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h i g h l i g h t s

" A numerical model was developed to
capture slug formation
hydrodynamics within millifluidic
channels.

" A polymer-based flow focusing
millifluidic chip was fabricated.

" The slug flow millifluidic reactor was
utilized for size-controlled synthesis
of copper nanoparticles.
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a b s t r a c t

With recent increasing trend towards development of ‘‘easy to fabricate’’ and simple millifluidic systems
that could provide required control as well as high throughput, we present here a demonstration of
potential opportunities for controlled droplet/slug formation within a flow-focusing millifluidic chip.
Numerical simulations supported by experimental evidence show that the millifluidic device provides
similar control in slug formation as in the case of microfluidic devices. More specifically, our investiga-
tions reveal that the acquired slug volume depends on the squeezing volume (Vsqueeze) and blockage vol-
ume (Vblock) in the squeezing regime. While the squeezing volume (Vsqueeze) can be tuned by manipulating
the flow rate of the continuous phase, the blockage volume (Vblock) depended only on the geometry of the
focusing region. Based on numerical simulations, two millifluidic flow focusing channel designs to pro-
duce small slugs were suggested. The slugs were utilized for the synthesis of uniform copper nanoparti-
cles. The findings are anticipated to have implications for a number fields ranging from fluid dynamics,
lab-on-a-chip devices, chemical engineering, nanomaterials synthesis, protein crystallization to advanced
drug delivery as well as chip fabrication.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

In the last few decades, major efforts by researchers have been
directed towards the development of miniaturized fluidic devices,
especially micro-scale systems, for a large number of applications
[1]. Due to their large surface-to-volume ratio, micro-scale devices
continue to offer several advantages. For example, minimal reagent
consumption, better reaction controls (i.e., efficient heat and mass

1385-8947/$ - see front matter � 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.cej.2012.11.111

⇑ Corresponding author at: Center for Advanced Microstructures and Devices
(CAMD), Louisiana State University, 6980 Jefferson Highway, Baton Rouge, LA
70806, USA.

E-mail address: ckumar1@lsu.edu (C.S.S.R. Kumar).

Chemical Engineering Journal 217 (2013) 447–459

Contents lists available at SciVerse ScienceDirect

Chemical Engineering Journal

journal homepage: www.elsevier .com/locate /cej

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.cej.2012.11.111&domain=pdf
http://dx.doi.org/10.1016/j.cej.2012.11.111
mailto:ckumar1@lsu.edu
http://dx.doi.org/10.1016/j.cej.2012.11.111
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej

