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Materials and Methods2

Tomography Studies, Reconstruction, and Data Analysis3

Gridrec algorithmS1 was used for tomographic reconstructions and Wavelet-Fourier ring filter4

removalS2 and Paganin phase retrievalS3 methods were applied. Subsequent image processing5

was carried out using Image JS4 and MATLAB. Binarization of the reconstruction images6

were carried out using thresholding routines available within ImageJ. Pore size distributionS5
7

plugin was used to estimate the porosity of the samples. The pore size distribution is given8

by the histogram of the sphere radii. Skeletonize 3D option of the BoneJ pluginS6 was used9

to obtain a skeleton map of the solid phase in the sample. The output skeletonized stack was10

analyzed to estimate the geodesic and the Euclidean length of each branch. The Euclidean11

length is defined as the straight-line distance between two points in space and represents the12

shortest distance between the two points in Euclidean space.S7 The geometric tortuosity of13

a given branch is calculated using the following formula:S814

τ =
lgeodesic
lEuclid

(1)

A histogram of geometric tortuosity for the entire skeleton map is obtained and the mean15

value is reported as the geometric tortuosity.16

Tortuosity values are estimated using Taufactor,S9 an open-source simulation software.17

The software estimates ion flux across the solution space in the flow electrodes. Additionally18

it estimates tortuosity factors based on the flux through the input binarized volume, Jp and19

an equivalent completely dense control volume, Jcv. Binarized image stacks are used as input20

for the simulations. Steady state simulations are carried out on the binarized volumes to21

estimate the diffusive flux through the system. Two opposite faces in the desired direction are22

set at concentrations of 1 and 0 respectively, while the rest of the faces of the binarized volume23

have a zero flux boundary condition. The simulations are carried out until the flux converges24
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to a steady state value. Similar procedure is repeated in the other two direction. The diffusive25

flux through the sample is estimated using the equation (Eq. 2). Additionally, the software26

estimates the diffusive flux through an identical, completely dense control volume using27

similar boundary conditions (Eq. 3). Tortuosity factors along each direction are estimated28

using the ratio of the diffusive flux computed across the binarized volume and the completely29

dense control volume. The transport properties, size and concentration gradients are kept30

constant across both these volumes.31

Jp = −AcvD
ε

τ

C

Lcv

(2)

32

Jcv = −AcvD
C

Lcv

(3)

Simulations are carried out on at least three domains for 10 and 20 wt% suspensions along the33

three principle axes. The simulations are carried out on representative domain sizes obtained34

after optimization. Cummulative flux projections are shown along the three principle axes.35

Flow-electrode Capacitive Deionization36

The FCDI system (Figure 1) is comprised of a Model 857 Redox Flow Cell Test System37

(Scribner Associates, Inc., Southern Pines, North Carolina). The two containers for the flow38

electrode contain stir plates which enable continuous mixing of the electrode during testing.39

The flow cell (area Acell = 25 cm2) consists of a polycarbonate flow channel (clear polycar-40

bonate, 0.47 cm thickness) and gold-plated copper current collectors. Viton fluoroelastomer41

gaskets are applied on either side of both membranes to ensure proper sealing of the cell.42

The carbon slurries flow through two graphite plates with channels (1 mm width × 5 cm43

length × 1 mm depth, 33 channels total in a triple serpentine flow pattern) and the feed44

flows vertically through the center of the cell. The feed and electrode flow rates used during45

the experiment were 5 mL/min and 10 mL/min. The flow electrode (100 mL) consisted of a46

constant 100 mM concentration (Sigma-Aldrich, St. Louis, Missouri, ACS reagent, ≥99%),47
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with varying degrees of activated carbon (AC): at 5%, 10%, and 15% weight. The cell was48

charged and discharged for 1.5 hours at a voltage of 1.2 V to avoid water splitting. The49

feed conductivity was measured using an Orion Fisher Scientific 013005MD Versa Star Pro50

Benchtop conductivity meter, and the current through the cell was collected from the Flow51

Cell software. The charging-discharging process was run over 3 cycles. While this number52

of cycles was not enough to achieve ideal statistical results, the different cycles ensured that53

cell stability could be retained during cyclic operation in batch mode.54

The purpose of these experiments was to confirm known trends in increasing salt removal55

with increasing AC concentrations. Evaluating the average salt adsorption rate (ASAR) is56

also a useful tool for quantifying the effectiveness of increasing salt removal at higher weight57

percentages. While salt removal may be higher with more AC used, the increased AC58

mass may reduce the overall ASAR. Additionally, if additional AC enhances ion transport59

through electromigration, this will require additional energy input to the cell during charging.60

Pumping energy can also increase due to the greater viscosity of larger carbon loads, but61

this was not directly quantified in this study.62

Figure S1: Batch mode flow electrode capactive deionization set-up.
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