
• A microfluidic device based on the schematic shown in Figure A was 
constructed with slight modifications to ensure the paraffin wax is molten 
at a temperature around 50°C.

• A temperature-controlled syringe was built to maintain the wax in liquid 
state by using a heating jacket surrounding the syringe. Additionally, a heat 
gun was used to maintain the microfluidic device at ~50°C. 

• Syringe pumps were used to independently adjust the flow rates of all 
three phases.

• The thickness of the outer paraffin shell, as well as the size of inner droplet, 
were varied by changing the flow rates of each phase. 
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Conclusions and Future Steps
1. Microcapsules using paraffin wax as an outer phase were 

successfully fabricated using a microfluidic device.
2. Upon heating above 37°C, the wax-shelled capsules were ruptured 

to release the active species.
3. Paraffin capsules containing EDTA were used to de-crosslink 

alginate gel upon rupture.
4. Moving forward, fabricating 3D structures with embedded capsules 

can create new active materials with spatially controlled dynamic 
properties.
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• The created double 
emulsions were 
collected in vials 
containing the same 
solution as the outer 
phase, where the wax 
was allowed to solidify 
under different 
temperature 
conditions.

• Microcapsules were viewed under an 
optical microscope to characterize 
shape, surface features, symmetry, and 
dimensions of the paraffin wax outer 
layer and inner droplet. 

• Blue dye was introduced in the inner 
phase (W1) during formation to increase 
visibility of intact capsules. 

• Intact capsules were added to GelMA, which was then crosslinked.
• The Gel was then heated to 55℃ to melt the paraffin wax shell and 

release the blue dye into the GelMA matrix.
• A resulting cavity was formed in place of the intact capsule

• Alginate, which is crosslinked by Ca2+ ions, can be de-
crosslinked by using chelating agents such as EDTA and
sodium citrate.

• Release of such chelating agents from capsules can be
used to create localized regions of de-crosslinking in
alginate hydrogel.

Paraffin Capsules w/ 
EDTAGelMa + Alginate Slab

Cavity Consisting of 
GelMA only

Heating to 50°C

Patterned Preferential Diffusion in Hybrid Hydrogels
• An application of this process is to create a hydrogel 

structure with spatially-patterned diffusion properties that 
can be formed upon rupture of paraffin capsules containing 
EDTA. 
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Paraffin Wax Outer Shell

• Various polymer solutions, such as polycaprolactone (PCL) mixed 
in chloroform or other volatile solvents, have been previously 
used as the oil phase in the formation of these double 
emulsions.

• Microcapsules with polymer shells are prone to passive leakage 
and low physical stability due to crystallization, causing many to 
rupture during solvent evaporation.

• Paraffin wax is an attractive candidate for the outer shell 
because of its ability to solidify at room temperature along with 
its immiscibility in water. 

• The temperature dependent solidification of paraffin wax, as 
opposed to solvent  evaporation 
solidification, shows 
promise in improving
the stability and 
encapsulation
efficiency of capsules.

• Microscale capsules are emerging as a promising tool for the
encapsulation and controlled delivery of a variety of
payloads, such as drugs and active chemical species

Importance of Microcapsules

• A microcapsule is a particle 
composed of an aqueous droplet 
covered by a thin shell, which serves 
as a barrier between the droplet and 
outside environment.

• The properties of the shell material can be altered to
determine how and when the active species in the
inner phase is released to the environment.

• Flexibility in choosing both shell material and active species
give microcapsules promise in being designed and fabricated
to deliver payloads for a wide variety of applications.

• Microcapsules can be 
routinely manufactured 
using a microfluidic device 
designed to produce 
water-in-oil-in-water 
(W1/O/W2) double 
emulsions.
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