
mining of the kinetic parameters for separate steps. In this scheme, [ gdt is
used instead of 4.

The rates of heat release at separate monomolecular steps are described
by the following relations

qg1=a+bgi+cgz=c+cqg+(—-c)q1
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p=d+fgi+ip=d+ig+f-1)q (1)
g=qi+@=@+d)+Cc+1)g+@+f—c—-Dq1

where ¢ and g are the experimentally determined rates of heat release and
the total heat released (absorbed). Expressing q1 of the last equations from
(1) as ¢ and g and substituting it into the first equation (1) we integrate it
over the time and obtain the final relationship

g+(Ua—fa+bd—cd)t—(+b)g+®l—cf)fqdt—@+d)=0 (2

For the case of two concurrent monomolecular reactions g = A4,B101;
b= —B1; ¢ = —(Q1/Q2)B1; d = AoB202; f = —(Q2/ 01)B2; | = —B2, where Qi
are the thermal effecis from the steps; 4o is the number of moles of the
starting material, Bi = Kiexp(-Ei/RT) are the reaction rates at separate
steps (Ki are the preexponential factor, F; are the activation energies at
separate steps). In this case eq. (2) takes up the form:

g =Ao(Q1B1+ @2B2) — (B1+ B2)q 3)

A scheme for determining Kj, E;i from this relation is given in [1].

In case of independent reactions @ =AoB1Q1; b= —B1; c=f=0;
d =DoBx0>; |=—Bj and for the consecutive reactions g =A4oB101;
b=-B1,c=d=0;; f=—(02/0Q1)B2 | = —B> and for reactions of these
two types (2) can be expressed as

gt — [qdt

@—q:_—q=(31 +B2)—-B1B2 = “4)

Here g« is the experimentally determined total amount of the released
(absorbed) heat. For the independent reactions ge = 40Q1 + DoQ2; for the
consecutive reactions, go = Ao (Q1 + Q2 ). The term ¢o is the rate of heat
evolution at the initial moment of time (the moment at which the experimen-
tal temperature is attained). Further steps to be taken to ideatify these types
of reactions and to determine the constants for separate steps from eq. (4)
are given in [1]. It should be noted that with go and ge, the kinetic
parameters can be determined with the values of Qi, Ao, Do not known. The
present scheme can also be used in a gravimetric thermoanalytical experi-
ment as well as for non-isothermal conditions, particularly if the experiment
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involves successive stepwise heating of the sample, with the entire tempera-
ture range covered during one run. Heating of this type is believed to be
most preferable for thermal analysis, insofar as the nonisothermal experi-
ment proceeds mainly under the "quasiisothermal" conditions, most con-
venient for the kinetic treatment.
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