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I% ;)E.C Motivation and Goals O Neray convenTION

Electrochemical hydrogen compressor research

High level motivation

Rl

+ Noise & vibration free operation

H, netto
+ High compression efficiencies & less required stages A l‘ —> H,0,
for low input pressures 2" , T Pout > Pin
°°°° H+Faraday o"o .
+ Purification of gas mixtures to get >99% H, @'
o o ° diffusion o o °
Research needs & goals Anode: Oxidation :n 20 back- { Cathode: Reduction
. Hz -2 H+ + ze_ . °, diffusion . oo 2 H+ + 2¢~ - HZ
— water transport phenomenain EHC-cells A MEA o,
— significant back-diffusion at high pressure gradients A H,
- . . H,O
— suitable material selection for stack development o

— suitable operating conditions
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i? ?E.C Overview CFD-Modelling in Ansys Fluent — "iie i

Single cell design

CathodeH,

& Anode H, OUT

Anode H, IN 5

A H,

Anode H, OUT, (A-1) H,
Anode H, IN, A H,

EHC-cell

* Single cell geometry modelled in PTC-Creo * active area:~20 cm?

+ membrane: Nafion® 117 (178 pm)

+ catalysts: Pt/Pt (0,55 mg/cm?)

* Cell operation with humidified H, via bubbler » Flowfield: expanded metal sheets

» Gas diffusion layer: sintered Ti + carbon cloth/paper
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F ;;_Eﬂ(; Overview CFD-Modelling in Ansys Fluent her convention

Cell layers, sinks & sources

Catalyst
\ Micro porous

layer

Membrane
\ Gasdiffusion
layer sintered

titan
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Support
structure titan
mesh

Support
structure titan

Current feeder
mesh

Sources and sinks:

- mass transfer processes
- Energeticterms (ohmicheat + condensation heat)

ACat = 22

HZ,EC

-
=

BC1

<:| Th; RHin: Tin:

Detail A

Energy Phasechange

Energy Impedance Cell

|::> Energy ohmic losses MEA

BC3
Twau =T

BC2

\_:> Pout

Numerical simulation at anodic path

Cathode path implemented via boundary conditions:
- relative humidity = 100% (due to high gas pressure)
- Muiea cat = 22 due to contact with liquid water
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IJ-[;EC. Results

water content Ayg,at p,, =1 bar vs. 30 bar

OUT) ()\_1) HZ IN, )\ H2 watercontent-mea i = 0133 A/sz i = 0,33 A/Cm2
| 40es01 P.n=1bar, p.,= 100 bar,A =3 P.,= 30 bar, p.,;= 100 bar,A=3
1.26e+01
1.122+01

9.80e+00 H2 H2 H2

8.40e+00 anode anode anode
 7.008400 ouT IN ouT

560e+00 € D o

4 20e+00

2.80e+00

1.40e+00 a) b)

0.00e+00

Relative humidity of input gas = 100%

with higher input pressure (high partial pressure of H,) - amount of water vapour in gas stream is too low to comply
with induced electrochemical drag

-> significant lack of humidification with higher input pressures
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watercontent AN min | -

% (. Results " ENERGY CONVENTION
Water content Ayg, & Faraday efficiency, p;, = 1 bar, p,, = 100 bar

Minimum MEA water contenton the anode side Faraday efficiency
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if saturated:a=1 2> Ayep =14
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<. Results

[

Voltage & isothermal efficiency, p;, = 1 bar, p,, = 100 bar

RENEWABLE HYDROGEN
ENERGY CONVENTION

Voltage isothermal efficiency
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?E.C Results

RENEWABLE HYDROGEN
ENERGY CONVENTION

Voltage & isothermal efficiency, p;, = 1 bar, p,, = 100 bar

Voltage detail
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I? ?_E.C Outlook " ENERGY CONVENTION

Single cell testing of EHC-prototype: EIS and segmented cell testing

« 2" Cell design appropriate for segmented
cell testing in preparation

[ Afem?

. Current density distribution

'§ Temperature distribution Segmented cel

measurement
device

* Current design used for material tests with:
« GDL ]
« Membrane + catalyst loadings
» Flat gaskets
» Gas mixture separation (CH,/H,)

® o EHC-cell
e N ) - active area: ~20cm?

D

: 8’ * membrane: Nafion® 117(178 pm)
- @ - catalysts: Pt/Pt(0,55 mg/cm2)
.ﬁ‘\m * Flowfield: expanded metal sheets

+ Gasdiffusion layer: sintered Ti+ carbon cloth/paper
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