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The thermal behaviour of sodium acetate trihydrate (NaAc. 3H20 ) was investigated by 
DTA, Q-TG and measurements of the solubility properties. The nucleation efficiency of 
Na4P207 �9 10H20 for the crystallization of NaAc. 3H20 melts is not stable over lofig periods. 
Stratification can be ascribed to the formation of anhydrous sodium acetate in the supercooled 
melts. Under static heat storage conditions, NaAc- 3H20 and Na4P207 �9 10H20 do not exhibit 
stable behaviour. 

Owing to its high melting enthalpy of 264 kJ kg- x [1] at the melting temperature of 
58 ~ sodium acetate trihydrate (NaAc. 3H20) is one of a grouP of compounds which 
have frequently been proposed as latent (melting) heat storage materials [2]. 
However, the tendency of its melt to supercool has an adverse effect on its 
application. Therefore, the starting of crystallization is proposed with residual 
crystals [3] or foreign nucleating agents. Na4P207 �9 10H20 [4] plays a dominant role 
among the foreign substances applied. 

The aim of the present work is to compare the behaviours of NaAc. 3H20 and 
NaaP207 " 10H20 by means of thermoanalytical methods and to discuss the 
conclusions with regard to possible application. The results also show the reason for 
the stratification in static latent heat storage units. 

Experimental 

The investigations were carried out on reagent grade twice-recrystallized sodium 
acetate trihydrate. The DTA measurements were performed with the DTA 
equipment manufactured by Setaram, France. Measuring equipment: cryostat, 
crucible holder suspensions with platinel thermocouples and closed Ti-Pd crucibles. 
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Fig. 1 DTA curves ofNaAc �9 3H20 with and without addition ofNa+P207 - 10H 20 (q = 4- 2 deg min-  ') 
1 - -  8.3 mg NaAc. 3H20 
2 - -  4-9.0 mg NaAc. 3H20+2.0 mg NacP207 �9 10H20 
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Fig. 2 DTA curves of  NaAc. 3H20 (10.8 mg) with Na,  P207 �9 10H20 (1.1 mg) at different limiting 
temperatures 61~ of heating (q = 4- 2 deg min-  1). 
1; 3 9a=70 ~ 
2 9~ = 80 ~ 

Figures 1-3 show the DTA diagrams concerning the influence of 
Na,,P207 �9 10H20 on the melting and solidification behaviour of NaAc. 3H20 with 
and without superheating of the samples, and also the behaviour of pure 
Na4P207 �9 10H20. 

In order ~to investigate the solid phases formed in supercooled NaAc- 3HzO melts. 
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solubility measurements were performed according to a method described previously 
[5]. Figure 4 shows the results, plotted in the well-known solubility curve for the 
system NaAc-H20. 

Under quasi-isothermal and quasi-isobaric conditions, the thermal decomposition 
of NaAc.3H20 was carried out in the labyrinth crucible, using the MOM Q 
derivatograph. The results are shown in Fig. 5. 
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Fig.  3 DTA curves of  Na ,  P207 �9 10H20 (q= + 2 deg min-1, 9.6 mg) 
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Fig. 5 Q-TG and A T  curve of NaAc '3H20  under quasi-isothermal and quasi-isobaric conditions 
(labyrinth crucible, Q-DTG = 0.6 nag min-1 TG = 100 mg, A T= 100 laV, program = II, sample 
weight= 187.1 mg) 

Discuss ion  

The DTA curves in Fig. 1 illustrate the efficiency of  the nucleating agent 
Na4P207 �9 10H20 as compared with the pure NaAc- 3H20 melts. In the first cycle 
after melting of  the pure salt hydrate (0oN = 57 ~ ~qpea~ = 58~ no crystallization 
takes place in the investigated range down to - 40 ~ while under the DTA conditions 
crystallization in the presence of  the nucleating agent begins at 41-49 ~ . Thus, 
supercooling attains a value of  at most 17 deg. On increase of the sample weight to 
10 g NaAc.3HzO with 0.5% of nucleating agent, supercooling is reduced to 
4.7• deg on average, a result in agreement with that of  Wada [4], who found a 
supercooling of  5.3 deg. 

The efficiency of  Na4P207 �9 10H20 remains on the superheating of  NaAc- 3H20 
up to 70 ~ (curve 1 in Fig. 2). The nucleating agent melts at higher temperatures (curve 
2 in Fig. 2, 0oN --- 75~ The melts superheated beyond this temperature show high 
supercooling (0or~ = - 37~ Should it be possible to restart the solidification, very 
small amounts of NaaP2OT" 10N20 would be sufficient to start crystallization with 
lower supercooling (curve 3 in Fig. 2). The DTA curves ofNa4P207 �9 10H20 confirm 
the behaviour of  this salt hydrate in the ~NaAc. 3H20 melt (Fig. 3). In the first cycle, 
Na4P2OT. 10H20 melts at 75 ~ and solidifies without supercooling. Further heating 
and cooling cycles lead to the precipitation of  Na4P207 in the melt equilibrium and 
hence to the formation of a melt having a higher water content and a lower melting 
point. The additional DTA peaks at 0oN = - 14 ~ - 15 ~ and +4  ~ can be attributed 
to the crystallization and melting processes after the eutectic line is reached at 

- 0.4 ~ [6]. 
Consequently, the absence of  the nucleating efficiency of  Na4P2OT" 10H20 in 
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superheated NaAc. 3H20 melts can be explained by melting of the nucleating agent. 
The formation of an adsorption complex with changed thermodynamic properties, as 
mentioned by Wada [7], seems less probable. The nucleation efficiency is also lost on 
longer contact with the melt, even below 75 ~ After 250 h at 65 ~ during cooling, no 
crystallization of NaAc-3H20 is observed in the presence of 1 wt.% of 
Na4P207-10H20. Under equilibrium conditions, the transition point of 
Na4P207 �9 10H20 to Na,P207 in the ternary system Na,P2OT-NaAc-H20 is of the 
order of 47 ~ [7], so that the nucleating agent NatP207 �9 10H20 cannot show any 
resistance to dehydration on steady contact with the melt in a static latent heat 
storage unit. In contrast, a nucleation efficiency exists m dynamic "Galisol" storage 
units, because there is no steady contact between mucleating agent an melt in this 
case [9]. 

Besides the melting and solidification effects ofNaAc.  3H20 , further DTA peak s 
are shown in Figs 1-2, which can be explained by the stratification of this salt hydrate. 
The hne of the coexisting phases in the phase diagram of NaAc-H20 (Fig. 4) 
illustrates the presence of  considerable amounts of anhydrous NaAc in supercooled 
NaAc. 3H20 melts. Due to the precipitation of NaAc, the residual melt has a higher 
water content as compared with the applied composition ofNaAc �9 3H20. Cooling of 
the system below - 18 ~ (peritectic line) [10] causes the formation of ice (Figs 1-2). On 
cooling, this process is accompanied by supercooling (0ON = --31--32~ 

Thus, stratification of NaAc accounts for the loss of function of static 
NaAc- 3H20 latent heat storage units. Drying processes can also lead to reduced 
storage capacities and thermal efficiencies. The results of quasi-isothermal 
thermogravimetry (Fig. 5) show that the decomposition pressure of0.115 MPa [11] is 
reached at about 125 ~ and 3 mol H20 is released with the formation of NaAc. the A T 
curve shows the melting point of NaAc-3H20 at OoN = 56 ~ and that of NaAc at 
~ON = 325~ 

The summarize, it may be said that no long-term stability can be expected when 
NaAc-3H20 is applied in static latent heat storage units in the presence of the 
nucleating agent Na4P207 �9 10H20. Furthermore, the phase separation phenomena 
have a disturbing effect, due to the formation of NaAc. On the other hand, stable heat 
storage behaviour is observed under dynamic GLS conditions [13, 14]. 
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Z t~unmenfas~g - -  Das thermische Verhalten von Natriumacetat-trihydrat (NaAc" 3H20) wurde 
durch DTA, Q-TG und L6slichkeitsmessungen untersucht. Der Keimbildungseffekt von 
Na4P20 ~ �9 10H20 gegeniiber NaAc- 3H20 ist fiber 1/ingere Zeit nicht stabil. Die Schichtbildung kann 
zuriickgefiihrt werdcn auf die Bildung yon wasserfreicm NaAc in unterkiihlten Schmelzen. Unter 
statischen Bedingungen "der W~irmespeicberung zeigen NaAc-3H20 und Na4P20~. 10H20 kein 
stabiles Verhaltcn. 

Pe310Me - -  MeTO~aMH ~TA, Q--TF H lt3MepCHHeM paCTBOpHMOCTH H3ytleHO TepMnqccICOe nose~eHHe 
TpHrx~paTa axle'raTa HaTpHg. CTeHeHb o6pa3oBaHHg IleHTpOB KpI4cTa21JIH3aUHH B pacnaaBax 
Tpl, lrn/tpaTa a~cTaTa HaTpHa no cpaaHCHmO C Tat<oaofi ~.na Na4P20 , �9 10H20 , 6bL~a Heyc'rofiqHaOfi a 
TeqeHHH ~rlHTe21hH]bIX nepao~on BpeMeHH. HarLq~acTonanHe MOXeT 61blTb OTHeCeHO 3a CqeT 06- 
pa3oBauHg 6e3SORtlOI'O alleTaTa HaTpH~ B nepeoY~Tiaxv, ReHHHx pacrLaaaax. B yc~oBnax r 
Tenaoaoro COCTOmma o6a COe~IHeHH$1 He HOga31dBalOT CTa6~LabHoro xapaKTepa. 
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