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Non-isothermal kinetics with non-linear temperature-programme (II) 
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In the field of non-isothermai kinetics, there is an interesting use of non-linear 

heating progammes * -z. These have been established in order to solve exactly the 

temperature integral, as well as to minimize the deviation of the sampie temperature 
from the pro_grammed one. This paper aims to establish a simple equation, charac- 
teristic for non-isothermal kinetics_ From this equation. one could get different non- 
linear pro_gmmmes of heatin g. which solve exactly the temperature integd_ 

Heterogeneous reaction kinetics supposed to follow the rate equation: 

dz 
- = k(l - a)= 
dr 

where I = the de-gee of conversion; I = the time; k = tie rate constant; n = the 
reaction order. 

In eqn (I), we shall substitute the Arrhenius equation: 
k = ze-E!i” . 

(3 

where: 2 = the preexponential factor; E = the activation energy; T = the temperature 
(K); R = 1.987 Cal mol-’ K-l. 

SubscquentJy, eqn (1) becomes: 

Introducing the heating rate: 

into eqn (I’) one obtains: 

dz z 
(1 =jF= 

-“=TdT 

- ar 
(1-I 
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The integration of eqn (13 leads to: 

z. T 

= Z f (T)eDEtRTdT 
o 

(1-l 

where:J(T) = l//I 
IfI = const, the pro_gramme of heating is a linear one and it is impossible 

to solve exactiy the temperature integral. 
Assuming a non-linear programme of heating, we shall try for the integrai: 

T 

I 
f(T) eBEIRT dT (4) 

0 

exponential solutions, suggested by the shape of the function that has to be inte_erated: 

T 

I 
f(T) e-E.!kr dT = f,(T) eeEiRT (3 

0 

By derivation of eqn (5) with respect to T, one obtains: 

Eqn (6) could be used in two directions: 

f; + 

(A) For a given proz_ramme of heating (this means f(T) is known), we searchfi_ 
(Al) ForAT) = CONL (or even f(T) = I), eqn (6) becomes: 

j$fr=l (61 

By introducing a new functionJ,: 

31 - = T=f2 

substituting it in eqn (6), and then trying soiutions: 

f2 = ,zakp 
the identification with respect to the powers orC T, leads to: 

T 

I e --*d~s E e-= _ - 
R x2 

1 

0 

wherex = E/m, which is 

2! 3! (or f- I)! 
-- i 

,2 

-i- 

--- 

c 
X 

(- 1y 
~ 

1 

the asymptotic expansions. 

(7) 

(8) 
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(B) By chasing a certain functionI,( we find the corresponding pro_gamme 

of heating. Integration of this heating programme leads to eqn (5)_ E-g_: 
(BI) Forf, = R/bE. where b = a parameter, eqn (6) becorns: 

f(7) = I/bT= = 11’8 
and with eqn (3): 

I!T = a - br 

Thus we recover the hyperbolic heating propmme’. 

(B2) For 

j-+TL, 

eqn (6) becomes: 

(9) 

Introducin_g also eqn. (3). by integration, one gets: 

r=af b,T; b, q 

where b , = I/b_ 

This heating prozgamme is a parabolic one and it sob-es exactly the temperature 

integral_ Eqn (I ‘) becomes: 

Eqn (IO) allows to determine kinetic parameters, according to an integral 
method, similar to the Coats-Redfern one. 

The only difficulty that arises is due to the appearance of the activation ener_ey 

in eqn (9) For its determination, an experimental procedure is used_ It starts from 

a value E,, supposed to be approximately equal to E. From eqn (10). a new value is 
determined, E,, closer to E. The procedure is repeated until the difference between 
the calculated value and that introduced in eqn (9) is of the same magitude as the 
limit of :he experimental errors_ 

(B3) Forf,(T) = TeEdRT, eqn (6) becomes: 

Ii/j = f (T) = eEoiRT - T 2?!& eEaiRT + T -& +lRr 

As E = E, and T is larse encugh: 

f(T) = eRr 
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It turns out that /.? = eVWRT, namely an exponential heating programme. 
(B4) The suggested method above is general, the choice of the functionfi(7) 

being just a matter of the experimental possibilities to realise the pro_mamme of 
heatins defined by the functionf, 

EXPERIMEXiAL 

The reaction of dehydration of the calcium monohydrate oxalate has been 

studied_ Since a parabolic time-temperature pro_mmmer was not available we used 

the endothermal effect of the reaction, which gives deviation from linearity. By 
successive trials, we succeeded in getting the desired programme. The obtained data 

were treated on a computer, by means of a programme present4 in another work’_ 

The results obtained (n = O-95, E = 24 kc+ mol- ‘, 2 = 1.6 x IO5 set- ‘) show a 
good agreement with those found in literature’- 6. 

COKCLl.sIOSS 

A non-linear heating pro_gramme (parabolic) has been suggested, which allows 

to solve exactly the temperature integral. On its basis, a new method to determine 
kinetic parameters under non-linear conditions has been suggested, 

The kinetic parameters obtained by this method for the dehydration of Ca 

(COO), - HzO, are in good a_greement with those obtained by means of other methods. 
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