
 Velocity is constant for

10 < 𝑦 < 40 𝑚𝑚 → steady 

conditions over the electrodes

 Large heat losses, highly 

dependent on ሶ𝑉: active 

heating is needed

The „Dummy“ Channel Flow Cell

Room temperature; 𝑃 ∝ ሶ𝑉

Completely metal-free structure

Same internal geometry as the E-TP CFC

Uses a commercial reference electrode (RHE)

Validation of the fluid-dynamics assumptions

Probing of the electrodes configuration’

electrochemical features (distance, position, etc)

Simpler troubleshooting & system development

(bubbles management, electrical contact, leak-tightness, etc)

F

Limiting Current Analysis

FeIII CN 6
3−+ 1e− → FeII CN 6

4−; 𝐾3𝐹𝑒 𝐶𝑁 6 10 𝑚𝑀 + 𝐾𝑁𝑂3 0.2 𝑀

0.05 → 1.6 𝑉, 𝑣 = 250 Τ𝑚𝑉 𝑠 CVs

Pt & GC discs both work as WE (CE = GC)

𝐼𝐿𝐼𝑀 𝐶𝑎𝑙𝑐 = 7.54 ∙ 10−4 ∙
3 ሶ𝑉 → ∆ Τ𝐸𝑥𝑝 𝐶𝑎𝑙𝑐 = +12. 9 %

No disturbances, laminar flow (0.04 < 𝑅𝑒 < 114)
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10 mM [FeIII(CN)6]
3- Cathodic Scans vs. Flowrate 
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Primary Current Distribution

Over Circular Electrodes
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Pumps

Dummy Flow Cell Benchmarking at Room Temperature

Hydrogen Underpotential Deposition

 Correct potential sensing, little resistance

Potential values are independent on ሶ𝑉

 Traces of 𝑂2(𝑙𝑖𝑞) → negative current shift

The Elevated T&P Channel Flow Cell (E-TP CFC)

CNC-machined polyether-ether ketone (PEEK)

Chemically & mechanically stable

Internal (pseudo)reference electrode

Interchangeable electrode discs

Glue & sealant free

Finite-Element Simulations 

Towards an Elevated Temperature and 

Pressure 3-Electrode Hydrodynamic Channel Flow Cell
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∅ = 𝟓 𝒎𝒎 Pt

Disc as WE

DCFC‘s 3-Electrode Confuguration

Schematics

Top Plate

Base Plate

Temperature 

Distribution

𝑻𝒊𝒏𝒍𝒆𝒕 = 𝟏𝟓𝟎°𝑪

𝑻𝒐𝒖𝒕𝒍𝒆𝒕 = 𝟏𝟐𝟎°𝑪

Conclusions & Future Perspectives

The DCFC demonstrated the effectiveness of the geometry and design

Completing the commissioning and optimization of the E-TP CFC plant

Multiphysics modelling of 𝑃, 𝑇 & ሶ𝑉 effects and comparison with experiments

Benchmark tests at the E-TP conditions, then “real” catalyst studies

Velocity-Slices at the Inlet

Piston Pumps

5L DI-H2O Tank

500 mL PTFE 

Electrolyte Bottle

Back-Pressure

Regulator

8L Spent 

Electrolyte Tank

Flow Cell‘s 

Custom-Made 

Heating Jacket

Heating Management 

Electronics

𝒌𝑷𝑬𝑬𝑲 = 𝟎. 𝟐𝟓 ൗ𝑾
𝑲 ∙ 𝒎

H2O Domain

𝑻𝒆𝒙𝒕 = 𝟐𝟎°𝑪

WE CE

∅ = 𝟓 𝒎𝒎 GC 

Disc as CE
Rubber SealInlet

OutletConnection to RE

Flow Cell

Waste

Motivation & Overall Goal

Fundamental electrocatalyst characterization at Elevated 𝑻&𝑷

 Desired conditions: 𝑷 ≥ 𝟏𝟎 𝒃𝒂𝒓 → increased gas solubility (reactant   

or product); 𝑻 = 𝟏𝟓𝟎 °𝑪 → kinetic & selectivity effects

 Flexible electrolyte composition and real-time 𝑝𝐻 tuning

 Possibility of  future 𝑇-dependend catalyst dissolution & stability 

studies with coupled online analysis (e.g. ICP-MS)

The Physical Electrochemistry of Channel Flow Cells

Hydrodynamic systems (alternative to rotating disc electrodes)[1]

 The flowrate ሶ𝑉 directly controls the mass transport and current 𝐼𝐿𝐼𝑀

Submillimetric channel height ℎ𝑐ℎ → possible ohmic effects[4]

In laminar regimes:
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HUPD on Pt(poly) Disc in H2SO4 0.5 M, ν = 50 mV/s

0.06 mL/min

3.38 mL/min

ሶ𝑽-meter

Back-Pressure 

Regulator

Heating

More on that here…
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Local Velocity vs. y Axis

𝐼𝐿𝐼𝑀
[𝟐] = 𝑛𝑒− · 𝐹 · 𝑘𝑐𝑒𝑙𝑙 · 𝐶𝑏𝑢𝑙𝑘

𝐴𝑊𝐸
𝑔𝑒𝑜

∙ 𝐷

ℎ𝑐ℎ

ൗ2
3

·
3 ሶ𝑉

𝑘𝑐𝑒𝑙𝑙 = 1.467

𝐷 𝟑 = 3.47 ∙ 10−6 𝑐𝑚2𝑠−1

ℎ𝑐ℎ = 0.055 𝑐𝑚

𝐴𝑊𝐸
𝑔𝑒𝑜

= 0.196 𝑐𝑚2

𝐶𝑏𝑢𝑙𝑘 = 10−5 𝑚𝑜𝑙 𝑐𝑚−3

Outlet
3D-Printed RHE 

Holder

CE Lead

Gaskatel 

Mini-Hydroflex

Inlet

Capillary 

to RE

E-TP CFC P&ID

E-TP CFC Plant: Work in Progress!!!

Assembled DCFC

WE Lead

Literature 

Data [2]

Tube Heat 

Exchanger

Cooler

Relief Valves

Pneumatic 

Control Valves

Fast decay of the inlet 

flow disturbances

 Inhomogeneous current densities

M2 Screw Bores

10 𝑚𝑚

50 𝑚𝑚

ℎ𝑐ℎ
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