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Abstract. Microcapsules were prepared by in situ polymerization with an aver-
age particle size of 198um. The self-healing properties and mechanical properties
of microcapsule cement sand adhesive specimen were measured by the strength
recovery rate. And the self-healing properties of self-healing cement substrates
with different microcapsule contents (0%, 1.5%, 3%, 4.5% and 6% of cement
mass) under dry-culture and wet-culture restoration and curing conditions were
studied. The results show that under the conditions of dry and wet culture, the
flexural strength and compressive strength of the specimen decrease with the in-
crease of microcapsule content; The strength recovery rate of dry culture speci-
mens under different microcapsule dosages was 106.60%~124.29%, and the
strength recovery rate of wet culture specimens was 98.74%~110.12%, and the
wet culture repair effect was significantly lower than that of dry culture self-re-
pair effect. When the amount of microcapsules is small, the self-healing perfor-
mance of self-healing slurry under dry and wet culture shows the same law, and
the performance is improved with the increase of the dosage, and the peak is
reached when the dosage is 4.5%, which is the optimal dosage, and the repair
effect is subsequently reduced.
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1 Introduction

The heterogeneity and brittleness of cement-based materials make it easy to produce
microcracks on the surface and inside, forming channels for harmful substances to in-
vade and gradually decay, affecting the strength and durability of cement-based mate-
rialst!2,

Based on the principle of bionics, self-healing is a current research hotspot, among
which microcapsule technology is extremely promising®***.Microcracks are repaired by
incorporating microcapsules into the matrix, triggering cyst wall rupture when cracks
occur, releasing internal capsule core repairersP!. Sidiq et al.[®! prepared polyurethane-
coated sodium silicate microcapsules, which successfully repaired the crack of 0.203
mm, and the mechanical properties of cement substrate were effectively improved. Li
et all! synthesized urea-formaldehyde resin/epoxy resin microcapsules and
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successfully repaired the crack of 0.416mm in seawater environment. Pu Qi et al.[¥]
prepared microcapsules by in-situ polymerization method, which had excellent perfor-
mance, and it was found that the higher the temperature during curing, the better the
self-healing performance. Wang Xianfeng et al.’] mixed epoxy resin microcapsules
into cement mortar, and found that when the dosage was in the mortar range of 3%~6%,
the repair rate gradually increased. Jin Chengyang et al.l'% prepared self-healing micro-
capsules by round pot granulation method to characterize the repair effect by permea-
bility test, and found that when the crack width was fixed, the higher the microcapsule
content, the better the repair effect.

At present, domestic and foreign research mainly focuses on the self-healing effect
and mechanism of action of microcapsules, and there are few studies on self-healing
and maintenance conditions. In this test, the in-situ polymerization method was used to
synthesize urea-formaldehyde resin/epoxy resin microcapsules. The experimental
study of sand rubber specimens under different self-healing conditions of dry and wet
culture was carried out, and the repair effect of urea-formaldehyde resin/epoxy resin
microcapsules in mortar under different self-healing curing conditions was discussed.

2 Experimental design

2.1  Microcapsule preparation

Microcapsules were prepared by in-situ polymerization method!”.The resin/epoxy
resin microcapsules, which were white powder, as shown in Figure 1. The microscopic
morphology of SEM microcapsules is shown in Figure 2, which is spherical particles
with a rough surface and flocculent substances, which are easy to trigger the release of
core material when cracks appear in the cement matrix ['!'"'2), The particle size distribu-
tion of microcapsules observed by laser particle size distributor is shown in Figure 3,
with an average particle size of 198 um.

Fig. 1. Microcapsule
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Fig. 2. SEM photo

100 — 10
™ D10=62.70
90 9
\ D50=198.0
80 \ 8
\ D90=622.7
70 \ / 7
® 60 6 o
g 50 5 lc
] b=
40 4
30 3
20 2
10 1
0 0
0.01 0.1 1 10 100 1000

Particle size ( pm)

Fig. 3. Microcapsule size distribution

2.2 Mortar mix ratio

The mortar mixing ratio is water: cement: sand = 1:2:6, and the microcapsules are in-
corporated according to the percentage of cement mass, for example, Z1.5 represents
that the microcapsule content is 1.5% of the cement mass. The combination of each test
group is shown in Table 1, and the curing agent content is 50% of the mass of micro-
capsules.

Table 1. Mortar mix ratio of each test group.

. . Mi 1 Curi t
Constituencies water/g cement/g Standard sand /g 16Tocapsiies UHS agen

/g /g
Z0 225 450 1350 0 0
Z1.5 225 450 1350 6.75 3.375
73 225 450 1350 13.5 6.75
7Z4.5 225 450 1350 20.25 10.125

76 225 450 1350 27 13.5
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2.3  Test piece forming and test design

According to the matching ratio of Table 1, cement mortar specimens are made, the
size is 40mmx>40mmx160mm, and the standard curing is 28d Each group of specimens
will be designed into four categories: A, B, C, and D. Taking the Z0 group as an
example, 2 groups, that is, 6 specimens, were prepared, and after the flexural test, 12
small specimens (size of about 40mmx40mmx=80mm) were obtained, divided into 4
categories, and 3 small specimens in each category were used to test the compressive
strength of mortar specimens under each category. The repair conditions for each
category are shown in Table 2 below. The remaining groups are the same as the Z0

group.

Table 2. Classification of CLO specimens.

category name remark
A Z0-A measure the initial compressive strength of the specimen.
B Z0-B measure residual compressive strength after pre-injury.
C 70-C measure repair compressive strength of dry culture curing
after pre-injury.
D 70-D measure repair compressive strength of wet culture curing

after pre-injury.

Note: Dry culture is maintained for 7 days in the general indoor environment, the temperature
is 20+2 °C, and the relative humidity is 60%=+5%; Wet culture is remediated and cured for 7 days
for immersion in water.

Studies have shown that the material matrix will be damaged by 60%cmax compres-
sive stress, and microcracks will occur inside!'3l. In order to fully induce the mi-
crocracks of the matrix to ensure the performance study of the subsequent self-healing
mortar, a compressive stress of 70%omax is applied to cause pre-damage to the self-
healing mortar.

The experimental design is as follows: the category A specimen is loaded at a speed
of 2.4+0.2kN/s, and its failure load is measured as the initial compressive strength,
which is recorded as f, (MPa); Category B,C,D specimens are loaded to 70%f, and
continue to act for Imin before unloading. After unloading, the Category B specimen
is loaded to the specimen at the same speed to fail, and the residual compressive
strength value after pre-damage is determined, which is recorded as f;,(MPa); After 7d
maintenance and repair of Category C and D specimens according to Table 2, compres-
sive strength tests were carried out, and the compressive strength values of dry and wet
maintenance were obtained respectively, which were recorded as f,;.(MPa) and

fwe(MPa).

2.4  Definition and characterization of strength repair effects

The self-healing effect of mortar compressive strength is evaluated by strength recovery
rate, and the calculation method is as follows!'413:
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N ode.x » Mowe x tespectively, the strength recovery rate of pre-damaged mortar speci-

mens with x% microcapsule content after drying curing and immersion curing after 7d
self-repair (%).

3 Self-healing effect analysis

3.1  Analysis of compressive strength and flexural strength

Figure 4 shows the change of flexural strength and compressive strength of mortar
specimens with the amount of microcapsules. With the increase of microcapsule con-
tent, the strength value showed a decreasing trend. When the amount of microcapsules
is small (not more than 1.5%), the flexural strength has little effect; However, with the
increase of microcapsule content, the flexural strength decreased significantly, and the
largest decrease was at 3%, which decreased by 12.94% compared with 1.5% content.
However, with the increase of microcapsule content, the flexural strength decreased
significantly, and the largest decrease was at 3%, which decreased by 12.94% compared
with 1.5% content. However, under the dosage of 3%~6%, the change range of flexural
strength is small, the maximum is 5.47%. After being incorporated into microcapsules,
the overall compressive strength decreased significantly. When the microcapsule con-
tent was 1.5%, the compressive strength decreased the most, reducing by 24.64%.

45 -o-Flexural strength
40 compressive strength
35
=
E 30
3 -
3 25
=
-
P 20
=
w
£ 15
2
=
10
o
—— ——
5
0
0.0 1.5 3.0 4.5 6.0

Microencapsulation dosage/%

Fig. 4. Effect of different microcapsule dosages
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In view of the decrease in the strength of self-healing cement mortar after incorpo-
ration of microcapsules, from the aspect of density, the density of microcapsules is
small (less than water), and the overall density of self-healing cement mortar specimens
decreases with the increase of dosage, resulting in a decrease in the flexural and com-
pressive strength of microcapsule specimens. From the analysis of the microcapsule
itself, the average particle size of the self-made microcapsule in this project is 198pm,
which is much larger than the particle size of cement and other materials, also its own
mechanical strength is very low!'®), and the proportion of other substances is reduced
after the self-made microcapsule being incorporated into the matrix, but it cannot pro-
vide sufficient strength, which becomes a defect in the mortar matrix. Therefore, when
the more microcapsules are contained, the more defects inside the self-healing mortar
matrix, which affects the flexural and compressive strength of the material.

3.2 Study on the repair rate of self-healing mortar

Taking the microcapsule content as the abscissa and the recovery rate as the ordinates,
the line chart of self-repair effect under dry and wet culture conditions was drawn, see
Figures 5.
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Fig. 5. Mortar recovery rate on mechanical properties of mortar

It shows that the incorporation of microcapsules under dry-culture conditions makes
cement mortar have obvious self-healing effect, and the recovery rate of dry-rearing
strength of mortar under each dosage is all greater than 105%. For the Z0 control group,
the recovery rate of dry strength also reached 107.82%, indicating that the mortar itself
had a certain self-healing ability, and the continued hydration of unhydrated cement
particles inside the specimen and the continuous carbonization crystallization of the
hydration product calcium hydroxide provided subsequent strength. However, when
the microcapsule content was 1.5%, the recovery rate of self-healing mortar was
106.60%, which was lower than that of the Z0 test group. And when the dosage was
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4.5%, the strength recovery rate of dry cultivation intensity reached a maximum of
124.29%. Then, with the increase of the dosage, the recovery rate of dry nourishment
strength decreased, because the microcapsule was ruptured after the matrix was dam-
aged, and the internal epoxy resin flowed out to form a cavity, which further expanded
the filling defect of the microcapsule, the mechanical properties of the mortar were
reduced, and the repair effect was weakened, but the recovery value was still much
higher than that of the Z0 control group.

The strength recovery rate curve of wet culture in Figure 4 shows that cement mortar
mixed with microcapsules also has a certain repair effect in a water conservation envi-
ronment with a temperature of 20°C +2°C. When the content of microcapsules is not
greater than 1.5% of the quality of cement, the repair effect of microcapsules is not
enough to make up for the defects brought by them, and the recovery rate is low to
98.74%; When the content of microcapsules was 4.5% and 6%, the recovery rate of
mortar moisture strength reached more than 100%, which was 110.12% and 107.47%,
respectively. The trend of the strength recovery rate curves of wet culture and dry cul-
ture was high under different microcapsule dosages, but the recovery rate curve of wet
culture intensity was significantly lower than that of dry culture. This is due to the fact
that after the self-healing mortar specimen is damaged, microcracks are distributed on
the surface and inside. When the specimen is immersed in water, the moisture in the
surface and internal microcracks is in a state of fullness, although it can provide water
for the subsequent hydration of cement, but the continuous infiltration of water in the
cracks affects the development form of cement hydration products and the filling effect
of the cracks, so that the complete closure of the cracks is blocked.

4 Conclusion and outlook

(1) The incorporation of microcapsules and curing agents with an average particle size
of 198um will have a significant impact on the flexural and compressive strength of
mortar, and the flexural and compressive strength values will decrease with the increase
of the dosage.

(2) The self-healing cement mortar mixed with microcapsules has a good repair ef-
fect, and the compressive strength value is significantly enhanced compared with the
damaged specimen.

(3) The curing conditions have a great influence on the repair effect of self-healing
cement mortar, and the self-healing effect of the substrate under dry curing conditions
is significantly better than that of the substrate cured by immersion in water.

(4) For the restoration effect of mortar, when the microcapsules dosage is 4.5%, the
strength recovery rate of dry and wet culture is maximized, which is the optimal dosage.

(5) The microcapsules in this project are limited to one damage repair of the self-
healing matrix. When the matrix is damaged in the same position during subsequent
use and work, it will be difficult to achieve self-repair again. Therefore, it is necessary
to carry out secondary repair related research on materials and repair mechanisms in
the future.
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permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Study on the repair effect of cement-based self-healing microcapsules under different curing conditions

