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On the basis of the established model [1], the following system of differ-
ential equations is obtained for two consecutive reactions under isothermal
conditions
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where a; = conversion of the first reaction, @, = conversion of the second
reaction, E, = activation energy of the first reaction, E, = activation energy
of the second reaction, n; = reaction order of the first reaction, and n, =
reaction order of the second reaction. For given values of the kinetic param-
eters A,, E,, n,, A4, E,, n,, system (1) can be solved by various methods (we
used a modified Euler method, followed by a predictor—correcter method),
which gives

a=a; ta,

and
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Assuming the influence of the experimental errors on the shape of the a vs.
T and da/dT vs. T curves to be insignificant when compared to the influence

of large variations of the kinetic parameters, the condition for a minimum of
the function

N
8 = L (xf™* —xf*P) (2)
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where x; is the value of a or da/dT at point i, and N is the number of exper-
imental points, is used to determine the kinetic parameters 4,, E,, ny, Aa, Ea,
na.

The minimum of the function is sought on a set of poiats Y C RS,
described by the kinetic parameters A,, E,, n,, 4,, E., n.. The better the
choice of method for optimization and accuracy of experimental data, the
better the values of the kinetic parameters obtained.

METHOD OF MINIMIZATION OF THE S FUNCTION

In previous work [1], we have tried to determine the starting point Y, by
means of the Coats—Redfermm method applied twice. Experimental points
were chosen such that, for the first set, the conversion was less than 0.4
(when the second reaction is supposed to be sufficiently slow) and, for the
second set, the conversion was greater than 0.6 (when the first reaction is
supposed to be complete). By means of this Y, (A{", E{™, n{®, .1, E@®.
n$®’) the system (1) was solved by subroutine CALC( Y). The value S, was
computed from eqn. (2).

A direction of optimization is now sought on the set Y € R¢. Each param-
eter is modified by the value dY; (i = 1. 2, ..., 6) and the value (S — Sn)/dY;
is computed.

If
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0

we choose the new step

dy’ =97
((new) ]—.—-:_—g
Sy
If
S
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Sa

we choose the new step

dY;(new) = (1 — -S—-)dY,-

S
This choice is done for the sake of simplicity and to keep the step for each
kinetic parameter under the initially chosen values of precision.

After the choice of the direction of motion, the iength of the step is con-
trolled by the introduction of a parameter A\, where dY (new) = AdY(new).
If function S decreases, N\ is doubled. If S increases, A is decreased until a
limit value A, is reached. The criterion of convergence is the values under a
chosen limit for either (1) the deviation S, or (2) the values of all dY; (new).
According to these principles a program has been established and run on a
Felix computer.
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EXPERIMENTAL

The dehydration reaction of CuSO, - 5 H,O powder (Merck) of medium par-
ticle size (0.95 um) was studied in air, under non-isothermal conditions, with
a heating rate 8 of 5°C min~!. The weight of sample taken was 0.288 mg.
The a vs. T curve shows a slight change in its slope at 110°C and da/d7T vs. T
shows two maxima at 100°C and 120°C, with a minimum at 110°C, where
the value (da/dT);10°¢c > O.

Assuming the following system of reactions to be valid

Iz
CuSO, - 5 H.O — CuSO, - 3 H.O + 2 H.O

CuS0O, -3 H.O ’—:’ CuSO, - H,0 + 2 H.O
the starting values

A =24X10% s E,
A, =47TX10%s " E,

were determined.
The final values were

A, =241 x10% s ', E, =27.58 kcal mole™!, n, = 1.2
A, =474 X10'% s ' E, = 32.29 kcal mole~'. n, = 0.9

27.5 kcal mole™!, n, =1

b

32.3 kcal mole™', n, =1

The medium deviation of the experimental and calculated a is 0.01. Both
the o vs. T and the experimental curves have the same shape, with a mini-
mum at 115°C between maxima at 100°C and 125°C. The number of itera-
tions was 10. Values of pre-exponential factors have less influence on the
shape of the a—T curve, which is why they are practicallv the same at the
end of the process. In contrast, small changes of activation energy change the
shape of the a—T curves greatly. The initial values seemed to be fairly accu-
rately determined. The most important changes are those of the values of the
reaction orders.
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