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ABsmAcr 

The thermal decomposition temperatures of some metal sulphates (iron, 
copper, cobalt, nickel, zinc and lead suIphates) have been investigated by TG and 
DTA. The mechanism of decomposition of these sulphates is discussed, making use 
of additional information obtained from isothermal studies and X-ray diffraction 
measurements. The activation energies of these reactions were calculated and found 
to increase, with almost the same increments, in the order Zn< Fe< Co < Ni < Cu. 

lNlR0DUcTl0N 

The thermal decomposition of metal sulphates plays an important roIe during 
metallurgical dead-roasting processes. The stability of the sulphates in high-temper- 
ature reactions and during sulphatation roasting has aIso been paid attention to in 
this study. The thermal decomposition of Fe,(SO,), , CuSO,, ZnSO,, CoSO,, NiSO, 
and PbSO, has been studied in previous papers r-l g. However, the values reported for 
the same sulphate varied wideiy, making any dependabIe correlation impossible. 

It is therefore of interest to investigate the thermal decomposition of these 
sulphates by TG and DTA_ Little attention20-23 has been given to study the mecha- 
nism of decomposition of these sulphates. To investigate this mechanism, isothermal 
experiments were performed in the range of the decomposition temperatures, from 
which the activation energies were accurately derived. The TG and isothermal studies 
were performed in a flow of air and not in equilibrium systems with the decomposition 
products. 

The final stage of decomposition and the formation of intermediate products 
have been observed from the DTA and TG curves. The formation of these compounds 
has also been detected from the X-ray analysis of the final and intermediate products. 

The chemicals used were E.D.H. analytical grade. The anhydrous sulphates 
were prepared by heating the hyctrated sulphates up to 4CWC. applying the recommen- 
dations of Ostroff and Sanderson3. The chemical analysis of the anhydrous suiphates 
indicated that these compounds contain the theoretical values of metal and sulphate 
(1+_0.5%). 
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The TG was 

vided by Gebriider 

chart over a range 
rate of 5% min-‘. 

conducted with an automatically recording thermobalance pro- 

Netzch-Selb, G.F.R. The weight change was recorded (on a 6-b. 
of 240 mg) simultaneously with temperature up to 1 IOOOC at a 

The isothermal study at a series of fixed temperatures was ako foIlowed with 
the thermobalance, which was equipped with a device to keep the temperature constant 

arbitrariIy during the whole experiment_ The tern_perature of the furnace was tist 

raised to the required value and the specimen was then shock-heated by lowering the 

furnace to surround it. 

The DTA was carried out using an automaticaliy recording Linseis apparatus, 

Type L 160 KS (G.F_R_): the heating rate was 5OC min- ‘_ For TG and DTA, the 

technique used was according to the recommendations of McAdie’“. 

X-ray diffraction patterns were obtained with the aid of a Philips unit, Type 

PW 1010. The di%-action patterns of the different products were compared with the 

corresponding ASTM cards_ 

TG 

The xsuIts shown in 
as relative weight changes 

Fig. I for six anhydrous metal sulphates are represented 

in gg-’ vs_ temperature. The TG curves show certain 

Fig. 1. Tkrmogravimetric a.naIysis of: (I) Fe&O&; (2) CuSO.; (3) NiSOd; (4) ZnSOr; (5) CoSOI; 
and (6) PbSOI. Heating raft: 5’C tin-‘. 

characteristics which can be summarisexi as follows: 
(i) The decomposition temperature of these sulphates in air differs greatIy from 

that mentioned in the Iiterature. TabIe 1 illustrates the different data in detail. 



TABLE 1 

DECOMPOSmON TEMPEFWTURES OF SO&l?5 MFTAL SULPHA-I-ES 

Metal sulphares Decamposi~ion remperarure 

By Z-G 

Published ccork Presen f 
inresli- 

garion 

By DTA 

Published cork Present 

incesfi- 
garion 

Fe2(SOd3 600’ 575 - 580 
cuso* 59S3.7.8 . 60025, 620’7, 6241&S 625 5983.750*6 655 
NiSOJ 675’. 7309. 750xo. S4S’s 675 67S3. S4O2s 675 
coSO( 550’S, 7OS’, 7309,520’6 . 904’S 720 7os3,400= 722 

znso* 610”, t$W. 675”. S46’s 675 6463, 740z6 682 
PbSO+ 63723. S033, S6019, 971’ 870 8033 880 

(ii) The rates of weight loss show slight variations. The slopes of the TG curves 
increase in the order Zn>Fe> Co> Ni > Cu. This phenomenon will be compared 
with the results of isothermal studies (vide infra). 

(iii) Other processes, rather than decomposition of sulphzztes, are displayed at 

temperatures higher than that of sulphate decomposition, viz., partial transformation 
to other oxides (Fe,03 + Fe304) and sublimation of metal oxides (e.g., PbO). These 
processes are accompanied by decrease in weight as can be seen in the TG curves_ For 
other oxides, there is a tendency for each curve to flatten out towards a limiting value 
at different temperatures which is characteristic of the metal sulphates. 

DTA 
The DTA curves Xustrated in Fig. 2 show several interesting features, of which 

the most important are the initial temperature of decomposition and the different 
subsequent endothermic peaks displayed by the metal sulphates. There is a slight 
difference between the results of TG and DTA as depicted from Table l_ This can 
be attributed to the differences in pressure of the gaseous products in both techniques. 
There are also wide discrepancies between the vaIues reported in the previous investi- 
gations and those given in this work. This is ascribed mainly to differen= in the 
method of investigation and the method of preparation of the sulphates. 

The small endothermic peaks which can be observed close to the end of the 
decomposition, may be attributed to crystallization or to a rear-ran gement process, 
such as from amorphous to crystalline2s_ It is probable that removal of SO3 causes 
disruption of the crystal and, at higher temperatures, the oxide crystallizes releasing 
some heat of crystallization. In addition the DTA curve of CuSO, manifests a second 
well-detined endothermic peak in the temperature range 800 to 88OOC. This may 
correspond to decomposition of basic sulphate (XuO-5-3,) to the oxide (CuO). This 
relatively high decomposition temperature, in comparison with the value of the TG 



cume, can be correlated with the variation in the partial pressure of SO3 in the vicinity 
of the basic suIphate. In the literature there is very little recognition of this aspe~P~-~~. 

The defiection of the DTA curves after complete decomposition of the metal 
sulphate corresponds either to decomposition or voIatihzation of the metal oxide. It 
is probable that Fe& is decomposed to Fe,O, at temperatures higher than 84WC 
A similar trend is noticed in the DTA curve of CuO-KuzO_ However, the sloping 
trend of the DTA decomPosition curves of Z&O, and PbSO, at temperatures higher 
than 880 and 965oC, respectively, can be related to the process of sublimation of their 
oxides, In addition, deoxygenation may also take place at these relatively high temper- 
atures for both 2110 and NiO. One may also expect to obtain more information on 
the infiuence of temperature on the final decomposition products by X-ray analysis. 

The X-ray analysis of the final products obtained at different extents of decom- 
position and at IOOOOC revealed that the intermediate products which were investi- 
gated elsewhere1*4*5*12, could not be identified in this investigation. The patterns 
obtained are mixtures of the starting material and the rzqective oxide. However, at 
IOOWC, the final products show markedvariable patterns, espe&lly for iron (Fe,O, + 
Fe,O.J and copper (CuO+Cu,O). ZnO and NiO patterns show a slight variation 
from those given by ASTM cards. PbO is detected in the temperature range 900 to 
lOOOoC, without any other patterns corresponding to metallic lead, as was roaridered 
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before”. Co,04 is the final product of decomposition of CoSO,, owing to instan- 
taneous oxidation of the oxide Co0 to Co,O, when the reaction proceeds in air. The 
oxidation process could not be detected from the rest&s of DTA or TG. 

The intermediate products which could not be observed by X-ray diffraction 
analysis may be present in amorphous forms. It is difficult to exclude their formation 
during the decomposition processes. The same conclusion was reached by Camel 
et aLt7, during decomposition of ferrous sulphate. 

Isothermal decomposition 

The kinetics of iscthermal decomposition in air were studied in the respective 
ranges of decomposition. A typical set of isotherms, obtained for five sulphates, is 
shown in Fig_ 3 for Fe,(SO,),. On the basis of several theories put forward to account 
for the kinetics of such reactions, the results of the present investigation do agree with 

Fig. 3. Relative weight changes of isothermal decomposition of Fe2(SO&. 

the law achieved by Mampel**, applied to the decomposition of solids in the form of 
a powder. Assuming that the powder is composed of a large number of isotropic 
spheres of uniform radii, Mampel applied a fractional order reaction which is a close 
approximation to the one-tbhd power Iaw of contracting spheres, possessing a 
constant velocity of propagation of the interface. A plot of ( W/W,) ‘I3 vs. time gave 
a linear relationship, where We is the initial mass of reactant and W is the mass at 
time L The process of decomposition is thus influenced by the formation of a progres- 
sively thickening layer of oxide which results in producing an impendence effect due 
to the restriction of diffusion imposed by the oxide formed and to the possibility of 
its recombination with SO, at the interface. The same conclusion was reached by 
Fahim and KoItatg in the decomposition of hydroxides and generally given by Sharp 
et aL3’ in solid-state decomposition reactions. 
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Copper sulphate shows a marked difference from other sulphates as it is 
characterized by a break in the linear relationship (Fig. 4). The significance of this 

break can be interpreted on the assumption of the presence of two-step processes 

Fig. 4. AppIicatioE of MampIcS equation on the isothermal decomposition curves of CuSO,. 

during decomposition of CuSO& to CuO via basic copper sulphate according to the 
following equations: 

2CUSOI + 2Cuo-so,+So, 

2cuo-so, + 2cuo-f-so, 

The velocity constant, K, is obtained from the lincu relationship of ( W! Wo)1’3 
vs_ t, at different temperatures for all sulphates. A plot of fog K against the reciprocal 
of the absolute temperature, gives satisfactory straight lines, from which it is possible 
to evaluate the energy of activation from the Arrhenius equation: 

The activation energies of the decomposition of metal sulphates, evaluated from 
Fig. 5, are given in TabIe 2. 

ft can be noticed that despite the fact that the isothermal decomposition of 
these suIphates can be considered in the same order of magnitude, the slight variation 
in the activation energies in crea& in the order ZncFe<CocNicCu_ The same 
conclusion was deduced from the slopes of the curves given in Fig- 1 for the TG 
resuks. The activation energy calcufated from the slopes of tie TG curves was found 
to be nearly the same as that deduced from the isothermal results. The same result 
was also mentioned by Satava and coworker31s32, 
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Fig. 5. Application of Arrhenius equation to the rate constants for the rexSons: (1) Fcz(SO&+ 

Fe,O,: (2) CuSO, 4 &CuO l CuSO &: (23 CuO - CuSOI 3 2CuO; (3) NiSOa --t NiO; (4) CoSOd --L 
Co0 --f $Co,Ol; (5) ZnSO* ---f ZnO. 

TABLE 2 

ACTIVATION ENERGIES OF THERMAL DECOMPOSITION OF SOME 
METAL SULPHATES 

Reaction Actirntion energy (kcal nwl- I) 

ZnSO, ---f ZnO 229 
Fe&SO& + Fe203 25.5 
CoGO,), --+ coo i I~3c0304 26.5 
NiSOI + NiO 27.6 
2 CuSO, -+- (CUO. CuSO,) 2.5s 
(CUO - cuso,) + 2cuo 29.5 

The thermal decomposition of metal sulphates can be considered as a complex 

process- The temperature at which the decomposition rate becomes perceptable 

depends mainly on the mechanism of decomposition and the diffusion of SO3 through 

the crystals which have different structures. One must not ignore the fact that the 

decomposition temperature is also dependent on the ekctronegativity radius and 

poIarizing power of the metal cations. In the present investigation, it was difficult to 
support these assumptions by expressing accurate relationships between these pcssible 
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factors affkcting decomposition and the temperatures of decomposition of sulphates. 
For example, while decomposition of ferric suiphate starts at XKPC, cobalt sulphate 
is decomposed at 72OOC, in spite of the fact that both metals have nearly the same 
atomic radius (0.83 A for Fe and 0.82 Bi for Co). 
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