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We report the synthesis of anisotropic magnetic microcapsules from monodisperse emulsion droplets which are generated using microfluidic devices. The emulsion droplets are

loaded with variable quantities of magnetic colloids. The capsules are formed either via interfacial polymerization or via solidification of the middle phase in double emulsion droplets.
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The microcapsules with a different properties and ability to self-assemble in a controlled manner in to supracolloidal structures can be used in a wide range of scientific

and industrial applications. Thus, such kind of microcapsules can be used to fabricate materials with unique optical properties, as advanced catalysts, and precise

microreactors. An excellent example is monodisperse anisotropic magnetic microcapsules. At present, one of the potential applications of magnetically sensible

microcapsules realized in the technology of electronic paper production.

Our project is aimed to fabrication of highly-monodispersed anisotropic magnetic particles via microfluidics devices. Investigation of properties of those microcapsules

such as interaction with a magnetic field, ability to self-assemble in to macrostructures driven by electromagnetic forces, development of potential applications.

Fig. 1 Anisotropic magnetic 

microcapsules

There are two types of microfluidic devices which are used to fabricate  microcapsules: devices for a single emulsion and for double emulsion.

Fig. 2 Single emulsion device Fig. 3 Double emulsion device

A droplet forms in a co-flowing system on the

interface of two immiscible liquids due to surface

tension force. Inner phase becomes dispersed in

outer.

A flow focusing system allows to fabricate water-
oil-water or oil-water-oil double emulsion. Inner

and middle phases become dispersed in outer.

Either processes are defined by Reynolds, Weber and Capillary numbers:

�! �±fluid density; �� �±fluid viscosity; �1 �±surface tension coefficient; V �±fluid velocity; D �±tube diameter;

Fig. 4 Polyamide shell microcapsules Fig. 6 Acrylic shell microcapsules

Usage of the single emulsion device provides simple, reliable fabrication of monodisperse

magnetic microcapsules. The interfacial polymerisation of amines and chloranhydrides of carbonic

acids on the interface of two liquid phases allows in-situ production of core-shell particles. The

inner phase contained stabilised cobalt powder (1-2 ��m) in a oil solution of terephthaloyl chloride.

The outer phase contained diethylenetriamine dissolved in the water. The polyamide shell formed

immediately after the droplet of the inner phase was dispersed in the outer phase. The thickness

of the capsule wall depends on diffusion of aqueous phase into organic and can be described by

the following equation:

nH2NRNH2 �����Q�+�2�2�&�5�¶�&�2�2�+���<
�<���>- �1�+�5�1�+�&�2�5�¶�&�2��-]n + 2nH2O

The monomers functional groups ratio was 2:3, in order

to cross-link the wall of the microcapsules.

To investigate the influence of flow rates on the size of

the microcapsules, different aqueous/organic phase flow

ratios were used. The plot shows a linear dependence

between flow ratios and the size of microcapsules.

Fig. 5 Size �±flow rate dependence

However, increased flow velocity changes the regime of

droplet formation from laminar to turbulent and causes

decrease of monodispersity of the microcapsules from

95% to 88%.

Magnetic properties were defined by interaction between

magnetic field and the microcapsules. Experiments

showed stable attraction of the core-shell magnetic

particles and permanent magnetic field provided by

neodymium and samarium magnets.

Despite obvious advantages the in-situ method is not eligible for a control the critical parameters

of the microcapsules �± shell thickness and core diameter. Usage of a double emulsion device

allows a control both parameters. However, overall process becomes more complicated, because

at first a double emulsion droplet should form and after the middle phase should be solidified. We

generated water-oil-water double emulsion; glycerol containing 0.02 wt. % of stabilised magnetic

agent was used as inner phase, methyl methacrylate containing 0.15 wt. % of photoinitiator and 3

wt. % of surfactant as middle phase and water with dissolved 5 wt. % of polyvinyl alcohol as outer

phase.
After the double emulsion droplets were generated,

radical polymerisation of methyl methacrylate was

initiated by UV light. Figure 6 shows that fabricated

microcapsules have definite shell thickness and core

diameter. These parameters can be controlled by

changing flow rate of the inner phase. Increasing flow

rate of the inner phase provides enlargement of core and

reduction of wall thickness. Contrariwise, decreasing

inner phase flow rate provides thickening of the shell and

reduction of the core.

Fig. 7 Polyamide shell thickness

The opportunity of control those parameters allows the

fabrication magnetic microcapsules with the variable

properties due to different amount of encapsulated

material.

Experiments with a external applied magnetic field

showed that various core diameters force the

microcapsules to behave differently. Attraction force

between permanent magnetic field and microcapsules

directly depends on core size: bigger cores provided

stronger attraction.

Core

Microfluidic methods of allow the fabrication of highly monodisperse magnetic anisotropic

microcapsules. In-situ method provides simple and reliable production of microcapsules with

various sizes, but cannot provide control of core size and shell thickness. The two step method is

more complicated, but allows to fabricate microcapsules with different core sizes, shell thickness,

optical and magnetic properties.
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