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Objective

sty stationary

. Todesign a simple valve/pump errofluid permianry
. . plug 'f"ll'lilﬂll.l..'l
which can be: 7 &

« Easily fabricated and cost
efficient
= Readily controlled

= Compatible with many By

pranslating,

microfluidic devices ferrofluid

« Our method: using oll-based |
ferrofiuid (FerroTec) or a mixture of
paraffinwax and ferrofiuid B

= Wax provides good sealing |
= Ferrofluid easily controlled by ioirie
magnet i

Ferrofluid pump/valve using rotating magnet for manipulation

Hatch et al. J. Microelectromechanical Sys. 2001, 10.



Background

« Microfluidics Incorporates the study. Topien Side view
and application of precise control '
and manipulation ofi micro to nano
liter velumes of fiuid

« Current valve/pump methods:

= Hydrogel

= Phase-changing

=« Electrical actuation

« Paraffin wax or ferrofiuid alone
* Some Issues

= Electromechanical and kinetic
actuation are usually expensive
and complicated

m FerrOﬂL“d by |tse|f Cannot ;gg;ﬂgs&%i&g;f:;{yens]etric changes in response to liquid filling
sustain a pressure differential '




Application

* “Eluid train” propelled by magnet where different agueous
samples are separated by immiscible slugs

= Rapid tests for protein analysis in a solution

= Design utilizes chemiluminescent technology where specific
antibedies bound to the ligand emit light with the addition of

detection reagent

I

-l.-lv 44 Luminescent Antibody Buffer Wash Analyte

Ferrofluid Immobilized Antibody

Prototype design for microfluidic chip



Preliminary: Steps

« Mixing different volumetric ratios of
parnaffin wax and: ferrofiuid

+ Ferrofluid/ferro-wax pump in
macrescale glass tulbe

+ Observing the behavior ofi ferrofiuid
with or witheut water on the surface
off PC (f||m deposition, Ferrofiuid slug separating clear and dyed water
hydrophobicity, leakage)

Different ratios wax : ferrofluid



Preliminary: Steps

* Eerro-wax pump operated at ~80 °C
to allew magnetic control

« Only one ferrofluid slug and magnet
to drive a train of fluids

« Ferrofluid pump in PC microe channel

3 ferrofluid slugs 2 ferrofluid slugs



Obsenvations / Preliminary Results

. For the ferro-wax pump presumably

Eerrofiuid leaves coating on PC
surface (hydrophoebic), unlike glass
(hydrophilic)

Eerrofiuid / molten ferro-wax between
two water slugs in glass capillary .

= No noticeable film, residue, or Ferrofiuid on PC
leakage when moving fluid slowly

s Faster movement creates more film
deposition and leakage

the entire operating area is heated,
as a result, this device cannot
contain heat-sensitive solutions

Ferrofluid on glass



Surface Treatments

- Film left by ferrofluid may cause

ISSues with biocompatibility in

channel

\arious treatments tested to ”~

render PC channel hydrophilic, e
such that ferrofiuid behaved like I E—

; . Untreated PC Glass
In'a glass capillany

+ 0, (<109), Ar (47°)

- Spin-on Glass (SOG; I.e. SIO,)
(~35%)

- Polyvinylpyrrelidene (PVP)
following treatment by argon

paamaor s scvaion [

(~1OO) 0, Plasma PVP




Results of Surface Treatments

F= ) =

<

= |eft some film even during slow i;_
movements ey ; E i g
O, plasma i o

= No film even during relatively —wo——
fast movement peiERIEd O, plasma

SOG
= No film during slow movement
PVP

= No filmreven during fast
movements

1o test channels, pieces fixed
together temporarily by vice

Ar plasma

i ,l ‘- »

= Capability of pumping multiple '
e

Argon + PVP SOG







Conclusion

Most appealing results using PVP. treatment
« Ability to treat channel after thermal bonding
= Some PVP sealing for PC chips

= Pump multiple slugs ofi ferrofluid without neticeable leakage
TThermal bending ofi PC reverses plasma treatment
For chemiluminescence application, it was found that applying

film of ferrofluid to a membrane before addition of detection
reagents, and rinsing it did not affect the emitted light

Acetone eats through PC depending on exposure time, however
PVP coating fills holes produced from the acetone



Euture Work

Ferro-wax valve tests in PC
micro channel

Eurther experimentation with
plasma bending for PC

Investigation ofi PVP bending

_eakage measurements of
agueous liguids across the
ferrofiuid pump

Designing a microfluidic chip
utihizing ferrofiuid pumps and
chemiluminescent technology
for disease diagnosis purposes

Ferro-wax valve design
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