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Fractional conversion

Current efficiency

Selectivity

Specific energy consumption for electrolysis

Energy efficiency during electrolysis

Xy = M n) initial amount
(0)

ng, amount at time ¢

& == dproduct _ wiF Gproduct» Charge passed to produce product
q Mq
g, total charge
M, molar mass
S, = Niproduct Mproducts amount of product

Atotal
Ny @amount of all species produced
—FEcen

Active electrode area per unit volume A =
Vr
Mass transport coefficient ko= IL I\ mass transport limiting current
AFc
¢ concentration of the electroactive species
ci ci iv kA kLA cf i
Mass transport coefficient associated to the electroactive area kA = —"; or kiAp = _"; Ag, electrode area per unit electrode volume
R 2 E
Vg, electrode volume
Space-time ST = R Q, volumetric flow rate.
0
Space-velocity g
Vr
Space-time yield _ ¥ B
5= 5 % Vi
Normalised space-time velocity 16 <o)
S = ————=log|—=
(eqry = €0)) VRzF o1y
Normalised space time yield — 1oM09) 0, (@
PN = Vs 28\
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Gasket electrode
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Filter-press cell
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Fast prototyping, such Conventional manufacturing
as 3-D printing by machining or moulding
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Rotating disc and cylinder electrode reactors.—Rotating disc
electrodes (RDEs) are staples in electrochemical laboratories thanks
to their well-defined and reproducible electrolyte flow and mass
transport profiles, with the trqn?gort rate being proportional to the
square root of the rotation rate. An extension to this design is
the rotating ring disc electrode (RRDE), which has a secondary ring
electrode on the outside of the central disc. Electroactive species
produced at the disc are detected at the ring, allowing in situ
quantification of electrochemically generated products. Samples of
interest can be drop-cast onto glassy carbon substrates, or affixed to
the electrode surface, provided mathematical considerations are
made for the sample shape and thickness.''" This provides an
attractive option to assess the impact of flow rate on a reaction in a
simplified set up, before moving to a more complex flow cell design.

Rotating cylinder electrodes (RCEs) have received less attention
than RDEs. Like the RDE, the rate of mass transport is defined by its
rotation rate. The RCE offers a substantially larger surface area
along with controlled turbulent flow condmom making it suitable
for up-scaling to industrial applmatlons ananly the large RCE
surface area h‘l% been employed for electrodeposition apghuatlons.
including metal recovery and metal powder production.''*'!

Porous, 3D electrodes in a flow cell—The choice of porous
material depends on the flow profile employed within the cell,
primarily whether the electrolyte flows-by or -through the
electrode.® Flow- by configurations flow electrolyte within a Lhannel
over the surface of the porous structure, usually assisted by
turbulence promotors to maximise interaction between the electro-
lyte and the inner porous structure. Flow-through instead fills the
channel with the porous structure, requiring the electrolyte to
permeate the whole structure during the flow. While maximising
the interaction between electrode and electrolyte, the flow-through
configuration is prqulcally limited due to pressure drop across thc
porous electrode material.** Flow through configurations therefore
are most often employed to very thin electrodes in microfluidic
devices.”*!




Flow field designs.—The challenge in flow field design is to
provide optimal flow conditions for reactant supply to and product
removal from the electrode surface, while simultaneously mini-
mising the pressure drop between inlet and outlet. To this end, a
number of different flow field designs have been employed (Fig. 8).
Within these categories, multiple works have investigated varied
flow channel widths, depths and orientations, with both experimental
and computational approaches probing the flow profile, pressure
drop and potential distribution across the electrode surface.”®
Comparison of different flow fields is challenging since varied
experimental conditions affect reactor functionality alongside
changes in the flow field design. However, some experimental and
computational works indicate that serpentine fields outperform the
other related designs.qg"m”m




