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Introduction

Low-cost, large-scale storage of intermittent renewable energy such as solar and wind is an essential component in the energy transition. The H,-Br, redox
flow battery is a promising candidate to fulfil this role. However, to decrease the system cost the dissolution resistance of the catalyst for the hydrogen
evolution reaction (HER) and hydrogen oxidation reaction (HOR) needs to be improved. Therein, a balance must be found between catalytic performance,

durability, and material cost.
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cost. We try to improve upon the catalyst design by encapsulating
them beneath thin films of protective metal oxide overlayers (e.qg.,
being hydrogen-permeable. .
HBr H, STEM-EDX confirmed the encapsulation of the Pt/C S

| | particles with a silica shell. Various Pt:Si ratios (i.e,
H*—H* overlayer thicknesses) were tested by accelerated
Br- Pt nano-catalyst degradation testing. The decline in electrochemically
oA . active surface area (ECSA) during prolonged potential
cycling shows that the silica layer slows down catalyst = = =
degradation, increasing the half-life by a factor of 12
Br,  <H, in 0.1 M HBr and by a factor of 4 in 2.0 M HBr.
\ ‘ ‘ 12 _L —=— No coating £ —~ M- No coating
HBr/Br, | | H, 10 — 0.1 M HBr I 57 2.0 M HBr ~V=PLsi 13
Current collector Current collector — 8 _\ —v— PtsILs —~ 6
Proton-exchange E 3 ! '\ E .
1\ >
membrane é | N % 4 - V\
w4 = v"\I"'V'v-vw. . Ll N v
v’ ‘-~-~ VoV VY V-V-Yy-y-y-y-y - \V\
2H*+2e=H, E°=0.00V 2 - - _ V—vy
2 Br i \__\ Br7 + 2 e EO — +109 V 0 | e o o 0-0-0-0-0-0-0-0-0-0-0-0-0~ 0 . T$_! I . I . I
H 2 HBr = H, + Br, EOce/l =1.09V 0 2000 4000 6000 8000 10000 12000 0 500 1000 1500 2000 2500
ﬂ; Cycle Cycle
{
2. Model electrodes L0 —Pt
. y 08 — Pt+2nm SiOp
® Model electrodes comprising films of Pt sputtered on 2 8-6 — Pt +2nm TiOp
. . . Z 04
Si wafers were coated with metal oxide nano- [ o Pt+2nm Al203
membranes via ALD. v ot —n S
e~ Pt + 2 nm SiO,
e 1 2-4nm T‘i 0.14 Pt + 2 nm TiO, 2
I 100 nm ?815 Pt + 2 nm Al,O, .
% 0.08
Si = 0.06 0.1 M HBr
| o 0.04 Ar sat.

2 0.02 i\ 100 mV/s
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used to quantify the rate of Pt dissolution and study
its potential dependence. SiO, and TiO, were found
to restore the typical platinum features seen i,
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* Encapsulation of metal catalysts with a few nanometers of oxide [Current at 0.0 Vigye] / mA cm™
coating can improve durability in extremely harsh electrolyte, but

fine-tuning is required to find optimal membrane thickness, layer
distribution, hydrogen permeability, etc. References
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