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Fabrication of Porous Network
Soda lime glass beads of 210-250µm were filled into a micro-capillary (material: Borosillicate, width of crosssection: 300µm) sealed on one side. After the
capillary was filled to the top, it was sealed on the other side as well and put
in a centrifuge (at 2000g for 15 minutes). After taking the capillary out of the
centrifuge, the capillaries are put in a programmable oven with the temperature
profile shown in Fig.S1. In order to ensure sticking of beads to the capillary
wall, the capillaries were kept under a load while sintering in the oven.

The glass beads are sufficiently sintered with the temperature program shown
above, but for better adhesion of beads to each other and to the capillary wall,
the retention time in the second segment of the program was extended to 7
minute. The result from the modified temperature program showed better contacts of beads with each other without distortion of spherical shape (Fig.S2).

Bimodal porous network
Bimodal networks are created by introducing NaCl salt crystals in the glass capillaries along with the glass beads, as explained in the main text. The melting
temperature of these crystals are higher than that used in our oven protocol,
and hence remain intact after the sintering process. This is clearly observed
in Fig.S3, where the NaCl crystals are seen next to the sintered beads. Subsequently, as the bimodal porous network is rinsed with warm water, the NaCl
crystals are dissolved and upon drying, creates the bigger pores in the network.
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Fig S1.Temperature protocol

(a)

(b)

Fig S2. Increasing the retention time results in a better sintering of the beads
(b).
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Fig S3.Bimodal porous network after sintering; sintered glass beads and NaCl
crystals co-exist in the capillary.
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Image Analysis
In order to quantify the amount of oil retained in/recovered from the microchannel, the fluorescent images of waterflooding are analyzed. Image thresholding
reveals the information regarding the presence of a bright (fluorescent oil) or
a dark (water/solid grains) pixel. The Image thresholding is carried out using
open source Fiji software. Despite the uniforming lighting conditions in our
experiments, there are various shades of the brightness or the darkness of the
pixel which might lead to a nonsensical distribution. In order to avoid this, all
the fluorescent images are binarized before the thresholding. In the microchannels with zigzag roughness, the corresponding quantification is straightforward,
since the black part only refers to the water that has displaced the oil. Here,
it is noteworthy that the area of the non-zigzag part of the microchannel (the
straight part in the middle as shown in Fig.S4) is substracted from the total
area of the microchannel. This is done in order to ensure that the quantification
of trapped oil is strictly associated to the zigzag roughness of the microchannel
and not the the pressure driven flow in the middle.
In addition, the volume of the trapped oil drop in a zigzag microchannel

20 mm roughness

Fig S4.The area (between the two red lines) in the middle of a zigzag channel
is not used in the subsequent analysis.
is calculared from the diamater of the drop observed in the mid-plane of the
channel. We have carried out a z-scan of the entire channel in each experiment
in order to ensure that the oil entrapment is indeed uniform along the height.
However, in order to reduce a very large dataset in the image analysis step, the
drop diameter in the mid-plane is taken and the volume of the drop is calculated
assuming a spherical drop.
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The analysis of the fluroescent images for the porous networks require one
additional step compared to that for zigzag microchannels. This is because a
dark pixel in such a porous network can either represent a glass bead or the
invading water phase. Hence, after the porous network is filled with oil, a first
round of image thresholding is carried out in order to estimate the area of oil.
Subsequently, a second round of image thresholding is carried out for the same
frame after the waterflooding, and the increase in the number of dark pixels
gives the amount of water that invaded the porous network, i.e., the amount of
oil displaced.
It is more challenging to determine the midplane of the porous networks.

(a)

(b)

Fig S5. During the analysis of the fluorescent images from a porous network, first
the amount of oil in the frame is calculated (a). Subsequently, the increase of
black pixels after the waterflooding (b) gives the information about the displaced
oil. In (a), we observe some bright glass beads which is only possible if we focus
on the gap above the glass bead where some fluorescent oil has accumulated;
the glass beads consist in principle of only dark pixels themselves.
This is because the glass beads are of size 240-250µm diameter while the height
of the glass capillary is 300µm. As a result, all the glass beads are not aligned
uniformly across the length of the capillary and gaps of various sizes are left on
top or bottom of the beads. However, we can always estimate the right area
of oil around the glass beads using the simple fact that the glass beads are in
contact with each other after the sintering process. As shown in Fig.S6, two
adjacent circles can be drawn around two beads which touch each other and
the overestimation in the amount of oil entrapped is simple the volume between
the circle and the bead. Just as in the case of zigzag microchannels, a z-scan is
performed on the porous network after the conclusion of the experiments, which
qualitatively justifies the assumptions made during the image analysis.
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Fig S6. In case that the image represents a different plane than the middle in the
network, two circles are drawn around adjacent glass beads which touch each
other. The extra volume of oil (between the circle and the bead) is substracted
from the total volume of oil in order to reduce the overestimation in oil recovery.

Size distribution of trapped oil droplets in zigzag
channels
The data presented in the manuscript regarding trapped oil droplets in a zigzag
microchannel is actually the average of 15 independent experiments under same
conditions. In Fig.S7, the entire range of droplet diameters is shown for a set
of experiment.
We have determined the drop size distribution around the mean for the
different systems and flow rates (Fig.S8). We find the distribution to be approximately Gaussian and rather narrow, with a width of 0.2 (Full Width at
Half Maximum).
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(a)

10 µm roughness microchannel
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(b)

20 µm roughness microchannel
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Fig S7.Trapped oil droplet sizes in 15 experiments for 10µm and 20µm zigzag
microchannels.
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Fig S8. A Gaussian function describes best the distribution of trapped oil
droplets in zigzag microchannels.
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Oil displacement from porous network
Here, the displacement of decane from a unimodal porous network is depicted at
different time steps. The rest of the experiments (hexadecane from a unimodal
porous network, decane and hexadecane from a bimodal porous network) are
shown in the manuscript.

(a)

(b)

t=0 min

(c)

t=30 min

t=300 min

Fig S9. Decane is displaced almost completely from a unimodal porous network
by waterflooding.
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