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Preparation and performance of ternary composite phase
change concrete for building energy piles
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(1. School of Civil Engineering, Qingdao University of Technology, Qingdao 266520, Shandong, P. R. China;
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Abstract: In light of the defects and deficiencies in conventional phase change concrete, a novel composite
phase change material (PCM) comprising decanoic acid-lauric acid-palmitic acid was incorporated into concrete
to prepare phase change concrete. Therefore, the vacuum adsorption test was conducted, and the porous matrix
material was encapsulated by two kinds of encapsulation method. The compressive strength test and thermal
conductivity test were carried out on PCM concrete coarse aggregates and PCM concrete with different mix
proportions under different encapsulation methods. The changes of different encapsulation methods under
multiple phase change cycles were evaluated, and phase change cycle tests were conducted on the coarse

aggregate of phase change concrete with two different encapsulation methodologies and the phase change
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concrete with different proportions. The results show that after 100 phase change cycles, the compressive

strength loss rate of cement slurry encapsulation is 0.69% , 0.44% and 1.09% lower than that of epoxy resin +

cement powder encapsulation when the content of phase change coarse aggregate is 10%, 20% and 30%,

respectively. Therefore, the compressive strength loss rate of PCM encapsulated by the cement paste method

can better meet the needs of pile concrete under long-term operation of energy piles. When the content of phase

change coarse aggregate is 20% , the compressive strength, thermal conductivity and cyclic stability of phase

change concrete are better, and the application range is wider.

Keywords: energy pile; phase change materials; phase change concrete; heat transfer performance ; mechanical

properties
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Table 1 Parameters of phase change materials
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Table 2 Concrete mix proportions
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Table 3 Properties of porous aggregates
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Fig. 4 Phase change aggregates before and after encapsulation
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different times
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each group of concrete
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Table 4 Mass cnanges of phase change aggregates after
multiple phase change cycles
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Fig. 10 Comparison of phase change coarse aggregates
before and after phase change cycles under different

encapsulation methods
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Fig. 11 Mass charges of phase change coarse aggregates
with different encapsulation methods after multiple phase

change cycles
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phase change cycles

X AR S G A 30,60, 100 U B AR 28 TR Bk 1 3l e
HEAT TR SR B, 25 R A 1A 13 R .

FH & 13 Ca) AT, Bifi 25 AF 25 08 28 U8R 35 L AL
B 2P0 58 5 35 TF 4R 0 R B, EL B A AH AR A B Rt
BB, R A R X DR O B A
A PR B BE 0, 52 A A AR A RHEE AR AR TR EE
TS AN [ R B A i e, b AR A VRV o P 3 A —
SE 5

H1 P 13 () Al AL 72 A A2 RLE RS 2 A1 R 09 15



EHEL,F AR EMEA AL AT RE L0 H &R LR 193

% 3 4 3
—— Al ——A2 ——A3
4 —o - Bl -4-B2 -v- B3
______ T e -
£
=
_m ﬁ———-ﬁ-@m
BH40
H
e
&?“’ﬁ!ﬁ_\,
35t =S .
0 30 60 100
AR IERR AL

(a) PLH BUH R AR08 2 15 0 T 5 3 Y A2 1L

50

A RVENEEROIR
on Wzn ARG
a0} %% é%’g B DA 00k
o ;3
- 1
o N
Soll 1
= //
.l Y
= (W
ooy N
o )
20
S 1
ooy
iV
N
-
N
N
N
oy
o) i) )
Al B1 J“‘ik{ﬁ B2 A3 B3
12 EA
(b) FHARIE IR J5 0 38 X e
3.0_ —=— Al —e— A2 ——A3
= 8 =Bl ~0im B2 ~b-H3 A
25 4
§ 2.0
N
pu 1.5
=t
¥1.0
g
0.5
0.0
0 60 100
ﬁiﬁﬂmﬁ
(c) AHAZIE IR G 45 4R PP e o J3 i 2% K

E13 HERFAESHAKRAERENTNH
Fig. 13 Compressive strength changes of each group of

test blocks after phase change cycles
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