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Note 

Kinetics of thermal decomposition of copper basic carbonate 

Part 2 The analysis of differential thermal data 

2 D_ ~VKOVIC. D_ F_ BOGOSAVIJEVI~ AND V_ D_ ZLATKOVIC 

Facrdm of Mim%g and Mcrakrgy in hr. ihi&rsi~~ of Bmgmtf, 19210 lb, ( Yirgodacia~ 
(ftaxived 21 April 1976) 

The activation energy (AE*) and the order of the reaction (n) may be estimated 

from differential thermal analysis (DTA) curves using three general procedures: 
(a) trial and error’; (b) direct method*; (c) a semidirect methodLs.’ The authors 

adopted a semidirect procedure to determine AE* from the induction period data 
and used the Murray and White equation6 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_ 

EXPERIMESTAL 

A Netzch differential thermoanalyzer, Mode1 409, was used for the DTA 

measurements with thermowupks of Pt-Pt-Rh. The holders of the crucibks as well 
as the cruciiks themselves are made from cakinated alumina, The differential 
thermocoupIe peaks are positioned in such a manner that during the heating period 
they take position right above the sample_ Heating rates of I, 2.5 and 10°C min-’ 
were used to determine the temperature gradient., T, between the sample and the 
cakinatcd 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 rg_ Therefore 
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by the Arrhenius equation as 

K’=Aexp (2) 

where A, dE*, R and Tare frequency factor, activation ener_gy, universal gas constant 
and absolute temperatur5 respectiveIy_ Relating eqn (2) with eqn (I)* followed by 
rearrangement yieIds in the Iogarithmic form 

log 1 =~-E 0 7 23 RT 
(3) 

where I, is a constant equal to iog (A/c)_ The v&e of K’ is also given by the Eyring 
absolute reaction rate the~ry’~ as 

K’ = l&l- -exp(,)exp(-s) 
h 

(4) 

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

Similar equations can be derived for AE* and AH* by using the time, rP, at which the 
DTA temperature peak appears instead of 7. 

The activation energy (iU?) can also be calculated from the Murray and White 
equation6 

log 25 0 =I- 
AE* 

x2 2_3RT, 
(6) 

where @, T, and iare heating rate, absolute temperature of the sample at maximum 
deflection on DTA curve, and a constant which also contains the conversion fador_ 
The term T, is defined by T,=T,+AT, where Tf 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 due to self-cooling. 

Equation (6) indicates that the reaction rate constant K is proportional to 
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where the constatt~ I’ is given by 

The reaction order, R, can be related to the shape of the DTA peaks. Kisinge? 
delined a shape index S for endothermic DTA peaJ~~ of various minerals, as the ratio 
of the slope of the tangent at tlie infiection point on the fef? side of the peak to that at 
the infkction point on the r@bt side, The shape index, S, and the reaction order, n, 
arelxaatsdbys 

R = f_26S”Z (9) 

Ihe w xxzsaits obtained front DTA investigations by heating the 
same qtm&ity of the sample of 2259 mg in air with diifkrent heating rates are shown 
in Fig 1, The shift in the position of the DTA peak is due to the change in heating 
late- 

Fis I- DTA cumes for CbCO&a(OH), at diffkratt Ix&g ratq in air. 
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The neoessafy data for the calculation of kinetic parameters of the thermal 
d&composition of copper basic carbonate are given in Table 1_ 

TABLE i 

DATA FUR CALCULATION OF KINETIC PARAMEXZRS OF 
THERMAL DECOMPOSITION OF CuCO,Cu(OH), IN AIR 

@ = Heating rate; W0 = sampIe weight (mg); T = induction time (min); Tr = temperature of fumaa 
attheendoftheindudionperiod;Tc=tanpcramn of the furnace at the time of maximum de&c- 
tion on the DTA am-v:; AT= the maximum &xrcasc in the temperature of the sample; T, = tun- 
peraturc of the sample at the time of maximum d&cctioo on the DTA curve. in, T, = T,-AT; 

‘V = time (min) taka~ to reach maximum dcfktion on DTA cum, 

& W. 7-r 7-c ru 
CC min- ‘) <mS) W <K) (min) 

I 225.9 256 508 515 14.52 soo.4s 265 
2 3z25.9 141 503 523 45 479 151 
5 2259 52 473 533 67.60 465.40 60 

10 225-9 41 453 538 94-08 433.92 48.5 
_ 

Table 2 summarizes the various ways of cakulating AE* and AH* using the 
method of least squares at 95% confidence range_ 

TABLE 2 

ESnMATIONS OF AE” AND AH” 

a 
B From ot plot used to tind AE: 

aE’ From ol- ptot used a”= 
. 

x 
2 Ixaxfm%cl tu tznd AH’ lKmlIradc1 
L 

I Induction period ;w +VS_+ 15.22:L.l3 bg 1 VS. + 71; w7= 3.57 

2 lnductmn Dc+aOd tl.09 &vs_+ ’ ILU”IlD WJ & vs.+ 1820’10.10 

3 Comtmdermg AT: 109 Ivs. + 
r, 

PQ3 = 6.16 log L v+ 
5Js 

llJ3f 666 

4 _ Canrvdcrmg Al ; Log + vs_ + 16_65= 290 b -p VS. + 17_&6=7n 

AVERAGE BASED on PLOT lll.tzl.t31 1ND (LI KUf6.67 - 6.92 * 7.u 

THERidoGRA~EIRT RESULJS I7.a f 6.50 - - 

All the calcularions are based on the data presented in Table I_ The vahes of 
AF and AH* based on thermomvimetic measurements” are calculated and 
inchiecI for comparison. 
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The following condtsions may be drawn from the results presented in Table 2 
(I) Plots (I), (2) and (4).produced approximately the same &dues of Al?: and 

AH*, while eqn (3) gave somewhat smaller vahes This diffexencc could be attributed 
to experimenti error, method of calcufation and sample weight, 

(2) ThevahxsofAE*andAH* difi&byanaverageof I.IOkca.lmoJ”,This 
small diffettna could not be dXiintiated experimentally and in our present study 
we could safely say that AP and AH* are equivaIent 

The lower values from DTA results have been caIcuIated in compared to the 
thermo_eravimetric resuIts_ This was also approved by the authors of this article 
speaking of this kind of compa&xP9. 

By means of the Kissinger’s method the reaction order is determined from the 
shape of DTA curye for the heating rate of I “C min- ‘_ The shape index S of the 
endothermic peak presented iu Fig_ I was caIculatexi to be 0312 According to eqn (9)* 
a value of n = 0.70 was caIcuiated_ 
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