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Note

Kinetics of thermal decomposition
of copper basic carbonate

Part §. The analysis of thermogravimetric data
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Faculty of Mining and Metallurgy in Bor, University of Beograd, 19210 Bor (Yugoslatia)
(Received 21 April 1976)

The kinetic parameiers, activation energy (AE*) and reaction order (n), can be
determined from the results of thermogravimetric analysis, obtained in the iso-
thermal'~* and non-isothermzl decomposition®>~?. In both cases, the common
equation for the process of thermal decomposition can be shown in the following
manner

A(solid) — B(solid)+ C(gas) )

in which B forms at high energy sites in the lattice of A.

The authors have used non-isothermal thermogravimetric analysis to determine
the kinetic parameters of thermal decomposition of copper basic carbonate, and the
method according to Chatterjee® was employed for the evaluation of data. This
method is more suitable than other similar methods which can be used for the
determination of thermogravimetrical data?-®, especially in the case when two or
more processes are possible to develop in the system investigated.

EXPERIMENTAL

A Netzsch differential thermoanalyzer, Model 409, was used for the DTA
measurements, working with thermocouples of Pt-Pt-Rh and the crucibles for the
samples were of calcinated alumina.

Thermogravimetric investigations were performed on the Thermic Balance of
Netzsch, Model 409, with the holder and a crucible for samples made from calcinated
alumina. The thermocouple for measuring the temperature of the stove is of Pt-Pt-Rh,
and its peak is positioned in the same level with the surface of the sample being
investigated. .

- The copper basic carbonate powder with a purity of 98% used for these
investigations has been synthesized by the Chemical Industry Kemika, Zagreb.
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Kinetic method
~ Chatterjee’s method for the evaluation of thermogravxmctnc data to mlculatc

the kinetic parameters of thermal decomposition used in this work by the authors,
requires the performance of two expenments with dxﬁ'erent initial sample’ wexgbts
under the same reaction conditions.
The heterogenzous kinetic reaction can be repr&sented by the following general
equation for the rate, P:

.y @
dr
where K’=constant of the specific rate of reaction, iz = the active weight of the
reaction material, /=time passed from the beginning of the process, n=pscudo
order of reaction.

Mechanisms derived for a heterogeneous reaction from the pseudo order of
reaction are of little intrinsic significance and, at best, represent a gross approximation.
If K" is expressed in terms of an Arrhenius equation, then

K’ = Ae 3E*reT ()
where 4 =pre-exponential term, AE* = activation energy, T = absolute temperature,
and R = molar gas constant. Substituting eqn (3) into eqn (2):

P = Aufe™SE® IRT @
AE*
or nlogw—logP=——-———log A4
& YT &)

For thermograms obtained for two different initial weigts of the starting substance
under similar experimental conditions, eqn (5) gives
. *
nlogw,~log P, = —AE——-— ¢ (6)
2303RT

and nloguw,—log P ———ég————c ¥))
° ® 2303RT

The pseudo order of the reaction, n, can then be determined frqm the equation

_log P,—log P, . ) @
log w,—log w,,

Usually a series of  values is determined at various temperatures to determine whether
n remains constant in the temperature range studied for a particular reaction. The
value of AE* can be determined by plotting (2 log w-—-log P) versus l[T The s!ope :
of the plot will give the value of AE*/2.303 R.
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RESULTS AND DISCUSSION

Figure 1 shows the DTA curve for CuCO,Cu(OH), obtained at a heating rate
of 5°C min™"' in atmospheric air. From this diagram, it can be observed that the
reaction is endothermic and that it is initiated at 220°C and ended at approximately
300°C.
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Fig. 1. Differcntial thermal anatysis of CuCO,;Cu(OH)- in air.

By heating copper basic carbonate on the TG device at a heating rate of
5°C min~ ! in air, the DTA results have been reproduced. |

By means of X-ray difraction and chemical analysis of the sample after thermal
decomposition, it was shown that CuO was the product of thermal decomposition
of copper basic carbonate. According to this, thermal decomposition of copper basic
carbonate is most likely developed according to the following mechanism

CuCO;Cu(OH),; —» 2CuO0+CO,+H,0 {9)

According to eqn (9), each 62 mg loss in instantaneous weight due to CO, and H, O is
associated with the formation of 162 mg of solid product CuQ. In this manner the
change of active weight w was calculated as a function of time and temperature.
Thermograms in Fig. 2. represent the variation in active weight of CuCO;Cu(OH),
with time, for different initial sample weights. The rate of heating was constant in the
whole temperature interval of investigation and was 5°C min™*.

~ The instantaneous decomposition rate, P, as defined by eqn (2), was determined
by graphical differentiation of the thermograms in Fig. 2. Thermogravimetric data
needed for determining AE* and the kinetic parameter n are contained in Table 1.
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Fig 2. Variation of active weight of CuCO,Cu(OH), with both time and temperature.

Reaction order, n, was calculated from eqn (8) at 190, 205, 220, 230, 245, 260
and 275°C, and was found to be 1.31+0.5.
A plot of (nlog w—log P) versus the reciprocal absolute temperature is shown
g 3. From the slope of this curve (eqn (5)), the activation energy is estimated to
be 7 l+6 Skmlmol‘

The rate of CuCO;Cu(OH),; thermal decomnosition in air a at consta

A SR S Sy SRR RAlS SRl <l i aEgnit

heating rate (5°C min~ ') can be described by the equation -

nlog w—logP-——%’l—? —4.85

whcren—ltheordcrthetmctmn,w acnvewaghtofthcrmant,andl’ -—dw[dt i

thermal dmmmmhnn rate.



TABLE 1

THERMOGRAVIMETRIC DATA FOR CALCULATING THE KINETIC PARAMETERS
" FOR THE THERMAL DECOMPOSITION OF CuCO>Cu(OH): IN AIR

._,_._zam Active Pe. SW €< 1w /s/T log W —
E:_; EVIEE Weight Weight dt lag W lag P E:-; T tog P
ICEl=2"1aClw, (mg) [Wims) (mg-mia®}) 5] tex
o hse a L7 59L.S —_— 27178 —_ 2.18 _—
b ] 583 £t3.0 — 2.646 —_— _—
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2S 205 ae
b £57.2 ‘LO.? 3.40 2.6&& 0146 2. £58
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b £56.1 £36.0 1.6& 2.633 0. 214 2.425
. a §10.3 578.7 3.09 2.762 0.480 sy 1.99 2.282
. b.| &5£.9 £32.7 1.82 2636 0.260 2.376
608.0 510.7 £.20 2.75% 0.643 1s2f 193 2.113
10 j25
£53.3 2268 2.80 2.8626 0.447 2,82
a 60%.3 5567 822 2.725 0.925 198] 188 1.820
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log 1o —log P for the thermal decomposition of CuCO,Cu(OH)i
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