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In a previous note [1] a method to evaluate non-isothermal kinetic
parameters using the heating rate as a variable was described. This paper
deals with another method which, besides using the heating rate as variable,
applies integration over small ranges of the variables.

CALCULATIONS AND RESULTS

The notation T,(B) will be used for a temperature corresponding to
a = «,, which depends on the heating rate 8. The derivative of 7, with
respect to 8 will generally be denoted by d7,(B)/dg, or for a given S, by
[dT,(B)/dB]j,

Starting from the fundamental equation of non-classical non-isothermal
kinetics [2]:

da A(v) — E(v)/RT
aT - f(v, a) e (1)
where v represents a set of variables:
v=v(a, T, B....) (2)
by integration over the closed interval a € [«,, «,] one gets:

1 T.(B)

= A(v) e BCVRTgT 3
f f(v o "B, A (3)

As T,(B) and T,(B) are functions of 8 we shall substitute the local heating
rate B8, by B in eqn. (3) without altering it essentially. Thus, eqn. (3) takes
the form:

a T.(8)
A(v) e E@/RT QT 4
f f(v a) B () (v) “)
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We shall consider in a first approximation that for a € [a,, a,] and B €
[B.. B,]1the A{v). E(v) and f{ v, «) can be substituted by the average values
and expression: 4. E and f(a) [2]. In such conditions eqn. (4) becomes:

* da A B

=4 e E/RT 4T 5
« fla)  Blrp ©)
or introducing the notation
% da
./(;g f(a) T L (6)
one gets:
T8
z. B=A "7 e ERTgr (7)
TR
Taking the derivative of (7} with respect to # it turns out that:
dr.(B) _ d7,(8)
— Ala—E/RT(BY K — e BRI S
Z, A{e B e a5 (8)

From two relationships of the form (8) with two heating rates 8, and 8,, by
division one obtains:

e F/RTBIAT (B)/dB]) g, — e E/RTEIAT,(B) /dB] s _
(AT, (8)/4B] 5, — o T I(GT,(8)/38]

which allows the activation energy, E, to be evaluated. In order to get f(«)
let us consider a, € [a,. a;]:

9

+ o
@, = =2 (10)
In such conditions, from (8) one can write:
e dT(B) dT.(B)
— - E/RTABY__ ] o= E/RTBY 2N 7
Z, A{e B e B (11)
~ dT.(B) _ dT(8)
- E/RTup SAAP } psrTipy AP
Z, A[e B e B (12)

From (11) and (12) by division one gets:
Z, e ERLD aT(B)/dB — e E/RTP) AT (B)/dB
Z, ¢ H/RBQAT(B)/dB ~ e FRIB 4T (B)/dB

which allows f(a) to be obtained.

For the two heating rates 8, and B,, two equations of the form (13) can
be written whose right-hand members will be noted by R, and R,. The
function f(«) can be obtained from the equation: '

Z,

- = R (14)

L

(13)
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with R given by
R, +R,
R= — (15)
The pre-exponential factor can be evaluated from relationship (8)
sz
e E/RLB(AT, (B)/dB] 5, — e AT P[AT,(B)/dB] 4,

A similar relationship can be written for 8,, whence:
log 4, +log 4,
2

A, = (16)

log 4 =

APPLICATIONS

The method was checked for the non-isothermal dehydration of CaC,0, -
H,O for three heating rates: 8, =0.987 K min~', 8, =4.988 K min~' and
B = 9.573 K min~'. The experimental data are listed in Table 1.

To get T,(B,), T,(B,), [dT,(B)/dB], and [dT,(B)/dB], for various a,
values, the second degree interpolation polynomial will be used: 7,(B8) = q,
+a,B+a, B>

The coefficients a,, a,, a, can be determined from the system of three
equations written for each a = a,:

T,(B,)=ao+a,B,+a,B; (m=1,2,3)

TABLE 1

Experimental data for the dehydration of CaC,0,-H,0O

No. @ T(K)—pB, T (K)—B, T ()-8,
=0.987 K min~! =4.988 K min ™' =9.573 K min "’

1 0.10 412.2 425.3 430.8

2 0.20 4184 434.0 441.1

3 0.30 422.8 440.2 447.6

4 0.40 426.2 445.3 453.2

5 0.50 429.2 449.2 458.0

6 0.60 4319 453.1 462.4

7 0.70 4340 456.8 466.2

8 0.80 436.2 460.5 470.6

9 0.90 439.0 465.1 475.6
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TABLE 3

Non-isothermal kinetic parameters of dehydration of CaC,0,-H,0

No. «, o & E R, R, R n AG™YH
(kcal mol™1)

1 010 020 030 27.86 1.284 1.067 1.176 1.29 1.67 x 10"

2 010 030 0.50 24.47 1322 1.589 1.456 1.29 3.62x10°

3 020 040 060 23.66 1216 1.619 1418 1.02 1.32x10°

4 030 050 0.70 23.90 1.470 1337 1.404 0.81 1.50x10°

5 040 060 0.80 22.00 1.567 1.416 1.492 0.75 1.80x 108

6 050 070 0.90 2273 1.741 2.003 1872 0.83 4.35x10%
E =2410 =100 Tog A=9.33

Once a,, a;, and a, are known, T,(8) and dT,(B)/dpB for every B €[S, Bs]
can in principle be obtained.
We shall take:

+

B. = &—2& ~2.988 K min~"
+

B, = &?& =7.281 K min™"

The interpolated data are listed in Table 2.

The non-isothermal kinetic parameters for f(a) = 1(1 — a)” are listed in
Table 3. As seen from the table, the average values of the kinetic parameters
are in satisfactory agreement with those reported in the literature [3-5].
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