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NON-ISOTHERMAL KINETIC DATA
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In a previous note [1] we reported a BASIC language program for
working the non-isothermal kinetic data by use of the Coats—Redfern
method [2]. This communication deals with two other BASIC programs for
the modified Coats—Redfern method [2] and an iterative method [4] recently
worked out to evaluate the non-isothermal kinetic parameters.

The modified Coats—Redfern method uses the equation:
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°gf f(a )Tz =18 gE " 2303R T @)
where all the parameters have their usual meanings, whose varant for
fla)=(1—a)" is:
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For the correct value of n the plot of log f ( values against 1/T

__tx
o (1—a)"T?
values, should give a straight line whose slope and intercept allow the
calculation of the activation energy, E, and the pre-exponential factor 4.

To calculate the integral from eqn. (2) the trapezoidal method for unequal
distances is used [5]. By introducing the notation:

o da
—_— =] 3
with Im0 = (), one obtains:

ga;.,) + g(a;)

Ia,-+1=Ia,+ (ai+1_ai) ) (4)
where
g(a)=[(1-a)"T?]™" ()
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The program for the modified Coats—Redfern method allows the selection

of the value of the “reaction order”, n, corresponding to the best linearity
log—da ll.The program calculates the slope and the intercept of
1-a)'T2 T

the straight line as well as the value of the correlation coefficient corre-
sponding to the linear regression.
Input data: N-—number of experimental points; W,—sample weight de-
crease at temperature T;; W,—total sample weight decrease; 7,—tempera-
ture (°C); U—heating rate.

The maximum number of experimental points which can be used is 20.

In the vectors X(I) and Y(I) the values T(I)~! and, respectively,

log f ©__da are calculated. The two vectors are indexed for a given
o (1—a)'T?

reaction order in each experimental point. To evaluate the elements of Y([)
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Fig. 1. Flow diagram of the modified Coats—Redfern method.
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a new vector L(I) in which one calculates the integral I, taking into
account relationships (3), (4) and (5) is introduced. The vector L(7) is also
indexed for each experimental point.

In the initialized quantities 4, B, C, D and E which are the same as in
the previous program for the Coats—-Redfern method [1], the data necessary
for the least squares method are calculated. In P and Q the slope and the
intercept of the straight line are calculated; K and M calculate the standard
deviation for X(7) and Y([), respectively, and V calculates the correlation
coefficient.

To calculate the kinetic parameters E, and A the following formulae are
used:

E=4573P (6)
A =(102- UE)/(60R) (7)

The calculation of E (cal mol~!) and A4 (s) according to eqns. (6) and (7)
are performed only after the fulfilment of the condition:

|V | €(0.98—1) (8)

If the condition (8) is not fulfilled for a given reaction order, denoted in the
program by H, the reaction order is changed with a given step (in our case
0.2) imposed by the program (see instruction 50) in the interval of values
0-2 (see instruction 49). "
The program is initiated using the instruction RUN e, where e, is the
starting label of the program.
The logical diagram of the program given in Fig. 1 is followed by the
instructions of the program.
Instructions of the program for the modified Coats—-Redfern method
IMPUT “NR. OBS”; N
DIM T(N), W(N), X(N), Y(N)
WAIT 48
PAUSE “ENTER”; N; “PAIRS”
FORI=0TON
PRINT “PAIR”; 1
IMPUT “T?”; T(I)
IMPUT “W?”; W(I)
NEXT I
WAIT 128
. INPUT “HEATING RATE?”; U
INPUT “TOTAL DECREASE?”; Z
.H=0 .
PRINT “ORDER”; H
.A=0,B=0,C=0,D=0,E=0
L(0)=0,R=N-1
17. FORI=0TOR

o
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18. K=I+1

19. LK) =L+ (WA - W(EK)/(2*Z) * (ZAH) *
(1/(W(K) A H * (T(K) + 273) A 2) + 1/(W(I) A H * (T(I) + 273) A
2))

20.  X(K)=1/T(K): Y(K) = LOG (L(K))

21. A=A+ X(K)

22. B=B+X(K)A2

23. C=C+Y(K)

24, D=D+YXK)A2

25. E=E+ (X(K) + Y(K))

26. NEXT]I
27.  WAIT
28. F=A/N
29. G=C/N

30. J=B-((AA2)/N)

3. K =SQR (J/N-1))

32. L=D-((CA2)/N)

33. M=SQR (L/N-1))

3. O=E-((A*C)/N)

35. R=0/SQR (J=L)

36. PRINT “ORDER ="; H
37. PRINT “CORRELATION =”; R
38. IF (ABS(R) < .98) GOTO 49
39. P=0/]

40. Q=G-(P*F)

41. WAIT 128

42. PRINT “EQ.IS”

43.  WAIT

44. PRINT“Y="; Q; “+”; P; “X”
45. E=4575xP

46. A=(10AQ*E*U/120
47. PRINT “ENERGY ="; E
48. PRINT “FACTOR ="; A
49. IF (H=2) GOTO 52

50. H=H+02

51. GOTO 14
52.  PRINT = PRINT
53. END

As far as the program for the iterative method is concerned, for a given
iteration j, one has to consider a system of three equations with three
unknowns (A4, E and n). The equations are of the general form [4]:

. . . E/ a, —a,
log A7+ n’ log{l —a/, ) — - =lo :
s (1~ ) 2.303 RT), 51,

()
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with a/, and T}, given by:

1-n/ 1-n/
a, —a 1—aq l1—a
k i - — ( 1) ( - k) (10)
(1- i)’ 1o
E’ _ I, - T, — E/RT, —E/RT;, —E/RT,
Tk‘ﬂe_Rﬂf,;+l_ 3 (e +4e x4 e ) (11)
For the zero (initial) iteration:
a.+
of, = =k (12)
2
T+ T,
Tg= Tk (13

Using eqns. (12) and (13) the values 4% E°® and n° can be calculated.
For four sets of conversion degree and temperature values which fulfil the
conditions: &

Aa, =a, —a,€(0.3-0.4) | (14)
AT,=T,—T,€(4—5K,15-20 K) (15)
the iterations continue until the fulfilment of the conditions [4]:
|n/*t—ni| <n

|E/*'~EJ| <E (16)
|log A’*! —log A/| <log A

Thus for the values a/, and T the following system of three equations can
be written:

‘ , A E/ a,— o
log A/ +n’ log(l —af,) — ~ = log—
g gl ~af) ~ =2 FrT =)
. . A E’ a, —a,
log A/ + n’ log(l — aj;) — - = log— = 17
8 g1 - ats) 2303RTy, -1 (17)
A : . E’ a,—a
log A7+ n/ log(1 — af,) — - =Jog—2+—2
&7 el —at) = 7353 RT), -1,

which can be solved using determinants. If values of log 4/, E/ and n’
fulfil conditions (16), the iterations stop and the values of the kinetic
parameters are displayed.
Input data: T(J/)—temperature in point I(K); C(I)~—conversion in
point I; S(I)—time necessary to reach conversion C(7); (I=1, 2, 3, 4)
The input data are recorded for a given heating rate. Variable J contains
the iterations counter. The vectors Q(j), 7(j), R(j) calculate the values of
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o/, and the vectors F(j), G(j), H(Jj) calculate the values of T/,. The free
term values in eqns. (17) which is the same for the same equation in every
new system, is calculated in B([7).
In A, E, U, L, M, N the terms of the determinants are calculated and in
D, O, W, V, the following determinants are calculated:
1 log(l—af,) =-1/(2.303RT},)
D=1 log(l—aj) —1/(2.303 RT}) (18)
1 log(l—eaf,) —1/(2.303 RTY)

1080[2——:11 log(l1—af,) —1/(2.303 RTY,)

L4
0={log>>—2 log(l—aj) —1/(2303RT4)| (19)

g2 =% log(1-af) ~1/(2.303 RT},)

1 log 22— _1/(2.303 RT},)
L4
a3 - az .
w=|1 log*—= -1 /(2.303 RTY,) (20)
3 1
1 log*—"  _1/(2.303 RTY,)
t,— 1,
1 log(l - af;) logu
L—4
o —
_ — o BT
y=[1 log(l—aj;) Ilog Ry (21)
1 log(l—af,) log—4— %3
t,— 1,

In the vectors X(j), Y(j), Z(j) the values of log 4, n, EY for the
iteration member j are calculated.
The program is initiated using the instruction RUN e,, where e, is the
starting label of the program.
The logical diagram of the program is given in Fig. 2.
Instructions of the program for the iterative method:
. PRINT “ITERATIVE METHOD”
. DIM T(4), C(4), S(4), B(3), Q(24), P(24), R(29)
. DIM F(24), G(24), H(24), X(29), Y(24), Z(29)
FORI=1TO4 ‘
INPUT “T?”; T(I)

N
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START

SorEiose,

CALCULATE
Cij and Tjj
T

'
CALCULATE
nt, A, g

PRINT J, ves
n, € A
|
STOP

Fig. 2. Flow diagram of the iterative method.

6. INPUT “C?’; C(I)
7. INPUT “S?”; (1)
8. NEXTI

9. J=0

10. Q() =(C(1) + C(2))/2

11. PG) =(C2)+ C(3))/2

12. R() =(C(3) + C(4))/2

13. FG) = ((T(1) + TQ)/) A — 1
14. GG)=(T@ +TAB)/HA -1
15. HG) = (T(3) + T(@))/2) A —1
16. FORI=1TO3

17. K=I+1
18.  B(I) = LOG((C(K) — C(I)) /(S(K) — S(I))
19. NEXTI

20. A=1-0Q()
21. E=1-P()

22. U=1-R()
23.  L=F(j)/4.573
24. M= G(j)/4.573
25. N =H()/4.573
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26.
27.

28.
29.
30.
31.
32.
33.
34.
3s.
36.

37.
38.
39.
40.
41.

42,
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.

D=E*N+U*L+A*M-L+*E-U+sM-A=*N
O=B1)*E*N+BQ2)*U*L+B3)*A*M-B3)*L+E—
B1)*U*sM—-B(2)*A=*N
W=B2)*N+B3)*L+B1)*M-B(2)*L-B3)*M—-B(1)*N
V=B3)*E+B2)*A+B1)*U~-~B3)*A-B2)*U—-B(l)*E
X3 =0/D
Y§)=W/D
Z43)=V/D
IF(J > 2) GOTO 43
J=J+1
K=J-1
QG) = ((C(2) — C(1)) * (1 — Y(K)))/(((1 = C1) A (Y(K) * ((1 — C(2))
A (Y(K)) = Y(J))
PG) = ((C(3) — C(2)) » (1 = Y(K)))/(((A — C2) A (Y(K)) * (A —
C(3)) A(XY(K)) * Y(T))
R() = ((C(4) — C(3)) * (1 — Y(K)))/(((1 — C(3)) A (Y(K)) * (1 — C(4)
A (Y(K)) * Y(3))
F() = (1.987/Z(J)) * LN(6 /(EXP(—Z(K)/(1.987 = T(1))) +
4 » EXP(—Z(K) * F(K)/1.987) + EXP(—Z(K)/(1.987 = T(2))))
G(j) = (1.987 /Z(J)) * LN(6/EXP(—Z(K)/(1.987 = T(2))) +
4 *» EXP(—Z(K) * G(K)/1.987) + EXP(—Z(K)/(1.987 * T(3))))
H(j) = (1.987 /Z(J)) * LN(6 /EXP(—Z(K)/(1.987 = T(3))) +
4 * EXP(—Z(K) * H(K)/1.987) + EXP(—Z(K)/(1.987 * T(4))))
GOTO 16
PRINT “log A =”; X(J): PRINT “ORDER ="; Y(J)
PRINT “ENERGY ="; Z(J)
K=J-1
IF (ABS(X(J) — X(K)) < = LOGA) GOTO 47
IF (ABS(Y(J) — Y(K)) < =n) GOTO 48
IF (ABS(Z(J) — Z(K)) < = E) GOTO 52
IF (J =7) GOTO 56
J=J+1
GOTO 35
A=10A X(J)
PRINT “A="; A
PRINT “E ="; Z(j)
PRINT “N ="; Y(j)
WAIT
PRINT = PRINT
END

The two programs were run on a Sharp programmable pocket-computer,
P.C.-1251. The results obtained concerning the non-isothermal kinetic
parameters of the decomposition of some polynuclear coordination com-
pounds with rare earth elements will be given in a following note.
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