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Iron(I1) sulphate hydrates (hexa- through mono-) have been prepared and their ther- 
mal decomposition behaviours have been studied in air by isothermal and dynamic 
thermal analysis methods. The results show that their behaviours are similar to that of 
the heptahydrate. The stepwise loss of water molecules is accompanied by oxidation. 
Under a restricted supply of oxygen, the anhydrous sulphate is oxidized directly to 
Fe20(SO4)2 without the formation of Fe(OH)SO4. When free exchange with oxygen is 
alloued, Fe(OH)SO 4 is formed, which in turn decomposes to Fe~O(SO~)e. The decom- 
position of Fez(SO~)2 to iron(II1) oxide and sulphur oxides appears to occur via two 
independent paths -- one direct and other through iron(III) sulphate. 

We earlier [1 ] reported results on the thermal decomposit ion of  iron(II) sulphate 
heptahydrate.  It was shown that under dynamic and isothermal conditions the 
tetrahydrate, the monohydrate ,  the anhydrous sulphate, the hydroxysulphate and 
the oxosulphate are formed as intermediate compounds.  Further it was observed 
that the formation of  the intermediate hydrates is invariably accompanied by oxi- 
dation, the extent of  oxidation being larger at higher temperatures. Thus, special 
methods must be adopted to obtain the intermediates. In this communicat ion we 
present results on the thermal decomposit ion of  various intermediate hydrates pre- 
pared by the methods described previously [2]. 

Experimental 

Materials: Procedures for the preparation of  tetra- and monohydra tes  have 
already been described [2].To prepare the other intermediate hydrates, the hepta- 
hydrate was subjected to evacuation over fused calcium chloride till the theoreti- 
cal weight loss for the desired hydrate was obtained. It  was then immediately sub- 
jected to thermal analysis. 

Apparatus/Equipment: As in our  previous communicat ion [1]. 
Procedure: Dynamic  and isothermal thermal analyses were carried out as de- 

scribed earlier [1]. 
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Results and discussion 

Dynamic thermal analysis 

The thermal behaviours of the intermediate hydrates have been found to be 
similar to that of the heptahydrate, except for small differences. These hydrates 
also lose water in a stepwise manner, with the formation of the intermediate 
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Fig. 1. Thermoanalytical curves of FeSO4 " 6 H~O 

Fe20(SO4)2 from the anhydrous salt. As for the heptahydrate, We(OH)SO4 is not 
formed in these cases either. Similarly as in the case of the heptahydrate, an in- 
flection is found around 100 ~ for the hexa- and pentahydrates, and the weight gain 
due to oxidation falls short of the theoretical value for the same reason, viz. oxida- 
tion during dehydration. Figures t -  3 present typical thermal analysis curves in 
crucibles, and Tables 1 and 2 give the thermal and weight loss data. The X-ray 
data are presented in Table 3. From Figs 1 -  3 it is evident that the thermal be- 
haviour is similar in all cases, except for the progressive change in the shape of the 
peak. The first peak, in the region of 180 ~ becomes progressively smaller, and the 
peak in the region of 360 ~ becomes progressively larger as compared to the first 
peak. This is because the first peak represents the loss of all molecules of water 
except one, and the second peak always represents the loss of this single, last mol- 
ecule. In fact, the second peak represents the decomposition of the monohydrate 
formed from the other hydrates. Of all the hydrates, the monohydrate appears to 
be the most extremely hygroscopic, as is evident from the peak in the region of 
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250 ~ due to the loss of water molecules. The shape of the exothermic peak in the 
520-600 ~ region undergoes a marked change in shape from the hexa- to the 
monohydrate. 

From the above results it is evident that, when heated in air, any hydrate of 
iron(II) sulphate undergoes decomposition accompanied by oxidation. The hexa- 
and pentahydrates show an inflection point around 100 ~ which corresponds to the 
formation of the tetrahydrate. However, the weight loss data fail to show the for- 
mation of the tetrahydrate, even though X-ray powder diffraction data indicate its 
presence. The reason for the failure of the weight loss measurements to reveal the 
tetrahydrate may be attributed to the fusion of the specimen, resulting in the re- 
tention of liberated but unvolatilized water in FeSO,~ �9 4 H20, as in the case of the 
case of the heptahydrate [1, 3]. The exothermic peak, as for the heptahydrate, lies 
in the region of 500- 600 ~ and is split into two. The shape of the second split peak 
appears to depend on the nature of the hydrate studied. Under the conditions of 
the experiment, the anhydrous sulphate is converted directly into the oxosulphate, 
and the formation of hydroxysulphate is not observed. This is similar to the obser- 
vation made in the case of the heptahydrate. Thus, all hydrates of iron(II) sulphate 
display similar thermal decomposition characteristics. 

Isothermal analysis 

Our isothermal experiments, confirmed by X-ray diffraction data (Table 3), in- 
dicate the formation of both the hydroxysulphate and the oxosulphate in all cases. 

Table 3 

X-ray diffraction data* 

No. Temperature, ~ ,,d" values with probable assignments 

1. 

2. 

3. 

4. 

5. 

90 

300 

380 

420 

440 

4.95(1), 4.79(2), 3.43(1), 3.26(2), 3.16(1), 2.58(1), 2.50(1), 2.00(1,2), 
1.64(2), 1.59(2), 1.54(3). 

4.74(2), 3.55(2), 3.26(2), 2.33(2), 2.04(2), 1.99(2), 1.83(2), 1.63(2), 1.59(2), 
1.56 (2). 

4.74(2), 3.55(2,4), 3.26(2), 2.49(4), 2.28(4), 1.98(2), 1.83(2), 1.63(2), 
1.59(2), 1.55(2). 

4.98(4), 4.36(4), 3.57(4), 3.19(4), 3.14(4), 2.72(4), 2.49(4), 2.39(4), 2.28(4), 
1.84(2,4,5). 

5.98(6), 4.35(4), 3.66(5), 3.56(4), 2.28(4), 1.99(6), 1.85(5,6), 1.70(5), 
1.61(5,6), 1.49(5,6), 1.46(5,6). 

Note: The numbers in parentheses in column 3 represent the following compounds, along 
with reference to ASTM cards: 
(1) FeSO4'H~O: 1--612; (2) Fe(OH)SO4: 21--428; (3) FeSO4: 1--703; (4) 
Fe20(SOa)2: (5) e-Fe208: 13--534; (6) Fe2(SO4)3:18--652 

* Data on the monohydrate. Other hydrates have identical results 
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Thus, it appears that Fe(OH)SO4 is formed under good exchange of oxygen at 
lower temperatures (90-330~ At higher temperatures (>400~ the hydroxysul- 
phate loses water to form the oxosulphate (minor amounts, however, formed at 
lower temperatures [1]). 

The non-formation of the hydroxysulphate during dynamic thermal analysis 
may be explained as in the case of the heptahydrate [1 ]. In crucibles under dynamic 
conditions there is no free exchange with oxygen, due to the copious evolution of 
water at the lower temperatures where the formation of the hydroxysulphate is 
favoured, and so the monohydrate formed is preferentially dehydrated to the an- 
hydrous salt instead of being oxidized to Fe(OH)SO4. At higher temperatures, 
however, the situation alters and exchange with atmospheric oxygen takes place, 
resulting in the oxidation of the anhydrous salt to the oxosulphate. The oxosulphate 
now decomposes to iron(li D oxide and sulphur trioxide, as represented by the 
equation : 

Fe20(SO~)2 --* Fe203 + 2 SO3 (1) 

As the X-ray data indicate lines due to Fe20(SO4)2 (Table 3) at a temperature of 
440 ~ and since no sulphur oxide fumes were observed at this temperature, it is felt 
that Fe20(SO4)2 also undergoes decomposition at the same time, partially to 
Fe2(SO4)3, which in turn decomposes to Fe203 and SO3: 

3 Fe20(SO4),, -~ 2 Fe2(SO4)3 + FezO3 (2) 

Fez(SO~)3 ~ Fe203 + 3 SO3 (3) 

It may be noted that at the temperature of these reactions (640-850 ~ SO3 is not 
stable and partially decomposes to SO2, giving rise to a mixture of SO2 and SO 3. 

From the foregoing discussion it is evident that the hydrates of iron(II) sulphate 
(hexa- through mono-) undergo thermal decomposition in a manner similar to 
that of the heptahydrate. The dehydration takes place with oxidation to hydroxy- 
and oxosulphates depending on the experimental conditions. When free exchange 
with oxygen is allowed (as in isothermal studies), the dehydration - oxidation - 
decomposition path proceeds as: 

FeSO4 �9 xH20 ~ FeSO4 �9 H20 ~ Fe(OH)SO4 -~ Fe20(SO~)2 

Fe20(SO4)2(Fe203 + SO3 

Fe2Oa + Fez(SO~)3 ~ Fe2Oa + SO3 

Under a restricted Supply of oxygen, the dehydration - oxidation - decomposi- 
tion path proceeds as" 

Y. Thermal Anal. 19, 1980 
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F e S O ~  �9 x H 2 0  ~ F e S O ~  �9 H 2 0  ~ F e S O ~  ~ F e z O ( S O ~ )  ~ 

Fe2Oa + SOa 
F e 2 0 ( S O ~ ) z  ( 

Fe~O~ + Fe~(SO~)~ ~ F e 2 0 ~  + SO2 
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R~SUMg -- On a pr6par6 les sulfates hydrat6s de fer (II), depuis l 'hexa- jusqu 'au  monohydrate,  
et on a 6tudi6 leur comportement  lots de la d6cornposition thermique par les m6thodes de 
l 'analyse thermique, en r6gime isotherme et dynamique, dans l'air. Les r6sultats montrent  que 
leur comportement  est similaire 5_ celui de l 'heptahydrate,  La perte, par 6tapes, des mol6cules 
d'eau est accompagn6e d 'une oxydation. Si l 'apport  d'oxyg6ne est limit6, le sulfate anhydre 
est oxyd6 directement en Fe~O(SOa)~, sans formation de Fe(OH)SO4. Si l '6change libre avec 
l'oxyg6ne est permis, il se forme Fe(OH)SOa quil b. son tour, se d6compose en Fe~O(SOa)~ La 
'decomposition de FezO(SO~).2 en oxyde de fer ( l i d  et en oxydes de soufre semble avoir 
lieu par  deux voies ind6pendantes:  l 'une directe et l 'autre par  l ' interm6diaire du sulfate der 
fer (III). 

ZUSAMMENFASSUNG - -  Eisen(II)-sulphathydrate von Hexa- bis Monohydra t  wurden herge- 
stellt und ihre thermische Zersetzung in Luft durch die isotherme und dynamische Thermoana-  
lyse untersucht. Die Ergebnisse zeigen, dab ihr Verhalten dem der Heptahydrate fihnlich ist. 
Der  stufenweise Verlust von Wassermolekiilen ist von einer Oxidation begleitet. Bei beschriink- 
ter Sauerstoffzufuhr wird das wasserfreie Sulphat unmit telbar  zu FezO(SO~)e oxidiert, ohne 
Bildung von Fe(OH)SO~. Wenn freier Austausch mit Sauerstoff ermtiglicht wird, wird 
Fe(OH)SOa gebildet, das dann zu Fe~O(SO4) ~ zerfgllt. Die Zersetzung yon Fe~O(SOa)~ zu 
Eisen(III)oxid und Schwefeloxiden scheint auf  zwei unabh~ingigen Wegen zu erfolgen -- einem 
direkten Weg und einem fiber Eisen(III)sulphat. 

]~e3~oMe - -  I'[oYiyqeHbl rtt~lpaTbI (OT reKca ~Io MOHO) cyJIbqbaTa mene3a ri Ja3yqeHo r~x TepMH~ec- 
Koe pa3J10~enrte B aTMOCd~epe BO3/Iyxa n3oTepM~l~lec~IM H ~ItHaMH~IeCKttM TepMnxteCKl4M M eTojIa- 
MI, I. Pe3yJ/bTaTb! noKa3anH, qTO noBeaerme fix no~O6HO renTarrtJlpaTy. CTynen~aTafl noTep~ 
MoJteryn BOZtbl conpoBo~aeTcfl orncJIeHneM. Hprt orpanrt'teI~nOM ~ocTyne KrmaopoJIa 6e3- 
ao~m, ti~ cnybqbaT orricn~eTca np~MO ~IO Fe~O(SOa)~ 6ea o6pa3oBarms Fe(OH)SO v Ilprt CBO60~- 
HOM JlocTyne rrtcaopo)Ia, cHaqa~ia o6paayeTcg Fe(OH)SOa, KOTOpI, I~ 3aTeM orncJmeTc~ ~Io 
Fe20(SO):~, pa3aoxenr~e roToporo ~0 orrtcn Tpexsaner~THOrO xeJIeaa ~ xpexorncrt cepLt ripoTe- 
raeT JtayMIt He3aaacnMbiMrI nyT~Ma - -  o~arI npnMo~, a Jlpyro~ - -  qepe3 cyJ~bqbaT xeJ~eaa(III). 
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