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Design and Performance of Rapid Response Self-healing Microcapsule for
Waterproof Mortar
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Abstract: A novel self-healing microcapsule with a diameter of 3.0 to 3.5 mm was developed to tackle the lifespan
issues due to waterproof mortar cracking. The core of the microcapsule was composed of magnesium phosphate
cement, sodium alginate, and polyethylene glycol, encapsulated within a shell of epoxy resin composite sulfoaluminate
cement. The self-healing microcapsules were incorporated into the cement mortar, and their self-healing effects and
mechanisms were studied. The results indicate that the self-healing microcapsules exhibit good waterproof and
alkali-resistant properties, facilitating the formation of a cohesive interfacial transition zone with the silicate-based
substrate and directing crack propagation along their surface. Upon damage, the sodium alginate component within
the microcapsules undergoes rapid hydration-induced swelling upon contact with water, forming a robust hydrogel
network structure with an expansion area exceeding 200 % within 15 minutes, thereby forming the initial sealing of
cracks. Subsequently, the magnesium phosphate cement undergoes hydration within the hydrogel matrix, continuously
reinforcing the crack sealing process. These innovative microcapsules demonstrate the capability to repair cracks with
widths of up to 200 pm within a period of 3 days and cracks as wide as 450 pm within 7 days. Furthermore, the
impermeability of self-healing microcapsules can be restored to 76 % within 7 days, highlighting their rapid and highly
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efficient self-healing.
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rapid response
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Table 1 Chemical compositions(by mass) of cement and MgO

Unit: %
Material CaO Sio, AlLO, SO, Fe,O, MgO K,O Other
P+142.5 cement 56.73 19.74 7.94 2.91 3.25 1.70 0.80 1.23
Sulfate alumina cement 47.69 6.55 17. 14 16.91 1.51 2.35 0.89 1. 30
MgO 7.16 12.63 3.11 0.33 1.67 74.50 0.13 0.24
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Table 2 Mix proportions of microcapsules

Core material Wall material

Microcapsule

MPC SA PEG Epoxy resin
MC 1.00 0.40 0.10
MSA 1.00 0.80 0.10
MSAC 1.00 1.00 1.25 0.11
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Table 3 Mix proportions of mortars

Unit: g
Specimen Cement Sand Water ~ Microcapsule
PC 160 320 80 0
M-MC 160 286 80 21
M-MSA 160 286 80 21
M-MSAC 160 286 80 21
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Fig.1 Schematic diagram of permeability
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Fig. 3 Microstructure of microcapsules
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Table 4 Density and average particle size coefficient of
microcapsules

Average particle size

Microcapsule Density/ (kg-m )

coefficient
MC 1376 1.261
MSA 1838 1.191
MSAC 1652 1.194
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Fig.4 Conductivity curves of different types of

capsules in high alkaline environment
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Fig.5 SEM images of interface transition zone between microcapsules and matrix
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Fig. 6 Effect of microcapsules on cement-based crack width
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(a) Original image

(b) Grayscale image
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Fig. 7 Original image of mortar cracks and images after X-CT grayscale processing of M-MSAC mortar

(a) Rendered reconstructed  (b) Hydrogel component segmented
image from reconstructed image

B8 I M-MSAC &R 5 2¢L4E N P 3D X-CT El %
Fig. 8 3D X-CT images of internal products of cracks
repaired of M-MSAC mortar
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Fig. 9 Effect of microcapsules on Ry of mortars
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Fig. 10  Area change rate of microcapsules
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Fig. 11 SEM images of crack products after repair
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Table 7 Element compositions of selected regions in Fig.11

Unit: %
Region C (0] Mg P
a 25.22 49.09 13.93 9.56
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3 Hit

(DR A& S MR 2 H A4 R 3.0~3.5 mm,
TS 3 MISA Hifg 3R A AR 9% 7 1 d P 58 BURZ JIK 5
JiE B MSAC 7£ 15 min PR IK 6 A8 200%, H 7 dJ5
T TR B 7K U ORE AT L AT R SR 1 w08 S R

(2) M 1300 ie 35 BE 1A kg A3 AL 38 S0 B g A 460 1R 46
JK PRI, BEJE Sy 350~450 pm , BA B K i G v, 5 7k
1% £ L R 7 A B o U X, R T ARV O
RIE.

(3) A2 % 3 d 9T 18 52 K843 200 pm LA
T2, T d I RAB R G813 450 pm, 23 M-MSAC
1) 7 dFIB T REIK AR IK 76 % s 103K A 16 4 fE S HEIT
FM-MSAC>M-MSA>M-MC>PC.

(4) M BE 10 4 I, T S5 R 0 368 7K oA T O

TK B 10 245 45 K e 3 204 | ELWRITR B K Y i % /K AL £+
=2 N

S E WK

[1]

[2]

[3]

THE, FW, AU, 55 N AR K E AR S LT
JE &, 2022(3):82-84.

YU Qun, WANG Tao, YI Shuli, et al. Research and application
of underground compound waterproof technology[ J]. Jushe, 2022
(3):82-84. (in Chinese)

ks, BRI, JMEE, 45T A B K UL B R Y BT 4 1A
FAERERT I [T]. M R, 2013, 16(5):903-907, 918.
ZHANG Ming, CHEN Lingkun, XIN Feng, et al. Study on
properties of microcapsule system for self-healing cementitious
composite [J]. Journal of Building Materials, 2013, 16 (5) :
903-907, 918. (in Chinese)

LR, ATER, XISCER, S BT MICP i b abJe 2448 F &
STH TN BEARARLT ). SRR 4R, 2021, 24(4) :687-693.
LIU Shiyu, YU Jin, LIU Wengqiang, et al.New bacterial carrier
for the crack self-healing in coral sand mortar based on MICP [J].
Journal of Building Materials, 2021, 24(4) :687-693. (in Chinese)
FAFN, e, P26, 45 IRERIR/ L FELT Ak 3 UK 2 (4
KRR SR REERELT ] SRR, 2020, 23(2):396-400, 484.
WANG Xingang, XIA Long, FU Xingguo, et al. Particle

characteristics and sustained release properties of epoxy resin/



374

#OR

MoB % )

o 28 %

[10]

[12]

ethyl cellulose microcapsule[J]. Journal of Building Materials,
2020, 23(2):396-400, 484. (in Chinese)

A, LK, VR, AL KT RERE B 2E8E BB A HOR R
et LT R EE L, 2023(4) 1 149-154.

ZHANG Meng, WANG Yonghai, LENG Faguang, et al. Research
and progress of crack self-repairing technology for cement-based
materials[J]. Concrete, 2023(4 ) :149-154. (in Chinese)

SHENG M ,WANG X F ,HUANG Y I, et al. Dynamic splitting
behavior of microcapsule-based self-healing cementitious
composites under SHPB impact loading[ J]. Journal of Building
Engineering, 2024, 91:109638.

DIDIER S ,KIM T V ,STIIN S, et al. Self-healing cementitious
materials by the combination of microfibres and superabsorbent
polymers [J]. Journal of Intelligent Material Systems and
Structures, 2014, 25(1):13-24.

RN . A K TSR R DI RELL > M IR ZEALBTSE [ D ], 7R
B R Tl %, 2016,

SONG Bingchen. Research on the encapsulation of functional
components for self-healing cementitious materials[ D J. Harbin:
Harbin Institute of Technology, 2016. (in Chinese)

PELTO J, LEIVO M, GRUYAERT E, et al. Application of
encapsulated superabsorbent polymers in cementitious materials
for stimulated autogenous healing [J]. Smart Materials and
Structures, 2017, 26(10) :105043.

LEE H X D, WONG H S, BUENFELD N R. Self-sealing of
cracks in concrete using superabsorbent polymers [ J].Cement and
Concrete Research, 2016, 79:194-208.

LU L Y, YANG Z X, CHEN G Q, et al. Synthesis and
characterization of a new polymeric microcapsule and feasibility
investigation in self-healing cementitious materials [J].
Construction and Building Materials, 2016, 105:487-495.
FENGJH, YAP XY, GAO J, et al. Rapid self-sealing of macro

cracks of cementitious composites by in-situ alginate crosslinking

[16]

[17]

[18]

[19]

[J]. Cement and Concrete Research, 2023, 165:107074.
HONG G, CHOI S. Rapid self-sealing of cracks in cementitious
materials incorporating superabsorbent polymers[J]. Construction
and Building Materials, 2017, 143:366-375.

BAGEE, AL, B, 55 W RS /PR U B A K P TE RS
B AR LT]. BB RAR, 2018, 32(11):4016-4021.
MAO Qianjin, WU Wenwen, LIANG Peng, et al. Self-healing
effect of calcium alginate/epoxy microcapsules in cementitious
materials[ J]. Materials Review, 2018, 32(11):4016-4021.(in
Chinese)

SNOECK D,SCHAUBROECK D,DUBRUEL P, et al. Effect
of high amounts of superabsorbent polymers and additional water
on the workability, microstructure and strength of mortars with
a water-to-cement ratio of 0.50[J]. Construction and Building
Materials, 2014, 72:148-157.

TZIVILOGLOU E, WIKTOR V, JONKERS H M, et al.
Bacteria-based self-healing concrete to increase liquid tightness of
cracks [J]. Construction and Building Materials, 2016, 122:
118-125.

GILABERT F, GAROZ D, PAEPGEM V W. Stress
concentrations and bonding strength in encapsulation-based
self-healing materials[ J|. Materials and Design, 2015, 67:28-41.
MEM, BEE, X, & ABEIRE LB EECR AR
IR BT 7 [T]. MR 4, 2018, 21(4) :588-594.

WEI Yuwei, CHENG Peifeng, LIU Man, et al. Influencing
factors of self-healing performance of concrete [J]. Journal of
Building Materials, 2018, 21(4):588-594. (in Chinese)
XN, R, % Rk B IR B K D8 B o K FCAL
HWEELT]. EFRR 2, 2020, 23(2):255-262.

LIU Jiahui, ZHOU Xintao, LUO Zhongqiu. Preparation and
formation mechanism of ferronickel slag-based magnesium
phosphate cement[ J]. Journal of Building Materials, 2020, 23(2):
255-262. (in Chinese)



