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An 1S125 and ISQ4 in a bi~directional data bus buffering circuit. Only
two data lines are shown buffered. Four LS125s would be required for
all eight data lines. In this scheme the "write" buffers and "read"
buffers are alternately disabled by the R/W line., Sometimes they are
also disabled by device select pulses.
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An 8-bit output port. DSy is from an 7,1S138 and
1504 inverter. The buffers could drive more ports.
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COMPUTER-DETERMINED KINETIC PARAMETERS
IN THERMAL ANALYSIS

Dr. L.S. Reich
3 Wessman Drive
West Orange, NJ 7052

INTRODUCTION

Two techniques employed in thermal analysis
which are popular with chemists, chemical en-
gineers, and other scientists studying the ther-
mal degradation of various materials, e.g., tef-
lon, are thermogravimetric analysis (TG) and
differential thermal analysis (DTA). An  im-
portant aspect of thermal analysis is the quan-
titative estimation of kinetic parameters for
the material being degraded such as, activation
energy, E (cal/mole), and reaction order, N.

Prior to the advent of computers (and program-
mable calculators), there was an understandable
tendency to avoid accurate, sophisticated (but
time-consuming and laborious) methods of data
analysis to obtain values of E and N. Graphical
methods were employed to a large extent. Recent-
ly, the author reported an accurateysophisticat-
ed method (no graphics need be involved) whereby
raw conversion-temperature data could be rapidly
analyzed by a computer (alsc, but more labori-
ously by a programmable calculator, e.g.,HP97)
to yield values of E and N (IThermochim Acta, 24,
9 (1978); ibid., 29,367 (1978). (In these re-
ports, there was no description of the computer
program used.) By employing an Apple II com-
puter with Applesoft II Basic (20K) and the pro-
gram listed in this article (ca. 10-11K free
bytes required depending upon the amount of data
entered), the time required to estimate E and N
by the reported method, for the thermal degrada-
tion of teflon via TG (as an example), beginning
with data entry to the display of preliminary
results followed by one iteration to obtain
accurate final results, was only ca.l min.

In this article will be described the computer
program which can be used with the previously
reported method for the estimation of E and N
from data derived by thermal analysis.

SOME BACKGROUND INFORMATION

In the report previously mentioned (loc. cit.),
the following expression was derived (can be
used for TG and DTA):

1=
£ 108 (== T VO

where, T(1)=(T4/T|)1; U(1)=TiT2/Tr-T2); R = gas
constant (1.9872 cal/deg-mole); &« denotes frac-
tional conversion; & 1 corresponds to temperature
(K), T, etec.

For two pairs of given values of«and T, i.e.,
«1, Tyand%1, T2, values of E/R can be calculated
from the above expression for various arbitrar-
ily selected values of N. However, assuming
uniqueness, only one pair of E, N values will be
significant. By using other pairs ofeC and T
values, other sets of values of E and corre-
sponding N will be obtained. 1In all these sets
there should be only one pair of E, N values in

common . However, such values would rarely, if
ever, be expected to be exactly equal in prac-
tice due to experimental limitations such as,
sample impurities, heat transfer effects, etec.
Therefore, these values were taken to be those
whose mean deviation (MD) was the least of all
of the MD's obtained for all the sets of values
obtained. Although the above expression does
not apply when N 1s exactly equal to unity it is
rare in practice for reactions to be exactly
first-order and hence this equation is consider-
ed to be of general validity. When values of N
close to unity are used, the value of N may be
set equal to 1.0001, for example, in order to
avoid the error message, "division by zero
error" (this technique was employed in this
paper). Once E and N have been evaluated, an-
other parameter, the pre-exponential factor, may
also be evaluated. This factor was not con-
sidered in this paper.)

THE PROGRAM

The program listed has the following limita-
tions. The values of N should not be greater
than 3 <(termolecular reactions are extremely
rare, if they occur at all, during thermal de-
gradations). Also, the data which is entered in
line #200, is limited to ca.l4l4 data pairs (most
raw data do not contain so many data pairs of
conversion-temperature, but if necessary, the
number of such pairs may be increased by adjust-
ing the DIM statement for A and T in line #7).
The value of N cannot be equal to 1 exactly,
otherwise an error message will result. This
may be circumvented by using N=1.0001, for
example. The Apple II screen will only accom-
modate ca.6 columns of E/R values (6|N-values).
Nevertheless, more than 6|N-values may be used,
even though the display may appear confusing.
about 10-11K free bytes will be required for the
program, depending upon the amount of data en-
tered. Further, since subscripted variables must
contain integer subscripts and since N usually
varies from .5-2, reaction orders are given as
N x 100. This increases the DIM statement and
consequently the number of bytes required by the
program.

In the program itself, explanatory REM state-
ments are to be found in line #'s 8, 47, 70, 80,
135, and 138. Prior to running the program,
data pairs of conversion-temperature (K) must be
entered (see line #200). Then line #5 must be
properly adjusted. In this line # (see line #2)
Y denotes the initial order (x100), Z denotes
the final order (x100), and the increment is
given by V (x100). Thus, for the teflon data
depicted in 1line #200 (from TG), the initial
order will arbitrarily be .86 (Y=86) and the
final order 1.11 (2=111) while the increment
will be .05 (V=5) to yield 6 N-values. The pre-
liminary results obtained using these values
were: E/R = 33091 % 872 for N = 1.01 T .05.
Since the value of N was now established as ca.}
more refined values were obtained using Y =
97.01, Z = 101.01, V = 1 (the .01) was used to
avoid a division by zero error message). Final
values now were: E/R=327927F 822 for N=.98 *.0%.
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As stated in line #8, line #'s 10-40 are used to
form an M x J array of conversion-temperature,
A(M,J). Line #'s U48-76 allow the calculation of
E/R (Z(N)), according to the expression pre-
viously mentioned, for various orders and for
various conversion-temperature data pairs. Also,
S(N) (line #70) is the summation of all Z(N)
(E/R) values for any particular order, N, and is
subsequently used to obtain the average E/R
value and its MD for a particular N (see line
# 125). Line #'s 84-110 allow the determination
of the sum of absolute differences, D(N), be-
tween E/R values and the average E/R value for a

particular value of order, N. The average E/R
value and its MD are calculated for a particular
N in line #125. Finally, line #'s 140-165 allow
the determination of the average E/R value that
corresponds to the minimum MD at a certain order
N. Line #'s 139 and 160 are used to estimate
the value of N which corresponds to the "most
probable"” E/R value. 1In line #1175, the most
probable E/R value (minimum MD), its MD and cor-
responding N are printed. Along with the pro-
gram listing are given results of an actual run
using the teflon data in line #200 obtained by
means of TG.

PROGRAM LISTING

1  PRINT "THIS PROGRAM ESTIMATES E/R VALUES FROM TG/DTA
DATA OF CONVERSION VS, TEMPERATURE (K). THE PROGRAM
DOESN'{T APPLY FOR REACTION ORDERS » 3."

2 PRINT*IN LINE # 5, Y= INITIAL ORDER (x 100), Z= FINAL
ORDER (x 100), WHILE THE INCREMENT IS GIVEN BY V (x 100)."
3 PRINT"FOR EACH RUN, THE VALUES IN LINE # 5 WILL PROBABLY
NEED ADJUSTMENT, ABOUT 10-11K FREE BYTES WILL BE REQUIRED,"
4 PRINT"WHEN DATA PAIRS OF CONVERSION-TEMP (K) HAVE BEEN

ENTERED AND LINE # 5 HAS BENN ADJUSTED AND YOU ARE READY,
TYPE 'CONT! " : PRINT"REM STATEMENTS ARE IN LINE #'S 8,

47,70,80, 135, 138." :

STOP

S5 PRINT: ¥= 86 : Z= 111 : V=5
DIM S(310), D(310), A(44,2), Z(310), U(44), T(44), C(310)
8 REM LINE #'S 10-40 FORM ARRAY A(M,J) OF CONVERSION-

TEMP DATA
10 FOR M= 1 TO 50
15 FOR J= 1 TO 2
20 READ A(M,J)
30 IF A(M,1)= 0 THEN 40
35 NEXT J,M
4O M= M -1

42 PRINTY E/R VALUES OF REACTION ORDERS, N (x 100):"

43 PRINT

45 FOR K= Y TO Z STEP V: PRINT "N= "K" '; : NEXT

L6 PRINT

47 REM LINE #!'S 48-76 ALLOW THE CALCULATION OF Z(N) (E/R)
FOR VARIOUS ORDERS AND FOR VARIOUS CONVERSION.-TEMP

DATA PAIRS
48 FOR I= 1 TO M-l

MWIBRAY o



3

55
57
60

65
?

o

U(I)= A(I,2)* A(I+1,2)/(A(I,2)-A(I+1,2))
FORN= Y TO Z STEP V

Z(N)= L0G((1= (1~ A(I,1))7(1= (§/100)))* T(I)/
(1= (1= A(I+1,1)), (1~ (§/100))))* U(I)

PRINT INT(Z(N));" v;

S(N)= S(N) + Z(N) : REM S(N) IS SUM OF ALL Z(N) (E/R)

VALUES FOR ANY PARTICULAR ORDER, N

72
7l
76
78
80

NEXT N

PRINT

NEXT I

PRINT: PRINT "PRESS A KEY TO CONTINUE!"; : GET A$:PRINT
REM LINE #'S 84-110 ALLOW DETERMINATION OF SUM OF

* ABSOLUTE DIFFERENCES (D(N)) BETWEEN E/R VALUES AND THE

8y
95
100

105
110
115
117

138

139
140
145

AVERAGE E/R VALUE FOR A PARTICULAR VALUE OF ORDER, N
FOR I= 1 TO M- 1
FOR N» Y TO Z STEP V

Z(N)= L0G((1- (1= A(I,1)),(1~ (K/100)))* T(I)/
(1= (1= A(T+1,1))a (1= (§/100))))* U(I)

D(N)= D(N)+ ABS(Z(N)- (S(N)/(M= 1)))
NEXT N,I
PRINT

PRINT "AVG, E/R VALUES AND THEIR MEAN DEVIATIONS FOR
VALUES OF ORDERS (N x 100): N= "Yy" PQ "Z" , INCREMENT "
V" ARE RESPECTIVELY: "

PRINT
FOR We Y TO Z STEP V

PRINT S(W)/(M= 1)" + OR - "D(W)/(M- 1)

PRINT

NEXT W

PRINT : PRINT "PRESS A KEY TO CONTINUE!"; : GET A§: PRINT

REM LINE #'S 140-165 ALLOW DETERMINATION OF THE E/R
VALUE THAT CORRESPONDS TO THE MINIMUM MEAN DEVIATION
AT A CERTAIN VALUE OF ORDER, N

REM LINE # 139 ALONG WITH # 160 ARE JSED TO DETERMINE
VALUE OF ORDER, N, CORRESPONDING TO T/IE tMINIMUM!
E/R VALUE

FORJ= YTO Z STEP V : C(J)= J : NEXT
FOR W= Y PO (2~ V) STEP V
FOR U= (Y+ V) PO Z STEP V
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