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The thermogravimetric behaviour of basic nickel carbonates was investigated 
making use of a quartz-fibre spring balance. The basic nickel carbonates showed 
two distinct stages of decomposition when they were subjected to thermal treat- 
ment at a slow rate of heating. The first stage, corresponidng to the expulsion of 
part of the water, started at 10O0C, and was complete at 210DC. The second stage 
started above 260°C, when the basic carbonate decomposed giving off the rest of 
the water and the carbondioxide contained in it and this reaction was complete at 
420°C. The final product of decomposition was found to be nickel oxide. The 
results are intecpreted in the light of the different natures of the water held by the 
basic carbonates. 

In  a n  earlier communication1 the preparationof basic nickel carbonatesand 
their differential thermal behaviour was reported. In view of the importance 
of these basic nickel carbonates as  intermediates in the preparation of catalyti- 
cally active nickel a study of their thermal decomposition is essential to  throw 
more light o n  the  nature of the derived catalysts. The amounts of water and 
carbondioxide present in these compounds varied with their mode oC prepara- 
tion. The mode of thermal decomposition of these basic carbonates could be 
followed directly using a thermogravimetric balance and the different stages in 
their composition could be characterised. The thermogravimetric technique3 
enables one to  follow the  release of water and carbondioxide during the  
thermal decomposition and a detailed investigation was therefore undertaken. 
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EXPBRIMENTAL 

Apparatus : A simple and relatively inexpensive helical quartz fibre spring 
thermobalanceZ designed and set up in this laboratory was employed. Quartz- 
fibre springs of approximate sensitivity, 1.5 cm. extension per 100 mg. load 
were calibrated and used. A small quartz bucket about 150 mg. in weight with 
a long quartz fibre ending in a hook was suspended from the spring so as to 
hang freely within the thermobalance tube. A tubular electrical furnace was 
used to heat the thcrmobalance section surrounding the bucket and the tempera. 
ture was measured with a chromel-alumcl thermocouple kept close to  the bucket. 
The heating was controlled manually with thc hclp of a variac and kept at a 
uniform rate. The extension of the spring was measured correct to 0.001 cm. 
using a sensitive cathetometer. 

Procedure : About 150 mg. of the sample of basic nickel carbonate was 
accurately weighed out into the silica bucket and the extension of the spring 
measured. The furnace was heated a t  a uniform rate of 2 to 3°C. per minute 
up to  a temperature o r  500 '~ .  The changes in the extension of the spring 
were foliowcd at intervals of IO'C rise in temperature. 

The extension of the spring due to the weight of the  sample done was 
computed after applying blank corrections. The blank experiment was run in 
exactly the same manner as above but with an empty bucket. It was found 
that there was no change in the extension of the spring up to  200 '~ .  At higher 
temperatures, however, the extension decreased progressively. On cooling the 
furnace, the curve could be traced backwards showing thereby that the effect 
was reversible. At each temperature during the thermogravimetric analysis 
for a particular combination of quartz-spring and bucket, the corresponding 
blank correction for the change in extension was determined and applied. The 
vapours evolved during the experiment were allowed to escape. through the 
ventilation provided at different levels and complications due to their conden- 
sation within the  thermobalance avoided. 

The sensitiveness of the above thermogravimetric technique was confirmed 
by studying the thermogravimetry of the two standard substances Na2HP04-12H20 
and CaC204.2H,O. The results were in close agreement with the established 
thermal behaviour of these samples *' 3. 

The thermogravimetric behaviour of the following samples was investigated 
and the typical results have been presented graphically as indicated below ; 

(1) 2Ni0.C0,.5H20 
(2) 2Ni0.C02.3H20 Fig. I 
(3) 3NiO.CO2.6Hz0 1 
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A - 2 NiO. C 0 2  . 5 H 2 0  

0'- ZNiO. COP. 3 H Z 0  

t - 3 N i O .  C 0 2 .  6 W a 0  

TEMPERATURE 'C 

FIG. I 
Thermogravimetry of .basic nickel carbonates 

The above samples of basic nickel carbonates were prepared by methods already 
described in the previous communication'. 

It may be seen from the thermogravimetric curves presented in the figures 
that in all cases two stages were obtained during-the decomposition. The first 



TEMPERATURE "C 

FIG. I1 
Tbermogravimetry of basic nickel carbonates 

stage which started a t  about 9 0 ' ~  was complete at 2 0 0 ~ ~  and the second stage 
started a t  2 7 0 ' ~  and was over a t  about 4 2 0 ' ~ .  Analysis showed that the end 
product was nickel oxide, NiO. The net loss in weight during the pyrolysis 
corresponded to the loss of the total water and carbondioxide contents of the 
precipitates. The weight of the residue corresponded to  that of nickel oxide 
and was the same as determined by analysis. After the first stage of decom- 
position, the intermediate compound is stable between 210°C and 2 6 0 ' ~  and 
shows constancy in weight. In order to determine its composition, the various 
samples of basic nickel carbonates were heated in a furnace at 230-C for 
one hour and the product analysed as described earlier'. The results for the 
various samples, giving the nickel oxide, carbondioxide and water contents are 
presented in Table I. 

The above thermogravimetriccurves indicating two stages of decomposition 
were obtained only when the samples were heated linearly a t  2 ' ~  per minute. 
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TEMPERATURE OC 

FIG. TI1 
Thermogravlmatry of basic nicke1:carbonates prepared at 97'C 

I t  was found that if the heating rate was slightly faster, namely 4 ' ~  Per 
minute, the two stages of decomposition overlapped and only the nel decom- 
position was ind~cated. 

Basic nickel carbonates of the same composition prepared from ditiereot 
systems of nickel salts and alkdli carbonates gave identical therrnogravimetrlc 
curves. Only typical curves are therefore included in the figures presented. 

DrsCUSSION 

It can be seen from the table that the thermal decompositions of the 
different samples of basic nickel carbonate 2N10~CO~.51&0 leads to the f0rya- 
tion of an intermediate product of composition 2Ni0.C02-H20 above 100 C. 
This basic carbonate decomposes between 2 7 0 " ~  and 4 2 0 " ~  to give nickel 
oxide. The overall reaction i s  therefore as follows : 
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- 4H20 - (Hz0 f COz) 
2Ni0-C02.5H20 -- -+ 2NiO.COz.H20 --- -+ 2Ni0 

100 - 2 0 0 " ~  270 - 4 2 0 ' ~  

The corresponding losses in weight should be 25.42 per cent of the initial 
weight at the completion of the first stage of decomposition and 47.21 per cent 
at the end of the second stage. The thermogravimetric curve [Fig. I Curve A] 
shows that the first plateaux corresponds to a loss in weight of 25.5 per cent 
and the total loss in weight at 450°C is 47.3 pQ cent. The thermogtavi- 
metric results therefore agree with the analytical results at each stage. 

The basic carbonates containing higher percentage of water could be dried 
over phosphorus pentoxide in vacuum. The samples obtained by these methods 
approach a definite composition containing less of water. Thus, the basic 
carbonate, 2NiO.COZ.5H20 loses 2 molecules sf  water on drying in this manner 
and approaches the composition 2NiO.COz-3HP. The thermogravimetry of 
this compound [pig. I, Curve B] indicates two stages of decomposition corres- 
ponding to the loss of 14.7 per cent and 39.75 per cent of the initial weight 
respectively. Analysis of the intermediate product shows it to  be the same 
compound as obtained earlier, viz., 2Ni0.COz.Hz0. The thermal decomposition 
should therefore take place as follows : 

- 2H20 - (COZ + H20) 
2Ni0.C02.3H20 ------) 2Ni0.C02.H20 --+ 2Ni0 

I00 - 2 0 0 " ~  270 - 4 2 0 ' ~  

The corresponding losses in weight being 14.56 per cent and 39.63 per cent 
respectively of the initial weight in close agreement with the experimental 
results. 

From the thermal decomposition of other basic nickel carbonates other 
intermediate compounds could be similarly characterised. Thus analysis shows 
that the pyrolysis of the basic nickel carbonate 3NiO.CO2.6Hz0 is as follows: 

- 4HzO - (COZ + 2HzO) 
3Ni0.C02.6H20 - + 3Ni0.C02.2Hz0 ------ + 3Ni0 

(80 - 2 0 0 ~ ~ )  (270 - 380"~) 
The corresponding losses in weight should be 19.15 per cent and 40.43 per cent 
of the initial weight respectively. From thermogravimetry [Fig. 1, Curve C] 
the losses in weight' obtained for the first and second stages of decomposition 
are 19 per cent and 39 per cent respectively in agreement with the expected 
values. 

The basic nickel carbonate, 4Ni0.C0,.7H20, decomposes on heating and 
from the analysis of the intermediate and final products of decomposition, the 
process should be as follows : 

- 4 ~ ~ 0  - ( c o ,  + 3 ~ , 0 j  
4Ni0.C02.7H20 --- --f 4Ni0.C02.3H20 ---------+ 4Ni0 

(90" - 200"~)  (260 - 4 0 0 " ~ )  
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The corresponding losses in weight should be 15.37 and 36.29 per cent of the 
initial weight respectively. From the thermogravimetric curves [ ~ i ~ .  11, 
Curve A] the losses in weight obtained were 15 and 36 per cent of thc original 
weight respectively. For the sample dried over phosphorus pentoxide in vacuum 
the thermal decomposition is similar and gives rise to the same intermediate 
basic carbonate as follows : 

- 2H20 - ( ~ 0 ~  + 3H20) 
4NiO.CO2.5HzO --- -j 4Ni0.C033Nr0 -- -+ 4Ni0 

(90 - 2 0 0 " ~ )  (260° - 4 0 0 ~ ~ )  
The corresponding losses in weight are theoretically 8.32 per c q ~ t  and 30.97 per 
cent of the initial weight. The actual losses in weight obtained were 9 per cent 
and 31.5 per cent respectively as determined from the pyrolysis curve [ ~ i g .  11, 
Curve B]. 

The composition of the precipitated basic carbonate obtnined a t  9 7 " ~  
from an equimolar mixture is 14Ni0.C02.16HZ0 when washed with cold water 
and 16Ni0.C02.141-120 when washed wilh hot water. When, at 9 7 ' ~  the 
amount of alkali carbonate added is thrice that of the nickel salt, the precipitate 
obtained has the composition 17Ni0.C02.21H20 when washed with cold water 
and 22Ni0.C02.181320 when washed with hot water. In all cases, there are 
two stages of decomposition as shown in Fig. 111. In the first stage of decom- 
position, only water is lost between 90°C and 180 '~.  In the  second stage of 
the decomposition, between 2 6 0 ' ~  and 420°c the rest of thc unit breaks down 
to nickel oxide. The reaclions as determined by the analysis of the products 
at the end of the first and second stages of decomposition are given below. 
The corresponding theoretical and experimental weights are also indicated in 
terms of the percentage of the initial weight. As mentioned earlier' these 
compositions are not strictly exact: 

Curve (A) 14Ni0.C02. 16Hz0 -+ 14Ni0.COz.I l H 2 0  ---t- 14Ni0 
Theoretical weight 100% 93.4876 75.93% 
From thermogravimetry 100:; 93.5 76 76% 

Curve (c) 17Ni0.COz.21H,0 ---t 17Ni0.C02. 15H20 + 17Ni0 
Theoretical weight 100% 93.63% 75.06% 
From thermogravimetry 1007; . 93.8% 76% 

Curve (B) 16Ni0.C02.14H20 --+ 16Ni0.C0,.9H20 -+ l6NiO 
Theoretical weight 100% 93.96% 80.13% 
From thermogravimetry loo:!, 94% 8 1 5: 

Curve (D) 22NiO.CO218H20 -1 22Ni0.C02.12Hz0 ---+ 22Ni0 
Throretical weight 100:; 94.64% S1.70.z 
From thermogravimetry 100% 95% 8 2 5  % 
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The results indicate clearly that in all these compounds waler is bound in 
two different ways and that part of the water and all the carbon dioxide are 
constituents of the skeleton of the units which form the basic nickel carbonates. 

In recent studies conducted by Francois-Rossetti and ~o-workers~ '~ '6  
several basic nickel carbonates have been distinguished by X-ray methods and 
studied employing .thermogravimetry and differential thermal analysis. The 
compounds Ni (OH)~ .N~CO~ and 2Ni ( O H ) ~ . N ~ C O ~  mentioned by them are shown 
in the present work to be the products of decomposition of 2Ni0.C0,.5H20 
and 3Ni0.C02.6H20, respectively. Ln the present work the basic nickel carbo- 
nate 4 Ni0.C02.7H20 and its dehydration products 4Ni0.C02.3H20 have also 
been characterised. 

The results are explained in greater detail in a later paper7 and a mecha- 
nism for the formation of the basic nickel carbonates has been put forward 04 
the basis of the configurations and thermal behaviour of these compounds. 

The authors are grateful to Prof. K. R. Krishnaswami and to Prof. 
M. R. A. Rao for their keen interebt in the present work. 
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