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ABSTRACT 

The mechanism for the rehydration reaction LiOH (s)+ H,O (g) = LiOH.H,O (s) was 
investigated by using thermogravimetry under controlled water vapour pressure. The mecha- 
nism has been explained as resulting from the formation of capillary condensed water and the 
formation of an impenetrable hydrate layer which stops the reaction at 0.5 mole of H,O per 
mole of LiOH. Scanning electron microscopy and X-ray diffractometry confirm this interpre- 
tation. 

INTRODUCTION 

Salt hydrates have been proposed to be used as heat storage media in 
chemical heat pumps [l]. A selection of suitable salt hydrates can be made 
from their thermodynamic properties [2], e.g., the theoretical temperature 
difference between the hot and cold reservoir and the energy density within 
the working temperature range. However, other kinds of limitation exist 
which cannot easily be scrutinized. An important limitation operates at the 
particle level, which is especially important for processes where the sorption 
is accompanied by a structural transformation. This is thus inherent to the 
salt hydrate-water vapour reaction. A survey of the literature indicates that 
sorption kinetics is a poorly investigated topic [3-171. It is being increasingly 
recognized that more basic knowledge is required for a more direct applica- 
tion of the chemical heat pump. 

In a previous paper [16], we have established the dynamic criteria for salt 
hydrates with regard to their suitability for chemical heat pumping. The 
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present work tries to demonstrate that basic kinetic knowledge of these 
reactions is necessary. We decided to investigate the sorption kinetics for the 
following reaction: 

LiOH (s) + H,O (g) = LiOH - H,O (s) 

which has very interesting thermodynamic properties, energy density 0.70 
kWh kg-’ anhydride, as well as a proper temperature interval. Equilibrium 
data have been recently determined [18]. Furthermore, complete crystal 
structures have been determined for LiOH [19] and LiOH . H,O [20]. 

The work reported in this paper involved the use of thermogravimetry, 
scanning electron microscope and X-ray diffractometry. 

EXPERIMENTAL 

Materials 

Crystalline LiOH . H,O (Merck p.a.) powders were classified by sieving, 
and the fraction in the range loo-125 pm was used. The compound was 
crystallographically identified as LiOH . H,O and used without further 
purification. 

Experimental procedure 

Sorption studies were performed mainly by means of thermogravimetry 
under controlled water vapour pressure according to the cold-point method 
[21]. The instrumental set up is well suited for kinetic experiments in both 
isothermal and temperature scanning modes. 

Instrumentation 

The thermogravimetry equipment used, which consists of a McBain 
quartz spring balance, is described elsewhere [22,23]. X-ray diffractograms 
were taken by means of a Siemens Kristalloflex 4. Microstructural studies 
were carried out by using a Philips 500 scanning electron microscope. 

RESULTS 

Kinetics studies by thermogravimetry 

Temperature scanning experiments 
Water vapour pressure was kept constant at 6 torr during these experi- 

ments and the temperature was scanned from 20 to 60°C and vice versa at 
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Fig. 1. Thermogram for an incomplete dehydration-rehydration cycle at 6.7 torr. Scanning 
rate 12OC h-l. Particle size 0.100-0.125 mm. The dashed line of the rehydration branch 
refers to isothermal conditions for 9 h. 

12°C h-l. Figure 1 shows the results and it can be seen that the rehydration 
process is not complete, even under isothermal conditions for 9 h (dashed 
line). This behaviour was not modified by increasing the water vapour 
pressure. 

Isothermal experiments 

Isothermal experiments were carried out in order to check the possibility 
of completely rehydrating LiOH anhydride. The isothermal dehydrations 
were always performed at 6 torr at 47°C and the sorption progress curves 
were obtained at various pressures. Typical progress curves are illustrated in 
Fig. 2. It is noteworthy that, after a short induction period, the reaction 
proceeds quickly up to 0.5 mole of H,O per mole of LiOH, but after 72 h at 
these conditions an increase of only 0.1 mol of water was observed. 

In order to get more information, reaction rates were calculated from the 
slope of the linear parts of the progress curves, and were plotted versus 
pressure at 47°C (Fig. 3). It is interesting that the reaction rate isotherm 
does not intersect the pressure axis at the equilibrium pressure which is 
added in the plot, the observed deviation is about 7 torr. Similar results have 
been obtained previously [16]. Some rehydrations were carried out at 25 and 
40°C. These results showed that LiOH can only be rehydrated partially and 
it was never possible to rehydrate more than 0.65 mol of H,O per mol of 
LiOH, even after rehydrating for one week. 
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Fig. 2. Rehydration curves at 47 “C and different water vapour pressures. 
0.100-0.125 mm. 

Particle size 

Phase analysis of the reaction products 

LiOH obtained from LiOH - H,O at 6 torr and in vacuum was crystallo- 
graphically characterized by its X-ray powder diffractogram. The X-ray 

0.5 

0.7 

0.1 

Fig. 3. Reaction rate isotherm versus vapour pressure at 47°C. Particle size 0.100-0.125 mm. 
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Fig. 4. X-ray diffractogram of rehydrated lithium hydroxide. Scanning rate 2.S” min-‘. (1) 
Characteristic reflections of LiOH.H,O. (0) Characteristic reflections of LiOH. 

diffractogram of the rehydrated product is shown in Fig. 4. This diffracto- 
gram shows the characteristic reflections of LiOH . H,O [20] and LiOH [19]. 
All these experiments were carried out at constant temperature and water 
vapour pressure. 

Microstructural analysis 

Scanning electron microscope examinations of rehydrated lithium hydrox- 
ide were made in the magnification range 320-5000 x . Figure 5 (a) shows a 
microphotograph of the rehydrated particle; it should be noted that the 
external shape remains unchanged and the surface is very compact. The 
other microphotograph (Fig. 5 (b)) shows the particle cross section, which 
reveals the internal microstructure of the same product. The presence of 
cracks and pores can be observed. 



92 

(a) 

(b) 
Fig. 5. Scanning electron micrographs showing: (a) rehydrated particle shape (320 x); (b 
sectioned rehydrated particle (5000 X). 
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DISCUSSION 

The rehydration of LiOH is not complete at the conditions of temperature 
and pressure studied in this work. This result indicates that it is necessary to 
take into account the kinetic properties of the salt hydrates which are to be 
used in a chemical heat pump. 

The rehydration mechanism of salt hydrates consists of several inter- 
mediate steps. The first one is always adsorption of water onto the surface. 
As discussed elsewhere [16], when the water vapour pressure is high enough, 
there is capillary condensation which facilitates the structural transforma- 
tion. Figure 4b indicates the formation of pores and cracks in the anhydride 
during dehydration which facilitate at the beginning of the reaction. This 
explains the inhibition domain appearing in Fig. 2 where capillary con- 
densation is absent. 

Thermogravimetry and X-ray results show that it is not possible to 
rehydrate LiOH completely even after several cycles. This experimental 
finding can be understood as follows: the initial rapid rehydration is 

confined to surface layers; additional rehydration should occur through the 
lithium hydroxide monohydrate layers at the surface, and it seems to be 
impenetrable to water vapour, at least during one week of rehydration. 

The formation of an impenetrable layer in some rehydrations can be 
related to the different molar volume changes between the two phases. In 
the present case the molar volume change is 40%, which is enough to form 
this impenetrable layer. In other complete rehydrations which can be ex- 
plained by a similar mechanism (e.g., CaC,O, [6], BaCl, - H,O [16] and 
Mn(HCO,), [13]), there is a change of less than 15%. 
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