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Particle size distribution

The colloidal suspension used in this study consist in carboxylate-modified latex beads purchased from
Invitrogen. Each suspension is filtered through an 8 µm track-etched membrane filter (Whatman Nu-
clepore) directly before experiments. This eliminates particles and aggregates which would immediately
clog the array through sieving. The particle size distribution is shown in figure 1.

Figure 1 – Summary of Experiment. (1a) Schematic of the experimental process flow. Pressure is enforced to drive the suspension flow 
along the red path, through the microfluidic device. A flow sensor measures the flow rate, while a camera (not shown) records the clogging 
dynamics. (1b) Size distribution of suspended particles immediately after filtration though and 8um filter, with a sample size of 20 thousand 
particles.
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In this work, we investigate a range of pulsatile amplitudes dP
and frequencies f as they relate to clog mitigation in a microp-
orous array. The array, shown in Figure 1a, is similar to a con-
ventional filter in geometry, consisting of identical periodic pores.
We enforce the instantaneous driving pressure DP in all of our ex-
periments while directly measuring the total flow rate q through
the array. We combine the flow rate measurements with video
footage to correlate clogging at the individual pore scale with
flow rate at the whole device scale. We also highlight some clog-
ging and unclogging scenarios that explain our observations and
shed light on the mechanisms behind pulsatile clog mitigation.
Generally, pulsatile flows result in a dynamic force environment
that can delay clogging by (a) re-suspending particles that were
previously deposited, (b) rearranging the filter cake to improve
its permeability, and (c) ejecting clogged particles in the case of
flow-reversal.

2 Experiments

2.1 Overview of Microfluidic Chip

The microfluidic array, pictured in Figure 1a is fabricated out
of PDMS (Sylgard 184) through soft lithography and plasma-
bonding to a PDMS-coated slide. This ensures that all internal
surfaces are the same material. Plasma-bonding leaves the sur-
faces temporarily hydrophilic and they slowly recover their hy-
drophobicity over time. Uncontrolled hydrophobicity could cause
different clogging rates between experiments. To address this, all
devices are thermally annealed at 120 oC for at least three hours
prior to experiments to ensure consistent hydrophobicity.39,45

The array consists of 40 microchannels, each with a minimum
constriction of 10 µm and a channel depth of 13 to 15 µm. The
parallel channels connect two large reservoirs, which serve as the
inlet and outlet for the suspension flow. Each reservoir has 9 large
pillars which serve as anchors to minimize pressure-induced de-
formation. Deformation is undesirable in these experiments, as
it makes the pressure-flow rate relationship nonlinear, and could
also cause particles attached in the reservoir to shift and migrate
down to the array. This would influence clogging in an uncon-
trolled manner.

2.2 Suspension Properties and Preparation

The suspension is comprised of pure water (Millipore Milli-Q),
100 mM NaCl (Sigma-Aldrich), and 2 µm carboxylate-modified
latex beads (Invitrogen) at a volume fraction of f = 0.3%. At
this volume fraction, the suspension viscosity remains unchanged
from water, while also minimizing the probability of bridging
events.17 The beads have a density r = 1.055 g cm�3 at 20 oC,
thus sedimentation is negligible for the duration of each experi-
ment (5-10 hours). The particles are stable up to 1 M univalent
salt, and even higher based on our testing shown in the supple-
mentary details. Without the addition of salt, we encountered
extreme variation in clogging times. We believe this may have
been due to streaming electrification, which can occur when ul-
tra pure water flows past insulating surfaces.46,47 The addition
of salt prevents charge accumulation and dramatically improves
the repeatability of experiments. Besides, the addition of salt is

  

Figure 1 – Summary of Experiment. (1a) Schematic of the experimental process flow. Pressure is enforced to drive the suspension flow 
along the red path, through the microfluidic device. A flow sensor measures the flow rate, while a camera (not shown) records the clogging 
dynamics. (1b) Size distribution of suspended particles immediately after filtration though and 8um filter, with a sample size of 20 thousand 
particles. (1c) Illustration of the progression of one clog.
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Figure 1 – Summary of Experiment. (1a) Schematic of the experimental process flow. Pressure is enforced to drive the suspension flow 
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Fig. 1 (a) Schematic of the experimental setup showing the pressure
driven system, the microfluidic device and the flow sensor. The square
area indicates the region of observation. (b) Size distribution of the
colloidal particles after filtration. The mean diameter of the particles is
2.4±0.56µm Inset: Picture of the particles. Scale bar is 20 µm

a common aspect of numerous clogging studies, as the increased
ion availability increases the Debey length and pushes the aggre-
gation process into the Van der Waals Regime. [ref]

Each suspension is filtered through an 8 µm track-etched mem-
brane filter (Whatman Nuclepore) directly before experiments.
This eliminates particles and aggregates which would immedi-
ately clog the array through sieving. The particle size distribution
is shown in Figure 1b. During the experiment, we avoid stirring
the suspension in order to minimize shear stress prior to reaching
the array. The velocity field associated with stirring increases the
probability of particle interaction, which could cause particles to
aggregate prior to reaching the array.
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Figure 1: Size distribution of the colloidal particles after filtration. The mean diameter of the particles is
2.4±0.56µm Inset: Picture of the particles. Scale bar is 20µm.
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Frequency and amplitude limits for this system

The pressure-driven flow is generated using an Elveflow OB1 system and the flow rate is measured using a
microfluidic Coriolis flow sensor (Elveflow). We tested the system frequency limitation, i.e., the maximum
frequency at which the flow rate still follows the time-varying pressure. An example of these tests is shown
in figure 2. At f = 0.1 Hz, the normalized flow rate follows the normalized pressure, with a small phase
shift. At higher frequencies, the maximum flow rate is not achieved, and the phase shift increases. At 2
Hz, the flow response is nearly steady. Therefore, 0.1 Hz was chosen as the upper frequency limit for this
system.

Figure 2: Characterization of the system frequency limitations. Time-variation of the normalized imposed
pressure (left-axis and blue curve) and normalized measured flow rate (right axis, orange curve). The
experiments are performed here with δP = 0.25P0 and varying pulsatile frequency.

PDMS microfluidic devices are known to deform if the pressure imposed is too large [1, 2]. We
therefore measured the evolution of the flow rate for increasing pressure. In our system, when slowly
increasing the pressure with a linear ramp, the pressure-flow relationship diverges from linear around 500
mbar, as shown in figure 3. The departure from a linear relationship is due to deformation of the PDMS
device, which reduces the hydraulic resistance of the system. To minimize the effects of deformation, the
maximum pressure used across all experiments does not exceed ∆P = 337.5 mbar.
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Figure 3: Linear ramp of imposed pressure (left axis, blue curve) and corresponding measured flow
rate (right axis, orange dashed curve). The horizontal line indicates ∆P = 337.5 mbar beyond which
the deformation of the PDMS microfluidic devices modifies the linear relationship between the imposed
pressure and the flow rate.

Movies of the experiments.

- Movie corresponding to Figure 9(a), accelerated 64 times.
- Movie corresponding to Figure 9(b), the acceleration of the movie is indicated in the video.
- Movie corresponding to Figure 9(c), accelerated 32 times.
- Movie corresponding to Figure 10(a), the acceleration of the movie is indicated in the video.
- Movie corresponding to Figure 10(b).
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