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What do space exploration and our climate on Earth have in common?
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Creating an artificial atmosphere in space - the obstacles

Water electrolysis under micro-
gravity conditions faces obstacles:

(a) 1-G (b) p-G

Water@lectrolysi
2H,0 =—»0, +2H,

S mm

CCD images of gas bubble formation in 25 wt.%
KOH and in 0.1N H,SO; under terrestrial gravity

st Sabati (1G) and microgravity (uG), 8s after starting the &) ‘J
CO, separation@ndp 1% Sabatiereactor water electrolysis (E=-0.8 V vs RHE). /\9 '
condensation CO, +4H, =» 2H,0 HTH, From: Matsushima et al. (2006).

Prof. Yasuhiro Fukunaka

Matsushima et al. (2006), Electrochim. Acta 51, 4190.
Sakurai et al. (2012), Electrochim. Acta 100, 350.
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Details of the syringe sample container
with the magnet on the left.

| Improving Electrolyser Device Performance in Microgravity

How can we remove gas bubbles in microgravity and improve phase sepration?

Prof. Alvaro Romero-

Magnetic environment inside the syringe Calvo

filled with MilliQ water
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White bar: gas injector; grey box: magnet. The panels represent a the magnetic field, b
the diamagnetic acceleration exerted on the liquid, and ¢ the terminal velocity of a 1

mm diameter air bubble.

Romero-Calvo et al. (2022), npj Microgravity 8 (32).
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Results for dia- and paramagnetic solutions in microgravity

Omer Akay Prof. Alvaro Romero-

Milli Q water Calvo

Romero-Calvo et al. (2022), npj Microgravity 8 (32).



University
of Bremen

Utilization of Magnetically-Induced Phase Separation for

R

Theo  pyof. Alvaro Romero-

Water (Photo-)Electrolysis in Microgravity Omerakay
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Photoelectrochemical cell set-up , , ,
in the drop capsule Diamagnetic acceleration

O. Akay et al. (2025), Nat. Chem.



University
U of Bremen . .
The experimental set-up in the drop capsule

Potentiostats,
shutter control

Photoelectro-
chemical set-up,
cameras

Light sources,
computer

DC/AC converter
Battery

Two compartment
photoelectrochemical cell

Capsule Optical board with photoelectrochemical
cell, cameras, light shutters and light guides
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Efficient H, production with Pt mesh electrodes

Pt mesh, -0.6 V vs. NHE
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Electrolyte: 1 M HCIO,, 1% isopropanol

O. Akay et al. (2025), Nat. Chem.
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Combining Lorentz
and diamagnetic
forces at high
current densities

61005 ° 2 mm

Pt mesh, HER, terrestrial

magnet no magnet

O. Akay et al. (2025), Nat. Chem.



Model of a PEM
electrolyser system  3.934 sec

ilisation 'of the diamagnetic force

O. Akay et al. (2025), Nat. Chem.
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How about using the effect for photoelectrochemical devices
and directly utilize sunlight on Earth and in space?

B
- H*, CO,, N,, O/\ 2H,0  O,f@e +BH*

+ ne”

NH,
Hz, CH4, NHS, HZN)J\NHz; Q/\ + Hzo

(a) (b) (c) (d) (e)

H* O.. N |® photocathode
» =20 T2 SC ohmic

contact
photoanode

Semiconductors generate electron-hole pair upon light absorption
which are used for catalysis via deposited electrocatalysts.
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