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Research Development on Microencapsulated Self-Healing Concrete
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Abstract: Microcapsules, as a new type of material, have attracted extensive attention due to their designability, easy dispersion in
the matrix, ability to prolong the durability of the core material, and self-healing intelligence. This review provided a detailed
introduction to the design and preparation of self-healing microcapsules, and summarized the physical and chemical repair
mechanisms of microcapsules. The research progress on self-healing microcapsules in concrete was represented. The challenges
and future development directions of microcapsules in core—shell preparation, cement—matrix relationship, and repair effect
evaluation were analyzed. This review could provide a reference for the future production and application of microcapsules in
concrete.
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Table 1 Design of self-healing microcapsule

Healing agent Capsule size Cargo Capsule dosage Crack width Mechanism Self-healing time
Calcium 200-500 pum  Polystyrene resin 5.0% (in mass) of >50 um CSA reacts with water to Repair rate of 0-20d is
sulfoaluminate cement form calcium alumina, faster, the repair efficiency
cement(CSA)¥! sulfate and amorphous of 20-84 d is gradually
aluminum hydroxide after slowed down, and
cement hydration 84-108 d has almost no
repair effect
Phosphate!'"! 251.4 um Polyacrylamide 0, 1.0%, 2.0%, >200 um Calcium ions react with 81.9% for compressive
(PAM) 3.0% (in mass) of phosphate in an alkaline strength repair ratio and
cement environment to form 93.2% for resistance to
hydroxyapatite. water penetration repair
Hydroxyapatite forms on the ratio after curing for 28 d
surface of the crack and
gradually accumulates,
finally repairing the crack
Sodium silicate!""! 130 um, Gelatin-gum 4.0% (in mass) of >100 um Sodium silicate reacts with Microencapsulated
500 um Arabic. Poly—urea cement the calcium hydroxide in ~ samples with a 4% content
hydrated cement paste to can reduce water
form absorption to 45% after
calcium-silicate-hydrate gel 7 d of curing and 34%
that fills cracks after 28 d of curing
CaO-metakaolin!'?! 6 mm Polymethyl 5.0% (in volume) of 350450 um  The formation of Friedel’s ~ After 7d of curing, the
methacrylate the paste salt, ettringite, and crack closure rate reached
(PMMA) hydrotalcite in sea water can 62%
chemically bond CI', SO4%,
and Mg**
Magnesia expansive 5.0% (in mass) of 20-60 pm It is produced by MgO by After 90d of curing in the
agent(MEA)!"*! cement hydration reaction Mg(OH),  clean water conservation
crystals grow on the surface  environment, most of the
of the MgO particles and the  cracks can basically heal
walls of capillary pores in completely
and near them, closing the
cracks
MgO, bentonite and 11.8 mm, Concentric glass 0.4-0.5mm  Expanded minerals hydrate ~ After 28 d of immersion
quicklime!"¥ 6.5 mm microcapsules during the initial healing curing, it is able to close
period and slowly carbonize cracks with a width of
over time 400 pm
Calcium Nitrate!"”! 45-90um  Urea—formaldehyde 0.5% (in mass), 27-386.5um  Calcium nitrate reacts with Samples with a
resin 0.8%, 1.0%, 2.0% unhydrated cement particles microencapsulated content
of cement available on the fracture of 0.85% and 1.0% had
surface, contributing to the the best self-healing
formation of new hydrate properties after 14 d of
products healing. Samples with
0.85% and 1.0%
microcapsule content had
healing rates of 44% and
42% after 28 d of healing
MgO, bentonite and  0.6-4.0 mm Polyvinyl alcohol 3.35% (in mass), MgO expands when exposed
silica fume!"®! (PVA) 6.7%, 13.5% of to water to generate stable

paste

hydration products consistent
with the properties of cement
matrix. SF can react with
calcium hydroxide and water
to form stable and dense
C-S—H gels
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