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Mechanical and Thermal Characteristics of Cement-Based Composite for Solar
Thermal Energy Storage System

In-Hwan Yang', Kyoung-Chul Kim>*

Abstract: The thermal and mechanical properties of fiber-reinforced cement-based composite for solar thermal energy storage were investigated in
this paper. The effect of the addition of different cement-based materials to Ordinary Portland cement on the thermal and mechanical characteristics
of fiber-reinforced composite was investigated. Experiments were performed to measure mechanical properties including compressive strength before
and after thermal cycling and split tensile strength, and to measure thermal properties including thermal conductivity and specific heat. Test results
showed that the residual compressive strength of mixtures with OPC and slag was greatest among cement-based composite. Thermal conductivity
of mixtures including graphite was greater than that of any other mixtures, indicating favor of graphite for improving thermal transfer in terms of
charging and discharging in thermal energy storage system. The addition of CSA or zirconium increased specific heat of fiber-reinforced cement-based
composite. Test results of this study could be actually used for the design of thermal energy storage system in concentrating solar power plants.
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Fig. 1 Binders used for the mixtures
Table 1 Chemical composition (%)
Chemicals Cementitious composite
OPC Fly ash Slag Silica fume CSA Graphite Zirconium
Na,O 0.39 1.56 0.36 0.70 0.09 0.21 0.04
MgO 3.24 1.67 4.59 1.26 1.87 0.13 0.05
ALOs 8.79 21.80 19.69 0.66 18.77 0.84 2.18
Si0, 30.91 48.30 42.33 90.84 2.68 7.87 95.90
SO; 5.15 0.20 3.34 1.11 37.14 2.04 0.25
K,O 1.14 1.45 0.38 1.48 0.07 0.04 0.02
CaO 47.75 3.10 27.07 0.41 37.53 2.09 0.07
TiO, 0.12 - 0.18 0.00 0.04 13.05 0.02
Fe,0s 0.85 6.62 0.09 0.20 0.12 14.23 0.09
P,04 0.21 - 0.03 0.07 0.05 0.09 0.87
MnO 0.02 - 0.04 0.04 0.01 - 0.00
L.O.I 0.92 2.10 1.55 2.94 1.23 59.22 0.21
Total 99.50 98.39 99.66 99.72 99.59 99.82 99.70
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Fig. 2 Particle size distribution of binders
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Table 2 Characteristics of particle size

Particle size(mm)

Diameter
OPC Fly ash Slag Silica fume CSA Graphite Zirconium
d1o 8.32 7.12 6.00 0.086 425 7.89 4.61
dso 15.08 14.42 11.74 0.134 6.65 12.18 53.45
doo 26.59 64.85 23.32 0.202 9.96 17.31 176.80
Table 3 Mix proportions
Batch Unit contents(kg/m®)
w/b Water Cement  Fly ash Slag  Silicafume CSA Graphite Zirconium Fine agg. PP fiber
Ml 0.36 288 800 1005 2.0
M2 0.36 288 480 320 1005 2.0
M3 0.36 288 320 480 1005 2.0
M4 0.36 288 720 80 1005 2.0
M5 0.36 288 720 80 1005 2.0
M6 0.36 288 680 120 1005 2.0
M7 0.36 288 720 80 1005 2.0
M8 0.36 288 680 120 1005 2.0
M9 0.36 288 760 40 1005 2.0
M10 0.36 288 480 160 80 80 1005 2.0
Ml1 0.36 288 536 160 80 24 1005 2.0
MI12 0.36 288 400 240 80 80 1005 2.0
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Fig. 3 Polypropylene fibers
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Fig. 4 Test results of compressive strength before thermal cycling
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Table 4 Test results
Compressive strength (MPa) Tensile Thermal Specific
Batch Before thermal cycling After thermal cycling Retaining strength conductivity heat
Mean S.D. Mean S.D. ratio(%) (MPa) (W/mK) (J/gK)
M1 474 6.2 21.5 7.1 45.4 32 1.038 1.19
M2 457 8.2 23.8 8.1 52.1 33 1.049 1.14
M3 64.1 10.3 42.7 13.2 66.6 3.4 1.026 1.04
M4 61.9 11.1 31.2 10.9 50.4 2.8 1.130 1.08
M5 19.8 3.8 0 - 0 1.1 0.709 1.28
M6 26.1 5.2 0 - 0 1.8 0.783 1.22
M7 40.7 9.8 26.5 10.3 65.1 33 1.322 1.18
M8 37.9 8.3 23.8 8.8 62.8 3.4 1.349 1.16
M9 49.7 9.4 32.9 13.5 66.2 3.5 1.037 1.27
M10 28.6 6.3 11.8 4.7 41.3 1.9 1.019 1.28
Ml1 23.2 4.6 11.7 49 50.4 1.2 0.716 1.16
MI12 41.4 9.9 17.3 7.1 41.8 2.6 1.308 1.25
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Fig. 7 Test results of compressive strength after thermal cycling
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Fig. 10 Test results of split tensile strength
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