Creation of a Dual Chamber Micropump using Rapid Prototyping
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Abstract

In this paper, we present the realization of a thyar micropump capable microfluidic systems cohtiTraditional
micropump fabrication techniques require the latdmaof etched silicon wafers for the creation otran size
fluid channels. The presented micropump usesddéige manufacturing process of rapid prototypiagliminate
multiple material layers for microchannel formatiohe pump consists of two 20 x 50 x 2.7 mm Ac@u&i10
ultraviolet-photocured layers, four internal diffushozzle elements, two parallel actuation chambargl an
encapsulated rare earth magnet in a silicone memalfia actuation. The driving force is generatgdab4.5Volt
3500 RPM commercially available DC motor with twagnets glued to each side of the shaft. A maximum
pumping rate of 2.9mL/min for deionized water wakiaved at the input power of 168.5mW.
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1. Introduction

The emergence of Microelectromechanical systemsMBEhas enabled a wide range of microfluidic system
control for the delivery of small quantities ofifls. Van Lintelet al. [1] presented the first piezoelectric actuated
silicon micropump. Since then, the majority of aepd silicon based micropumps use piezoelecttigation, [2],
[3]. With the growing importance of genomic, f@onomics, the delivery of medical drugs[3], anceegence of
Lab on Chip (LOC) systems, new microfabricatiorhteaogies for the realization of diversified actaatmethods,
and valving principles have been explored. Formgda, C. Yamahataet al [4] used powder blasting
microfabrication to create a multiple layer plagéorofluidic piston pump actuated by an exter@akrearth magnet.

Reciprocating micropumps are generally characteériae an actuated membrane, two unidirectional \\lead a
single pumping chamber. In diaphragm pumps tlieadéed membrane causes a periodic change of vaiorbe
converted into a pulsed flow. Pulsed flow is calisg a periodic stop and sudden burst of fluid nmo&et through
the outlet valve, supply mode and pump mode, reés@de A variety of actuation mechanisms and vady
systems provide the principles for controlled flamdvement. Such actuation mechanisms include pleetic [5],
electrostatic [6], and electromagnetic [7]. Reécstudies of reciprocating micropumps have explomgnets
encapsulated in membranes. Actuation is providedrbelectromagnetic [4, 7] or an electric motothvembedded
magnets on the shaft [8]. Adopted valving systémkide passive check valves [7], valveless raxttfon [8, 9],
and ball check valves [8 T pan]. Regardless tfamn mechanism and valving system chosen, potséiow is
present within reciprocating pump designs. A. Qfsebal [10] discussed the parallel arrangement of a double
chamber diffuser pump. Such a pump contains twoging chambers and one actuated membrane. Thiepara
arrangement of pumping chambers reduces pulsatowy By simultaneously creating a supply mode in one
pumping chamber, and a pump mode in the other.orEtieally, the pumping rate of such a pump wouwdtwice
that of a pump with a single pumping chamber [10].

There are advantages and disadvantages associdtatievmany manufacturing techniques used forctkation of
micropumps. Refer to [3] for a review of the teicjues and characterizations of such micropumpse t&bhnique
of Rapid Prototyping (RP) for the creation of mituaic systems is relatively unknown. One of fee studies of



RP used microfluidic control was conducted by MJarrozzaet al [11] on a piezoelectric micropump fabricated by
stereolithography (SLA). RP is an additive mantifdng process allowing the creation of solid okgedirectly
from CAD files. The additive nature of RP allove tfabrication of hidden geometric channels, lessriction of
channel curvatures, and the possibility for greéitdd flow control i.e. laminar v.s. turbulent.n laddition, RP
reduces the layer lamination processes associathailicon LOC designs.

In this paper we present the realization a thresedsional (3D) microfluidic pump. The pump corsist parallel
pumping chambers fabricated on two photopolymerizechp bodies, valveless rectification, and an eswiaped
rare earth magnet in a silicone membrane. Actoatiothe parallel pumping chambers is provided hytating
electric motor fitted with bonded magnets on thafshFlow rates of 2.9mL/min and backpressuresoup4mm of
H,0 were achieved.

2. Working Principle and Design

The micropump is based on the reciprocating motiba flexible diaphragm to periodically and simuaksusly
increase and decrease two parallel pumping chamblemes (Fig 1a). The pump has two parallel pumpin
chambers actuated by a single silicone membrarteamitencapsulated magnet. Fluid displacementhieaed by
an electric motor with twal 6.35 magnets glued on the rotating shaft.

Two diffuser/nozzle elements are located in eactrapump layer (Fig 1b). The nozzle/ diffuser elamiengths
and widths are scaled 5, 4 times larger, respdgfivhan S.M. Szeet al [12] reported for a piezoelectric
micropump. The diffuser/nozzle elements are of fthewalled type with length (L) 15mm, depth 0.5mimlet
width (wy) 0.48mm, outlet width (yy of 2.56mm, and a nozzle to diffuser ang®)(of 7.93. The nozzle/diffuser
element contains one rounded corner (curvaturemmplcausing the nozzle element to be 1.26mg); (&l other

nozzle/diffuser corners are sharp. Pumping chambdiameter (B is 14mm (Fig 1b).
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Fig. 1. (a) Schematic diagram of two parallel pumgpchambers actuated by external electromagngt&dbmetric
parameters of the nozzle/diffuser elements; onpeselayer.

3. Fabrication of the Micropump
3.1. Stereolithogr aphy

A 3D Microsystems stereolithography machine, SLA@G, fitted with a solid state frequency .01 indandeter
laser fabricated the pump bodies and the microatlarfrom a CAD file. Accura ® SI10 ultraviolet-piocurable
polymer resin was used. The stereolithography gg®aequires supports during normal constructiéior the
creation of unobstructed microchannels, interigrpsuts were removed during set-up, and the pumpan@asnged
to minimize support interference. To increase theolution of the fabricated microchannels smadtdee
preserving compensation was chosen. Layer thickwas adjusted to .005 inch layers and the lasamsieg speed
was program defined.

Once the pump body is fabricated, the parts areeglan an agitating tank filled with Tripropylendy@ol Methyl
Ether (TPM) solvent to remove excess resin and weakegriextsupport structures. Exterior support strreguare
then removed, and denatured Alcohol 190 is usedrtmve resin from the microchannels. Cleaned piece then
placed in a Post Cure Apparatus (PCA) fitted with\alight to for 10 minutes.

3.2. Valveless Rectification For mation

Formation of the defined nozzle/diffuser parameigimportant for net fluid movement and pressuwrddop. The
average, maximum and minimum nozzle/diffuser meaments of five different micropump layers (n=10)reve
used to compare valveless rectification channeh&tion. Measurements of the fabricated nozzle/séfuwidths
(wq,wp,W3), length (L) and pumping chamber diametey) (Rere conducted on an optical comparator. Gathere
measurements were then compared to the dimensidhs computer aided model (CAD) micropump filegF2.).
The collected data indicates the nozzle width ef dltlet valve () contains the greatest error. The remaining
nozzle/diffuser data indicates a consistent foromif the valveless rectification channels. A tgeasample
population is needed to confirm the former condnsi

3.2. Silicone M embrane with Embedded M agnet and actuation mechanism

A commercially availabl&] 4.9 x 1.5mm rare earth magnet is encapsulatedilicane membrane. The membrane
negative is created in polycarbonate Lexan® fakeatdy normal CNC techniques (Fig. 3a). The madinocess
relies upon a two step flip over mold. Initialllget magnet is placed in the center of the membramid, then,
degassed Rhodosil® V-340 CA-55 silicone is pourtegh dhe magnet and compressed between two molédhalv
After the silicone is cured, one mold half is remdvand rotated 180 To complete the membrane, degassed
silicone is poured atop the exposed magnet (Fiy.aBol compressed between the mold halves. Therootes
silicone membrane has an external diameter of hnb8Fig. 3c.).



Two []6.35 x 2.54mm magnets are glued to the shaft adrantercially available 4.5 Volt 3500 RPM electric

motor (Fig. 4.).
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3.3. Assembly

Figure 5. depicts the assembly process. The bgitonp body layer contains a one millimeter .4 degpextrusion
for the silicone membrane to rest upon. The men®is bonded to the mentioned cut extrusion by Tddabbies
thick CA glue. To create the closed circuit miarogp, glue is applied to the surface of both pumgybayers and
the outer edges are lined up. Excess glue is nErniito ensure glue does not obstruct the micrasdlan Channel
interconnectivity between the two layers is checkgdpassing compressed air through the microfludbeice;
however, unobstructed channels are not known dyéitl liquid is pumped through the device (Fig. 5b).

4. Experimental setup

To standardize the experimental data, the magnetth® motorized shaft were concentrically aligneithwthe
diameter of the encapsulated magnet. Then, thenD©r with bonded magnets on the shaft (actuatevice) was
glued to an aluminum block, and the micropump wa®djto a piece of polycarbonate® Lexan. A distan€
3.83mmwas measured between the magnets on the actuatchamsm and the encapsulated magnet in the
membrane. At this distance, the encapsulatedos#icmagnet and glued magnets on the actuation misaha
created a magnetic field of 11.6mT and 72.7mT, eetpely. After ensuring the micropump and actmati
mechanism were properly secured, rubber hosesaniit2.54mm interior andd 3.33mm exteriowere connected

to the inlet and outlet channels. The free endb®hoses were placed in DI water.

A 6 volt triple DC power supply provided a varialplewer source to the DC motor. Different voltage amperage
readings were observed and used to calculate powmsumption verses pumping rate and millimeter roolu
heights of water.

5. Results

Figure 6. represents the power consumption of teation mechanism for a particular pumping rate rpmute.
The lowest pumping rate reported is 2.5 mL/min pbaer consumption of 96.6mW. Lower power wattagese
attempted; however, the power was insufficient.e Highest pumping rate of 2.9mL/min was achieved 6.5
mW. Power wattages above 168.9mW were too fasth®rmagnetic fields to actuate the encapsulateghata
Consequently, the principles needed for recipragatiicropumps was not met; pumping rate went donchpower
consumption increased.

Figure 7. represents the power consumption of theation mechanism for a particular backpressuriae lowest
backpressure is observed at 96.6mW with a 48mnmuolaf H,0. The highest pressure observed is at 215.7mW
with a 54mm column of K. Power wattages above 215.7mW were too fastiomtagnetic fields to actuate the
encapsulated magnet. Consequently, the backpesssanling went down and power consumption increased

Self priming of the micropump was achieved twidgountless attempts to repeat self priming were coessful.
Additional tests and models are needed to contiercharacterization of the micropump as self primin

6. Conclusion

The results reported provide evidence for the citipalbof rapid prototyping to produce functional cnopumps.
Future explorations of the RP manufacturing procesgd seek to incorporate an encapsulated memizharieg
the build process. Such endeavors could realieecteation of a micropump in one manufacturingcess.
Additionally, the successful actuation of the erstdated magnet adds to the growing research ofaimpump
designs.

To reach the limits of the dual membrane micropuotpre research is needed to decrease power comtisump
increase pumping rate, and increase backpressure.
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