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Evaluation of the kinetic parameters in a
reaction with a solution of the type
y = Aexp (—1t/r,) + Bexp (— t/1,)

Kinetics of the type

y = Aexp(—t/r)) +Bexp(—1t/r) (1)

are characteristic of many competitive and con-
secutive reactions [1]. Determination of the
parameters of Equation 1 from individual exper-
imental data points requires the solution of a

system of transcendental equations which must
be more than four generally, because the mean
square error should be minimized. As the solution
is cumbersome, a mathematical method which:
employs the experimental curve as a whole and
not just discrete points on it, is developed here.

By using the well known integral

@

f:t“ exp(—¢t/r)dt = n! 7",

by multiplication of Equation 1 by #° (=1), ¢

TABLE I Fitted parameters using Equations 4 to 7. (The bracketted values of =, and 7, are taken from Trieb and

Veith [2])

S M J T A T, 7,

(min) (min)* (min)° (°0) (min) (min)
Cu—15at% Al 139 279.0 131 245 0.6 . 6.3(6.2) 25.2(25.3)
Cu—18at% Al —11.0 —4504 —264 260 1.58 3537 28.4 (28)
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Figure 1 Normalized isotherms of ordering from Trieb and Veith [2]. (a) Cu—15 at % Al, (equilibrated at 250° C, then
annealed at 245° C). (b) Cu—18at % Al, (equilibrated at 270° C, then annealed at 260° C). The squares represent their
experimental data, while the circles are some computed values for fitting Equation 1 from the present work.

and #*, and subsequent integration from zero to
infinity, the following system of equations are
obtained:

Yo = A+8;
S = Ary +Bry;

) ) 3)
M = A7t + Br3; .
J = 2473 +2B73.

In the first of these equations y, =y(0). The
values S=foydt, M= [ty dt and J= 5 ¢
y d¢, can easily be determined by graphic inte-
gration, for instance by weighing the areas of
paper enclosed between y and y = 0. Eliminating
7y from Equation 3 yields

1190(S* —Mpo) + 13 (MSyo — 25 + §Jy3)
+ 373S(MS — 3Jyo) + 7 (3IMy +JS? — 3M2S)
+M3—3IMS = 0 4

which can be solved either algebraically or numeri-

cally. Once 7, is determined, the other parameters
can be computed from

M-S
Ty = S~—_L ) 3)
—JYoT1
S —
4 = T2)o (6)
Ty — T2
and s
g =000 _ 0y, (7
Ty —Tq

The above method was successfully applied to the
very precise isothermal kinetic curves for short-
range ordering in Cu—15at% Al and Cu—18at%
Al, based on the change in electrical resistivity,
obtained by Trieb and Veith [2]. Trieb and Veith
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showed by computer fitting, that their curves were
consistent with Equation 1. The values of S, M and
J are shown in Table I for both alloys. Since in
their curves the change in electrical resistivity is
normalized, yo = 1, thus 4 = (1 — B).

Fig. 1a and b show the Trieb and Veith curves
[2]. The circles correspond to their experimental
data and the squares correspond to verifications
by the present method that their kinetics can be
described by Equation 1. As can be seen, agree-
ment is excellent, There is also good agreement
between the 7, and 7, values obtained by the
present method, which uses the entire kinetic
curves, and Trieb and Veith’s computer fitting
method, which was presumably based on exper-
imental points.
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