
J O U R N A L  O F  M A T E R I A L S  S C I E N C E  "ll ( 1 9 8 6 )  1 9 9 7 - 2 0 0 1  
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Cadmium carbonate powders were decomposed isothermally in air and in vacuum over the 
temperature range 563 to 773 K. The decomposition rates in vacuum were higher than those 
in air at corresponding temperatures. When decomposed in vacuum the carbonate phase 
experiences a total weight loss which is higher than that based on complete dissociation of 
CdCO 3. The excess weight loss is attributed to stoichiometric deviations and the evaporative 
dissociation of CdO. On the basis of first-order kinetics, the activation energies for the decom- 
position of the carbonate in vacuum and in air were calculated as 185 and 177 kJ mo1-1, 
respectively. 

1. In t roduct ion  
The decomposition of  carbonates and hydroxides 
remains a common process for the production of  
oxide ceramic powders. Certain characteristics of the 
resulting oxide phase, e.g. particle size, are dictated by 
the mechanism of  decomposition as well as the par- 
ticle evolution processes concomitant with decom- 
position. The latter processes are in turn affected by 
the conditions under which the decomposition reaction 
is carried out. We have investigated the decom- 
position of  cadmium carbonate under vacuum and 
atmospheric air conditions, and report here the results 
of a thermogravimetric study of this process. In an 
accompanying paper [1], we report  the results of  
observations on the particle evolution during decom- 
position under the two conditions indicated above. 

2. M a t e r i a l s  and methods  
Electronic grade cadmium carbonate powder, reported 
as 99.999% pure by the supplier (Johnson Matthey, 
London, England) was used in this study. The powder 
was analysed for cation impurities and was found to 
contain calcium, copper, magnesium and silver at 
< 1 p.p.m. X-ray analysis of this material revealed 
peaks belonging to CdCO3 only. A scanning electron 
micrograph of  the starting powder (Fig. 1) shows 
well-defined crystallites ranging in size from about 1 to 
10 #m. Furthermore, Fig. 1 shows that the crystallites 
are in an agglomerated state. Using a gas adsorption 
(BET) technique, the specific surface area of the start- 
ing powder was determined as 3.59m2g -1. 

The decomposition of CdCO3 in air and in vacuum 
was investigated using a continuous recording electro- 
balance (Cahn R-1000) with a sensitivity of 10#g. 
Cadmium carbonate samples were decomposed inside 
a 2.54 cm diameter alumina crucible, which was sus- 
pended inside a quartz tube by a 0.1 mm diameter 
nichrome wire. The quartz tube was situated inside a 
clam-shell vertical tube furnace controlled by a tem- 
perature programmer. Temperatures were measured 

by means of  a P t -P t /10% Rh thermocouple, which 
was situated inside the quartz tube at a point 2.54 cm 
away from the sample. Previous calibration exper- 
iments showed that, within the experimental range of  
this study, thermocouple readings are within _+ 1 K of  
those provided by another thermocouple placed in 
intimate contact with the sample. 

The sample size in all decomposition experiments 
was 100 _+ 0.01 mg of  CdCO3. When spread on the 
bottom of the crucible, this quantity of  sample gave a 
thin layer with an approximate thickness of  0.1 mm. 
The carbonate samples were decomposed at eight tem- 
peratures ranging from 563 to 773 K. In all cases, the 
total duration of an experiment was 7 h including the 
heat-up time, which was typically 30 to 50min. A 
constant heating rate of 10 K rain-J was used to bring 
the sample temperature up to the desired experimental 
value and, once at this level, the temperature was 
maintained to within -t- 2 K. When the decomposition 
was carried out under vacuum conditions, the sample 
temperature was increased only after the system had 
been evacuated to a pressure of 7 x 10 -3 Pa or lower. 
In these experiments, liquid nitrogen traps and baffles 
were used to minimize sample contamination. In exper- 
iments where the decomposition was studied under 
atmospheric air conditions, the system was open to the 
room atmosphere and only natural convection was 
operating. 

3. R e s u l t s  
3.1. D e c o m p o s i t i o n  in v a c u u m  
When cadmium carbonate was heated at 389 K for 7 h, 
a total weight loss of less than 0.1 mg was recorded. 
This small weight change, amounting to less than 
0.1% of  the initial weight of the sample, is believed to 
be the consequence of the desorption of volatile 
impurities. When heated at 563 K, the white CdCO3 
powder turned yellowish white in colour and became 
increasingly darker in colour as the temperature of  
decomposition was increased, finally becoming dark 
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Figure ] Scanning electron micrograph of the starting cadmium 
carbonate powder. 

brown at the highest temperatures. Thus, the colour 
change is an indication of the extent of decomposition 
in a qualitative way. The decomposition of CdCO3 
proceeds according to 

CdCO3(s) = CdO(s) + CO:(g) (1) 

Starting with a 100rag sample, complete decom- 
position results in a weight loss of 25.52 mg. Under a 
fixed duration of decomposition, 7h, total decom- 
position was not achieved until the temperature was in 
excess of 583 K. At 583 K, the decomposition is 94.9% 
complete. At T > 588 K the observed weight loss was 
higher than can be accounted for on the basis of 
decomposition alone, i.e. Equaton 1. Decomposition 
experiments run in a platinum curcible gave identical 
results to those obtained using alumina containers. On 
the basis of these and other observations (to be dis- 
cussed later) it was concluded that the excess weight 
loss was due to the evaporation of the product CdO. 

Weight loss against time results are shown in Fig. 2 
for the vacuum decomposition of CdCO3 at tempera- 
tures ranging from 563 to 673 K. At the highest tem- 
perature, 673 K, the total weight loss was 36.0rag, 
which is equivalent to a total decomposition of CdCO3 
(weight loss of 25.52mg) plus the evaporation of 
14.1% of the resulting oxide. 

3.2. Decomposition in air 
The results of the decomposition of CdCO3 in air are 
shown in Fig. 3 as weight loss against time. These 
results, obtained over the temperature range 563 to 
773 K, show qualitative similarities to those obtained 
when the decomposition was carried out under 
vacuum. Quantitatively, however, the two sets of 
results are different in two major ways. The weight 
loss for the air decomposition is consistently lower 
than that recorded for tile vacuum decomposition. A 
more important difference, however, is in the maxi- 
mum weight loss. With the exception of the data for 
the highest temperature, 773 K, all weight-loss results 
obtained in air were consistent with the maximum 
theoretical value as calculated from Equation 1. 
Furthermore, even at the highest temperature, the 
excess weight loss was relatively small, 3.1% above the 
maximum, i.e. 1.1% of the resulting oxide. 

4. Discuss ion  
The vacuum decomposition of CdCO3 at tempera- 
tures higher than 583K resulted in weight losses 
exceeding the theoretically calculated value for com- 
plete decomposition. On the basis of Equation 1, the 
observed excess weight loss must be related to the 
evaporation of the product, CdO. However, since this 
compound is an n-type semiconductor, excess weight 
loss can come about through small stoichiometric 
changes during the heating of the oxide subsequent to 
the decomposition of the carbonate. The extent of the 
possible stoichiometric changes in CdO is not estab- 
lished. Neither is the nature of the defects which give 
rise to the n-type conductivity. Both types of possible 
defects, cadmium interstitials and oxygen vacancies, 
have been reported [2-4]. Contradictory reports have 
also been published regarding the extent of the phase 
stability of this oxide [5, 6]; however, the best esti- 
mates indicate that the concentration of the excess 
cadmium or the oxygen vacancies is < 0.1 atomic 
fraction [2, 3]. The observed excess weight loss is too 
high to be accounted for by changes in stoichiometry. 
If we assume cadmium interstitials as the defects in 
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Figure 2 Temperature and time dependence of the 
weight loss resulting from the decomposition of 
CdCO 3 in vacuum. 
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Figure 3 Temperature and time depen- 
dence of the weight loss resulting from the 
decomposition of C d C O  3 in air. 

cadmium oxide, then the weight loss observed at 
673K would be accounted for on this basis if the 
initial oxide contained 16% excess (interstitial) 
cadmium. Since this is significantly higher than the 
estimated maximum value indicated above, the excess 
weight loss observed during the vacuum decomposi- 
tion of cadmium carbonate cannot be explained 
totally on the basis of stoichiometric changes in the 
resulting oxide. Similar conclusions would be reached 
if the defects were assumed to be oxygen vacancies. 
The excess weight loss can be accounted for through 
the dissociation-evaporation of CdO to Cd(g) and 
O2(g) [7, 8]. Extrapolating the vapour pressure data of 
Miller [7] to 583 K, we calculate a specific weight loss 
of 0.442mgm -2. On the basis of 100mg of C d C o  3 a s  

a starting sample, the calculated weight loss would be 
in agreement with the observed value if the CdO pro- 
duced through the decomposition of the carbonate 
had a specific surface area of 188 m 2 g-1. Surface area 
measurements reported in the following paper [1] on 
powders decomposed at 583 K gave a value of approxi- 
mately 24 m 2 g 1, or nearly a factor of eight lower than 
the calculated value. In addition, measurements of 
CdO crystallite size, done through X-ray line broaden- 
ing [1], gave a value of  about 20nm; assuming a 
cubical shape for the crystallites this gives a specific 
surface area of 38.3 m 2 g-1. Scanning electron micro- 

Figure 4 Scanning electron micrograph of the CdO resulting from 
the decomposition of C d C O  3. 

scopic observations show that the crystallites are 
platelet-like rather than cubic in shape (Fig. 4). This 
would give a higher calculated specific surface area 
with a magnitude depending on the aspect ratio. The 
specific surface area calculated to reconcile the exces- 
sive weight loss with the reported vapour pressure 
data, 188m2g 1, is of the same order of magnitude as 
has been measured in the decomposition of Mg(OH)2 
to MgO [9]. Specific surface areas, measured in situ 

after the decomposition of the hydroxide, had values 
as high as 300 m 2 g-  1. 

Identification of the nature of the evaporating 
species was done indirectly. In experiments where 
excess weight loss was recorded, it was observed that 
a grey deposit had collected on the cooler parts of the 
system during vacuum evaporation, in agreement with 
previous reports [5]. X-ray diffraction analysis showed 
that the deposit was metallic cadmi-am. Similar obser- 
vations were made when commercially available pure 
CdO was heated in vacuum at 973 K. Thus, it is quite 
likely that the excess weight loss is the result of both 
stoichiometric changes and dissociation of the oxide. 

The results of the dissociation of C d C O  3 in air are 
in general agreement with those of Mikhail et al. [10]. 
As pointed out earlier, the decomposition in air was 
less favourable than in vacuum and, with the excep- 
tion of the data at the highest temperature, 773 K, the 
total weight loss was consistent with the maximum for 
complete decomposition. At 773 K, the total weight 
loss exceeded the calculated maximum, indicating that 
some evaporation of CdO had taken place. Thus, the 
difference between the results of decomposition in 
vacuum and those obtained in air is due to the kinetic 
role of the atmosphere (air) in reducing the net flux 
from the evaporating surface. 

The kinetics of the decomposition of CdCO3 in air 
have been determined by Mikhail et al. [10] assuming 
a nucleation and growth process. For comparison, the 
results of this study are analysed to determine an 
activation energy for the decomposition process. In 
Figs 5 and 6 the undecomposed fractions of CdCO3 
are plotted against time for vacuum and air decom- 
position, respectively. On the basis of first-order 
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Figure 5 Time dependence of the undecomposed fraction 
of CdCO 3 (vacuum decomposition). (zx) 563 K, (*) 573 K, 
(�9 583 K, ( • ) 603 K, (A) 623 K, (11) 643 K, (e) 673 K. 

100 

A 
y.  

e ~  

,9, 
EX. 

O 

la.I 

10 

O 

Figure 6 Time dependence of the undecomposed fraction 
of CdCO 3 (air decomposition). (v) 563 K, ( l )  573 K, ( • ) 
593K, (O) 603K, (~>) 623K, (*) 643K, (6) 673K, (O) 
773 K. 
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Figure 7 Temperature dependence of  the rate constants  
for decomposition of  CdCO 3 in (�9 air and (rn) 
vacuum. 

kinetics, the slopes of the linear lines on these semi-log 
plots represent the rate constants. The temperature 
dependences of  the rate constants for air and vacuum 
decomposition are shown in Fig. 7. From this figure, 
activation energies of  185 and 177kJmol -~ were 
calculated for the vacuum and air decomposition, 
respectively. Prodan and Pavlyuchenko [11] reported 
an activation energy of 150.6 kJ tool-1 for the decom- 
position of CdCO3 under vacuum, and a correspond- 
ing value of  121.3kJmol -~ was reported by Criado 
[12]. For  decomposition in air, Mikhail et al. [10] 
calculated a value of 94.1 kJ tool I for pure CdCO3. 
However, their results showed a strong temperature 
dependence for doped CdCO3 even at the lowest level 
(1 a t%) .  For  these samples the activation energy 
ranged from 184 kJ tool ~ at the lowest temperatures 
of decomposition (T < 673 K) to as low as 17 kJ tool- 
for higher temperatures (733 to 833K). Moreover, 
these authors observed excess weight loss when the 
decomposition was carried out in air at T >/ 733 K. 

A c k n o w l e d g e m e n t s  
This work was performed with the financial support of  
the Office of Basic Energy Sciences, the Department of  
Energy, contract No. D E - A T 0 3 - A T E R 1 0 7 0 8 .  

R e f e r e n c e s  
l. Z. A. M U N / R  and B. J. A S I R V A T H A M ,  J. Mater. Sei. 

21 (1986) 2002. 
2. R. HAUL and D. JUST, J. Appl. Phys. 33 (1962) 487. 
3. Z. M. JARZEBSKI ,  "Oxide Semiconductors" (Pergamon 

Press, Oxford, 1973) p. 239. 
4. J. s.  CHOI,  Y. H. K A N G  and K. H. KIM,  J. Phys. 

Chem. 81 (1977) 2208. 
5. M. N E U B E R G E R ,  "Cadmium Oxide", Electronic Proper- 

ties Information Center Data  Sheet DS-149 (Hughes Aircraft 
Co., Culver City, California, 1966). 

6. R. S. M I K H A I L  and A. M. KAMEL,  J. Phys. Chem. 73 
(1969) 2213. 

7. A. R. MILLER,  High Temp. Sci. 7 (1975) 126. 
8. R. G. BEHRENS and C. F. V. MASON, J. Less- 

Common Metals 77 (1981) 169. 
9. A. W. SEARCY, private communicat ion (I985). 

10. R. S. M I K H A I L ,  D. D O L L I M O R E ,  A. M. KAMEL and 
N. R. EL-NAZER,  J. Appl. Chem. Bioteeh. 23 0973) 419. 

11. E . A .  P R O D A N  and M . M .  P A L Y U C H E N K O ,  
Geterognnye. Khim. Reaektsu. 50 (1961) 79. 

12. J. M. CRIADO,  "Thermal  Analysis",  Vol. I, edited by 
B. Miller (Wiley, New York, 1982) p. 99. 

Received 15 July 
and accepted 12 August 1985 

2001 


