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Results are given on the kinetics and mechanism of  the processes in the thermal 
decomposition of lead carbonate with the application of TG and DTA experimental 
investigation methods. 

The following mechanism was established: 

3 PbCO 3 = 2 PbO.PbCO 3 + 2 CO2 (1) 

2 PbO.PbCO a = 3 PbO q- COz (2) 

PbO -- melting (3) 

The following activation energy values were determined with TG methods for pro- 
cesses (1) and (2): 118.2 and 235.2 k J/mole, respectively; and with DTA methods for  
processes (1), (2) and (3): 113.9, 246.6 and 294.9 kJ/mole, respectively. 

Earlier investigations of the lead carbonate thermal decomposition process were 
mainly related to the definition of the temperature transformation and the deter- 
ruination of the ages which occur [1 -4] .  

The kinetics and mechanism of the processes in the thermal treatment of  lead 
carbonate were studied by thermogravimetry (TG) and differential thermal 
analysis (DTA). 

The common equation for the thermal decomposition of lead carbonate can be 
shown in the following manner: 

in which B forms at high-energy sites in the lattice of A. 
Of the great number of methods existing today for the processing of thermo- 

gravimetric results with the aim of determining the kinetic parameters of  the 
investigated processes, the author of this paper uses Chatterjee's method [5, 6], 
which is particularly favorable in the case when the parallel development of two 
or more processes is possible [7]. 

Borchardt and Daniels's method [8] was used for the evaluation of the DTA 
results obtained by continuous heating at 10~ which permits the investigation 
of the process from its beginning to its end. 
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4 ~IVKOVIC: THERMAL DECOMPOSITION OF LEAD CARBONATE 

E x p e r i m e n t a l  

PbCO3, Merck reagent grade, was used as the sample for the investigations. 
Thermogravimetric investigations were performed on a Netzsch thermal balance, 

Model 409, with the holder and a crucible for samples made from calcined alu- 
mina. The thermocouple for measuring the temperature of the furnace was of 
P t -  Pt/Rh, and its tip was positioned at the same level as the surface of the sample 
being investigated. 

A Netzsch differential thermoanalyzer, Model 409, was used for the DTA 
measurements, with thermocouples of P t -  Pt/Rh, and the crucibles for the samples 
were of calcined alumina. ~-A1208 was applied as reference sample. All investiga- 
tions were carried out in air atmosphere. 

R e s u l t s  and  d i s c u s s i o n  

Figure 1 shows the TG and DTA curves for the tested sample of lead carbonate, 
obtained at a heating rate of 10~ in air atmosphere. 
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Fig. l .  D T A  a n d  T G  c u r v e s  o f  l ead  c a r b o n a t e  in  a i r  

On the bcdr, of the curves it could be concluded that two processes occur during 
PbCO a decomposition and the PbO final product is obtained through the inter- 
mDdiate 2 PbO.PbCO 3. The PbO obtained melted at about 1183 K; this is pre- 
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sented in the DTA curve by the clearly endothermic peak. Therefore, the thermal 
decomposition of lead carbonate proceeds in accordance with the following 
mechanism: 

3 PbCOs = 2 PbO.PbCO 3 + 2 CO2 (1) 

2 PbO.PbCO 3 = 3 PbO + CO2 (2) 

PbO - melting (3) 

The first two transformations could be studied by using the TG  and DTA 
results, and the third one by using only DTA results, in accordance with the fact 
that the first two transformations are accompanied by changes of mass and all 
three by measurable heat effects. 

Analys& of  thermogravimetric data 

In our study, Chatterjee [5] simple and versatile method was employed. Chat- 
terjee has applied his method successfully to the thermal decomposition kinetic 
of calcium oxalate monohydrate (CaC204.H20). The results compare favorably 
with the data reported in the literature. 

This method is based on the general equation for the rate of a heterogeneous 
kinetics reaction, v: 

dm I v = - c i t  = k "mn~ (4) 

where k, m, t and n are respectively the rate constant of the reaction, the active 
weight of the reacting material, the time elapsed from the start of the experiment 
and the pseudo-order of the reaction. 

Substituting k from the Arrhenius equation into Eq. (4) gives: 

v = A " m n �9 e -AE;t/RT 

o r  

AE ~ 
n log m -- log v - 2.303 R T  C (5) 

where A, AE*, T and R are respectively the frequency factor, the activation energy, 
the absolute temperature and the universal gas constant. Equation (5) gives the 
relationship of the reaction rate with the temperature; the activation energy (AE*) 
may be determined from the slope of the straight line (n log m - log v) versus lIT. 

A sample mass loss of 88 �9 10 .8 kg in the first transformation and of 44 �9 10 .6 
kg in the second transformation is accompanied by the formation of 713.63 �9 10-8 
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kg solid product in the first and 669.63 �9 10 -6 kg in the second reaction; this 
remains with the unreacted starting component.  On this basis the change fir the 
active sample mass, m, was estimated as a function of time and the results obtained 
are shown in Fig. 2. 

i 

~ 120 

40 1 �9 Process-(1) 

1 2 3 4 5 6 7 
Time 1 iqqll~, 

Fig. 2. Variation of active weight of sample with time for processes (1) and (2) in air 

The instantaneous decomposition rate, v, for the processes (1) and (2), as 
defined by Eq. (4), was determined by graphical differentiation of the T G  curves 
in Fig. 2. 

Based on the thermogravimetric data required for calculation of the kinetic 
parameters of  these processes, Fig. 3 gives (n log rn - log v) as a function of the 
reciprocal of  the reaction temperature, for both processes. 

The slopes of  the most probable lines were determined with the least squares 
statistical method and in this way the activation energies for processes (1) and (2) 
were estimated: 118.2 and 235.2 k J/mole, respectively. 

The temperature-dependence of the rates of processes (1) and (2) in air atmosphere 
at a constant heating rate of  10~ could be represented in the following way: 

for process (1): 
6.176 

n log m - log v - - -  10.435 (6) 
T 

for process (2): 

where n = 1. 

12.238 
n log rn - log v -- - -  18.238 (7) 

T 
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Fig .  3. D e p e n d e n c e  o f  (n log  m - -  l og  v) = f ( 1 / T )  f o r  p r o c e s s e s  (1) a n d  (2) i n  a i r  

The analysis of  differential thermal data 

There are many methods for the evaluation of DTA data with the aim of the 
determination of the reaction kinetics in the thermal decomposition of solid com- 
ponents. For the processes considered in the thermal treatment of  PbCO3 the 
author uses Borchardt and Daniels's method [8]. 

This method was originally derived for the study of homogeneous kinetics but, 
as will be shown later, can be applied to heterogeneous kinetics as well. This 
method is based upon the equation derived for a first-order reaction: 

k Cp(dAT/dt) + K A T  (8) 
K(A - a) + CpAT 

where k, K, A, C o, AT, t and a are respectively the reaction rate constant, the 
constant characteristic of  the experimental apparatus, the total curve area, the 
total heat capacity of  the reactant or reference material, the differential temper- 
ature, time and the area under the curve up to time t. 

Another approximation of the Borchardt and Daniels equation has be derived 
[9 -12] .  Since Cp is normally quite small, the equation simplifies to: 

AT 
k = (9 )  

A - a  

where the terms have the same notations as before. The approximation in Eq. (9) 
yields good results, as confirmed by the thermal decomposition of metal oxalates. 
An excellent correlation was found between the DTA and T G  reaction kinetics 
data [9, 10, 13]. Also, since this approximation method is simple to use, it is the 
basis for the determination of the reaction kinetics described in this experiment. 
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The DTA results obtained with the heating rate of 10~ in air atmosphere 
were used for the estimation of the reaction kinetics in processes (1), (2) and (3) 
occurring during the thermal decomposition of PbCO 3. The analyzed DTA peaks 
were divided into equal time intervals and the rate constants were estimated on 
the basis of Eq. (9). The activation energy values were determined on the basis 
of  the Arrhenius equation from the line slopes in Figs 4, 5 and 6. 
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Fig. 4. Arrhenius diagram for process (1) 

,, 1.61 

1.2 o 

0.8- 

0.4. 

150 1.55 1.60 1.615 
IO00/T~ K -1 

Fig. 5. Arrhenius diagram for process (2) 
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Fig. 6. Arrhenius diagram for process (3) 

The following activation energy values were estimated for processes (1), (2) 
and (3): 113.9, 245.6 and 294.9 k J/mole, respectively. 

By the determination of the pre-exponential factor values in the Arrhenius 
equation it was possible to define the temperature-dependence of  the rate constant 
for the analyzed processes in the following way: 

for process (1): 

1 3 7 0 4  

k = 1.807 �9 101~ " e . . . .  r -  (10) 

for process ( 2 ) "  

29529 

k = 1.016 �9 l O l ~ ' e  r (11) 

for process (3): 

35458 

k = 1.318 �9 1 0 1 3  " e --2;- (12) 

Conclusion 

The results of  the kinetic investigations and the mechanism of  the processes 
during lead carbonate thermal decomposit ion are given in Table 1. 
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Table 1 

T ra ns f o rma t io n  

3 PbCOo = 2 PbO �9 PbCOa 
+ 2COz 

2 PbO �9 PbCO3 = 3 PbO + CO2 

PbO -- melting 

Decomposition 
temperature, K 

TO DTA 

528 463 

643 603 

- -  1113 

Activation energy, 
k J/mole 

TG DTA 

118.2 113.9 

235.2 245.6 

-- 294.9 

F r o m  the results given in Table 1 it can be seen that  the beginnings of processes 
(1) and  (2) are recorded at lower temperatures by the D T A  method in relat ion 
to the results obtained by the T G  method. This p h e n o m e n o n  is representative 
of many  unexplained questions in the use of the D T A  method for experimental  
investigations and the undefined beginning of the D T A  peak [14]. 

The values obtained for the activation energy in the two ways for processes (1) 
and  (2) present satisfactory agreement and  the deviations are within the limits 
of experimental  error. These facts show the reliability of the methods applied to 
process the experimental  results. 

For  all three processes Occurring dur ing lead carbonate  thermal  decomposi t ion 
very high activation energy values were obta ined;  these values show that the pro- 
cesses are kinetically-controlled, i.e. that  their rates are limited by resistances to 
the chemical reaction. 
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R~SUM~ - -  La  cin6t ique et le m 6 c a n i s m e  des  r6ac t ions  qui  se d6roulen t  lors  de la d6compos i -  
t ion  t h e r m i q u e  du  ca rbona t e  de p l o m b  on t  6t6 6tudi6s pa r  T G  et A T D .  Les  m6can i smes  sui-  
r a n t s  on t  6t6 6tablis:  

3 PbCOz  = 2 P bO.PbCO~ -b 2 CO2 (1) 

2 P b O . P b C O n  = 3 P b O  q- CO., (2) 

P b O  - -  fu s ion  (3) 

P o u r  les r6act ions  (1) et (2), les va leurs  de 118.2 et 235.2 kJ  �9 too l -1  on t  6t6 t rouv6es  h par t i r  
des r6sul ta ts  T G  et pou r  les r6act ions  (1), (2) et (3) I ' A T D  a fourn i  r e spec t ivemen t  113.9, 246.6 
et 294.9 kJ  �9 m o l - k  

ZUSAMMENFASSUNG - -  Die an  H a n d  der  T G -  u n d  D T A - U n t e r s u c h u n g e n  e rha l t enen  Ergeb-  
nisse fiber Kine t ik  und  M e c h a n i s m u s  der  bei der  t he rmi schen  Ze r se t zung  yon  Ble ica rbona t  
a u f t r e t e n d e n  Vorgfinge werden  beschr ieben.  

Die  fo lgenden  M e c h a n i s m e n  des Vorganges  w u r d e n  festgestel l t :  

3 PbCOa = 2 P b O . P b C O  a 4- 2 CO,, (1) 

2 P b O . P b C O  3 = 3 PbO 4- CO,_, (2) 

P b O -  Schmelzen  (3) 

Die  fo lgenden  Wer te  der Akt iv ie rungsenerg ie  wurden  durch  T G - V e r s u c h e  ffir die Vorg~inge 
(1) und  (2) b e s t i m m t :  118.2, bzw. 235.2 kJ /Mol ,  und  d u t c h  D T A - M e s s u n g e n  ffir die Vorg/ inge  
(1), (2) u n d  (3): 113.9, 246.6, bzw. 294.9 kJ/Mol .  

Pe3roMe - -  FIpe)ICTaBYIeHbI pe3ySlbTaTbl ~ICCYte~IoBaHHn KHHeTHKI4 F[ MexaHH3Ma llpOIleCCOB, 
I/poI4oxoADJWFIX F/pk[ TepMHtleOKOM pa3aox~ennn ~ap6ouaxa  CBI4HHa C FIOHOYlb3OBaHHeM TF  ~t,~TA. 
YCTaHOBYleH cne~tyu3tttn~i MOXaHH3M 3TOFO npottecca: 

3 P b C O  a = 2 PbO.PbCO:~ 4- 2 CO,, (1) 

2 P b O . P b C O a  = 3 PbO 4- CO,, (2) 

P b O -  rl:mn~eHne (3) 

C HOMOLI~bIO T F  MeTO~OB ~blYl[4 olTpe~eYleHbI 3HaqeHH~[ 9HepFI4H RKTI/IBaUI,IPI ]~YI~I IIpoI~eCCOB 
(1) n (2), KovopbTe COOTBeTCTBeHHO 6bI:lH panHbt 118.2 n 235.2 KZ~/MO~b. ~ : Ia  npoueccoB (1), 
(2) n (3) MeTOaaMa ] ITA 6t, ln~ onpe~eaeHbx cne~y~otttne 3HaqeHHa 9Heprnn aKTnBalmH: 113.9; 
246.6 n 294.9 r~g/MO:m. 
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