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In this article, we describe a microfluidic device with embedded valves and pumps made exclusively of

layers of acrylic glass. Flat acrylic sheets are carved out with a micromilling machine and bonded together

by solvent bonding. The working principle of the valves is based on a thin flexible membrane (≈100 μm)

machined on one acrylic sheet and actuated with pneumatic pressure. A completely closed valve resists a

pressure difference of ≈17 kPa (≈2.5 psi), and when open, it can sustain flow rates of up to 100 μL s−1.

Pumping is achieved by combining two valves and a pumping chamber in series, which is also based on

the bending of a thin acrylic membrane. The maximum flow rate obtained with this pumping mechanism is

20 μL min−1. Acrylic is a popular rigid thermoplastic because it is inexpensive, making it ideal for mass pro-

duction of disposable devices, and also because it has demonstrated compatibility with different bio-

chemical assays. The physical and optical properties it shares with other thermoplastics could lead to this

material being implemented for similar valves and pumps. As a proof-of-concept of our technology, we

implemented a controlled cell-staining assay in two parallel incubation chambers integrating four valves

and one pump into one device. Our monolithic acrylic valves can enable the mass production of dispos-

able microfluidic devices that require fluid control with pressure-actuated valves and aid in the automation

of biochemical assays.

1 Introduction

There has been mounting interest in both industry and acade-
mia to develop microfluidic devices made of plastics because
of their amenability to high-volume and fast production rates,
as well as their compatibility with different bioassays.1,2 Ther-
moplastics are extremely inexpensive materials, ideal for the
commercialization of microfluidic devices because they can
be manufactured in large volumes at low cost employing a set
of replication and direct fabrication techniques, such as injec-
tion and compression molding, hot embossing, micro-
thermoforming, casting, micro-milling, laser ablation, or
plasma etching.3–6 Examples of thermoplastics include poly-
carbonate (PC), polystyrene (PS), polyĲmethyl methacrylate)
(PMMA), polypropylene (PP), polyethylene terephthalate
(PET), polyvinyl chloride (PVC), and cycloolefin copolymer
(COC), among others. In most instances, thermoplastics show
superior biochemical compatibility to silicon, glass and
PDMS,3,4 and a wide range of surface chemistry techniques

has been optimized for use with most of these
thermoplastics.5

In general, accessories used in biological and biochemical
laboratories are made of rigid thermoplastics: microwell
plates are made of PS, vinyl, PMMA, PP, or COC; transwell
plate membranes are made of PC and PET; PCR well plates
and centrifuge tubes are made of PP; Petri dishes and culture
flasks are made of PS and PP, and pipette tips are made of
PP. These plastics share similar mechanical, thermal, and op-
tical properties (see Table S1 of the ESI†) and can be
manufactured using the aforementioned fabrication tech-
niques. For years, biologists and biochemists have garnered
in vitro data using accessories made of these plastics – in the
case of cell biology, for many decades – thus, using micro-
fluidic devices made of other materials would likely entail re-
characterization of cell–material interactions, or adapting
their assays and surface chemistries to new materials. This is
one of several factors as to why microfluidics has not been
fully adopted outside academia, despite its well-known ad-
vantages. Yet, translating biochemical assays originally devel-
oped for microplates or tubes into thermoplastic microfluidic
devices has been relatively straightforward, as has been
shown in some cases for capillary electrophoresis,7 PCR,8

cell-free protein synthesis,9 screening of pharmaceutical can-
didates,10 cell culture,11–13 and ELISAs.14 However, these
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devices consist of simple microchannels or microchambers
lacking fluidic control elements; thus, a long-standing mile-
stone in the lab-on-a-chip field has been the development of
valves and pumps made exclusively from rigid
thermoplastics.

Microvalves and pumps are key components of most
microfluidic analytical systems; they help control and regu-
late flow within microfluidic channels allowing the automa-
tion of complex biochemical assay steps. Simple microfluidic
channels can be manufactured from virtually any material
employing a variety of microfabrication techniques; the most
common materials include glass, silicon, polymers, thermo-
plastics and elastomers. However, the moment microfluidic
valves and pumps are integrated into a microfluidic system,
its fabrication complexity increases considerably, often be-
cause it requires two or more different materials to construct
it.15 One of the most popular microfluidic valves is the
pressure-actuated valve. This valve consists of a control and
flow layer separated by a thin flexible material (typically an
elastomer) such that when the control channel is actuated,
the membrane deforms and pinches off or opens the flow
channel.16,17

There have been continuous efforts to develop microvalves
embedded in thermoplastic microfluidic devices, yet all of
these devices still rely on a soft membrane made of a mate-
rial different from the rest of the device.18–22 Examples of this
include membranes made of PDMS,23–26 Viton,20 thermoplas-
tic polyurethane,27,28 fluorinated ethylene–propylene
Teflon,29–31 and Fluorocur perfluoropolyether,32 which are
sandwiched between layers of PMMA, PS, PC, PP, PVC, or
COC. However, adding a layer of a different material imposes
several restrictions for potential mass fabrication of these de-
vices because of the increased number of assembly steps

and, in addition, because it would require adapting different
surface chemistries for each of the materials in contact with
a solution. Ideally, to facilitate their mass production, micro-
fluidic devices should be made of a single thermoplastic ma-
terial and be bonded using popular techniques, such as
thermal- or solvent-assisted methods. A notable exception,
though not entirely a thermoplastic, has been the recent re-
port on a 3D-printed microfluidic valve and pump.33 It
should be noted that the construction of microfluidic devices
made exclusively of thermoplastic elastomers34–37 is compati-
ble with some of the most common mass manufacturing
techniques.36 Yet, to date, demonstration of microfluidic con-
trol elements made exclusively of rigid thermoplastics, such
as PP, PS or PMMA, and standard materials for labware
where biochemical and cellular assays are traditionally
performed, has been scarce.38 Furthermore, developing a
working valve or pump using any of these materials may be
easily translated to the rest of the rigid thermoplastics.

In this paper, we describe the fabrication, operation and
performance of microfluidic valves made entirely of acrylic.
We show the integration of several microvalves and a pump
into a single device to trap cells into two different chambers.
This device demonstrates system complexity in addition to
embedding chambers and channels of different heights.
Trapped cells were then stained with different dyes and ob-
served under a fluorescence microscope.

2 Materials and methods
Microfabrication

1.3 mm thick acrylic sheets (ME303018, Goodfellow, USA)
were drilled using a 3D milling machine (MDX-40A, Roland
AG, Germany) with a two-flute, square end mill, 200 μm, drill

Fig. 1 Schematic representation of a cross-sectional view of the closed (A) and open (B) microfluidic valve. (C) Three-dimensional view of the
microvalve. (D) Cutaway of the valve. (E) A photograph from the bottom of the valve filled with red ink. (F) Micrograph of the cutaway of a device
showing a valve, microfluidic channels and tubing of image (E). The different parts of the valve indicated in panels (A), (C), (D) and (F) are: a. pneu-
matic control layer, b. valve flow layer, c. principal flow layer, d. machined acrylic membrane (diameter = 3 mm, thickness = 300 μm in the central
part, and 100 μm elsewhere), e. machined acrylic tubing coupling, f. pneumatic control line, g and h. square flow channels (width = depth = 200
μm).
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bit (Kyocera, 1600-0080L012). The flow channels were drilled
according to the design shown in Fig. 1 on two “flow” sheets
(sheets b and c) using a spindle speed of 15 000 rpm and a
feed rate of 1 mm s−1. With this method, the minimum width
of the channels is limited by the size of the drill bit. Struc-
tures as thin as 50 μm can be made with a drill bit of similar
size,39 although they are more fragile. Channel depth is a pa-
rameter that is easier to control; we regularly fabricated 200
μm-deep channels but it is possible to make channels as
small as 5 μm deep.40

The thin flexible membrane is made by drilling a circular
pit on a “control” acrylic sheet (sheet a in Fig. 1) using a 0.5
mm drill bit (Kyocera, 1610-0200L060). The diameter of the
pit is 3 mm while the thickness of the membrane is 100 μm.
Such a small thickness can be achieved thanks to the 2 μm
vertical mechanical resolution of the milling machine. In ad-
dition, setting the “zero” vertical position (z-axis) on the sur-
face of the workpiece table where the acrylic sheets are
placed allowed us to achieve almost identical thicknesses, in-
dependent of the uniformity of the acrylic sheets. We fabri-
cated twenty membranes on four acrylic pieces and found an
average thickness value of 97 μm with a standard deviation
of 2 μm. Details of this experiment can be found in the ESI.†

We found that flat membranes were prone to deformation
so we increased the thickness to about 300 μm of the region
where the membrane makes contact with the rim of the chan-
nel below it. The characterization of the deformation of the
membrane as a function of membrane thickness is included
in the ESI.† We believe that fabricating thinner membranes
could be achieved by employing a combination of micro-
fabrication techniques like electroplating and hot embossing.

Holes and tube–sheet coupling (part e in Fig. 1), which
connect the plastic tubing to the chip, are made using the
0.5 mm drill bit. The tube–sheet coupling is made with the
same kind of acrylic sheet as those used for the rest of the
valve. We were able to fabricate five devices like the one
reported in Fig. 6B before the drill bit surface started wearing
off which thus altered the finish of the micromachining.

Bonding protocol

The machined acrylic sheets are placed on top of a 3 mm-
thick glass substrate, which is then positioned inside a Petri
dish with the bonding side facing upwards. Everything is
placed inside a larger dish partially filled with water (Fig. 2A).
Next, the flexible membrane and the valve inlet are covered
with small patches of PDMS in order to protect them from
being attacked by the solvent and prevent their bonding. One
milliliter of chloroform is poured into the Petri dish around
the glass sheet without touching the acrylic sheets. The Petri
dish is then closed to create an atmosphere saturated with
chloroform (Fig. 2B). After three minutes, the Petri dish is op-
ened, the PDMS patches are removed, and the sheets are
manually aligned and gently pressed against each other
(Fig. 2C). The alignment of the sheets is easily achieved by
using aligning structures included in the design, which are

schematically represented in Fig. 2. Finally, the system is
placed in a home-made mechanical press to apply a pressure
of 18 kg cm−2 at 85 °C for 15 minutes. This bonding protocol
is based on the method reported by Ogilvie et al.,39 and we
have added the use of the protective PDMS patches as a cru-
cial element to make the flexible membrane functional. One
could imagine that, in scaling up this process, a jig with
PDMS patches could be designed such that it is easily aligned
with the acrylic sheets in an automated process. Fig. 2 shows
the bonding between the control layer and one of the flow
layers, however the bonding of a second flow layer employs
the same protocol.

An important advantage of this bonding protocol is that
the chloroform helps diminish the roughness of the milled
channels by “polishing” the surfaces exposed to the solvent
and thus increase their optical quality.39

Valve set-up

Once the acrylic layers are bonded, the coupling and the ex-
ternal tubing (Tygon, ND-100-80, I.D. 0.02″, O.D. 0.06″) are
glued to their corresponding inlets using regular glue
(Resistol 911, Henkel). The pneumatic control line (tube f in
Fig. 1) is connected to a series of pneumatic valves (MH1,
Festo, USA), which in turn are connected to an air compres-
sor set at a manometric pressure of 172 kPa (25 psi) and to a
vacuum pump (manometric pressure of ≈−96.5 kPa). The
pneumatic valves are controlled using a computer, allowing
the microfluidic valves to alternate between applying pressure
and vacuum in the chamber above the membrane, thus

Fig. 2 Bonding protocol. (A) The flow and control sheets are placed
on a glass platform inside a Petri dish and, subsequently, everything is
placed inside a larger Petri dish partially filled with water. (B) An
atmosphere saturated with chloroform is created inside the dish but
the flexible membrane and the valve inlet are covered with small
patches of PDMS to protect them from being attacked by the solvent.
(C) After 3 min, the PDMS patches are removed and the sheets are
aligned (using complementary small guides drilled on both sheets) and
pressed against each other. A third acrylic sheet can be aligned and
bonded later using the same procedure.
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opening and closing the microfluidic valve by deflecting the
membrane up and down (see Fig. 1).

The vast difference in the microchannel's flow rate when
the valve was open or closed upon applying a forward pres-
sure compelled us to use two different methods to measure
the flow rate. Large flow rates obtained with the valve open
were measured by connecting the outlet of the microchannel
through a long tube onto a precision balance: the rate of
change of weight registered by the balance gave the flow rate
through the valve. Small flow rates generated with the valve
closed were measured by monitoring 1 μm polystyrene tracer
particles (Fluoresbrite 18660-5, Polysciences, Inc.) flowing in
the center of the channel with an optical microscope. We es-
timated the total flow rate using the relationship between the
maximum velocity and flow in a square channel.

Cell staining methods

THP-1 cells, a pro-monocytic cell line, were cultured in RPMI
1640 (21870-076, Thermo Fisher Scientific Inc., USA)
supplemented with 10% fetal bovine serum (FBS, 16000-036,
Thermo Fisher Scientific Inc., USA), 2 mM L-glutamine
(35050-061, Thermo Fisher Scientific Inc., USA), 4500 mg L−1

glucose (G8644, Sigma-Aldrich Co., USA), 10 mM HEPES
(15630-080, Thermo Fisher Scientific Inc., USA), and 100 nM
penicillin/streptomycin (15140-122, Thermo Fisher Scientific
Inc., USA). Before performing the experiment, the device was
cleaned and sterilized by flowing 70% ethanol; subsequently,
the device was filled with RPMI medium. Cells were injected
manually with a syringe into the chambers of the device at 1
× 106 cells per mL through the outlets located after the cham-
bers. Since THP-1 cells are not adherent cells, they were
allowed to settle at the bottom of the chambers before
injecting the stains. Cells in the first chamber were stained
with fluorescent calcein AM (ex/em ∼495 nm/∼515 nm;

Thermo Fisher Scientific Inc., USA) to indicate intracellular
esterase activity and therefore cell viability. Next, cells in the
second chamber were also stained with calcein AM. Finally,
the cell nuclei of the second and the first chambers, in that
order, were stained with Hoechst 33342 (ex/em ∼361 nm/
∼497 nm, Thermo Fisher Scientific Inc., USA). 2 μM calcein
AM and 10 μg mL−1 Hoechst were flowed at a rate of 270 μL
h−1 for 10 min into each chamber independently. The valves
of the device were controlled as previously explained. The ex-
periment was performed at room temperature, and cells were
observed with a 10× objective. Bright-field and fluorescence
micrographs were obtained with a motorized inverted Zeiss
microscope (Axio Observer A1, Carl Zeiss Microscopy GmbH,
Germany) with a 14-bit monochrome camera (Zeiss Axiocam
506 Mono).

3 Results and discussion
Valve design and performance

Our acrylic microfluidic valves consist of two flow layers and
a third layer for pneumatic control. Fig. 1 shows a schematic
representation of the cross-section of the closed (A) and open
(B) valve, a three-dimensional design (C), and images of a
valve (D–F). A microfluidic channel (g) on the upper flow
layer (b) is connected to a circular pool, which has a hole in
the center with a rim through which fluid can flow in or out
of the flowing zone between layers (b) and (c). The rim has
the same height as the depth of the microfluidic channel.
The pool is covered with a thin 100 μm acrylic membrane (d)
which is part of the control layer (a). The central part of the
membrane has a thickness of 300 μm to avoid deformation
during the fabrication process and improve the sealing of the
valve. The empty space above the membrane is closed using
a machined tube–sheet coupling (e), which allows its connec-
tion to the pneumatic control line with Tygon tubing (f).

When pressure is applied to the pneumatic control line,
the membrane is pushed against the ring in the center of the
pool and the valve is closed (Fig. 1A). When vacuum is ap-
plied, the membrane deforms upwards and the valve opens
(Fig. 1B). The mechanical properties of the membrane were
reported in our previous work41 where we found that the
membrane has a Hookean elastic constant of κ ≈ 7.07 × 104

N m−1, which corresponds to a maximum displacement of
the center of the membrane of ±10 μm when subjected to
manometric pressures of ±96.5 kPa (±14 psi).

The geometry and working principle of this valve follow
similar principles reported for other PDMS-based micro-
fluidic valves,22,33,42,43 however our device is entirely made of
acrylic. Ordinarily, the membrane is made of a soft material
(e.g. elastomer), which has the advantage of being able to seal
better the valve hole. These valves can resist a forward fluid
pressure as high as 45 kPa without leakage,42 compared to
the 17 kPa our valve can sustain, albeit at the cost of increas-
ing fabrication complexity and employing two different mate-
rials. The quality of the seal of our valve is affected by the
maximum deformation of the membrane (see the ESI†) and

Fig. 3 Flow rate through the valve as a function of the forward fluid
pressure. The black squares show a linear relationship between the
flow and the pressure when the valve is open. The white squares show
that the valve impedes flow without leakage up to a forward pressure
of ∼20 kPa.
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the roughness of the rim. This roughness is the result of the
micromilling process, a similar phenomenon which has been
observed in pillars fabricated using the same technique.44 This
roughness could be reduced by exposing the rim to a solvent39

before sealing the device; though in our current protocol, this
part of the device is not exposed to the solvent during the
bonding protocol because it is covered with a PDMS patch.
However, we believe that making these structures by electro-
plating and hot embossing would eliminate this problem and
thus improve the sealing. Overall, the fabrication of our device
is less complex and can easily progress to mass production as
it consists exclusively of monolithic acrylic parts.

We tested the performance of our microvalve by applying
different values of forward liquid pressure and measuring the
resulting flow rate, both with the valve open and closed.
Fig. 3 shows the resulting flow rate through the microfluidic
channel as a function of the forward pressure. When the
valve is open, the flow rate scales linearly as a function of
pressure. When closed, the valve is capable of resisting a for-
ward liquid pressure of ∼17 kPa (∼2.5 psi) with it being
completely sealed. The inherent rigidity of acrylic is the main
limiting factor to the flow rate when the valve is open. The
maximum deflection of the membrane could be improved by
making a larger membrane or by reducing its thickness, al-
though our fabrication method imposes a limit to the varia-
tion of these parameters because the membrane becomes de-
formed when it is too thin (see the ESI†).

Pump design and performance

A microfluidic pumping system is made by machining two
valves on the extremes of a microfluidic channel and a
pumping membrane in between (Fig. 4). Compared to a sin-
gle valve, the pumping membrane does not have a hole and
ring in the center of the circular pool in the flow layer. Fig. 4
shows such a pumping system where the valves are
connected to microfluidic channels in the second flow layer.

Both valves and the pumping membrane in Fig. 4 are
connected to solenoid valves controlled by a computer, which
allows the valves and pumping membrane to alternate simul-
taneously between pressure and vacuum in the chambers
above the flexible membranes. Opening and closing the
valves and pushing the flexible membrane up and down in a
coordinated way can generate a net flow through the micro-
fluidic channels. Depending on the order in which the cham-
bers are pressurized and de-pressurized, the flow can be di-
rected in either direction. For the particular case of a flow
from left to right depicted in Fig. 4, a pumping cycle would
consist of the following steps: 1) first, the input valve is op-
ened, the output valve is closed and vacuum is applied to the
pumping membrane to pull it up; 2) next, the input valve is
closed, the output valve is opened, and pressure is applied to
the pumping membrane to push it down. Fig. 5 shows the
flow rate generated by the pump as a function of the cycle
frequency, which demonstrates that the optimal frequency
for our system is between 6.5 and 10 Hz, frequencies at
which the maximum flow rate close to 0.4 μl s−1 is reached.
For larger frequencies, the volume pumped per cycle drops
drastically causing the flow rate to also drop, as can be ob-
served in the figure.

Application to differential cell staining

To test the functionality of the valves and the pump and their
use in biological assays, we designed and built an integrated
acrylic microfluidic device consisting of two cell chambers,
four microvalves, and a microfluidic pump. Differential
staining of cells is performed in two chambers with two dif-
ferent fluorescent dyes. Fig. 6A depicts a schematic of the de-
vice showing all its relevant elements. The device is made
with three acrylic sheets drilled, aligned, and bonded to-
gether. Fluidic microchannels are machined in two layers of
the device and connected by holes. The microfluidic channels

Fig. 4 Two valves and a pumping membrane are connected in series
to create a pumping system. A schematic representation of the pump
is shown in (A) and a picture of the device filled with green ink is
shown in (B). Three acrylic sheets are aligned and bonded together.
From top to bottom: the pneumatic control sheet, the pumping flow
sheet, and the principal flow sheet.

Fig. 5 Flow rate and volume pumped per cycle generated by the
pump as a function of the cycle frequency. The optimal cycle
frequency is between 6 and 10 Hz where a maximal flow rate of about
0.4 μl s−1 is reached.
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are square, 200 μm per side. To enable the capture of mono-
cytes by sedimentation, the depth of the cell chambers (f and

g in Fig. 6) was designed to be deeper than the rest of the
microfluidic channels; the chambers had a diameter of 4 mm
and a depth of 0.5 mm. Fig. 6B shows a photograph of the
microfluidic device where red ink was flowed from left to
right through one chamber and blue ink through the other
chamber, demonstrating the correct performance of the de-
vice (see also Video S1 of the ESI†). A cross-sectional view of
a simpler version of the device is shown in Fig. 6C, where
only the pump and one cell chamber are shown. The two
microfluidic layers and the depth of the chamber can be
clearly observed.

Fig. 7(A) shows a schematic representation of the staining
protocol and Fig. 7(B) shows both chambers of the device
with independent staining for the whole experiment. THP-1
cells were introduced into the chambers and were allowed to
settle for 10 min (step 1 in Fig. 7). Next, calcein AM and
Hoechst dyes were introduced at different time points using
the on-chip pump. First, calcein AM (green) was flowed
through the first cell chamber, while the other cell chamber
remained closed by actuating its valves (step 2 in Fig. 7). The
micrographs in Fig. 7 show that the cells in the closed cham-
ber were left unstained confirming that there was no leakage.
Next, the valves in the second chamber were opened and cells
were also stained with calcein AM (step 3 in Fig. 7). Then, the
valve corresponding to the first chamber was actuated, and
the cells in the second chamber were stained with Hoechst
(blue), while the cells in the first chamber, already stained
with calcein, were left unstained (step 4 in Fig. 7). This

Fig. 7 Acrylic valves and pump allowing differential staining of cells inside the chambers of the device. (A) Schematic representation of the steps
followed for differential staining: step 1 - THP-1 cells are introduced into chambers 1 and 2; step 2 - cells in chamber 1 are stained with calcein
AM; step 3 - cells in chamber 2 are stained with calcein AM; step 4 - cells in chamber 2 are stained with Hoechst; step 5 - cells in chamber 1 are
stained with Hoechst. (B) Micrographs of the chambers of the device with the THP-1 cells after each staining step. The insets show cells in the
chambers in regions of ∼100 μm per side. More detailed micrographs of the experiment can be found in the ESI.†

Fig. 6 (A) Design of a two-chamber cell staining system. a. Valve-in 1;
b. valve-in 2; c. pumping membrane; d. valve-out 1; e. valve-out 2; f.
chamber 1; g. chamber 2. The small dots are connecting holes to ex-
ternal tubes. (B) Picture of the system where blue ink was flowed
through chamber 1 and red ink through chamber 2. (C) Lateral picture
of a simplified version of the device where only the pump and one
chamber were fabricated. The system is filled with green ink. The
deeper cell chamber can be seen in the principal flow sheet.

Lab on a Chip Paper



668 | Lab Chip, 2018, 18, 662–669 This journal is © The Royal Society of Chemistry 2018

corroborated the functionality of both valves. Finally, the
cells in both chambers were stained with both Hoechst and
calcein at the end of the experiment (step 5 in Fig. 7).

4 Conclusions

The rigid nature of acrylic might give the impression that a
microfluidic valve made exclusively of this material could not
be achieved. Generally, a pressure-actuated microfluidic valve
requires a flexible membrane to open and close a micro-
fluidic channel. The modulus of elasticity of PDMS can reach
up to 5 mPa; in contrast, rigid thermoplastics have a Young's
modulus that ranges from 1–10 GPa,37 that is, three orders of
magnitude larger. This is probably one of the reasons why
soft elastomers have been employed to make pressure-
actuated microfluidic valves, but this nevertheless requires
other rigid materials to provide support. However, this im-
poses several restrictions on the types of materials that can
be used to seal against the membranes and thus defines the
types of bonding techniques to assemble them. Also, surface
chemistry for at least two different materials has to be con-
sidered for this type of microfluidic device.

In this article, we have shown that thin acrylic membranes
can be made flexible enough to build functional microfluidic
valves. We also showed that these valves can be fabricated
with a regular milling machine and bonded using a combina-
tion of solvent and heating pressure. The demonstration of
our valves and pumps made exclusively of a thermoplastic
paves the road for the development of inexpensive, mass-
produced devices with complex functionalities. Although we
employed acrylic to fabricate our devices, we believe that the
design of our valves and pumps could be adapted to other
thermoplastics.

The quality of the sealing when the valve is closed can re-
sist forward liquid pressures up to 17 kPa while the pump
can achieve flow rates as high as 20 μL min−1. We were able
to integrate several valves and a pump, together with cell cul-
ture chambers, into a single device. We used this device to
trap cells and stain them, demonstrating the ability of our
technology to perform a biochemical assay. One current limi-
tation of our acrylic valve is its comparatively larger size,
measuring about 3 mm in diameter. However, by employing
other microfabrication techniques, such as electroplating and
hot embossing, a decrease in the diameter and the height of
the membrane could be attainable.

Veres and coworkers34–37 have demonstrated microfluidic
valves and pumps made entirely of thermoplastic elastomers,
materials with similar characteristics to PDMS yet also being
thermoplastics, which as such is a very promising technology
for producing monolithic microfluidic devices. Whether this
new material or the plastics discussed in this article could be-
come the standard, or suitable, material for developing
microfluidic devices in industry or academia would ulti-
mately depend on, among others: (i) the type of bioassay to
be implemented, (ii) the difficulties in adapting biochemical
and cellular assays already well established for materials such

as glass and rigid thermoplastics (i.e. PS, PP, PC, PMMA) to a
new material, (iii) in the case of a new material, the valida-
tion of its effects on cellular assays, (iv) the availability of dif-
ferent surface chemistry protocols, (v) the compatibility with
different readout techniques, (vi) the facilities and costs with
which the material could be adapted to large-scale produc-
tion techniques, (vii) the availability of rapid prototyping
techniques that can quickly translate a prototype into a mass-
producible microfluidic device, (viii) the number of steps and
complexities required to assemble and bond such a device,
and finally, (ix) the availability of fluidic control elements,
such as valves and pumps.
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