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Abstract: As a major improvement, we are in this work presenting a novel strategy of fabricating 

polycaprolactone (PCL) microcontainers without use of any solvents. This method is up-scalable and can 

be used for various types of polymers. In addition to fabrication of the microcontainers, loading of the 
container cavities with powder drug has successfully been demonstrated.  

  

In recent years, microfabricated devices have been proposed as advanced drug delivery systems [1]. In 
particular, microcontainers have been demonstrated as promising new oral drug delivery systems with the 

potential to significantly enhance the bioavailability of drugs [2]. The microcontainers are preferentially 

fabricated with biocompatible or biodegradable polymers [3]. Previously, we introduced hot punching as a 
new method of fabricating discrete microcontainers in Poly(lactic acid) (PLLA) [4]. In this process, thin 

PLLA films were prepared using spin coating on an underlying polydimethylsiloxane (PDMS) layer. This 

method is an inherently batch process and thus has a low throughput compared to roll-to-roll processes. 
Also, the actual material usage in a spin coating process is typically very low with the rest being flung off 

the side and wasted. Another central aspect is the use of the toxic solvent dichloromethane (DCM) while 

spin coating in this process. To avoid these issues, in this work, we demonstrate an optimized process of 
fabricating the thin films in polycaprolactone (PCL) by a simple technique; Compression molding is being 

used as a controlled method to form PCL pellets into thin films. Preheated PCL is placed into an open, 

heated mold cavity. In this case, two hot plates function as the molds to compress PCL pellets into a thin 

film. In order to obtain controllable thicknesses and a high output of microcontainers on an underlying 

substrate, a design of experiment was conducted. The experiment was carried out using a face centered Box 

Behnken design with full randomization and 3 center points resulting in 11 experimental runs in total. An 
optimal thickness of 88.2 µm for fabrication of microcontainers was achieved by applying a pressure of 

80⁰C for 1500 s to 0.5 g PCL pellets. The PCL device layer film was molded by a robust Ni stamp and at 

the same time punched due to the presence of the underlying layer. A yield between 80-100 % in each hot 

punching procedure was achieved. PCL film thicknesses ranging from 40-100 µm were successfully 

demonstrated. 
 

Due to their small dimensions, one of the major challenges is to load drug into the cavities of the 

microcontainers. Earlier, we introduced powder embossing as a novel method for reproducible loading of 
arrays of microcontainers with drug powder [5]. In this work, the shadow mask required for this process is 

replaced by the already existing polymer film between the containers before peeling it off. This allows a 

fast and precise loading of the cavities without need for alignment of containers with a custom-made 
shadow mask.  

 

In conclusion, it is shown how to fabricate discrete biopolymer microcontainers in a single step and time 
efficient way without use of any solvents. Furthermore, loading of the microcavities has been shown by 

using the punched PCL film as stencil and by using the powder embossing method.  
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Figure 1: Graphical illustration of the fabrication of microcontainers with PCL film where a) the PCL film 
is placed on an underlying substrate, b) the Ni mask is applied with an elevated temperature and pressure, 

c) the stamp is removed and containers are punched out with surrounding PCL film, d) drug formulation is 

placed in a holder and the containers are used as a stamp to load powder inside the cavities, e) the pressure 
is released, f) the surrounding PCL film is removed and the containers are uniformly loaded   

 

 
 

 

 
 

 

 
 

 

 
 

Figure 2: PCL microcontainers in arrays on a flat    Figure 3: Loaded PCL containers  
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