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Preparation of phase change microcapsules based on microporous fly-ash cenosphere
and its effect on the mechanical and thermal properties of mortar
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Abstract: To investigate the effect of phase change microcapsules on the properties of mortar, we reported the high-
performance composite phase change microcapsules using the vacuum adsorption method, where fly-ash ceno-
sphere microporous served as a supporting skeleton and paraffin as a latent heat storage unit. The preparation
phase change microcapsules were added to the mortar in equal volume sand substitution method to prepare en-
ergy storage mortars. The micro-morphology of the composite phase change microcapsules was analyzed by SEM
image, and the thermal properties of the composite phase change microcapsules were characterized by DSC and
TG. The influence of the introduction of the composite phase change microcapsules on the mechanical strength
and temperature control performance of the mortar was studied. The test results show that the prepared composite
phase change microcapsules have good dispersion ability, dense surface, and excellent cycle stability. In addition,

introducing composite phase change microcapsules gives the mortar a certain temperature control performance.
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Compared with the blank mortar, the peak temperature of the energy storage mortar with the phase change micro-

capsules content of 30% decreased by 2.58°C, and the appearance time of the peak temperature was also delayed by

90 min. The mechanical strength of the energy storage mortar decreases slightly with the increase of the microcap-

sules content, but still meets the standard requirements. The energy storage mortar developed in this study has

better mechanical properties and excellent temperature-regulating ability, and it is equally amenable to tempera-

ture regulation and building energy conservation.

Keywords: phase change materials; phase change energy storage mortar; microcapsules; fly-ash cenosphere;

microstructure; mechanical property; thermal performance; temperature control performance
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Fig.2 Fly-ash cenosphere
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Table1 Chemical constituents of fly-ash cenosphere

wt%
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MgO TiO, Na,O Other

58.9 27.6 5.5 3.1 1.6
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Fig.3 XRD patterns of fly-ash cenosphere
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Fig.4 'Three-step method' to prepare fly-ash micropore cenosphere
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Fig.5 Preparation of phase change microcapsules by vacuum adsorption
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Fig. 6 Phase change microcapsule diagram: (a) Unpackaged; (b) Encapsulated
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Table 2 Paraffin adsorption rate of microporous cenosphere

Microporous cenosphere Quality of phase change microcapsules Average Paraffin loading
quality/g after adsorption of paraffin wax/g value/g rate/%
20.00 35.72 35.82 35.57 35.70 78.52
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Fig.7 Preparation diagram of phase change microcapsule energy storage mortar
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Table 3 Mix proportion of mortar

Sample number Cement/(kg-m™) Water/(kgm™)  Medium sand/(kg-m™) Phase change microcapsule/(kg-m™)
SJ-PO 450 225 1 350.0 0

SJ-P10 450 225 1215.0 42.6

SJ-P15 450 225 11475 63.9

SJ-P25 450 225 10125 106.5

SJ-P30 450 225 945.0 127.8
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control performance test box

Y o Y S oo .
'.ﬁxg lfo’lfcéﬁtﬁﬁwxye PR
bla @B16ken cliosphege

TatEee e
» - -0 o o
',‘-' e b

. -
Comfilete cenosphcre: L aY g
[ & Ll s
pa Ll

-

2= B 2 A B PT100 %45 B 4% s A4E
Fii TP2305 V2 #U1 JF 1L k4% , &AM B TBQ-2 K
BH ALAR S, SR HFE % B TP700 22 % B4 10 s A
Xof ik 4 B RN A O s S 54 64T ) B 10 min A9 10 5%

Outdoor
Sensors

'la. . }
/Solar radiation

)
i

Temperature and humidity

9 ETERE IR R T B A% s 1

Fig.9 Temperature control performance test box size and

Internal view of
the test box

External view of
the test box

40 mm

400 mm

400 mT~"300 mm

sensor distribution

2 BERESW
2.1 HMMEHR

110 SRR R SEM B . MAIE 10(a)
& 10(b) AT LAWEZEH , Ay 0 I BR A0 WL Ry 4l v 1
A5 AR B e W BRAA, 48 K /NE 0.15~0.45 mm
HAr 5], kb &5 . Al . RALAN
MR IR, SEBIEIRRAR /N, IR 1 BR
BRI, REBOLH . BlEKRK., MAESK
RAEEE K T oo Bk, R &AM, 7R
W2 B RH A2 A4 R B AL 3 0 o R LRI AR B ) LA
FIF 8K, A% 25 1, ASHEK
RO AF AR B4 L

& 10(c) K i FLIE 2k SEM EI{% . AT DLW g3,
AL IR BR R AN 35 WK AR, 3R T 20 A F KA — |
B AN HBUE M fLBRE 1, LB B8 1~5 pm,
LB RN, A A AL SR e e, M
S RERL AT 38 AL R AR AR A AR, B

& 10 SEM Ef&: ((a), (b)) MIHEIKEESK; () WFLIEEER
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Fig. 11 SEM images: (a) Unpackaged paraffin microcapsules; ((b), (c)) Encapsulated paraffin microcapsules
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specimen failure section; (b) Phase change microcapsule energy storage

mortar specimen failure section
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Table 4 Quality and latent heat of phase change microcapsule after phase change cycle

Phase change cycle times

Description of sample

0 30 60 90 120
Latent heat of phase change/(J-g") 60.08 59.77 59.62 59.56 59.55
Quality loss/g 20.00 19.89 19.85 19.82 19.81
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Table 5 DSC test results of cooling process of phase change microcapsule energy storage mortar

Sample number Initial solidification temperature/C

Phase transition peak temperature/C

Phase change latent heat/(J-g™)

SJ-10 18.44 16.69
SJ-15 18.39 16.75
SJ-25 18.97 16.80
SJ-30 18.86 16.84

5.39
8.19
14.45
18.74

6 MHTRREMENRARITIE DSC WXER
Table 6 DSC test results of heating process of phase change microcapsule energy storage mortar

Sample number  Initial melting temperature/C

Phase transition peak temperature/C

Phase change latent heat/(J-g")

SJ-10 19.69 22.64
SJ-15 19.77 22.73
SJ-25 20.32 23.27
SJ-30 20.19 23.19

6.67
9.42
15.81
19.18
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Fig. 22 Temperature of outdoor ambient, SJ-P0 and SJ-P30 test box
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R 7 2021-10-07~2021-10-12 iR WA IEER B A E R 8 2
Table 7 2021-10-07~2021-10-12 test box peak temperature and peak time difference
Date Peak high temperature Time difference of peak =~ Peak low temperature Time difference of peak low
difference value/‘C high temperature/min difference value/C temperature/min
10-07-10-08 —-2.58 60 1.37 90
10-08-10-09 -2.38 40 0.82 10
10-09-10-10 -2.16 30 2.21 20
10-10-10-11 -2.09 70 0.68 10
10-11-10-12 -2.09 70 0.68 10
Note: Peak temperature and peak time difference are SJ-P30 test box minus SJ-P0 test box.
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Fig. 23 Humidity of outdoor ambient, SJ-P0 and SJ-P30 test box
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