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Lead(H) chloride carbonate and its naturally occurring analogue phosgenite 
have received IittIe attention apart from some mineraIogical description, De Schulten’ 
studied its thermal decomposition as did Beck’, as part of an extensive study of 
carbonate minerals. They agreed on the generaI decomposition into an oxide chloride 
and car’bon dioxide. bEsZnen3, in the most recent work, su_aested a decomposition 
temperature of about 535 K and mehing of the residue at about 690 K_ 

Simple preparazion 
Powdered lead(M) chloride (55.6 g) was added to sodium hydroxide soIution 

(8g in OSl) wi*& stirring Karbon dioxide was passed through this mixture for 
several days until the pH feII to 3-5, The white solid was filtered, washed and dried 
under vacuum, and identified by chemical analysis (Pb: found = 8.2%, calculated = 
8.05%; chIoride: found = 129%, caIcuIated = 13_0%)_ The X-ray di&action pattern 
was in exceIIent agreement with those published by Kin&bury* and Midgley’, 

ITier& decomposition 
50 mg samples were heated in an all glass apparatus which was designed so 

that pm-heated purge gas could pass over the sampIe_ The temperature was maintained 
by au efectric furnace and controller which was operated isothermally. The tem- 
perature rang studied 565 to 615 K_ Ail samples had a particle size t25Opm, 
obtained by sieving- Furnace atmospheres were varied between pure carbon dioxide 
and pure nitrogen by mixing metered flows of each gas at a total flow-rate of 
021 mm-*_ A few runs were tried with other sample weights with no noticeable 
differences. 

Etrhlpy measurements 
A DuPont 950 thermal analyser with a calorimeter module was used to deter- 

mine the entbalpy of decomposition- Sapphire was used as the calibration standard6 
and the values quoted are the average of three mns. 
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RESULTS AND DlSCUSSION 

PrOchC& 

Experimental weight changes (4.25%) i;ldicated the expected loss of carbon 
dioxide, suggesting the overall decomposition as follows: 

Pb2C1&Os ~T~bCl,-PbOi-CO, (I) 

However, the X-ray diffraction pattern could be interpreted as a combination 
of the patterns from two other known oxide chlorides7, 3PbCl,-2PbO and PbCl,* 
2Pb0, rather than that given in eqn (I). The problems associated with the charac- 
terisation of the reaction product have heen discussed elsewhere’ and the most 
likely interpretation is in terms of a mixed reaction productz 

4Pb2Cl,COa = 3PbC12-2Pb0+PbCIz-2Pb0+4CO;L 

Treammt of resdts 
Isothermal weight-Ioss vs. time curves were interpreted by the method of 

reduced time plots, based on the time for 50% reactiong. The experimental reduced 
time plots were compared with models. based on nucleation and grow& phase 

1-O 2-o 3-O 
Redccad time $Y( 

Fig. I_ Reduced time plols for thermal decomposition of Icad chIoride carbonate- Q Paz = 
0.0 kNme2, T=565 K; A Pco,=203 kNme2, T=565 K; 0 Paz=40.5 kNms2. T= 565 K; 
+ Pco, = 101.3 kNm-=. T=565 K; 0 Pco, =O.O kNm-l, T= 580 K; l Paz= 81-l kNm”, 
T=%OK; fJ P,,=dO~ kNm-‘, T=592K: p Fz.=60.8 kNm-=, T=631K. Cute A: 
Paabolic law, a2 = kf; curve B: Jander’s equation, (l-(I-a)*)2 = kf. 
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boundary- or diiusion-control of the rate-controlling step- This comparison allowed 
the most likely mechanism of the reaction to he decided so that rate constants couid‘ 
be cakuIate!d_ 

Medwznims 

At temperatures between 613 and 580 K the best fit between experimental and 
caIcuiated reduced time plots was in terms of Jandet’s equationxO, (I-(~-z)*)~ = kt, 
and a comparison is shomn in Fig. I. 

In nitrogen, at the lowest temperature studied (565 K), the best fit was in terms 
of the parabolic Jaw, ;L’ = kt, and at this temperature! the mechanism varied con- 
siderably with the partial pressure of carbon dioxide, tending towards the higher 
temperature behaviour with increasing partial pressure_ These effects are also shown 
in Fig I_ 

At the higher temperatures sintering of the product was observed, and this 
became moie pronounced with increase in temperature till the sampIe could be 
removed as a pellet, 

Rate constants which d ecreased with increasing carbon dioxide pressure; were 
calculated from the ‘heat-fit’ mechanisms and these were used to caIcuIate Arrhenius 
parameters which are given in TabIe 1. 

ARRHECZUS PARAMETERS 

Pmrialpr-e of Actkwionmurgy 
a&on Gwxi& (klV in- =) <kif lnd-1) 

Fr4zmzcy facfor A 

(SeC 1) 

101 215 7x 10’6 
81 200 4% 10’5 
61 182 15 x lo’* 
41 166 7x10’2 
20 156 1 x 10’2 
0 130 8x IO9 

Enthalpy of dewmposition 
The reaction enthaIpy in nitrogen was calculated as 69 kJ mol- l averaged over 

three runs- The enthaIpies of formation of the two oxide chlorides assumedtobe 
formcci have been calculated I3 U&g these values and the measured enthaIpy of _ 

decomposition, a value for the enthalpy of formation of phosgenite can be calculated. 
Thisvalueis-624IcJmoI-‘at6OOK 

Egects of temperature and carbon dioxide pressure on reaction mechanibn 
It is obvious from the results given thatwithin the.temperature range studied 

the rate of decomposition is ContralIed by diffusion of carbon dioxide, Figure I 
shows that variation in external presmrq at.least at the lowest temperature, has an 
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effect on the format geometry of the process, and increase in temperature causes the 
same change in geometry_ Jander’s equation, which gives the best fit with the exper- 
imental data at higher temperatures, has several short-comings in describing solid 
state reactions, in that it assumes an equality in specific volumes of reactant and 
product and spherical particles of uniform size. it is these generally unrealistic 
assumptiors which make the equation suspect, but in this case the fit between exper- 
iment and model is so good that it must reflect some changes in the solid which is 
decomposing. It is considered that the sintering noticed at higher temperatures 
has some bearing on the change in mechanism, in that the reaction product which 
forms a uniform layer round the teactant may partially melt or at least sinter to 
produce the very uniform diffusion imphed by the Jander equation_ The lowest 
temperature studied (565 K) is well above 0.5 T,, at which temperature bulk diffusion 
is assumed to become importzmt. A similar effect has been noted' t when CaO 

reacts with CO, _ 

Eflect of temperature on reaction rate 
Thz Arrhenius parameters given in TabIe 1 both show an increase with increase 

in carbon dioxide pressure_ The range of activation energies is well within the range 
of published values for such processes. The frequency factors he across the vaSue 
normaliy associated with a free _easeous molecule (- ZO”) and the changes indicate 
a gradual increase in the number of degrees of freedom for the transition state* ’ 
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