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Supplementary Text

The Relationship between knAs and u Derived from Dimensionless Numbers
Mass transport of species in the porous electrode as a function of flow rate can be obtained from

the relation between Sherwood (Sh), Reynolds (Re), and Schmidt (Sc) numbers,*®

Sh = a*Re?Sc* (S1)

where a*, b, and c are real numbers. The equations for Sh and Re for fibrous porous media vary
from study to study (Table S1). The effective diffusion coefficient (Der = D x &'°) has also been
used instead of D.” Sh and Re for fibrous media from previous reports are summarized in Table
S1. The type of equation that is used for Re and Sh will affect the value of the prefactor a in
equation (2) in the main text, but not the overall form of the kmAs - u relationship. Table S1 shows

the prefactor a in equation (2) in the main text is a function of As, d, and ¢ at given D and v.
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Supplementary Figures
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Figure S1. Current-potential curves for three electrode materials with different electrocatalytic
activities (a > b > c). The electrode surface area and the mass transport conditions are the same for
all electrodes. Although the electrocatalytic activities of the electrodes change the currents in the
charge transfer regime, the maximum currents for all electrodes under mass transport-limited
conditions are the same, and are therefore not affected by a difference in electrocatalytic activity

and electrode potential.
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Figure S2. (a) SEM and (b) DFOM images of Cu nanowires used in this study. (c) The XRD
pattern for the Cu nanowire felt.
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Resistivity (12 cm)

Figure S3. The electrical resistivity of a 324-um-thick Cu nanowire felt after annealing at various
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Figure S4. Cross-sectional images of an annealed Cu nanowire felt (a) before and (b) after liquid

flow at 1 cm/s for 10 min.
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Figure S5. (a) Cyclic voltammograms for Cu nanowire felt in 0.1 M HCIOa. (b) The change in the
capacitive current with scan rate.
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Figure S6. (a) Cross-sectional images of Cu nanowire felts with different thicknesses. (b) The

average thickness of electrodes versus the weight of Cu nanowires in the felt.
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Figure S7. Pressure drop across a 324 um-thick Cu nanowire felt versus superficial flow rate.
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Figure S8. Log-plot for the correlation between kmAs and u for the Cu nanowire felt and carbon
paper obtained from Figure 3.
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Figure S9. The productivity and single-pass conversion for the reduction of Cu ions with Cu
nanowire felts at concentrations of 0.1, 1, and 10 mM as a function of flow rate. The productivity

and single-pass conversion were calculated from the current shown in Figure 3.
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Figure S10. (a) Representative linear sweep voltammogram for ARS reduction on a

polycrystalline Cu electrode. (b) The relation of kmAs and superficial velocity for ARS reduction

with Cu nanowire felt. (c) The average current for the reduction of Cu ions and ARS as a function
of superficial velocity.
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Figure S11. Pictures of (a) a 3D printed flow cell for the reduction of Cu ion and ARS and (b) a

PEEK flow cell for electroorganic synthesis.
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Figure S12. Single pass conversion for the reduction of 2,2'-bis(bromomethyl)-1,1"-biphenyl to
9,10’-dihydrophenanthrene over a Cu nanowire felt as a function of the applied current. The
concentration of 2,2"-bis(bromomethyl)-1,1"-biphenyl and the volumetric flow rate were fixed at 5

mM and 1 mL/min, respectively.
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Figure S13. SEM images of Cu nanowire felts (a,b) before and (c,d) after reductive dehalogenation

of 2,2'-bis(bromomethyl)-1,1"-biphenyl for 50 min. The flow rate and applied current were 1

mL/min and 32 mA, respectively.
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Figure S14. (a) The representative linear sweep voltammogram for Cu ion reduction from Cu

nanowire felt. (b) Current-time curves at -0.35 V for electrolytes with and without Cu ions.

S16



a 'H NMR (600 MHz, CDCI,)

a%a

9,10-dihydrophenanthrene

LI A | N N

3§ 43 ry

100 %5 90 8% BO 7S 70 &5 64 55 S0 45 40 38 30 2% 20 15 10 0SS 00 05
1 {ppm)

b *C NMR (151 MHz, CDCI,)

n
|

A
e

8,10-dihydrophenanthrene

200 190 180 170 160 150 140 130 120 110 100 S0 BO 70 &0 50 40 0 20 10 O 10
1 (ppen)

Figure S15. (a) *H- and (b) **C-NMR spectra of 9,10-dihydrophenanthrene.
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Supplementary Tables

Table S1. Sherwood (Sh), Reynolds (Re), and Schmidt (Sc) Numbers Previously Used to

Derive kmAs - U Relationships for Porous Electrodes.

Porous
Sh R S kinAs
electrodes ¢ ¢
v b
Carbon fiber!? kmd ud — a*A (2) (E) (K)Cub
D v D S\d/\v/ \D
udH % D (dH>b (V)C b
— ad—(—) (=) u
Iron felt* e Asd” v 4 d\v/ \D
D ud D LD d\? vye
& ez (5) G) v
Disordered ol
fibrous 3D - ﬁ - -
structure® sk
i . k u vV 1\? jv\¢
Fiber filter® m — — * 42 ( ) =) ub
AsD Agv D @ AsD Ay (D) v

u: superficial velocity, d: fiber diameter, v: kinematic viscosity, km: mass transfer coefficient, D:
diffusion coefficient, du: hydraulic diameter, ¢: porosity, As: specific surface area, p: density, Uo:
volume-averaged superficial velocity, u: viscosity.
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Table S2. Relationship Between kmAs and u for Various Porous Electrodes.®®

Flow-Through Electrodes

The Relationship between k A and u

Carbon Felt
Ni Foam

Steel Wool

Reticulated Vitreous
Carbon (RVC), 100 ppi?®

RVC, 60 ppi

Perforated Carbon Paper

Cu Nanowire Felt
(this study)

Carbon Paper
(this study)

0.48
k A =144u
m s
0.46
k A =0.414u
m s
0.47
k A =0.210u
m s
0.48
k A =0.063u
m s

0.48
k A =0.030u

0.48
k A =0.0023u
m s

0.7
k A =36.5Uu

0.36
k A =051u
m s

appi: pores per inch
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Table S3. Physical Properties of Carbon Paper, Graphite Felt, Reticulated Vitreous Carbon

(RVC), Ni Foam, and Cu Nanowire Felt.

Carbon Graphite 14-16 . 17 Cu NW Felt
Paper!%!2 Felt!3 RvVC Ni Foam (this study)
Resistivity 3 5 5 3 143
(nQ-cm) 4.7-5.8x10 3x10 2.3-6.9x10 1x10 (+8)
opecific 1.35-6.75 X
Surface Area 3 2 99-0. 2 2.4x10
1 _
(em¥em?) 1.6x10 2.3x10 %10 1.9-4.1 x10 " 1.2x103)
Porosity (%) 78-80 98 90-97 97-98 4
y (*0.7)
Permez;bility 12 40 -1 9 10 1.8><10-8— 9.92><10-14
(m?) 10 10 -10 10 -10 9 -15
2.6x10 (£4.5x10 )
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Table S4. Charge Transfer-Limited Currents (i) for Cu lon Reduction and ARS Reduction

over Cu Nanowire Felt and Carbon Paper.

Cu Nanowire Felt

Carbon Paper

0.1 mM -25.48 mA -8.07 mA

CuSOq4 1mM -28.23 mA -10.04 mA
10 mM -29.99 mA -16.23 mA

ARS 1 mM -102.07 mA -16.92 mA
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