
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: Mar 29, 2019

Thermophysical Properties of Sodium Acetate Trihydrate Composites as Heat Storage
Material

Dannemand, Mark; Lazaro, Ana; Delgado, Monica; Peñalosa, Conchita; Peñalosa, Conchita; Trinderup,
Camilla Himmelstrup; Johansen, Jakob Berg; Dragsted, Janne; Englmair, Gerald; Kong, Weiqiang;
Furbo, Simon

Publication date:
2017

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Dannemand, M., Lazaro, A., Delgado, M., Peñalosa, C., Peñalosa, C., Trinderup, C., ... Furbo, S. (2017).
Thermophysical Properties of Sodium Acetate Trihydrate Composites as Heat Storage Material. Poster session
presented at 11th International Renewable Energy Storage Conference, Düsseldorf, Germany.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Online Research Database In Technology

https://core.ac.uk/display/189889802?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://orbit.dtu.dk/en/publications/thermophysical-properties-of-sodium-acetate-trihydrate-composites-as-heat-storage-material(e40a439b-c84c-4b55-a046-13e01c4a8712).html


Heat capacity: The specific heat capacities and latent heat of fusions of SAT composites

were measured by differential scanning calorimetry (DSC) and the T-history method. The
measurements showed that the additives had little effect on the specific heat capacities of
the SAT composites. SAT compositeswith CMC or Xanthan rubber was investigated.
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Introduction: Sodium acetate trihydrate (SAT) can be used as a phase change

material (PCM) in heat storage applications. The melting point at 58 °C and
favorable thermophysical properties makes it a suitable storage material in solar
heating systems applications for space heating and domestic hot water preparation.

Additives are used to stabilize the PCM, optimize or enhance the material
properties and ensure cycling stability.

SAT can be used for long term heat storage by utilizing its ability to supercool
stable to ambient temperature or for short term heat storage where the
supercooling is avoided. Material investigations were carried out considering the

behavior of SAT with and without supercooling.

Density - porosity: The density and thermal expansion of SAT in liquid and solid

state was measured. The characteristics of the cavities formed inside of solidified
SAT were found by x-ray scanning. The measured density of SAT solidified from a
supercooled state was less than the typical literature value. The X-ray scanning

confirmed that 15% of the volume of a sample which had solidified from
supercooledstate was cavities.
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Density

g/cm3

Solid SAT 

(non-

supercooled)

𝜌𝑠(𝑛𝑜𝑛−𝑠𝑢𝑝𝑒𝑟𝑐𝑜𝑜𝑙) =

−7.8 ∙ 10−5 ∙ 𝑇 + 1.3423

For 10 °C < T < 40 °C

Solid SAT 

(supercooled)

𝜌𝑠(𝑠𝑢𝑝𝑒𝑟𝑐𝑜𝑜𝑙) =

−7.6 ∙ 10−5 ∙ 𝑇 + 1.2622

For 10 °C < T < 50 °C.

Liquid SAT

𝜌𝑙 =

−8.63 ∙ 10−4 ∙ 𝑇 + 1.3438

For 60 °C < T < 90 °C.
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X, Y and Z cut planes and 3D illustration of SAT solidified without supercooling

X, Y and Z cut planes and 3D illustration of SAT solidified from supercooled state

Slice and corresponding segmentation and 3D illustration of SAT solidified 
without supercooling

Slice and corresponding segmentation and 3D illustration of SAT solidified 
from supercooled state

Test tubes with water and SAT composite with 
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Literature values for specific heat of solid and liquid SAT
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Temperature ramp for DSC.

10 min i sothermal

Specific enthalpy for SAT without additives measured with DSC.

Specific enthalpy for SAT with 1% CMC measured with DSC.

1

1,5

2

2,5

3

3,5

4

10 30 50 70 90

S
p

e
c
if
ic

 h
e

a
t 
[J

/g
K

]

Temperature [°C]

Solid 21mg Solid-liquid 21mg

Supercooled-liquid 21mg Solid 20mg

Supercooled-liquid 20mg

1

1,5

2

2,5

3

3,5

4

10 30 50 70 90

S
p

e
c
if
ic

 h
e

a
t 
 [
J
/g

K
]

Temperature [°C]

Solid 20mg Solid-Liquid 20mg

supercooled-liquid 20mg Solid 25mg

Solid-liquid 25mg Supercooled-liquid 25mg

1

1,5

2

2,5

3

3,5

4

10 30 50 70 90

S
p

e
c
if
ic

 h
e

a
t 
[J

/g
K

]

Temperature [°C]

X solid X solid-liquid

X supercooled-liquid XC solid

XC solid liquid XC supercooled-liquid

Specific enthalpy for SAT with 0.5 % Xanthan rubber measured with DSC.

1st heating period

1st time 
above 62 °C

2nd time 
above 62 °C

SAT composite with xanthan 
rubber (X) and xanthan rubber 
and 10% graphite powder (XC)

20 mg SAT – CMC sample did not 
solidify during 1st cooing period

Significant difference in measured 
solid cp for 1st and 2nd heating period

Characteristic drop in measured liquid cp

at around 80 °C 
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