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Note

Kinetics of thermal decomposition of copper basic carbonate

Part 2. The analysis of differential thermal data
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The activation energy (AE+) and the order of the reaction () may be estimated
from differential thermal analysis (DTA) curves using three general procedures:
(2) trial and error’; (b) direct method?; (c) a semidirect method>>. The authors
adopted a semidirect procedure to determine AE* from the induction period data
and used the Murray and White equation® and Kissinger plot’. The Kissinger
semidirect method of determining the reaction order n from the endothermic DTA
peaks was used in this paper to determine the reaction order from the endothermic
DTA peak of copper basic carbonate heated at a rate of 1°C min~! in air.

EXPERIMENTAL

A Netzsch differential thermoanalyzer, Model 409, was used for the DTA
measurements with thermocouples of Pt-Pt-Rh. The holders of the crucibles as well
as the crucibles themselves are made from calcinated alumina. The differential
thermocouple peaks are positioned in such a manner that during the heating period
they take position right above the sample. Heating rates of 1, 2, 5 and 10°C min~!
were used to determine the temperature gradient, 7T, between the sample and the
calcinated alumina reference.

Kinetic method
The reaction rate constant K is directly proportional to the specific rate
constant K’ and inversely proportional to the induction period z°. Therefore
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by the Arrhenius equation as

K’ = Aexp (_ﬁf’) ()

where 4, AE*, R and T are frequency factor, activation energy, universal gas constant
and absolute temperature, respectively. Relating eqn (2) with egn (1), followed by
rearrangement yields in the logarithmic form

1 -G 3
°g() = 53RT 3

where 1 is a constant equal to log (4/c). The value of K’ is also given by the Eyrmo
absolute r&cuon rate theory'? as

. AH®
K’= cx exp|{ —— 4
T xp (22 )exp (- 25 @

where k, k, T, h, AS*, R, and AH#* are transmission coefficient (normally assumed as
1), Boltzmann constant, absolute temperature, Planck’s constant, activation entropy,
molar gas constant, and activation enthalpy, respectively. Combining eqns (4) and
(1), rearranging, and taking the logarithm we obtain

log (—l—) = [log (li + AS*] — AHT )
T ch 23R]| 23RT ’

Similar equations can be derived for AE* and AH* by using the time, £,,, at which the
DTA temperature peak appears instead of t.

The activation energy (AE=*) can also be calculated from the Murray and White
equation®

D AE™

=I— 6
e 33RT. 6

log

where &, T,, and I are heating rate, absolute temperature of the sample at maximum
deflection on DTA curve, and a constant which also contains the conversion factor.
The term T, is defined by 7,=T7;+AT, where T is the furnace temperature at the
time of the maximum decrease in the temperature of the sample due to the endo-
thermic reaction and AT is the sample temperature decrease diie to self-cooling.
Equation (6) indicates that the reaction rate constant K is proportional to
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j If we insert eqn (4) and (7) vinto. eqn (1), rearrange and takethc Iogarit'hm: we

obtain

@ AH* | o |
log—=1I— - _ : 8
og,’;, 23RT. A ®

where the constan® I’ is given by

I = log[;—; %eas*m]

The reaction order, 7, can be related to the shape of the DTA peaks. Kissinger®
defined a shape index S for endothermic DTA peaks of various minerals, as the ratio
of the slope of the tangent at the infiection point on the Ief? side of the peak to that at
the inflection point on the right side. The shape index, S, and the reaction order, n,
are related by®

n=126S5"2 ; )
RESULTS AND DISCUSSION
The experimental results obtained from DTA investigations by heating the

same quantity of the sample of 225.9 mg in air with different heating rates are shown
m Fig. 1. The shift in the position of the DTA peak is due to the change in heating
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Fig 1. DTA curves for CuCO;Cu(OH); at differcat beating ratcs in air,
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The necessary data for the calculation of kinetic parameters of the thermal
decomposition of copper basic carbonzate are given in Table 1.

TABLE 1

DATA FOR CALCULATION OF KINETIC PARAMETERS OF
THERMAL DECOMPOSITION OF CuCO,;Cu(OH): IN AIR

@ = Heating rate; W, = sample weight (mg); t = induction time (min); 7; = temperature of furnace

at the end of the induction period; Ty =

temperature of the furnace at the time of maximum deflec-

tion on the DTA curvs; AT = the maximum decrease in the temperature of the sample; 7, = tem-

perature of the sample at the time of maximum deflectior on the DTA curve, ie, T, = T,—AT;
= time (min) taken to reach maximum deflection on DTA curve.
> Wo T T, T AT T, t,
(CCmin—")  (mg) (min) x) x) C) (Xx) (min)
1 225.9 256 508 515 14.52 500.48 265
2 2259 141 503 523 45 478 151
5 259 52 473 533 67.60 465.40 60
10 2259 41 453 5338 9408 433.92 48.5

Table 2 summarizes the various ways of calculating AE* and AH* using the
method of least squares at 95% confidence range.

TABLE 2

ESTIMATIONS OF AE* AND AH*

-

b : . ae? From of plot used aH"

2 Frem of plot used 2 tind LE” .

x {Keat ) to t=nd AW {Kead /mole )

2 forole :

1 Induction’ pericd ;log -‘Tvsq‘; 15.222433 Jtog —?_.'!‘.- vs. - Bt 157

2 |induction period - Log _%-vs-—{.— 16.48% 780 v 18.20210.10

3 Considering AT: log -:—P- ¥S. ‘T ns3* 686 | log —l‘,—‘l’ YS. —'.l;' 1832 686

¢ |considerng AT : tog —,‘; vs. L 15652 7.90 | log -%. vs. - 1.6 785
AVERAGE BASED OM PLOT {11.(2)(3) AND (2] | K82%6.67 — 1552 1.0
THERMOGRAVIMETRIC  RESULTS 17.08 ¢ 6.50 — —

All the calculations are based on the data presented in Table 1. The values of
AE* and AH* based on thermogxavxmemc measurements'! are calculated and
mcluded for comparxson.
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- The followmg condusxons may be drawn from the results prsented in Table 2.

(1) Plots (1), (2) and {4) produced approximately the same values of AE* and
AH*, while eqn (3) gave somewhat smaller values. This difference could be attributed
to expcﬁmental error, method of calculation and sample weight.

‘ (2) The values of AE* and AH* diffcr by an average of 1.10 kcal mol ™ '. This
small difference could not be differentiated experimentally and in our pr&nt study
we could safely say that AE* and AH* are equivalent.

The lower values from DTA results have been calculated in compared to the
thermogravimetric results. This was also approved by the authors of this article
speaking of this kind of comparison*-®.

By means of the Kissinger’s method the reaction order is determined from the
shape of DTA curve for the heating rate of 1°C min~ . The shape index S of the
endothermic peak presented in Fig_ 1 was calculated to be 0.312. According to eqn (9),
a valuc of n=0.70 was calculated.
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