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Hydrogen storage using amide based complex hydrides

Hydrogen desorption \
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Engineering length scale: Volumetry measurement
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Nanometer length scale: Small Angle Neutron Scattering (SANS) measurement
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Nanometer length scale: In situ SANS measurement
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Complementary use of simulations and SANS experiments
—— Experiment
I(Q) ®  Simulation &
Neutron ? ‘g Q
source L
Detector Q

=

05.12.2024



MLZ

Heinz Maier-Leibnitz Zentrum

Agenda

Scientific problem

Calculation of neutron count rate from simulation

Structure generation using probabilistic simulation

05.12.2024



MLZ

Heinz Maier-Leibnitz Zentrum

Q - clean method: Removal of finite size effect
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Key publications:
SANS measurement: J. Trewhella et al.*
Calculation of diffraction pattern: A. Majumdar et al.**

05.12.2024 *DOI: https://doi.org/10.1107/s2059798322009184, **DOI: https://doi.org/10.3390/ijms25031547 10




eeeeeeeeeeeeeeeeeeeeee

Numerical method: Calculation of SANS pattern from SLD distribution
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Calculation of neutron count rate per unit flux or effective cross-section

QwWQ)
1.2
10104 300
1.07 QWQ,) —-
8 20 Q@ wmQ,) +
08 Q@) Neutron count rate
= — 064 200 .
2 E HQIW(Q,) | per unit flux
S 104 > 0.4 150 or
Effective
i I 1 :
0.2 100 QWQ) Cross-section
0.0 50
-0.2 egratio
T T T T T T T T 0 Q
1072 -0.25 0.00 025 050 075 1.00 1.25 | | |
QAT x [m] Q, Q, Q, Q,

Neutron count rate

05.12.2024 S. Mahlbauer et al. DOI: https://doi.org/10.3233/JNR-190116, L. Karge et al. DOI: https://doi.org/10.1107/S1600576717011463 12]



MLZ

Heinz Maier-Leibnitz Zentrum

Sassena - Software development
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Probabilistic simulation: Generation of structures at end states of a process

Hydrogen Hydrogen Hydrogen Deuterium Deuterium
desorbed absorbed desorbed absorbed absorbed
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Probabilistic simulation: Generation of structures at end states of a process
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Probabilistic simulation: Generation of structures at end states of a process
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Probabilistic simulation: Unknown parameters for generation of structures
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Probabilistic simulation: Optimization of unknown parameters
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Probabilistic simulation: Generation of structures at end states of a process
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Probabilistic simulation: Chemical evolution of generated structures
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Probabilistic simulation: SLD distribution of generated structures

Hydrogen absorption

Deuterium absorption

t =2000.0s t = 4000.0 s t=00s t =2000.0s t = 4000.0 s
2000 2000
1500 1500
= 1000 = 1000 B Mg(NHy),
> > B Mg(NHD),
500 02 500 06 Mg(ND,),
' . LD
0 0.1 mn Mg(NH;), o EEm LiBH,
7 W LH 047 [ LiBDy
0 500 1000 1500 2000 0 500 1000 1500 2000 O 500 1000 1500 2000 < Ligk 500 1000 1500 2000 O 500 1000 1500 2000 0 500 1000 1500 2000 < mmm LoMga(NH)s
00 « S 4 - )
x [A] x [A] x [A] 7 LizMg2(NH); x [A] x [A] x (Al 3 LiaMay(NDJs
-g- BN Li,(BH4)(NH,)3 0.2-;—' I Li;(BH4)}(NH2)3
t=0.0s t=35000s t=7000.0s -01 2 mm H, t=3500.05s t=7000.0s 7 W Lij(BH,)(NHD)s
2000 v — ' = " T B Li;(BH4)(ND)s
—02 0.0 BN Li;(BD4)(NHz)3
1500 ' B Lis(BD4)(NHD)s
) [ Lis(BD4)(NDz)s
o
=< 1000 . H; /D
- =
500 q-lj "
|
.
0 .
0 500 1000 1500 2000 O 500 1000 1500 2000 O 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000 O 500 1000 1500 2000
x [A] x [A] x [A] x [A] x [A] x [A]

Hydrogen desorption Deuterium desorption

05.12.2024 22]



MLZ

Heinz Maier-Leibnitz Zentrum

Nanometer length scale: Neutron count rate vs effective cross-section
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Effect of nanoscopic phenomena on engineering length scale

Hydrogen desorption Hydrogen absorption
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Bigger length scale: Contrast between storage material and gas around it

.
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Bigger length

scale: Neutron count rate vs effective cross-section

Nanometer length scale:
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Bigger length scale: Chemical diffusion in a single grain
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