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In a previous paper [1], a computer method was presented for the analysis
of non-isothermal TG (NITG) data for mechanism and activation energy. In
the present communication, the preceding method was modified consider-
ably and then applied to “n-type” decompositions to determine activation
energy ( £) and reaction order (#) simultaneously. This modified procedure
was implemented by means of a computer-generated spreadsheet and was
applied to theoretical data, benzenediazonium chloride (BDC), teflon (TF),
magnesium hydroxide (MH) and calcium oxalate monohydrate (COX).

THEORY

For an “n-type” unimolecular (or pseudo-unimolecular) decomposition
carried out by means of NITG, it can be readily shown [2] that (assuming
1> 2RT/E)

m{[1-(1-a)"""]/T*1-n)} = ~E/RT+K (1)

where a = degree of conversion, K = In(AR/BE) and should be constant at
any particular value of n and of heating rate (), and A = pre-exponential
factor. (Although eqn. (1) does not hold for n =1, this need not concern us
since values of n can be used which are very close to unity.) If we let the
left-hand side of eqn. (1) be denoted by Y, we may write

Y+(SL/T)=K (2)
where, SL = E/R.

* Polymer Processing Institute.
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RESULTS AND DISCUSSION

The computer procedure employed can be described as follows. Various
values of n were assumed to be valid (initially 0.1 increments were used).
Then using a-T (K) pairs of NITG data, eqn. (1), and a least-squares
treatment, a value of SL could be determined for any particular value of n.
The resulting value of SL was next used with the various data pairs to
estimate K-values from eqn. (2) and the standard deviation (SD) of these
K-values was determined. This process was repeated for various n-values
until a minimun SD-value [SD(min)] was obtained. The entire process was
repeated again using »-values (in 0.01 increments) which were close to that
value of n which afforded SD(min). Final values of n and SL (= E/R) were
taken as those at the resulting SD (min). The preceding iteration procedure
was implemented by means of a computer-generated spreadsheet called
MSPLAN. This particular spreadsheet (Radio Shack) is a subset of the
full-fledged Microsoft MULTIPLAN spreadsheet and was found to be
satisfactory for the E and » determinations carried out in this work.
Although this spreadsheet analysis is relatively slow compared with a similar
analysis via computer programming, it has certain advantages, such as
providing neat formats of data and results, and possessing automatic func-
tions for summations (SUM) and SD calculations (STDEV). Worksheet data
and results are presented in the various tables that follow. (In order to save
space, only portions of some worksheets are presented.)

Tables 1A, 1B and 1C depict worksheet analyses for SL and » using
theoretical data (n=1/2 and E = 28 kcal mol ') [3]. When three or more
significant figures (SF) were used for conversion, the SD (min) value
obtained at n=0.50 (SL = 14000) was much smaller than corresponding
values of SD obtained at # =0.49 and 0.51. However, when only two SF
were used for conversion values, the SD-values at n =0.49 and 0.51 were
much closer to that at #n = 0.50 (Table 1C). Thus, it is highly recommended,
based on these results, that when the described method is used three or more
SF be used for conversion data (and that SD-values be much less then 0.05).
Theoretical data values (n =1 and E =30 kcal mol™') [4] are again em-
ployed in Table 2. From this table, it can be readily observed that SD(min)
occurs when n =1 and SL = 15100.

Data [5] and worksheet results are presented in Table 3 for the decom-
position of BDC in aqueous solution. From these results, it can be observed
that SD(min) occurs when n=1.03 and SL = 14656 (from refs. 5-8, n=
1-1.1 and E = 28-38 kcal mol™'). Data [9] and worksheet results for the
decomposition of MH are presented in Table 4. From this table, values of n
and SL at SD(min) are, respectively, 1.64 and 28805 (from refs. 3, 9-12,
n=13-1.8 and E =53-57 kcal mol™'). Table 5 depicts data [13] and
results for the decomposition of COX. From this table, it can be seen that
n=092 and SL =9745 (from refs. 6, 13-14, n=0.74-1 and E=18-22
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kcal mol~'). Finally, data [15] and results for TF are shown in Tables 6A
and 6B. From these tables, there appears to be some inconsistency in the
data. Thus, Tables 6A and 6B afford the following results for n and SL,
respectively: 0.99 and 32905; 0.83 and 32153 (from refs. 3, 15, n=1 and
E = 66—68 kcal mol ™).

From the preceding, the procedure presented for the estimation of # and
E and its implementation by means of worksheet analysis affords values of
n and E/R from the various a-7T (K) data pairs tested, in satisfactory
agreement with corresponding theoretical and reported values.
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