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ABSTRACT 

TG and DTA curves of the thermal decomposition of basic lead carbonate, 
2PbC03 -Pb(OH)2, are presented and compared with the thermoti9-ram of normal lead 

carbonate PbCOs. The appearance of different intermediate compounds at identical 
experimental conditions is ascribed to the degree of perfection of the carbonate 
crystals. Poorly developed basic iead carbonate crystals, formed in the presence of 
polyglutamic acid, give no recognizabIe intermediate compounds. 

Numerous procedures for the preparation of lead dihydroxycarbonate, 

2PbC03 - Pb(OH)2, and analyses of basic Iead carbonates were summarized by 

Mellor’. In this study pure 2PbC03 -Pb(OH)I was obtained by fast mixing of 
2.52- lo- 3 M solutions of PbCI, and Na,COs in triple distilled water, whereas the 
precipitation was presumably started by homogeneous nucleationz. The structure of 

the precipitate was determined by X-ray diffraction. To the best of our knowledge the 
thermal decomposition of 2PbC03-Pb(OH), has not been worked out_ As the Iead 

hydroxide and lead carbonate decompose at close regions of temperature, it was 

interesting to determine whether the decomposition steps of the hydroxide and the 

carbonate components in the complex basic carbonate were distinctively separable. 

Duva13, reporting decomposition studies of the normal carbonate, PbC03, 

concludes that an intermediate basic carbonate PbCO, -PbO is formed when about 
one half of the carbon dioxide has been given off_ Gam and Kessler4 investigated the 
decomposition of normal lead carbonate heated in air, using regular uncovered 
crucibles and crucibles with the top on, in order to avoid oxidation of the obtained 

PbO. They attributed the weight losses to the sequence PbC03 ---, PbO-PbC03 + 

2PbO- PbCOs + PbO, which couid be computed on the basis of distinguishable 
weigbt-loss steps in the ratio 3:1:2. Actually the presented thermo_erm shows steps at 

a ratio 2:1:2, which wouId indicate more complex intermediate oxycarbonates as for 

instance 2PbO - 3 PbC03’. The beginning of decomposition, as reported, is at about 
210°C in the open sample and at about 300°C in the covered one. 
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Solid Iead hydra.xide, with the simple formuIa Pb(OH),, has not yet been 

successfuIIy prepared- A truly hydroxylated product Pb,02(0H)z decomposes from 

175°C on’- No data about compfetion of PbO formation are available. 

ln this study, the thermogram of the basic Iead carbonate 2PbC0, -Pb(OH)?, 

which includes simkmeous TG and DTA curves, is compared with the thermogram 

of &CO, obtained at identical experimental conditions. The effect of crystal per- 
fection of the substance to he decomposed on the existence of distinct intermediate 

stages is also investigated and discussed. 

Simuftaneous TG and DTA determinations \sere carried out on a MettIer 

thermoanaly-zer under controlted flow of purified argon at 5 I h- *_ 

The weights of the samples ranged from 24.OI mg to 34_54 mg. The heating 

rate was 4’C min- I_ The --expanded weight” sensitivity for TG measurements was 
1 mg per recorder span but for clarity only the ten-fold condensed weight loss signal 

was depicted on the dia,mms. The DTA sensitivity was 5OpV per recorder span- 

-l-he fiftered powders of Iead carbonates were washed with acetone and dried in 

park1 vacuum at 80% for a period of 2 h- 

RESULTS AXD DISCUSIOX 

The decomposition of PbCO,, as evidenced by the TG curve (Fig. I), under the 

experimental conditions empioyed in this study, fotlows a simple pattern of two 

unequal weight-loss steps_ The wei@ of the sample was 34.84 mg; the theoretical 

weight Ioss on the evolution of one molecule of CO2 is I.91 mg. The measured values 

of the u-eight Ioss steps are 3.82 and I_92 m,. 0 The intermediate compound can be 

easily and precisely identified as PbC&-2PbO. The decomposition starts at 220% 

and is finished at 380°C. 

The DTA curve also shows the beginning of decomposition at 220°C. The two 

endothermic peaks accompany the two decomposition steps and the ratio of their 

areas fit a-eI1 with the 211 sequence_ The first peak is asymmetric and its minimum 

appears in the temperature where the second CO2 moiecule, out of the three, is 

evolved. 

The thex-mo+mm of 2PbCO,-PNOH), is presented in Fig_ 2_ The sample weight 

was 28.1 mg and the weight loss calculated on the basis of this formuia is 3.84 mg. 

The measured weight loss was 3.85 mg, confIrming the conclusions of X-ray analysis 

that the precipitate is weII crystallized, homogeneous and is exactIy described by its 

formula. The theoretica weight loss corresponding to the decomposition step 

2PbC03,-Pb(OI-i), -, 2PbCO,-PbO+ H20, is 0.65 mg. The decomposition of the 

basic carbonate begins at 140°C and it seems eminently probable that the first wei&- 

loss step is due to the evolution of the H,O moIecuIe- On reaching the temperature of 
22YYZI which is the temperatun: at which COz evolution begins, the measured weight 
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Fig. 1. Thermogram of norms1 lead carbortase. Sample weight, 34.84 mg. 

Fig. 2. Thermogram of basic lead cttrbonate. Sample weight. LB-10 mg- 
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loss was 0.65 mg, and was followed by a significant change of the slope. The overall 
weight loss from 225 to 36O’C is 3.2 mg, in excellent agreement with the calculated 

loss of 3.19 mg associated with the decomposition 2PbC03-PbO 4 3PbO+2CO,. 
This weight Ioss is subdivided differently from the sequence of pure PbCOS decom- 
position steps, although all the experimental conditions in both cases were identical_ 

The steps of PbC03 decomposition reported by Duva13 and by Garn and 
&ssel~ differ between themselves and each is different from those presented in this 
study. UsuaiIy such minor discrepancies are thought to result from a whole set of 
factors including different equipment, geometry, weight of sample, atmosphere, rate 
<and mode of heating, restriction of decomposition products, etc. In the present case 
the experiments were carried out under identical conditions but for the 2PbC0, =PbO 

the ratio of the weight-loss steps 1.35 mg1.95 mg, i.e., a ratio of 2~3, indicates that 
the sequence is: 

??bC03 -Pb(OH), --H20 2PbC0, -PbO -zcDz 2PbC03-3PbO -‘” PbO 

The oniy conceivabie difference between the decomposition process of PbC03 
and that of the basic carbonate is thst on reaching the point of 22O”C, the normal 

carbonate is in the form of whole crystals whereas the basic carbonate has an already 
partly ruptured st.ructure following the Hz0 evolution. It seems that crystal perfection 

significantly al%zcts the decomposition sequence. 
The DT’A analysis confirms the conclusion drawn from TG. The first step of 

Hz0 is accompanied by an endothermic split-up peak. The fact that two or even more 
DTA peaks may correspond to a single mass-loss step was shown particularly in 
cases of deaquation? 

The evolution of two CO2 is accompanied by a single symmetric endothermic 
peak with its minimum at XO’C. The transition 2PbCO,-PbO 3 2PbC03-3PbO is 
accompanied by a small sharp exotbermic peak. It is interesting to note that the 

experimental TG curve presented by Gam and KesslerS indicates that 2PbC03 - 3 PbO 
iis one of their intermediates_ Actually their 2:1:2 weight loss sequence indicates: 

SPbCO3 -=% 3PbC03-2PbO -=% 2Pbco3-3Pbo --2coI 5PbO 

-4azording to their clia_m (Fig. 4, ret 4) the demarcation associated with the 
appearance of 2PbC03 -3PbO is remarkably sharp. 

The final decomposition is associated by the endothermic peak at 320°C. The 

ratio of the DTA peaks of CO2 evoIution indicates that more CO2 evolves in the 
second step than in the first one. 

Although there is no doubt thar diRerent experimental conditions may result in 
different decomposition courses, the above presented comparison between the 
decomposition steps of normal and basic lead carbonates, strongly indicates that the 
de+eree of crystal perfection tail appreciably affect the course of a decomposition 

reaction, giving different intermediate compounds. 
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This point may be strengthened by comparing the presented the~o~ams with 
a thermogram of extremely poorly developed crystais of 2PbCO, - PbfOH& (Fig.. 3). 
As already mentioned the structure of the basic carbonate was determined by X-ray 
diffraction. The X-ray anaiysis of the crystals precipitated by fast mixing of PbCi, 
and Na,CO, gives sharp, we&deveIoped peaks. Their values are in excellent a_-- 
ment with the ASTM standard. However, when the precipitation is carried out in the 
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Fig_ 3. Thermogram of basis lead carbonate precipitated in the presence cf 10 ppm polygfutamic 
acid- Sampic weigfit, 24-01 mg. 

presence of several ppm of polyglutamic acid (PGA), tbe crystals are very badly 
developed. These crystals, when subjected to X-ray analysis, give in some cases 
appreciably broadened peaks and in some cases the recognizable pattern is almost 
lost, leaving only few barely distinguishable smeared out peaks2. The difference 
between the well-developed crystals precipitated from the pure solution and the almost 
amorphous basic lead carbonate formed in the presence of PGA traces is also 
evidenced by SEN photomicrographs2. 

The thermogram in Fig. 3 shows &&e decomposition of such poorly developed 
crystals. The Sample weisht in this case: was 2401 mg and the total weight-loss should 
have been 3.25 mg. The ac?ual loss was 3.55 mg. Ln the two previous cases, the 
difference between the calculated and experimental values did not exceed 0.01 mg. 
The 0.3 mg difference is not an operational error, as was co&-rned by repeated 
analyses, but stems presumably from the coprecipitation of PGA with the precipitating 
crystals_ The percent of PGA in the crystals is 1% according to the data. An admixture 
of 14% is rarely sufficient to destroy the X-ray pattern of the host crystais, but it 
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seems that in this case the effect of PGA on basic lead carbonate is very significant. 

The decomposition reaction of basic lead carbonate with PGA terminates at 43O’C, 
whereas, when the crystal did not contain any admixture, it was finished at 350-370°C. 
IMoreover, the residues in the last reaction was strongly coloured. Ail these support 
the interpretation that the organic matter was coprccipitated with the carbonate, 

+nificantIy changing the crystal perfection and was decomposed between 38M3O”C. 

The very poorIy crystallized solid phase, when subjected to heating did not yield any 
defined intermediate compound. 

The first part of the DTA curves _eives the endothermic split-up peak of water 
evoIution. The rest of the curve is erratic and non-reproducible, and is therefore not 
incIuded in the thermo_g-am. confirming previous explanations. 

It may be concluded that the degree of perfection of crystals is among the 

important factors which afkt the course of thermal decomposition and the nature of 

the intermediate compounds. 
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