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Abstract 

The reversible hydration of ZnSO4 2O to ZnSO4 2O is a promising way to store solar heat, due to the 
high enthalpy of hydration from ZnSO4 2O to ZnSO4 2 hydH  = – The hydration 
behavior was investigated by using isothermal calorimetry at different constant humidities. A lower limit of 

humidity for the hydration from ZnSO4 2O 
to ZnSO4 2O, thus, ZnSO4 2

4 2O, therefore, the heptahydrate was the expected 
hydration product in this case. It turned out that neither the hydration to ZnSO4 2

formation of ZnSO4 2 2O per mol ZnSO4 
– t of reaction was found to be significantly 

smaller than the enthalpy of hydration hydH . The heat of reaction for the dehydration was found to be 
significantly higher compared to the heat of reaction evolved by the hydration and agrees with the theoretical 
expected value. In addition the hydration of ZnSO4 2

turns out that the hydration to the thermodynamic stable products ZnSO4 2O or ZnSO4 2O does not take 
place instead a solution of ZnSO4 2O was fo
hydration is caused by the formation of a solution due to a kinetic hindrance of the hydration to the 
thermodynamically stable products ZnSO4 2O or ZnSO4 2O.  
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1. Introduction 

MgSO4 2O was often investigated as promising storage material due to the high theoretical storage density 
hydH  = – 2

hydration of MgSO4 2O to MgSO4 2O and the density of MgSO4 2

use of the theoretical storage potential is limited by incomplete and slow dehydration as well as by 
incomplete hydration behavior  the enthalpy of 

hydH  = - 2 ZnSO4 2O to ZnSO4 2O is higher 
as for the hydration of MgSO4 2O to MgSO4 2O, this promising candidate has been rarely investigated 
as heat storage material. Therefore, in the present work, we have studied the drying behavior of ZnSO4 2O 
to clarify, if it can be dehydrated more easily as MgSO4 2

The dehydration product, that was found to be ZnSO4 2O, was used for the calorimetric investigation of the 
 

nSO4 2O to ZnSO4 2

4 2O was expected as the hydration product. An upper 
4 2   

fH with the number of water molecules 
x  of several crystal hydrates MX·x 2
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example x = hydH  i.e. a nearly constant enthalpy of hydration 
2 ble. Thus it is 

hydH  hydH  hydH . But it turns out that the heat of 
reaction measured for the hydration from ZnSO4 2O to ZnSO4 2O was significantly lower than the 
enthalpy of hydration given for the hydration from ZnSO4 2O to ZnSO4 2

Additional attempts were made to clarify this mismatch of the measured heat of hydration and the theoretical 
heat of hydration, as there are in- ion and calorimetric measurements of 
the dehydration from ZnSO4 2O to ZnSO4 2O. 

2. Materials and Methods 

Drying experiments 

ZnSO4 2

 for 2 h in a drying cabinet were chosen to simulate dehydration conditions 

easily be achieved with waste heat at low temperatures. The dehydration products were characterized by X-
 

Calorimetric experiments 

ZnSO4 2O and of dehydration of ZnSO4 2O 

ZnSO4 2 ZnSO4 2O
orption the humidity 

humidity was kept constant at 84 
the humidity on the desired value whilst the dehydration was activated by decreasing the humidity from 84 

to the desired humidity. The heat of reaction was determined by integration of the heat flow curve. 
The change of the mass was determined by weighing and the water content expressed as mol water per mol 
ZnSO4 of the product was calculated. 

In-situ Raman microscopy 

 

-  
humidity is 

-situ ZnSO4 2O was placed into the chamber and the 

the humidity was increased in a single step to the desired value and the phase transition was observed 
contin  

 

3. Results and Discussion 

Drying experiments 

The TG curves for the dehydration of ZnSO4· 2O and ZnSO4· 2

thermal decomposition of ZnSO4· 2O with the 
4 2O can be easily 

r 2 hours. 
 

water content of 2O per mol ZnSO4 4 2O by 
comparison of the diffractogram with the ref -                     
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4 x 2

 of the hexahydrate 
 

 
Figure 1: TG curves of thermal decomposition of ZnSO4

.7H2O (blue) and ZnSO4
.H2O (red) in dry air 

f the higher hydrates might not   
be 2O compared to 
the ZnSO4 2O only restrict the use of the theoretical ener  
disadvantage. 

 

Calorimetric measurements 

2O per mol ZnSO4 x
complete hydration to the thermodynamically stable phases hexahydrate or heptahydrate, respectively, is 
achieved. Besides, in- - 4 2

t the formation of ZnSO4 2

hindrance of the ZnSO4 2O formation was confirmed. Besides, this kinetic hindrance is similar as found 
for the MgSO4 2O and for the Na2SO4 2O formation 

 

x

Qr,m 4 2

increases with increasing water content of the hydration rHm is 
hydH - 2

Additional  calorimetric measurements were carried out to validate the theoretical enthalpy of 
hydH . Therefore the dehydration of crystalline ZnSO4 2O to ZnSO4 2O was measured at 

different humidities. 
as given in Table 2 is in every case the stable ZnSO4 2O.  

Tab. 1: Water content of the hydration product expressed as mol H2O per mol ZnSO4 (x), measured heat of reaction (Qr,m)  
and enthalpy of reaction ( rHm) measured during hydration of ZnSO4 2O  at 30 °C and different relative humidities  

RH (%) x Qr,m (kJ/g) rHm (kJ/mol) 
 -  -  
 -  -  
 -  -  

82  -  -  
84  -  -49.3 
85  -  -  
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Tab. 2: Water content of the dehydration product expressed as mol H2O per mol ZnSO4 (x) enthalpy of reaction rHm,7/6 
measured during dehydration of ZnSO4 7H2O  at 30 °C and different relative humidities 

RH (%) x rHm,7/6 (kJ/mol) 
5.94  

54 5.94  
 5 

58 5.95  
 

independent from the pathway i.e. the enthalpy of hydration 
rH  

is almost in agreement with the value  in general smaller 
and a slight trend to a lower enthalpy of hydrations at rapid dehydration conditions can be seen clearly. 

during the hydration not the expected crystalline phases were formed in the calorimetric measurement cell. 
Instead the formation of other metastable phases with a lower change of energy takes place.  

In-situ Raman measurements 

As an example, micrographs taken during the hydration of ZnSO4 2O at  and 2  are shown in 
2. 

of ZnSO4 2O  was found to be 
- , which allows the unambiguous identification of ZnSO4 2O 

 of 982.2 cm-  4
2- After increasing the humidity 

 t ZnSO4 2O starts to pick up water from the surrounding air and 
 exposure time 

After two and a half hour changes of the appearance could not be noticed any longer 2b . The crystals 
in the middle of the droplets were clearly identified to be ZnSO4 2O

ZnSO4 2O and ZnSO4 2O -  was not found in the droplets, that means that 
although the solution is supersaturated with respect to both, ZnSO4 2O and ZnSO4 2O, neither the 
hexahydrate nor the heptahydrate crystallize. 

 
capability of ZnSO4 2O to dissolve in the calorimetric cell under the conditions applied to hydrate the salt.  

 

 
Figure 2: Hydration of ZnSO4 2O at 75 % RH and 20 °C at the beginning (a) and after exposure times of 2.5 h (b) 
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Figure 3: Possible hydration pathways of ZnSO4 2O 

All possible hydration pathways of ZnSO4 2O 
energy consumed has to 

be of the same value independent of the pathway, it can be concluded that the hydration in the calorimetric 

hydration is not 
the observed kinetic hindrance of either the ZnSO4 2O and ZnSO4 2O crystallization. Taken into 
account the lower enthalpy of condensation conH  = - intermediate state of the solution 
yields a lower enthalpy of reaction compared to the enthalpy of hydration. 

4. Conclusions 

The thermodynamic stable phases ZnSO4 2O or ZnSO4 2O were not formed under these 
conditions. At higher humidities   the water content exceeds the water content of 
ZnSO4 2O clearly indicating the formation of a solution. The heat of reaction increases with increasing 
water uptake, whilst the average enthalpy of reaction rHm  = - was found to be significantly 
smaller than the theoretical hydH = – 2

of co conH  = - . In contrast the enthalpy of hydration rH   
measured by dehydrating ZnSO4 2O to ZnSO4 2O, is almost in agreement with the theoretical value. 
The in- ZnSO4 2O does not hydrate via a solid-gas 
reaction, instead it dissolves. The lower heat of reaction during hydration is the result of the formation of a 
solution ZnSO4 2O and ZnSO4 2O. Although 
the dehydration to ZnSO4 2O 
theoretical energy can be released in a solar energy storage application. A severe hindrance of the release of 
the heat in the calorimetric cell was observed. 
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