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Effect of Phase Change Material on Hydration Heat of Mortar with
Fly Ash and Blast Furnace Slag

Yi-Hyun Nam', Seok-Joon Jang?, Sun-Woong Kim®, Wan-Shin Park®, Hyun-Do Yun’"

Abstract: Phase change material(PCM) has the capacity to absorb or release energy in heat when the phase changes. This study conducted to investigate
the effect of strontium-based PCM on the hydration heat and mechanical properties of mortar with fly ash and blast furnace slag. The amounts of
PCM were 1%, 2%, 3%, 4%, and 5% by the cementitious materials weight. The tests about mortar flow, semi-adiabatic temperature rise, compressive
and flexural strength tests were carried out for twelve types of mortar mixtures. The test results indicated that the use of PCM was effective to reduce
hydration heat and retard hydration of mortar with industrial by-products. In particular, the heat generation rate of mortars with fly ash was lower
than that of mortars with blast furnace slag. The compressive strength of mortar with fly ash and blast furnace slag were decreased with increasing
PCM ratio.
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Table 1 Mixture proportions of mortar

. Weight (k

Mixture \(Y//(,})B W C FAg 531%; S PCM
FO -
F1 0.01
20 50 05 08 02 - 15 %02
F3 0.03
F4 0.04
F5 0.05
B0 )
BI 0.01
B2 5% 05 06 - 04 15 092
B3 0.03
B4 0.04
BS 0.05

W: Water, C : Cement, FA: Fly ash, BFS: Blast furnace slag
S: Fine aggregate, PCM: Phase Change Material

2 SRIPZZSFICEX|M2|35tE =2 A 233 M1E(2019. 1)

22 A=

B A A3 A ES |15 REXZENAEANES
AL o, ZEtoloAlE B sl oA AakE FE
Za}o| o A B ALREIHTE I ESY IE 3FS ARSI
o, A= FEZA A4k S|ARE ARSSATE 7S
TA3HKim and Lee, 2009)0]] W= H & Ao A AREH 2
EZEA PCMO| o] 25=88.0TC 2 A aFe 343 J/g
S 2 HUFSITh Table 20 A/HNE, ET}olofA] 2 1 2&e
19] 3k A4S YeRATk

Table 2 Chemical properties of materials

—
Chemical properties Composition (%)

C FA BFS
Silicon dioxide (SiO») 20.90 50.72 33.20
Aluminium oxide (Al,Os3) 5.39 20.73 15.52
Calcium oxide (CaO) 64.70 3.61 41.52
Iron oxide (Fe,05) 2.38 - 0.34
Magnesium oxide (MgO) 1.51 1.08 9.74
Titanium dioxide (TiO-) 1.33 - -
Sodium oxide (Na,O) 0.27 - -
Potassium oxide (K,O) 0.22 - -
Sulfur trioxide (SOs) 1.65 0.54 3.98
Loss on ignition (LOI) 5.80 3.04 3.02
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Fig. 1 Semi-adiabatic temperature rise test
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Fig. 2 Effect of binder type and PCM on mortar flow
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Fig. 3 Effects of PCM on semi-adiabatic temperature rise
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Fig. 4 Effects of PCM on hydration heat of mortar
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Fig. 5 Effects of PCM on compressive strength
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Table 3 Summarizes of compressive and flexural test results

Compressive strength (MPa) Flexural strength (MPa)
Mixture 1 day 3 days 7 days 28 days 91 days 1 day 3 days 7 days 28 days 91 days
Fo 8.03 15.29 25.6 34.66 46.08 2.32 4.66 6.81 8.22 12.19
(+0.44) (£2.39) *0.77) (*1.42) (#£3.35) (*0.17) (*0.25) (£0.46) (*1.31) (#0.38)
FI 8.84 15.95 22.66 34.63 42.51 2.63 4.67 7.54 8.03 11.88
(0.41) (£1.13) (+1.22) (£2.50) (#3.45) (*0.07) (£0.09) (#0.73) (*1.27) (#0.76)
m 5.74 15.20 22.29 30.57 40.73 1.77 433 6.45 8.32 8.72
(+0.23) (£1.22) (+0.84) (*0.97) (#3.13) (0.09) (0.18) (+0.33) (*+0.29) (#0.68)
o) 4.02 11.89 19.95 25.63 37.35 1.48 4.78 8.06 6.84 10.19
(*0.19) (#0.31) (*0.72) (+1.44) (£1.74) (*0.11) (*0.31) (£0.47) (*0.21) (#0.70)
F4 5.17 10.60 18.42 25.98 35.99 1.59 3.88 5.54 8.36 9.59
(+0.46) (#0.75) (*0.67) (*1.24) (£2.29) (+0.03) (+0.44) (#0.21) (*0.79) (#0.16)
F5 3.84 9.54 16.67 24.19 33.88 1.31 3.75 5.30 6.75 8.59
*011) (0.18) (*0.51) (+0.90) (£1.60) (*0.12) (+0.36) (+0.44) (*+0.16) (#0.25)
BO 6.07 17.82 28.64 46.37 56.29 1.77 4.63 6.03 7.58 9.50
(+0.36) (+0.43) (+1.22) (£1.29) (£3.72) (*0.51) (£0.29) (#0.51) (*1.12) (#0.58)
Bl 6.14 19.89 26.33 42.84 56.51 2.14 5.72 5.75 10.83 9.63
(+0.40) (£1.34) (+1.30) (#2.29) (£1.63) (#0.18) (+0.40) (#0.59) (+0.60) (#0.66)
B2 5.64 16.34 25.92 42.38 51.07 1.78 4.47 6.41 9.41 10.38
(*0.31) (£0.65) (*1.35) (*1.51) (£2.33) (+0.30) (+0.42) (£0.67) (*0.61) (#0.31)
B3 5.24 14.38 22.24 38.25 43.11 1.39 3.97 591 9.66 9.53
(#0.19) (#0.85) (£1.15) (£1.38) (£1.57) (+0.08) (+0.36) (#0.33) (+0.82) (#0.35)
B4 5.03 13.58 21.75 35.52 45.66 1.72 3.97 6.75 9.65 9.84
(0.85) (+0.24) (*1.13) (*1.15) (£1.42) (*0.12) (+0.29) (£0.23) (+0.59) (#0.43)
B 3.93 13.23 21.76 36.2 40.00 1.67 4.13 5.59 9.69 9.41
(*0.19) (+0.49) (*0.61) (*£1.56) (£1.60) (*0.16) (*013) (£0.62) (*+0.34) (#0.56)
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