
 

Artificial cilia fabricated with a roll-to-roll filament pullout
process
Citation for published version (APA):
Wang, Y., Cardinaels, R. M., Toonder, den, J. M. J., & Anderson, P. D. (2014). Artificial cilia fabricated with a
roll-to-roll filament pullout process. Poster session presented at Mate Poster Award 2014 : 19th Annual Poster
Contest.

Document status and date:
Published: 01/01/2014

Document Version:
Accepted manuscript including changes made at the peer-review stage

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 17. Nov. 2023

https://research.tue.nl/en/publications/9487c646-b772-4822-b17b-5a39e3581ec7


Artificial cilia fabricated with a roll-

to-roll filament pullout process 

Introduction and main result 

Cilia are microscopic hairs that can be found in nature in a wide range of  organisms from protozoa to 

human beings. They are important for various and vital functions including swimming, transportation 

and sensing (Fig.1). Mimicking nature, various types of  functional artificial cilia were made but their 

applications were limited partly because of  tedious processes and high production costs. In this study 

we realized the fabrication of  magnetic artificial cilia in a filament pullout approach, which is fast, cost 

efficient and suitable to be implemented in a roll-to-roll process.  
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Fig.1 Cilia in nature. (a) Motile cilia covering the surface 

of  paramecium enable swimming; (b) Cilia lining human 

trachea can expel dust and mucus; (c) Stereo cilia in inner 

ears enhance acoustic detection. 

Fabrication process 
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Figure 2: Fabrication process of  artificial cilia. (a) The schematic of  the fabrication process, 

the protruded points on the roll partially immerse into the precursor layer and pull out a single 

thread; during this, a vertical magnetic field of  200 mT is applied; (b) Close-up of  the surface 

modification pillars on the roll, with remaining precursor material on the tips; the scale bar is 1 

mm; (c) Snapshot from high speed recording during pull-up process of  the filaments; (d) 

picture of  the setup showing the moving parts and the microscope lens. 

A PDMS film, on which microscopic pillars were patterned by soft-

photolithography, was attached to a roll with a fixed rotation axis. The pillars 

serve as initiation points for the pullout of  filaments from a precursor layer. 

Figure 4: Results from filament pull-out. (a) Example showing that the cilia length is 

affected by substrate moving speed; (b) SEM picture showing a typical result from the pull-

out process; the scale bar is 1 mm. 

Figure 3: Rheological properties of  precursor under shear. (a) A plateau of  shear stress 

at low shear rates indicates a dynamic yield stress, under which the material will not flow; (b) 

detailed characterization shows the power law dependency of  yield stress and viscosity on 

the amount of  silica particles added to the mixture (using composition shown in table 1). 

In order to counter the surface tension which is dominant at such small length 

scales, we added thixotropy modifiers to a PDMS matrix, thus giving the 

mixture a high enough yield stress to form free-standing structures after 

filament breakup. The presence of   PDMS-b-PEO copolymer enhances the 

yield stress originally established by the silica network by orders of  magnitude, 

reaching up to 105 Pa. 

PDMS Curing agent 
Iron 

microparticles 

PDMS-b-PEO 

copolymer 

(MW 3000) 

Silica 

nanoparticles 

Weight in parts 100 10 50 to 100 15 6 to 20 

Table 1: Typical composition of  the precursor mixture   

The geometry of  the cilia depends not only on the material properties, but 

also on the pulling process. Parameters such as speed, roll size, pillar size and 

geometry, immersion depth of  the pillars into the precursor and the intensity 

of  the applied magnetic field can all contribute to the final result. 

Optimization of  this process, to create cilia with a high aspect ratio, thus 

better magnetic response, is currently under way. 

Analysis and results 

  Rheological characterization has been carried out under shear conditions in 

order to obtain quantitative understanding of  the precursor properties. 


