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AND WATER*
) Dipak R. Biswas

Inorgénié Materials Research Division,»Lawrence Berkéiey Laboratory

and Department of Materials Science and Engineering
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Water is commonly considered to be the most suitable material for
thermal energy'storage (TES) p?imarily because it is cheap and has a
‘vrgaSOnably high.heat_capacity. An alternate méans for TES is'td use the
1atent heat of a rééction. If the latent heat of reaction is large this
method has the advantage of making possible smaller systems (as 111us— -
trated in Table I)

As a practical matter,"twé criteria limit reactions that can be
consi@ered for such systems: .

(1) The“reacfidn'must occur in the temperature range of interest
(normaily for solaf'heatihg 30°C to 50°C) and

(2) The reacting materials ﬁust be as inexpensive aé poséible.

On the:basis of these considerations, the dehydration reaétionvof
sodium Sulfate'decahydrate NaZSOQ‘IOH 0 looked promisiﬁg, and consider-
.able work has been done [1,2] using decahydrate as a TES material. But
it has been found [2] that the effective heat storage of the system ‘
degrades and is not reproducible after 5 or 10 cycles.

Sodiuﬁ sﬁlfate decahydrate decomposes peritéctically oﬁ heating to
32.4°C to yield’anﬁxdrous sodium sulfate and a saturated.solution of
NaZSOA in‘watef. This mixture Qhen cooled below 32.4°C can undergo the

reverse reaction of water with anhydrous sodium sulfate only as rapidly

~as water can diffuse through solid sodium sulfate decahydrate to the
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anhydrous sodium sulfate particles oﬁ which the decahydrate pareicles
fdrm.'rferiteetic solidification-reattibns [3] are characteristically
much sleﬁef than congruent.solidification‘or eutectic soiidification,
and because the rate limiting process is solid stateAdiffusion, stir;ing-
has no signiflcant effect on the rate. - |

The purpose of this note is to describe a means for obtalning many

of the advantages of “the Na2804-H20 reaction while e11m1nating the solid
state diffusion"problem.

The partiel equilibrium phase diagram [2] is shown in'Fig. 1. All
the previous TES work [1,2] reported used stoichiometric Na2504 IOH 0,

(44% Na,SO, and 56% H,0 by weight, point 3 in Table II), at 20°C. When

2 4
this salt decomposes above 32.4°C, the composition changes to 16.4 w/o

anhydrous rhombic Na,S0, and 83.6 w/o solution of composition 33 w/o

Na ‘SO and 67 w/o H 0 (point 4, at 36°C). This reaction can reverse on

4
coollng only as rapidly as solid state diffusion permits the peritectic

reaction fovproceed.

Solid state diffusipﬂ can be eliminated as a reaction step by using
a'ﬁi¥ture of decahydrate,and water as the starting material (68.2 w/o
Na, SO 10H 0 and 31.8 w/o H 0) At 15°C (point é), the mixture consists

2774

of 58.1 w/o Na2804-10H20 and 41.9 w/o solution of composition 10.6 w/o

Na SO, and 89.4 w/o HZO' When the temperature of the mixture 1s raised,

4
the solubility of decahydrate increases with the increase in temperature.

With the compositien chosen, all the decahydrate dissolves when the
system is heated above 32°C. The overall composition of ;he'solution
then is 30 w/o Nazso4 and 70 w/o HZO. Now if the solution is cooled

from 36 C (p01nt 5 in Fig. l), as it reaches the 11quidus line (at 30°C),.
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decahydrate crystels should begin to separate.* As the temperature is

further decreased, the system enters into a two-phase region,

NaZSO4

calculated at any temperature by using the Lever rule. The stored

'lOHZO and liquid. The amount of each constithent can be easily

thermal energy in the system is released'when,the_Nazsoa-lOHZO crystals
separate ffom-the solution.

 The heat that can be stored in a cycle such as just described can
be calculated [4] from the heats of formation and heat capacities of
Nazsoa in HZO' The heat of solution of NaZSO4 in water is only f0.5._
0.2 keal/mole, essentially independent of concentration beeween infinite
dilution and 100 moles. The heat of solution of the hydrate per unit
weight, therefore, 15 almost ideneical to the heat of decomposition per

unit welght of the hydrate to water and anhydrous Nazsog. From Table I

it is found that a mass 507 larger and a volume 71% larger than for an

ideally~-efficient system based on pure Na2804-10H20 would be required

.for a million BTU heat storage. But the mass and volume ere much

smaller than for a system using water alone.
" In summary, it appears that the major problem preventing use of
energy
sodium sulfate decahydrate for thermal/storage can be avoided by using
a different composition. The appropriate composithn is at or slightly
to the water rich side of the invariant point C in the phase diagram.

A mixture of 68.2 w/o Na2804510H20 and 31.8 w/o H,0 is suggested for a

TES material.

*Supercooling can be prevented by addlng 3 to 4% borax as reported by
Telkes [1]. : :
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Table I, Propertieé fdr-storage of one million BTU

heat using water or sodium sulfate decahydrate

Py . — <<= oY

Heat storage ot 106 BTU

S? he rg:izigs ‘with 20°F temperature
 Demsity _BIU_ BTU/Ib of o
- . ° . Y
Materials 1b/ft 1b °F NaZSO4 10H20 “1bs P
Water 2.5 1.0 - 50,000 800
Na,S0,-10H,0  91.0  0.46 108 8,530 94
Na,S0, - 10H,0
and water 79.5 - 105 - 12,800% 161%

*Does not-inciude the contribution from Sp. ht.

=~
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Table II. Compositions at difference temperatures

y 4
L ' Compositions, % by weight
Foint Temperature _ o Liquid
(see Fig. 1) °C | NaZSO4 NaZSOA'IOHZO | (solution)

1 | 20 - . 62.6 37.4
2 15 - 58.1 S 41.9
3 20 - - 100.0 -

4 36 . 16.4 - ~ 83.6
5 36 - - 100.0
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LEGAL NOTICE
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United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
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any legal liability or responsibility for the accuracy, completeness
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" disclosed, or represents that its use would not infringe privately
owned rights.
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