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Abstract: In the present study, simple models were proposed to predict the capillary-driven flow length in a surfactant-
added poly(dimethylsiloxane) (PDMS) rectangular microchannel. Owing to the hydrophobic nature of PDMS, it is
difficult to transport water in a conventional PDMS microchannel by means of the capillary force alone. To overcome
this problem, microchannels with a hydrophilic surface were fabricated using surfactant-added PDMS. By measuring
the contact angle change on the surfactant-added PDMS surface, the behavior was investigated to establish a simple
model. In order to predict the filling length induced by the capillary force, the Washburn equation was modified in the
present study. From the investigation, it was found that the initial rate-of-change of the contact angle affected the filling
length. Simple models were developed for three representative cases, and these can be useful tools in designing
microfluidic manufacturing techniques including MIcroMolding In Capillaries (MIMIC).
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Fig. 1 Schematic of capillary filling in open rectangular
microchannel
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Fig. 2 Captured images showing time-dependent contact
angles: (a) 0.50wt% Silwet L-77 added PDMS and
(b) 1.00wt% Silwet L-77 added PDMS
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Table 1 Parameters obtained by curve fitting
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(Wt%) A B T
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1.00 -0.295 0.613 19.988
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Fig. 3 (a) Contact angle change of PDMS surfaces
modified by adding Silwet L-77 and (b) calculated
cosH of the measured contact angle
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Fig. 4 Representative simple models for rectangular
microchannels investigated in the present study
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Table 2 Values for contact angles used in each model
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Fig. 5 Plot of the capillary filling length predicted from
Case 1 model: Effect of the identical contact angle
of all surfaces
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Fig. 6 Plot of the capillary filling length predicted from
Case 2 model: Effect of contact angle of one
substrate
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