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Composite materials used in the construction industry – such as 
concrete – often suffer from fatigue over time, developing microcracks 
that tend to coalesce when subjected to continuous environmental and 
mechanical stresses. These larger cracks are permeable to water and 
aggressive substances, including carbon dioxide, oxygen, chloride ions 
and sulphates, which lead to degradation of the concrete.

One promising approach to overcome this challenge is the addition of 
microcapsules filled with ‘healing’ agents to the cement mix. The idea is 
that, as cracks begin to form, they rupture the microcapsules, releasing 

The challenge

CASE STUDY 

Improving the reproducibility of 
microcapsule production using microfluidics
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Microfluidics offers much better control of particle size and composition 
than traditional emulsification polymerization techniques, enabling us to 
reliably and efficiently produce double emulsion templates.”

“
Consistency of encapsulation
There are multiple material properties to consider in the development 
of self-healing microcapsules, including the healing agent – likely to 
consist of minerals, epoxy or polyurethane – its concentration, the 
capsule size and the shell thickness, all of which have an impact on 
the rupture and repair mechanism. With so many contributory factors, 
researchers are increasingly turning to microfluidic encapsulation 
methods, such as double emulsion techniques, for their production 
because of their ability to generate consistently-sized particles.

“Several microencapsulation methods have previously been explored 
by other researchers for the production of aqueous or organic 
core materials, including coacervation, in-situ polymerization and 
sol-gel reactions. However, the problem remains that insufficient 
interfacial bonding between the microcapsule shell and the cement 
mix can lead to debonding, rather than rupture, of the capsules. 
Conventional techniques also have a tendency to produce polydisperse 
microcapsules with a wide range of shell thicknesses, and it can 
be difficult to control particle size and composition. As the physical 
triggering of the self-healing process is dependent on the dimensions of 
the capsule’s shell, this results in poor control of release of the healing 
agent. A microfluidic approach offers reproducible production of 
monodisperse particles, and better control over capsule properties.”

their payload and stabilizing the material, and this technique has 
already successfully been used to heal cracks of up to 1 mm in size1. 
However, reproducibility is vital and it is very important to consistently 
produce capsules of the same size, shape and composition to ensure 
the performance of these microcapsules in the cement matrix. Dr Livia 
Ribeiro discusses the challenges associated with producing these 
microcapsules, and the benefits that microfluidics offers over other 
methodologies.
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Using a Dolomite Microfluidics system, Dr Ribeiro has been able to 
produce monodisperse capsules, with precise control over the core-to-
shell ratio and high encapsulation efficiency.

“Microfluidics offers much better control of particle size and 
composition than traditional emulsification polymerization techniques, 
simplifying the investigation and optimization of particle properties, 
and enabling us to reliably and efficiently produce double emulsion 
templates. We have explored a wide variety of shell materials 
using this template, and can experiment to fine-tune the payload, 
permeability and shell properties of the microcapsules, using this 
information to encapsulate the self-healing agents more efficiently.” 

The solution

The Dolomite Microfluidics system has simplified the researchers’ 
investigations and led to faster optimization, allowing Dr Ribeiro to 
create functionalized microcapsules with liquid organic cores. These 
have proved to bind more strongly to the cement matrix, while also 
having thinner shell walls and high core retention, improving self-
healing properties and opening up new opportunities to promote the 
use of microcapsules in construction materials.

“Our approach requires the formation and functionalization of double 
emulsion microcapsules, which we have been producing on a Dolomite 
Microfluidics system since 2014, creating both water-in-oil-in-water 
and oil-in-oil-in-water droplets. The system is very reliable and we 
have used it to create microcapsules with different materials for the 
inner and outer droplet; it is really robust and generates reproducible 
results. We can now start to look at the resilience of these capsules to 
the environment and the healing agent itself. It is useful to be able to 
discuss any issues we have with the experts at Dolomite Microfluidics, 
helping to accelerate our research and move us a step closer to real 
world applications.”

Discover more at dolomite-microfluidics.com

The results

We have explored a wide variety of shell materials using this template, 
and can experiment [with microfluidics] to fine-tune the payload, 
permeability and shell properties of the microcapsules, using this 
information to encapsulate the self-healing agents more efficiently”

“
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