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Abstract 
This paper presents a novel phase change microvalve using a paraffin-based ferrofluid plug 
(called “Ferro-Wax”).  The Ferro-Wax plug is essentially leak-proof because of the phase 
change nature of the material; once the plug is solidified, it forms a solid seal.  The 
meltable magnetic plug changes the phase from solid to liquid by an on-chip heating and 
moves remotely in a channel by a magnetic actuation.  The reversible microvalve 
performed excellently up to 50 psi.  The ease of fabrication and integration makes this 
microvalve invaluable for a next generation lab-on-a-chip device for on-chip sample 
preparation and label-free detection, which is currently underway. 
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1. Introduction 
A phase change microvalve using a meltable magnetic material, which is paraffin-based 
ferrofluid [1], has been designed and tested. Previously two groups have reported thermally 
actuated paraffin microvalves: A reversible microvalve with external pneumatic air/vacuum 
systems [2] and an irreversible microvalve without external pneumatic air/vacuum systems 
[3].  Our novel microvalve using the paraffin-based ferrofluid plug enables reversible 
operation without pneumatic air/vacuum systems.  The plug changes the phase from solid 
to liquid by an on-chip heating and moves remotely in a channel by a magnetic actuation. 
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Fig. 2 Feasibility demonstration: (a) the 
liquid Ferro-Wax heated to 80  on the 
hot plate, (b) the liquid Ferro-Wax in 
the presence of the magnet at 80 , 
and (c) the solid Ferro-Wax after 
cooled to room temperature in the 
presence of the magnet. 
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Fig. 1 Schematic diagram of the phase change microvalve 
operation: The valve is opened by addressing an electronic 
power to an integrated heater, changing the phase of the 
plug from solid to liquid, and moving the plug away from the 
Y-junction by the magnetic actuation. Closing the valve 
involves moving the liquid plug to the junction magnetically 
thereby sealing the main channel. 
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2. Feasibility Test 
Fig. 1 shows the schematic diagram of the reversible microvalve operation.  The 
microvalve is opened by activating an integrated heater, changing the phase of the plug 
from solid to liquid, and moving the plug away from the Y-junction by the magnetic 
actuation.  Closing the microvalve involves moving the liquid plug to the junction 
magnetically thereby sealing the main microchannel.  Once positioned in either the closed 
or the open mode, the phase of the plug is changed to solid.   

We utilized a paraffin-based ferrofluid, which is a colloidal suspension of 
ferromagnetic nanoparticles of 10 nm in a paraffin wax carrier and is immiscible in water, 
for the phase change plug. The paraffin-based ferrofluids conform to the channel shape, 
potentially providing very good seals, and respond to external localized magnetic forces, 
providing easy actuation. The new meltable magnetic material, the paraffin-base ferrofluid 
(“Ferro-Wax”), was formed by 
mixing ferrofluids and paraffin waxes 
with a volume ratio of 1 to 2 (Fig. 2) 
[5]. The Ferro-Wax materials can be 
engineered from various ferrofluids 
and paraffin waxes with different 
volume ratios, to control the 
saturation magnetization, viscosity, 
and melting temperature. Since the 
melting temperature of the Ferro-Wax 
that we used in this work was in the 
range of 68 to 74 ºC (Fig. 3), the 
operation temperature of the 
microvalve was set to 80 ºC. 

3. Design and Fabrication 
The simple active phase change microvalve 
was fabricated on a silicon-glass hybrid 
device as shown in Fig. 4.  For injection of 
the paraffin-based ferrofluid plug, the chip 
(20 mm x 20 mm x 0.8 mm) was heated to 
80 ºC on a hot plate and the plug of 0.2 µL 
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Fig. 3 Melting curves of the pure paraffin wax and the 
Ferro-Wax were measured by slowly heating from 60 to 
90 °C by using a GenSpector® Micro PCR system [4]. 
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Fig. 4 Fabrication process flow for the silicon and 
glass sides of the microvalve. 
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Fig. 5 (a) The chip was heated to 80  on the hot 
plate and meltable magnetic plug of 0.2 µL was 
being loaded into the vent hole, (b) the molten 
plug was stopped at the Y-junction in the 
presence of the magnet, and (c) the plug was 
solidified after cooled to 60 .
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ABSTRACT 
We fabricated a reagent injection system for biological cell cultivating microchanber 

using 3-D sheath flow. A new concept of 3-D sheath flow scanner enables to introduce the
reagent specifically to target cell colonies cultivated in the microchamber.  After the 
feasibility studies using CFD simulation, the first prototype device was fabricated. Actual 
3-D reagent injection was confirmed with experimental evaluation using 2-D and 3-D
fluorescent observation systems.
Keywords: Cell analysis, Flow scanner, Sheath flow

1. INTRODUCTION 
Previous works described the methods of reagent delivery to a target cell such as patch

clump and sheath flow [1,2]. However these methods could apply to only isolated single
cell. In actual applications for cell function analysis, a reagent injection flow system to
stimulate the target cells of a tissue specifically has been requested. 

To realize the specific stimulation to the distributed cell colonies in a cultivating
microchamber, we proposed the 3-D sheath flow scanner, as shown in Fig.1. Cells are 
cultivated on the bottom of the microchamber and the reagent is introduced from the inlet 
located on the top of the microchamber. Eight inlets of the buffer flows are placed around
the reagent inlet. The direction and depth of the reagent flow are controlled specifically
by changing 8 buffer flow rates. In order to realize uniform flow conductance to all
direction, eight outlet channels are arranged radically. The reagent (e.g. drug, toxic) is
delivered to the target cell colony specifically, then protein productions are real time
monitored by means of fluorescent microscopy observed from a bottom side (e.g. 
fluorescent anisotropy, FRET)[3]. 

(a) Overview    (b) Cross-sectional view
Fig.1 Schematic concept of sample injection using the 3-D sheath flow scanner 
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was loaded into a vent hole (  500 µm). A magnet ( 1.5 mm x 1.5 mm) was placed on the 
top of the Y-junction.  Then, the molten plug moved into the microchannel (300 µm x 150 
µm) by capillary force and stopped at the intersection (Fig. 5).  

4. Result and Discussion 
The microvalve was characterized by measuring the maximum resistant pressure across the 
valve and the leakage flow in response to the upstream pressure (Fig. 6).  For the closed 
valve state, no detectable leakage was observed up to 50 psi, which was the maximum 
pressure that we could apply using a pressure regulator (Cole-Parmer, USA).  The Ferro-
Wax plug is essentially leak-proof because of the phase change nature of the material; once 
the plug is solidified, it forms a solid seal. 

5. Conclusion 
In conclusion, we have designed and tested the novel phase change microvalve using the 
paraffin-based ferrofluid.  The microvalve was simple to operate by the electronic 
addressing and the magnetic actuation. The reversible microvalve performed excellently up 
to 50 psi. Using the new meltable magnetic materials, Ferro-Wax, is invaluable for a next 
generation lab-on-a-chip device for on-chip sample preparation and label-free detection, 
which is currently underway. 
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Fig. 6 (a) Measurement set-up for the maximum resistant pressure and the leakage flow in response to 
the upstream pressure. (b) The upstream pressure was controlled by the pressure regulator up to 50 psi.




