
Thermochimica Acta, 42 (1980) 377-381 
Elsevier Scientific Publishing Company, Amsterdam - Printed in Belgium 

377 
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J.E. HOUSE, Jr. and DENISE D. DUNLAP 

Department of Chemistry, Illinois State University. Normal, IL 61761 (U.S.A.) 
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The decomposition of ammonium compounds can serve as a useful model 
for comparing kinetic treatments of TG data owtig to the complete mass 
loss. Hypothetical data generated by assuming certain values for kinetic para- 
meters seem to offer no advantage. Recently, we have begun a study of the 
thermal characteristics of ammonium compounds in order to determine the 
kinetic [l] and thermodynamic [2] parameters associated with decomposi- 
tion. It was found that the decomposition of (NH&CO3 and NHaHCOB gave 
the best fit when the first order Coats and Redfern equation [3] was used. 
Correlation coefficients could be used to distinguish between different 
orders only when mean values for several samples were used [l J. In general, 
correlation coefficients do not provide a reliable means of identifying a “cor- 
rect” mechanistic model [4]. We have extended our study to include addi- 
tional ammonium salts in an effort to determine if the characteristics of the 
decomposition of (NH&CO3 and NH4HC03 are revealed in the decomposi- 
tion of other ammonium szlts. In the present paper we report the results of 
TG studies on NH4CZH302, NH4BF4, (NH&CZ04 - HzO, and (NH&SO3 - 

HzO. 

EXPERIMENTAL 

The ammonium salts used in this work, NH4CZHJOZ, NH&F,, (NH4)7SOJ - 

HzO, and (NH&Cz04 - HzO, were of the highest purity available and were 
used without further treatment. Thermogravimetic analyses were carried 
out u&g a Perk&Elmer TGS-2 system. Procedures used were similar to 
those previously described [ 51. In all cases a minimum of three samples were 
studied and kinetic parameters were determined using the Coats and Redfem 
equation [3] within the range 0.1 < ar < 0.8. Calculations were carried out 
using a Texas Instruments TM9 programmable calculator. A program was 
designed to enable the input of deflections of the mass curve at various tem- 
peratures and then to calculate the desired function f(cr) for each tempera- 
ture-deflection data pair depending on the order assumed. These f(a) values 
are stored and then linear regression analysis is performed without additio- 
nal data entry. The value of IL is then changed and a new set of f(a) calcu- 
lated automatically until all the desired values of n are used. The deflection- 
temperature data are entered only once for each sample. 
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RESULTS AND DISCUSSION 

The TG curves for the ammonium stits are shown in Fig. 1. In the case of 
the hydrated salts the dehydration is identifiable as a separate step. Kinetic 
parameters for the dehydration reactions 

(NH&C204. Hz0 --f (NH4)&04 + Hz0 

and 

(NH&SO3 - Hz0 + (NH&SO3 + Hz0 

were also determined. The decomposition reactions 

NH4CZH302 --+ NH3 + HC2H,02 

NHdBl?a --f NH3 + HBF4 

(NH&C204 --f 2 NH3 i- Hz0 + CO + COz 

(NH&SO, + 2 NH3 + Hz0 + SOP 

all appear as a single step in the mass loss curves. 
As was found for the decomposition of (NH4)&03 and NH4HC03 [I], the 

correlation coefficients do not appear to change much by assuming different 
reaction orders. This has been investigated in the present study for the four 
ammonium salts studied here. Table 1 shows the correlation coefficients ob- 
tained when reaction orders of 0, l/3, 2/3,1 and 2 are used in the Coats and 
Redfern equation. In determining the individual correlation coefficienti, no 
attempt was made to delete or smooth points to obtain a higher value. 

It is readily apparent that for certain cases there is very little difference in 
the correlation coefficient produced by assuming different reaction orders. 
For example, the decomposition of NH4CZH302 gives r > 0.99 for any order 
from n = 0 to n = 1. In this case, the highest r value results when the zero 
order equation is used. Similarly, in the case of NH4BF4 all orders from 0 to 
2 result in r > 0.994. Thus, any order from 0 to 2 might be deemed “accep- 
table” for the decomposition of NH4BF4 although the best fit is obtained 
with n = 2/3. It is also generally true that the value of n that results in the 

TEMPERATURE. ‘C 

Fig. 1. TG curves for the decomposition of (NI&)2S03 - Hz0 (A), NH~C~H~OZ (B), 
(N%)2C204 * H2O (Cl, ad NH&F4 WI. 
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highest value of r also gave the lowest standard deviation for the individual 
values. In other cases, such as the dehydration of (NH&&O4 . HzO, the cor- 
relation coefficients show a much larger variation with order. 

While the correlation coefficients do not show much variation with 
assumed reaction order, the activation energies do. The apparent activation 
energy values are shown in Table 2. For example, r varies from only 0.9944 
to 0.9996 for the decomposition of NH4BF4 regardless of the order assumed. 
However, the apparent activation energy varies from 89.3 to 139.2 kJ mole-’ 
depending on the value of n_ For a given reaction, the higher the assumed 
order, the higher the apparent activation energy. Other examples produce an 
even more drastic change in apparent activation energy as the assumed order 
varies. While it is apparent that a reasonable correlation coefficient results 
from almost any assumed order, it is equally apparent that this situation 
does not exist for the activation energy. It seems that as a matter of routine 
several orders must be assumed and the corresponding apparent activation 
energy and correlation coefficient determined to have any certainty that a 
“correct” order and kinetic parameters have been obtained. Again, as in our 
previous study [ 11, it is obvious that it is unreliable to assign an order on the 
basis of a single run. 

Table 3 shows the In A values for the reactions when various orders are 
assumed. It is seen that a higher assumed order always results in a higher 
value of In A for a given reaction. 

The data presented here show that since the apparent activation energy 
and the pre-exponential factor vary widely and regularly with the assumed 
kinetic order, reliable values for these parameters will be obtained only when 
the “correct” order is assured. That condition will be met only when several 
possible orders have been tried and the highest correlation coefficient is ob- 
tained. The acceptable criterion should be that the value of r is higher than 
that found for any other order, not that it is higher than some arbitrary ref- 
erence value, say 0.98 or so. Again, this study and our previous work [I] 
have shown that the “correct” order can be based only on average values for 
r because individual sample variations may be larger than those produced by 
different assumed orders. 
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