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Effect of Microencapsulated Phase Change Material on
Thermal and Mechanical Properties of Mortar
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Abstract: The energy storage mortar for buildings was developed by incorporating microencapsulated phase change
material (MPCM) into cement mortar. The microscopic morphology, phase change characteristics, thermal stability,
thermal conductivity, thermal and mechanical properties of energy storage mortar were investigated. The results
show that the thermal conductivity of energy storage mortar decreases with the increase of the content of MPCM.
The thermal conductivity of the energy storage mortar with solid MPCM is greater than that of the energy storage
mortar with liquid MPCM. The peak temperature of the inner surface of the energy storage mortar with 20 % MPCM
is 3.1 “C lower than that of the cement mortar, the time to reach the peak temperature is 20.5 min later than that of
the cement mortar, and the compressive strength of which at the age of 28 d is 9.3 MPa. The energy storage mortar
can be used in the building envelope due to its sufficient compressive strength and good ability of energy storage and
temperature regulation.
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Table1 Chemical composition of cement

w/%

Si0, ALO, Fe,0, CaO  MgO Na0O SO,

19.91 4.35 3.50 64.10 2.25 0.15 2.93

1.2 iKHEHE

R4 GB/T 17671—1999¢ 7K T8 st b 58 J3 46 36 )5
P (ISO ) )l & ae b 38, HBL & e UL 3k 2, Horp
MPCM 145 & 53 51 A K e it £ 79 56,10 %, 1526 Fl
20%. g5 C-M B4 K8 MPCM W K e b 3
%5 MPCM5 B34 MPCM 8 5 R K R B it 5%
M e b IR, LA IR 4 5 5 LA .

HHLAS S 40 mm X 40 mm X 20 mm . 70.7 mm X
70.7 mm X 70.7 mm A1 300 mm X 300 mm < 20 mm [
PR AL | XA L P B N 3% T HE AT 3 RO U
FEB0FE X 5T M B o3 B A POK e LN, R &
PR HOF-, # 8 24 h 5 AL, & F 20 °C 08 B 90%
(35 12 N 37 97 28 d.40 mm X 40 mm X 20 mm f i
TS HEEIML ;70.7 mm X 70.7 mm X 70.7 mm
A TP R EE DA 300 mm < 300 mm X 20 mm
IR TR/ R v B DU
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Table 2 Mix proportions of energy storage mortars

g
Sample Cement Standard sand Water MPCM
C-M 450 1350 225 0
MPCM5 450 1350 225 22.5
MPCM10 450 1350 225 45.0
MPCM15 450 1350 225 67.5
MPCM20 450 1350 225 90.0

1.3 RIWAHZE

FH S-3400N % 5 4 f1 7 & 5 5% (SEM) W %2
MPCM Flfi GERD 3 W IOWIE 30 s H 3500 Sirius 4 257K
FHFAD SOMFEATAFMIAALE FEL10 K/ minf)
T/ B 8 R AE — 10~60 “CIR 5 Bl i MPCM
F it BB A0 3K 1% AH A2 35 B FURH A8 W 45 FH 209 F 3 78 41
F(TG) B4 L 10 K/min #9 TF /% i 8 78 25~
500 °CR Y /9 It MPCM F#% RE b 3¢ 19 #1882
£ s 1 DRE- Il 72 5 H4 2 Bl 343 I 6t BB 120 3K 19
PR B F DYH-300B 2 7K Y8 7 38 56 LI 38 1% B
TSI TSR BE NG 2y (504 10) N s.

P T R 1A s B/t M B 0 3 30 A R
BT RE AR R A AR AR . TR O R R A
SF R 300 mm X300 mm X500 mm; #OIE R
FGW-620 7Y fin #4 & , i #4253 1 41 3% 1w BE 25
500 mm, 38 = $%R 5 07 Som BG4 LR AR T
AT E 2 T AU A AT IR B DN 3 . AT A/ A
PERBIRE , TF R e , A2 iR AE 33 min
i 25.5 CHE A TF 5 3 43.8 °C, 9K 5 A A8, 3 i
AR B L, 1 3K 1 2 T IRy 43.8 “Cg AP B 1K 2
25.5 °C, it T /R I e A v A P 2R R A AR Ak
150 BERR 5 min, F§ FLIR T 200 % 21 #h $q% A 31145 T+
T3k v A P SR T R A A AR

2 ER5HM

2.1 MM

& 2 25 MPCM Flfift e b 2% (1) SEM [l i . i &l 2
Al L - MPCM A2 56T B BRIE | 2% e B g ¢ 44 5 4
A5 bR IE -\ BE B A BR AR N B RE D K R
MPCM {rF5 78 8 M BRE | BAERP I th 350 5010 A
L B RIS, 3R MPCM 5 7K Je 0 3% AH 4%
PERGT  AE A RR D I i A i R R B B 45 .
2.2 HEHH

K3 MERER B DSC i<k i 3nl L. th F
MPCM W FETE i BERD 2K 1 DSC il £ H B0 BH 2 14 %
UGN L, S MPCM A9 AH 22 3 s MPCM % &
5% .10% (15% F120% i RE AP 3K 26 45 1 1 A v
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Fig. 1 Schematic diagram of thermal energy storage/ release property test chamber (size: mm)
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(b) Energy storage mortar
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Fig.2 SEM images of MPCM and energy storage mortar
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Fig.3 DSC curves of energy storage mortars
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Fig. 5 Effect of MPCM content on thermal conductivities
of energy storage mortars at various temperatures
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Fig. 6 Variations of temperatures of inner surface of cement

mortar and energy storage mortars with time
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Fig.7 Infrared thermography images of inner surface of cement mortar and energy storage mortars during heating process
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