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Sorting elongated anisotropic particles, such as fibers, dispersed in suspensions poses significant challenges
as they present two characteristic dimensions: length and diameter. Fibers in suspension usually align with
the flow, leading to diameter-based filtration when passing through a sieve. Modifying the flow conditions
by introducing more mixing so that fibers are arbitrarily oriented can lead to sorting by diameter and length
simultaneously, resulting in a lower filtration quality. In this paper, we demonstrate that capillary filtration by
dip coating can be utilized to selectively sort fibers by length or by diameter in a controlled manner. Using the
withdrawal of a flat substrate from a fiber suspension, we demonstrate that fibers are primarily sorted by their
diameters. When considering cylindrical substrates, fibers can be sorted by length under appropriate conditions
due to the orientation adopted by the fibers during their entrainment. We report guidelines for designing this
filtration process and obtaining good sorting efficiency.

Introduction. Filtration of particulate suspensions is critical
in many industries as a method of purifying liquids, control-
ling particle sizes, and separating groups of particles [1–4].
Some of the most commonly used methods are sieving, where
the fluid passes through a filter of certain pore size [5]; cen-
trifugal filtration, where centrifugal force is used to filter par-
ticles based on density [6]; and cross-flow filtration, where
flow is tangential to a membrane and a transmembrane pres-
sure differential is responsible for pulling smaller particles out
of the flow [7]. These standard filtration methods can strug-
gle with anisotropic particles as they present two lengthscales
that can be defined, for instance, through a minimum and a
maximum Feret diameter [8–10].

A potential solution to filter anisotropic particles, specif-
ically fibers, is capillary filtration using a dip coating pro-
cess. The principle is that a substrate is submersed within a
suspension bath, and based on the withdrawal velocity of the
substrate and the properties of the interstitial fluid, only par-
ticles below a certain threshold size will be entrained in the
liquid film coating the substrate after removal [11–14]. Previ-
ous works have demonstrated the efficacy of sorting spherical
particles using dip coating with a planar substrate [15, 16] and
cylindrical substrates [17, 18]. These sorting methods rely on
the importance of the size of the particle compared to the size
of the capillary film. Such interplay between liquid/air inter-
faces and solid particles have also been considered for liquid
thread [19–23] and films [24, 25]

To provide some physical context, after a substrate has been
immersed into a liquid bath, upon withdrawal, it becomes
coated with a thin liquid film whose thickness, h, depends on
the withdrawal velocity U , the properties of the liquid (sur-
face tension γ , density ρ , dynamic viscosity µ), and the sur-
face properties (geometry, roughness, etc. [26, 27]). For a
planar substrate and a Newtonian fluid, the Landau-Levich-
Dejarguin law predicts:

h = 0.94ℓc Ca2/3, (1)
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where ℓc =
√
(γ/(ρg) is the capillary length and Ca = µ U/γ

the capillary number [28, 29]. For cylindrical substrates, the
coating thickness involves the Goucher number, Go = Rs/ℓc
[27, 30–32] (where Rs is the radius of the substrate) and can
be estimated through [17]:

h
Rs

=
1.34Ca2/3

1+2.53Go1.85/[1+1.79Go0.85]
(2)

The filtering of spherical non-Brownian particles has been
shown to depend on h∗ [15, 33], which corresponds to the
thickness of the liquid at the point where the static menis-
cus ends and the dynamic meniscus begins, also known as the
stagnation point [34]. This point also corresponds to the lo-
cation that separates the flow into two regions: a region that
continues into the coating film and a region where the fluid re-
circulates into the liquid bath. The particles that make it past
the stagnation point and that are of size comparable to h∗ see a
sharp increase in frictional forces, which allows for the over-
coming of capillary forces [35]. In the limit of small capillary
numbers, the thickness at the stagnation point and the film
thickness are related through h∗ ≈ 3h [17]. For spherical par-
ticles, the sorting by diameter sorting occurs when h∗ <∼ d/2
[15]. From a qualitative point of view, the mechanism as-
sociated with the capillary sorting of particles is similar to a
dynamic "filter" whose size is governed by the film thickness
h (and thus by the thickness at the stagnation point h∗). As the
substrate is withdrawn from the suspension bath, the liquid
film creates a "channel" that particles must enter to become
entrained, bounded on one side by the substrate and on the
other side by the air-liquid interface [16].

In the case of fiber suspensions, the situation becomes more
complex as, in addition to the diameter d, a new lengthscale
is introduced: the length L. A recent study suggested that
for dip coating with cylindrical substrates, fibers of length
larger than the diameter of the substrate were entrained only
at larger withdrawal velocities than predicted based on their
diameter [36]. This observation suggests that using different
kinds of substrates (flat or cylindrical) could potentially con-
trol whether sorting fiber suspensions by capillary filtration
occurs through the diameter d or the length of the fibers L and
could thus provide a unique sorting platform. In this paper,
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we examine if such a filtration method is possible, and we re-
port the conditions under which this could be realized. We
first present our experimental methods before considering the
filtration by diameter with a flat substrate. In a second time,
using a cylindrical substrate, we report the condition and the
efficiency of length-based filtration. Finally, we discussed the
limits of this method and how to optimize the filtration pro-
cess.

Methods. Schematics of the experimental setup are shown in
Figs. 1(a)-(b). The suspensions are made of non-Brownian
nylon fibers of diameter 200 µm ≤ d ≤ 400 µm and length
1.5mm ≤ L ≤ 4.5mm dispersed in Fluorosilicone (FMS-221,
Gelest), a Newtonian fluid of viscosity µf = 109mPa.s, sur-
face tension γ = 21mN.m−1 and density ρf = 1160kg.m−3.
The fibers used are cut to the desired length by mechanical
chopping (WC302 Automatic Wire Cutter, The Eraser Com-
pany), resulting in a well-controlled average length L and a
standard deviation on the length of 0.25mm. Due to the me-
chanical chopping, the edges of the fibers are not perfectly
cylindrical, but, for instance, a little bit flattened irregularly.
Nevertheless, we did not observe any effects of the edge ge-
ometry on the sorting process. In our experiments, no defor-
mation of the fibers was observed for any aspect ratio consid-
ered. The density of the liquid is close enough to the density
of the fibers (ρ ≃ 1150kg.m−3) so that buoyancy effects can
be neglected over the timescale of the experiments. The vol-
ume fraction of fibers used, φ =Vfib/Vtot = 0.5%, ensures that
we remain in the dilute regime [37]. The suspensions are ini-
tially mixed overnight using magnetic stirrer bars and mixed
for 5 minutes between trials. Using optical absorbance, we
ensured that our experimental protocol led to fibers initially
homogeneously dispersed in the suspension bath.

We perform the experiments with two substrate geometries:
a planar substrate that consists of a glass plate (7mm thick,
50mm wide, 70 mm length; see figure 1(c)) and a cylindrical
substrate setup consisting of an array of three rods (each of ra-
dius Rs = 1.2mm; see figure 1(d)), withdrawn simultaneously
from the suspension bath. The substrates are withdrawn from
the suspension bath using a linear translation stage (Thor-
labs NRT150 linear stepper motor) at a velocity ranging from
2.5mm.s−1 to 20mm.s−1 over a distance of 30mm. In both
cases, between trials, the substrates were cleaned using iso-
propyl alcohol, rinsed with Deionized (DI) water, and dried
using compressed air.

After each trial, the number of particles entrained was
measured visually by examining the substrate over the entire
length that had been withdrawn from the liquid. We should
emphasize that over the time scale of the experiment and the
measurement of the fiber entrained, we did not observe any
significant sliding down of the fibers along the substrate. We
performed experiments with a single population of fibers to
determine the threshold capillary number corresponding to
each fiber geometry and to study how the number of parti-
cles entrained depends on the withdrawal velocity. For the
experiments with mixed suspensions, the liquid bath contains
two different fiber geometries, each at an equal volume frac-
tion. The results of these tests were used to determine the
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FIG. 1. (a) Side and (b) top view schematics of the dip coating
process with a suspension of fibers of diameter d and two differ-
ent lengths L1 and L2. Note that the size of the fibers, the substrate,
and the meniscus are not to scale. (c)-(d) Examples of entrainment
of fibers on (c) a flat substrate where no preferential orientation is
observed and (d) on a rod where the fibers entrained are of length
comparable to the substrate diameter and thus mainly align with the
axis of the rod.

efficiency of sorting two different fiber lengths or diameters.
In the following, each data point reported in the different fig-
ures consists of 60 dip coating trials, i.e., withdrawal of the
substrate, and counting the number of fibers entrained.

We introduce different parameters to describe our results.
The threshold Capillary number, Ca∗ = µf U∗/γ refers to the
threshold value at which a given geometry of fiber begins to be
entrained for a specific substrate (U∗ is the threshold capillary
number). We consider here the capillary number based on the
viscosity of the interstitial fluid µf since the volume fractions
φ used in this study are very small, so the change in viscosity
can be neglected [37, 38]. The effects of the substrate size
compared to the fiber lengths are captured through a normal-
ized fiber length, L∗ = L/2Rs, corresponding to the ratio of
fiber length to the substrate diameter (for a flat plate, L∗ = 0).
We also define the normalized sorting efficiency as the differ-
ence between the mass of ’small’ fibers entrained, mS, and the
mass of ’large’ fibers entrained, mL (where ’small’ and ’large’
can refer to the diameter or to the length depending on the
situation) rescaled by the total mass of all fibers entrained:

η =
mS −mL

mS +mL
(3)

Therefore, η = 1 refers to perfect sorting, and η = 0 to no
sorting at all. Note that here, the volume fraction of both fiber
populations is the same. Finally, we define φF/φU defined
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as the average volume fraction of particles entrained in the
liquid film on the substrate post-withdrawal rescaled by the
unfiltered volume fraction of particles in the suspension bath.

Flat substrate: Sorting by Diameter. We first consider a
suspension made of fibers of similar length (L = 1.5mm) but
two different diameters d = 200 µm and d = 400 µm. The
fibers are mixed at a 1:1 ratio, occupying a volume fraction
φ = 0.5%. Because all fibers were cut from a continuous wire
of approximately constant diameter, there was no notable dis-
tribution of sizes within each diameter group. Dip coating was
performed with a planar substrate at various velocities, and
we measured the distribution of fibers found on the substrate
post-withdrawal.

Fig. 2(a) shows examples of the results of the filtration pro-
cess when varying the withdrawal velocity and, thus, the cap-
illary number. At very low values of Ca (Ca = 10−3 in the
example presented here), no fiber entrainment occurs because
each of the two fibers has its own threshold capillary num-
ber, Ca∗, larger than Ca = 10−3, all particles are filtered out.
At values of Ca between the individual Ca∗ values of each
fiber, there is theoretically perfect sorting, as seen here for
Ca = 3× 10−3. At values of Ca above Ca∗ of both particles
(Ca= 9×10−3 in the present example), there are some sorting
effects, but its efficiency decreases as Ca increases further. We
report in Figs. 2(b) and 2(c) a more quantitative analysis: the
probability density functions of the fiber diameter before (i.e.,
in the suspension) and after the withdrawal for Ca = 10−2 and
Ca= 5×10−2, respectively. As suggested by the observations
in Fig. 2(a), we observe that the filtration efficiency decreases
as the capillary number is increased as fewer fibers with a di-
ameter d = 400 µm are filtered out [Fig. 2(c)].

Fig. 2(d) shows that using a planar substrate, it is possi-
ble to achieve high efficiencies of diameter sorting between
fibers of nearly equal length. Notably, 100% diameter sorting
efficiency was achieved for the trials between Ca ∼ 10−3 and
Ca ∼ 7× 10−3, which corresponds to capillary numbers be-
tween the two thresholds of entrainment for 1.5mm fibers:
Ca∗(d = 200 µm) < Ca < Ca∗(d = 400 µm). At capillary
numbers above the threshold value for both fibers, there is a
drop in sorting efficiency η , eventually approaching 0%, i.e.,
value associated with complete randomness and no sorting ca-
pability, around Ca ≃ 10−1 for the fibers considered here. In
the present case, this value of Ca corresponds to a film thick-
ness of order 300µm and a thickness at the stagnation point
of around 900µm, so that the meniscus does not act as a filter
anymore, allowing all the fibers to flow through.

Cylindrical substrate: Sorting by Length. To explore the
possibility of sorting fibers having the same diameters but dif-
ferent lengths, we first performed entrainment experiments us-
ing cylindrical substrates of radius Rs = 1.2mm and two dif-
ferent fiber lengths, L = 1.5mm and L = 2.5mm separately.
The results reported in Fig. 3 show that, despite having the
same diameters, the threshold Capillary numbers are differ-
ent: Ca∗(L = 1.5mm) ≃ 3× 10−2 and Ca∗(L = 2.5mm) ≃
5×10−2. This is due to the fact that L∗ = L/(2Rs) is different
for each population of fibers and the fibers have to reorient

to enter the liquid film [36]. Therefore, theoretically, the ideal
range of parameters for sorting these two populations of fibers
by length with a cylindrical substrate of radius Rs = 1.2mm
would be for 3× 10−2 < Ca < 5× 10−2. Fig. 3 also shows
that φF/φU, i.e., the ratio of the volume fraction of fibers fil-
tered rescaled by the volume fraction in the initial suspension
increases with Ca. When φF/φU → 0, no fibers are entrained
on the substrate and when φF/φU → 1, the meniscus does not
filter any fiber, which are then all entrained in the film. Here,
we observe that for values of Ca approaching 10−1, both fiber
populations are poorly filtered, each reaching volume fraction
ratios of nearly 1, meaning that no separation by length would
occur.

Following these tests with each fiber geometry, we then
considered the possibility to filter a suspension presenting
two populations of fibers of d = 200 µm and average lengths
L = 1.5mm and L = 2.5mm, respectively. Qualitatively, Fig.
4(a) shows that filtration is also observed here: (i) no fibers be-
yond the threshold capillary number of both fiber populations,
(ii) a regime where almost only short fibers are entrained, (iii)
increasing the capillary number leads to the entrainment of
more long fibers as well, until (iv) entraining almost the same
composition than the liquid bath at large capillary number
(corresponding to φF/φU → 1 in Fig. 3).

More quantitatively, two examples of the distribution of
fiber lengths are shown in Figs. 4(b) and 4(c) for Ca =
3.9 × 10−2 and Ca = 7.8 × 10−2, respectively. Before fil-
tration, we observe a bimodal distribution of fiber lengths in
both cases (top histograms) peaked around L = 1.5mm and
L = 2.5mm. The deviation from the mean value comes from
the initial cutting of the fibers to obtain the desired lengths.
After the withdrawal of the cylindrical substrate, we observe
that the distribution skews more towards the 1.5mm fibers
for Ca = 3.9× 10−2. We should emphasize that in this case,
even with a high sorting efficiency, there are a few long fibers
(L = 2.5mm) that were entrained on the substrate at a cap-
illary number below its threshold value. This observation is
likely due to collective entrainment of particles, as we shall
discuss later. At larger capillary numbers, the filtered distri-
bution is almost similar to the initial distribution in the liquid
bath [Figs. 4(c)].

To explore a broader range of potential length sorting,
the 1.5mm fibers (L∗ = 0.63) were also mixed with 3mm,
3.5mm, and 4mm fibers, leading to L∗ = 1.25, 1.46, and
1.67, respectively. For all the situations, capillary numbers
of 3.9× 10−2, 7.8× 10−2, and 1.5× 10−1 were tested. The
purpose of these trials is to explore the evolution of the sort-
ing efficiency η for different values of L∗ and different ratios
of fiber length (but same diameter). Fig. 4(d) showed that, as
expected, the trials at Ca = 3.9×10−2 has a higher efficiency
than for larger capillary number, e.g., Ca = 7.8× 10−2. Fig.
4(d) also illustrates that when mixed with L = 4mm fibers,
the 1.5mm fibers are perfectly sorted at both Ca = 3.9×10−2

and Ca = 7.8× 10−2, indicating that this latter value is still
lower than the entrainment threshold of the 4mm fibers. At
Ca = 1.5× 10−1, none of the mixed suspensions are able to
achieve perfect filtration, and the mix of 1.5mm and 2.5mm
fibers showed a poor filtration. Considering the different
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FIG. 2. (a) Examples of post-filtration fiber distributions observed on a flat substrate for increasing capillary numbers and an initial suspension
made of fibers of length L = 1.5mm and diameter d = 200 µm and d = 400 µm. From left to right: No entrainment, perfect sorting, high-
efficiency sorting, low-efficiency sorting. Scale bar is 3mm. (b)-(c) Examples of probability density functions of the fiber diameter before
(top PDF) and after (bottom PDF) for (b) a good-efficiency sorting at Ca = 10−2 and (c) low-efficiency sorting at Ca = 5×10−2 for the same
suspension than in (a). (d) Evolution of the diameter sorting efficiency η as a function of the capillary number with a planar substrate and
the same suspension. The shaded area denotes the region with no fiber entrainment. The vertical dashed lines indicate the threshold capillary
numbers of each fiber type contained within the suspension. The suspension consists of L = 1.5mm long fibers, with a 0.5% volume fraction
of d = 200 µm diameter fibers and a 0.5% volume fraction of d = 400 µm diameter fibers.

FIG. 3. Evolution of the volume fraction of fibers entrained in the
liquid film φF rescaled by the volume fraction of fibers in the sus-
pension bath, φU = 0.5%, as a function of the capillary numbers for
fibers of diameter d = 200 µm, and length L = 1.5mm (blue circles)
and L = 2.5mm (orange squares). The vertical dashed lines indicate
the threshold capillary numbers of each fiber type for experiments
with only one fiber population in suspension.

mixes of fibers and a given capillary number, we observe that
a suspension of greater length disparity has a higher sorting
efficiency than those with two fibers of more similar length.

Since the threshold capillary number for a given cylindrical
substrate increases with the fiber length, in particular when
L∗ becomes larger than unity, the value of L∗ controls the fil-
tering of a given population of fibers. Low values indicate
a decrease in the influence of meniscus curvature around the
cylindrical substrate on fiber behavior. The higher the value
of L∗, the tighter the tolerance is for fiber orientation in order

to fit within the meniscus and become entrained. Our results
suggest that a value of L∗ ≥ 1 is reasonable to achieve a good
sorting efficiencies. Maximizing L∗ as much as possible im-
proves the filtering efficiency, but the main drawback to higher
L∗ values is that the threshold withdrawal velocities increase.

Discussion. The fibers used here are of length L ≫ h, so that
they will need some amount of reorientation to fit within the
meniscus as viscous forces pull them upward or else be sub-
jected to surface forces, which will push them back down-
ward, as described in Ref. [36]. In addition, a key differ-
ence between planar and cylindrical substrates is the curvature
in the horizontal direction (around the cylindrical substrates).
Past experiments have shown that planar substrates allow for
most fibers to have their axis become along the meniscus near
the entrainment threshold [36], thus allowing the coupling be-
tween capillary effects and the frictional force. Conversely,
a cylindrical substrate has a curved film, which means that
long fibers (L∗ >∼ 1) must reorient such that their main axis
becomes parallel to the axis of the substrate to become en-
trained. This means that for a cylindrical substrate, longer
fibers must take a path of higher resistance to entrainment,
fully rotating to the preferred orientation, and without an al-
ternative lower resistance path like the planar substrate, longer
fibers will be consistently repelled. As a result, the threshold
capillary numbers for longer fibers (L∗ >∼ 1) increases with L∗.
The consequence of this difference is that attempting to sort
by length with planar substrates is less efficient, as illustrated
in Fig. 5. However, with cylindrical substrates, a better sort-
ing efficiency can be achieved, as reported in Fig. 5 where
when attempting to sort fibers of 200 µm diameter and length
between 1.5mm and 3.5mm, a planar substrate (where L∗ =
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FIG. 4. (a) Examples of post-filtration fiber distributions observed on a cylindrical substrate for various capillary numbers. From left to right:
No entrainment, perfect sorting, high-efficiency sorting, low-efficiency sorting. Scale bar is 3mm. (b)-(c) Examples of probability density
functions of the fiber length before (top PDF) and after (bottom PDF) for (b) a good-efficiency sorting at Ca= 3.9×10−2 and (c) low-efficiency
sorting at Ca = 7.8×10−2. In (a)-(c), the initial suspension is made of fibers of d = 200 µm and average lengths L = 1.5mm and L = 2.5mm.
(d) Comparison of length sorting efficiency between various fiber lengths, demonstrating a downward trend with increasing capillary numbers.
The red area denotes the region of no fiber entrainment. All trials were performed with fibers of 200 µm diameter and a substrate radius of
Rs = 1.2mm. For all data points, the suspension consisted of 0.5% of 1.5mm long fibers and 0.5% of the other length, by volume fraction.

FIG. 5. Evolution of the length sorting efficiency η for a planar
(light green circles) and a cylindrical substrate (brown circles). The
suspension consists of 0.25% of 1.5mm long fibers and 0.25% of
3.5mm long fibers and of diameters d = 200 µm. The vertical dashed
line indicates the capillary threshold for the entrainment of the short
fibers for both geometries.

0) resulted in a peak efficiency of 36%, while a Rs = 1.2mm
radius cylindrical substrate (where L∗ = 0.6 for the 1.5mm
fibers and L∗ = 1.4 for the 3.5mm fibers) resulted in a peak
efficiency of 100%. We should emphasize that the difference
in operating capillary numbers between the two substrates is
due to the different evolution of the film thickness with Ca,
as shown in Eqs. (1) and (2) for the flat and cylindrical sub-
strates, respectively.

The results presented so far have shown that diameter and
length sorting can be performed independently with a very
good efficiency, given that the other parameter is held con-
stant. We also performed experiments with fiber populations
with both different lengths and diameters: d = 330 µmm and
L = 1.5mm mixed with d = 200 µm and L = 3.5mm. Here,
we also consider a case with d = 200 µmm and L = 1.5mm
mixed with d = 200 µm and L = 3.5mm for comparison. The
evolution of the efficiency η for both mixed populations is
reported in Fig. 6.

At small values of Ca (Ca <∼ 0.1 in the example here), a
large difference between the efficiencies is observed in Fig.
6. While the experiments with a constant diameter exhibit a
high efficiency, the experiments with two different fiber di-
ameters initially show a very low efficiency, indicating that
the diameter sorting effect is roughly of the same order as
the length sorting effect. However, for higher values of Ca
(Ca >∼ 0.1 here), as the ratio of film width to fiber diameter
became larger, the diameter sorting effects became negligi-
ble for the two diameters considered here, and the two trials
reached similar values, showing that the length sorting effect
is at play.

A practical guideline when attempting to sort a suspension
by length when different fiber diameters are present would
be to first consider sorting using a planar substrate since the
diameter sorting effects will usually be of higher order than
length sorting effects. In a second time, for the different di-
ameter populations, the sorting could be done with cylindrical
substrates as described earlier in this article. If the two-step
filtration is not possible, it is desirable to operate at a Capillary
number significantly greater than Ca∗ for the largest diameter
in the suspension so that the main filtration effect is by length.
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FIG. 6. Comparison of the sorting efficiency for various values of
Ca. The varying diameter dataset refers to dip coating experiments
with a suspension with volume fractions of 0.25% of 0.33 mm diame-
ter, 1.5mm long fibers, and 0.25% of 200 µm diameter, 3.5mm long
fibers. Constant diameter dataset refers to dip coating experiments
with a suspension with volume fractions of 0.25% 200 µm diameter,
1.5mm long fibers, and 0.25% 200 µm diameter, 3.5mm long fibers
and serve as the control dataset to observe the relative difference in
efficiency when the diameter is varied.

Conclusions. Using a flat or a cylindrical substrate in a dip
coating process, we have shown that it is possible to sort fiber
suspensions by length or by diameter. Diameter sorting effects
are prevalent when using a planar substrate, typically greatly
outweighing length sorting effects. Mechanically, there is no
difference in the process of sorting fibers by diameter using
a planar substrate or using a cylindrical substrate if L∗ ≪ 1.
The diameter sorting process provides a level of reliability
that is typically greater than that of length sorting because
fibers larger than the threshold size physically cannot pass
through the filter; that is to say, it is not susceptible to sta-
tistical anomalies. The sorting by diameter is similar to the
sorting considered in the past for spherical non-Brownian par-
ticles [16, 18]. Using the different dimensionless quantities in-
troduced in the manuscript (capillary number, Goucher num-
ber, d/L and h/d allows to easily adapt the results to different
interstitial fluids or fiber sizes.

The theoretical range of optimal efficiency is in the range of
capillary numbers between the threshold values of each indi-
vidual particle suspension. However, it is not always possible
to achieve perfect sorting for a mixed suspension, especially
if the ratio of the two nominal lengths is close to 1. Fig. 4
illustrates this point: at Ca = 3.9×10−2, the sorting efficiency
of the mixed 1.5mm and 2.5mm suspension should have the-
oretically been 100%, but in practice, it is lower. This obser-
vation is similar to observations done in regular filters where
some suspensions cannot be sorted perfectly on the first trial

because the geometries are too similar. When this is the case,
one potential workaround is to sort the same suspension sev-
eral times, as theoretically, with enough iterations, an effective
efficiency of nearly 100% can be achieved.

Even when a fiber suspension has a large enough disparity
in length to ideally sort perfectly, volume fraction effects can
lead to a decrease in efficiency due to the entrainment of clus-
ters of particles [15]. Indeed, when the local volume fraction
at the meniscus is too high, collective effects may appear, and
the desired length fibers will form clusters that can become
tangled with the undesired length and pass through the menis-
cus as one large aggregate [39]. Reducing the average volume
fraction of the entire suspension will help to minimize this ef-
fect. Ideally, the volume fraction would be as low as possible,
however, very low volume fractions lead to a much smaller
average number of particles entrained per trial, which may be
undesirable to create a rapid filtering process. As such, the
volume fraction chosen should provide an acceptable balance
between filtering efficiency and process duration to meet their
individual requirements.

To provide an efficient sorting by length using a cylindrical
substrate, the best combination is to have one fiber population
satisfying L∗ ≤ 1 and the other one L∗ ≥ 1. This threshold
can be tuned by changing the radius Rs of the cylindrical sub-
strate. The condition L∗ ≥ 1 enforces a preferential alignment
that will delay the entrainment of the fiber. Our results also
show that, when sorting by length, it is more efficient if the
fiber diameter standard deviation is minimized. Given that di-
ameter sorting effects can be of equal or higher order to length
sorting, having a wide distribution of diameters allows some
undesired fibers to be entrained.

In this paper, we have outlined a systematic approach that
can be used to achieve high-efficiency capillary diameter and
length filtering. We should emphasize that various fundamen-
tal questions remain open that would allow to increase further
the efficiency of the capillary sorting method presented here.
For instance, the presence of surfactants is known to modify
the streamlines in the liquid bath [34], which could tentatively
lead to new sorting effects. Additionally, most capillary sort-
ing and filtering studies have been done with Newtonian flu-
ids, and the extension to non-Newtonian rheology would be
interesting to consider. Nevertheless, in summary, the method
presented here provides a promising novel soft filtration strat-
egy, which, if designed correctly, has the potential to achieve
an efficient selective length or diameter sorting of elongated
particles, illustrated here with fibers.
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