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The thermal decomposition of the hydroxysulphate and oxysulphate of iron(III) 
was carried out in air. Under dynamic conditions, the hydroxysulphate decomposes 
to the oxysulphate, which in turn decomposes to iron(HI) oxide and sulphur oxides. 
The oxysulphate decomposes directly to iron(III) oxide and sulphur oxides. The heats 
of decomposition and heats of formation of the two basic sulphates were calculated. 

The hydrosulphate, Fe(OH)SO4, and oxysulphate, Fe20(SO4)2, of  iron(III) are 
known to be formed during the thermal decomposition of iron(II) sulphate hepta- 
hydrate [ 1 -11 ]  and other hydrates of  iron(II) sulphate [12-14] .  Their study 
has therefore generally beeen confined to their occurrence as intermediates during 
the thermal decomposition of the hydrates of iron(ll) sulphate. No attempts 
have been made to isolate these compounds and study their thermal decompo- 
sition behaviour. In our previous communications [12-14]  we have given an 
account of  these basic sulphates with respect to their formation during the thermal 
decomposition of iron(II) sulphate hydrates, and their preparation in pure form. 
In this communication, we present our results on the thermal decomposition 
behaviour of  the hydroxy and oxysulphates of iron(Ill). 

Experimental 

Materials: The hydroxysulphate, Fe(OH)SO4, and the oxysulphate, Fe20(SO4)2, 
were prepared as described earlier [12]. 

Apparatus: As described earlier [13]. 
Methods: X-ray, thermal analysis and thermochemical data were obtained by 

using appropriate methods and procedures [13-15] .  

Results and discussion 

X-ray analysis 

The compounds F e ( O H ) S Q  and Fe20(SO4)z were examined by the X-ray 
powder diffraction method and the data are given in Table 1. It  may be seen from 
the Table that the X-ray data for the hydroxysulphate f rom the present work 
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compare fairly well with those given for in the ASTM card index. The data for 
Fe20(SO4)z are not available from the card index. The data given by Safiullin 
et al. for their new phase (presumably Fe20(SO~)z) do not agree well with our 
data except for one line with "d"  value 4.356. Confirmation of the data for this 
compound is therefore awaited. 

Thermal analysis 

Thermal decomposition curves for Fe(OH)SO~ are presented in Fig. 1. Thermal' 
and weight loss data are given in Table 2. From the results it will be seen that the 
hydroxysulphate, which is stable up to 125 ~ decomposes to an intermediate com- 
pound. From the weight loss data, the decomposition in the temperature range 
125-620  ~ can be represented by the equation: 

2 Fe(OH)SO4 = Fe20(SO~)2 + H 2 0 .  (1) 

Table 1 

X-ray data for the basic sulphates of iron 

Basic sulphate "d"  value, A Literature values 

Fe(OH)SO4 

Fe20(SO4)z 

4.74 
3.55 
3.26 
2.33 
2.04 
1.99 
1.83 
1.63 
1.59 
1.56 

4.98 
4.36 
3.57 
3.19 
3.14 
2.72 
2.49 
2.39 
2.28 
1.84 

2 Fe(OH)SOa* 
5.1 
4.78 
3.57 
3.26 

3.21 
1.83 
1.63 
1.59 

Compound X** 
5.976 
4.356 
3.626 
2.982 

* ASTM Card No. 21--428. 
** N. Sh. Safiullin et al. [3]. 
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Fig. 1. T G ,  D T G  and D T A  curves o f  F e ( O H ) S O  4 

The intermediate decomposes further to iron(Ill) oxide and sulphur oxides, as 
represented by : 

Fe20(SO~)2 = Fe20 + 2 SOu. (2) 

From isothermal studies it has been shown [13, 14] that the hydroxysulphate 
decomposes to the oxysulphate, and that the oxysulphate in turn decomposes 
simultaneously to iron(IlI) sulphate and iron(IlI) oxide: 

Fe20(SQ)2 < FezO3 + SOu 
F%O3 + Fe2(SO4)2.| 

(3) 

The iron(III) sulphate thus formed decomposes to iron(Ill) oxide and sulphur 
trioxide: 

Fe2(SO4)a = F%O3 + 3 SO3. (4) 

During dynamic thermal analysis, however, the oxysulphate decomposes directly 
to iron(lII) oxide and sulphur oxides, as shown by the single-stage decomposition 
of the oxysulphate (cf. Fig. 1). 
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Table 2 

Thermal and weight loss data for Fe(OH)SO4 

No. 

1. (a) 
(b) 
(c) 
(d) 
(e) 

2. (a) 

(b) 

(c) 
(d) 
(c) 

3. 

Event 

Stability of Fe(OH)SO, 
Decomposition of Fe(OH)SO 4 
DTG peak 
DTA peak 
Completion of decomposition 

Stability of the decomposition product, 
FezO(SO4)2 

Decomposition to Fe~O8 
Fe~O(SO4) z = FezO 3 + 2 SO3"* 
DTG peak 
DTA peak 
Completion of decomposition 

2 Fe(OH)SO 4 = Fe203 + 2 S O a +  HzO 

Temperature, 
~ 

up to 125 
125 
580 
585 
620 

660 
815 
825 
900 

Wt. loss 

Caled. 

m 

5.30 

50.00 

52.70 

Obsd. 

5.00 

50.30 

52.80 

* Not stable. 
** Decomposes to SOs and Oz. 

Thermal decomposition curves for the oxysulphate are presented in Fig. 2, 
and the thermal and weight loss data in Table 3. The weight loss corresponds to 
the following equation: 

Fe20(SO~)2 = Fe203 + 2 SO3. (2) 

The thermal decomposition curves reveal only a single process, indicating that 
the oxysulphate decomposes directly to iron(Ill) oxide and sulphur oxides. 

Table 3 

Thermal and weight loss data for Fe20(SO4)2 

No. 

1. (a) 
(b) 

(c) 
(d) 
(e) 

Event 

Stability of Fe~O(SO4)2 
Decomposition to FelOn 
Fe~O(SO4)2 = Fe20 a + 2 SO3" 
DTG peak 
D T A  peak 
Completion of decomposition 

* Decomposes to SO2 and 02. 

Temperature, 
~ 

up to 590 

59O 
810 
815 
880 

Wt. loss 

Calcd. Obsd. 

50.00 49.80 
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Fig. 2. TG, DTG and DTA curves of FezO(SO4)2 

Thermochemical parameters 

The heats of decomposi t ion and the heats of format ion  calculated from the 
heats of decomposi t ion are given in  Table  4. To  calculate the heats of  format ion,  
it was assumed that  the AH (heat of decomposit ion) obtained from the D T A  
curves holds approximately at 298 K. The heats of format ion  were calculated 
as follows: 

2 FeSO4 �9 7 H20 + I/2 02 ~ Fe20(SO4)2 + 14 H20 �9 (5) 

Table 4 

Heats of decomposition and formation of basic sulphates of iron(llI) 

Heat Heat of 
Decomposition reaction of decompn., Compound formation 

kJ k J/mole 

Fe(OH)SO4 
2 Fe(OH)SO 4 = FezO(SOa)2 + H20 
FezO(SOa) 2 = Fe~O a + 2 SO a 

Fe20(SO4)2 
FezO(SO4)2 : Fe203 + 2 SO:~ 

96 
539 

527 

Fe(OH)SO4 
Fe,.,O(SO4)~ 

--1367 
-- 2399 
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A H was calculated f rom the heat of  dehydration of iron(lI) sulphate heptahydrate, 
and the heat of oxidation to Fe20(SO4)2 f rom the DTA curves. The heat of for- 
mation of FeSO4 �9 7 H20 was taken f rom the earlier work [15]. The heat of  
formation of H20 was taken f rom the literature [16]. The heat of formation of 
Fe20(SO~)2 was calculated as follows: 

d//.~29sFe20(SO4)2 = AHzgs + 2(AHr29sFeSO~ " 7 H20) + 

+ 1/2 (AHr29sO2) - 14 (AHf2osH2 O) 

AH2~s = 334.4 k J/mole, AHf2ssFeSO4 �9 7 H~O = --3057.0 k J/mole 

AHr298H20 = -241~6 k J/mole, AHf29sO2 = 0 

Therefore, 

AHr29sFezO(SO4)2 = 334.4 - 6114.0 + 0 + 3382.4 = -2397.2 kJ/mole. 

(6) 

The heat of  decomposition, AH, of the hydroxysulphate was taken to calculate 
AHf298Fe(OH)SO~ as follows: 

2 Fe(OH)SO4 A2 F%O(SO4)2 + U~O (1) 

2 (AHf29sFe(OH)SO4) = AHf29sFe20(S04) 2 + AHr2~sH20 - AH29s (7) 

AHc208Fe20(SO~)2 = -2397.2 kJ/mole 

AHf29sH20 = -241 .6  k J/mole 

AH29s = 96.9 kJ/mole 

Therefore, 

o r ,  

2 (A/-/'r298Fe(OH)SO4) = - 2397.2 - 241.6 - 96.9 = - 2735.8 kJ 

AHf29sFe(OH)SO4 = - 1367.9 k J / m o l e .  

The decomposition of the hydroxysulphate involves two steps: dehydration to 
the oxysulphate with the liberation of water (Eqn. 1), and the decomposition of 
the oxysulphate to iron(III)  oxide and sulphur oxides (Eqn. 2). F rom Table 4 it 
will be seen that the oxysulphate formed as an intermediate during the thermal 
.decomposition of the hydroxysulphate has a heat of  decomposition close to that 
o f  the oxysulphate prepared by the isothermal method, confirming that the oxy- 
sulphate is formed as an intermediate during the thermal decomposition of the 
hydroxysulphate. 

In conclusion, it may be said that the hydroxysulphate decomposes to the oxy- 
sulphate and water. The oxysulphate decomposes to iron(III)  oxide and sulphur 
oxides. No intermediate is formed during the decomposition of the oxysulphate. 
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When the oxysulphate is the starting material ,  it decomposes  directly to i ron(III)  

oxide and sulphur oxides. These conclusions hold as far as dynamic  thermal  decom- 

posi t ion is concerned.  Dur ing  i so thermal  decomposi t ion,  however ,  the hydroxy-  

sulphate decomposes  to the oxysulphate,  which in turn decom poses  simulta- 

neously to i ron( l I I )  sulphate and iron(II1) oxide, l ron(I I I )  sulphate is therefore 

an in termediate  in the thermal  decompos i t ion  of  the oxysulphate under  isothermal  

conditions.  Thus, the decomposi t ion  of  the basic salts is determined by the experi- 

mental  conditions.  

The authors express their grateful thanks to Dr. B. R. Sant for his valuable comments 
and suggestions, and to Prof. P. K. Jena, Director, for his kind permission to publish the 
results. One of us (MSRS) also thanks the Regional Research Laboratory (CSIR), Bhubanes- 
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RI~SUMI~ -- On a effectual, dans de l'air la d6composition thermique de l'hydroxysulphate et 
oxysulphate de fer. Entre conditions dynamiques, l'hydroxysulphate se ddcompose en oxy- 
sulphate qui, de sa pa-t, se d6compose en oxyde de fer(IIl) et oxydes de soufre. L'oxysulphate 
se d6compose directement en oxyde de fer(III) et oxydes de soufre. On a calcul6 les chaleurs 
de d6composition et les chaleurs de formation des deux sulphates basiques. 
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ZUSAMMENFASSUNG - -  Die  t he rmi sche  Z e r se t zung  von  E i senhydroxysu l f a t  u n d  -oxysul fa t  
wurde  in Luf t  durchgef t ihr t .  U n t r  B e d i n g u n g e n  wird  das  Hydroxysu l f a t  zu  
Oxysu l fa t  zersetzt ,  welches seitie~seits zu  Eisen( I I l )ox iden  u n d  Schwefe loxiden  zersetzt  wird.  
D a s  Oxysul fa t  wird unmi t t e lba r  zu  Eisen(I I I )oxid  und  SchWefeloxiden zersetzt .  Die  Zerse t -  
zungswt i rmen  und  die Bi ldungsw/ i rmen  der  zwei bas i schen  Sulfate  wurden  berechnet .  

Pe3ioMe - -  I]poBe~eHO TepMHqecKoe pa3floTKeHHe FrI~pOKCH- II OXCHCyJlbqbaTOB yxene3a B aT- 
Mocdpepe BO3~yxa. B ~ H a M a a e c r n x  yc~oBrmX rrI~poKcrtcy~ibdpaT pa3naraeTc~ ~0 oxcrtcynb~baTa, 
KOTOpbl~ B CBOIO o~epe~b pa3na rae rca  ~0 o~ncu ~ene3a( I I I )  r~ OKrlCnOB cepbi. Olr 
pa3naraeTca npaMo ~ 0 0 r n C n  ~ene3a( I l I )  r~ OKHCJIOB c e p b I .  BblqHCTleHbI TelUIOTbI pa3no~renHa rt 
Ten~OTbI 06pa3OBaHn~ ~ByX OCHOBHblX cyJIbdpaTOB. 
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