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Recycling of a spent TiMn,-based hydrogen storage
alloy — challenges, approaches, and initial trials

Introduction

The TiMn,-based alloy Hydralloy® C5 has been used in sealed steel containers for hydrogen storage for decades (max. 1.8

und Klimaschutz

aufgrund eines Beschlusses
des Deutschen Bundestages

wt.-% storage capacity). After decades of use, the containers no longer comply with high-pressure vessel regulations and J. Krusenbaum, RWTH Aachen
are therefore taken out of service. Recycling the storage containers makes sense for two reasons: firstly, most of the raw B. Friedrich, RWTH Aachen
materials required for production are classified as critical, and secondly, there iIs the potential to significantly reduce (in coop. with M. Lau
greenhouse gas emissions (28.6 - 5.8 ’Z ilolzoe;z) [1]. During use, the alloy inside the storage vessels decrepitates to Fraunhofer IFAM Dresden)

powder, meaning that by the end of its service life, it is classified as pyrophoric. This leads to an unavoidable reaction with ﬂ M E RWNTH
ambient air when the containers are opened. For safety reasons, removal was therefore initially carried out on small
prototypes before larger ones are opened. Against this background, the results obtained so far are presented here.

Theoretical background regarding the alloy
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elements that distort the crystal
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TiMn,-based hydrogen storage alloy (virgin)
» These include, for example, Al and Si, as well as dissolved O

@) Refractory interaction trials in VIM under Ar

Breaking down the oxidic passivation layer by remelting is the most obvious
recycling method for fully restoring the storage capacity. As In primary
production, a cold wall vacuum induction furnace (VIM) under argon is used for
this purpose. As there is no information or literature available on how this alloy
behaves In contact with different refractories, initial lab-scale kinetic studies were
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@ Extraction and its effects
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CaO will be used In further trials from ~20 to 1015 ppm
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€) First recycling trials in VIM under Ar

4

EoL alloy (previously compressed) is melted down on 1.7 kg scale.
y . Maintakeaway: - - — — — — — — — — — — — —

« Oxidic layer is broken down but inclusions lead to
significant deposits

* 100% H capacity, despite 0.3-0.4 wt.-% O, Is
Indicator for O being present as inclusions rather
than in solution in the casted block

iInclusions - Literature very scarce, and
thermochem. sim. points to instability of any oxide
slags

* Therefore, feasibility firstly with CaF, (+Cer)
(= maybe cold-hearth induction furnace needed)

—___________R

 Dealing with vield losses: Flux treatment to absorb
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result in yield losses of 25-30%

>{But thick crucible wall deposits] .

contents and particle sizes

* The O Is present as a passivation layer
nm thick (dominated by manganese oxide)

 The oxide film acts as a kinetic barrier for
H and is very likely the reason for the

Same VIM setup as in @ is used. A mixture of 50% virgin and 50% synthetic \\ reduced capacity of the real EoL alloy
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« Optimal extraction results in ~0.7 wt.% O and
~0.1 wt.% N

* These concentrations can be adjusted in
synthetic end-of-life (EoL) alloy powder

(=2 Comp. with real powder, once available)
* There Is noticeable interaction with Al,O5 or

Al,

O; mixtures

(2 test spinel, e.g. composed of Al,O; and MgO)

* To remove inclusions during recycling remelting,
the use of flux is envisaged, which may
necessitate a switch to a cold-hearth induction
furnace




