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Supplementary Information

Title

Superior cycling stability of Zr-Hf-Co-Fe-Ni hydrogen isotope storage alloys

achieved by hydrogen binding energy modulation

S1. Supplementary Methods

S1.1 Van't Hoff equation.

Based on the pressure-composition-temperature (PCT) curves, the relevant
thermodynamic parameters are calculated by Van’t Hoff equation as shown follows:

In Poq = -AH/RT + AS/R (1)

where R is the molar gas constant, P, AH, AS, and T represent the equilibrium de-

/hydrogenation pressure, enthalpy change, entropy change and testing temperature of the

sample, respectively.
S1.2 The calculation equation for the hydrogen binding energy.

The hydrogen binding energy (Ew.pinding) representing the energy needed to detach an

H atom from a crystal cell, which can be calculated by the following equation:
Etvinding = E1TER-Eo (2)
where Ey is the energy of a H atom, the energies of the optimized structure with and

without the removal of a H atom are denoted by £, and E|, respectively.



S2. Supplementary Figures
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Fig. S1. The hydrogenation (a, e, i) and dehydrogenation (c, g, k) PCT curves, XRD patterns of
hydrogenation samples after 250 °C PCT test (b, f, j) and dehydrogenation samples after 375 °C PCT
test (d, h, 1) of Zr, sHfy sCog sFe,Nigs.. (x =0.25, 0.3, 0.35, 0.4) alloys.
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Fig. S2. Van’t Hoff plots for hydrogenation PCT curves of Zr, sHfy sCog sFe,Nigs.. (x = 0.25, 0.3, 0.35,
0.4) alloys.
a o 8 —=— D1-sl =2.218 intel t=-1.138
(8) == w07 —ssorc ——swe|(D)° [T Tem T T
—_ 30300303003 ‘\
X "W
E
L o ’v
=08 §4 | —+—A2-slope = 0.916 interpect = 0.045 -~ -
_.::" e #— A3-slope = 0.602 interpect = 0.351 )’
® +8 I
Qo4 &
(@]
0.0 or ; ;
2

1
(ﬂtO_S)exp

l Heat preservation disproportionation process

Heating dehydrogenation process
() o — () N
o ?g" 7.0}
B2t j
T g ¥y = 0.00106x - 0.1449| » 75}
£ i R? = 0.994 c
el L d )/ -
n %8 & 4
3 4 f ¥ =0.00037x - 0.1394 -8.0F y=-14.922x + 19.746
5 & f F R=0992 2=
o4l ff 4y = 0.00023x - 0.0480 R*=0.991 _
< R? = 0.957 E,=124.1 £6.7 kJ-mol”
L L _85 L i L
0 3000 6000 9000 1.80 1.84 1.88
1000/T

Time (s)
Fig. S3. The disproportionation kinetic curves of Zr, sHfy sCog sFeg25Nig 25 sample (a), comparison of 9
different kinetic models with disproportionation kinetic curves (b), fitting results of disproportionation

kinetic curves with A2 model (c¢), and activation energy calculation using Arrhenius plot (d).
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Fig. S4. The disproportionation kinetic curves of Zr; sHfy sCog sFeg35Nig 15 sample (a), comparison of 9
different kinetic models with disproportionation kinetic curves (b), fitting results of disproportionation

kinetic curves with A2 model (c), and activation energy calculation using Arrhenius plot (d).
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Fig. S5. The disproportionation kinetic curves of Zr; sHfy sCog sFeo4Nip; sample (a), comparison of 9
different kinetic models with disproportionation kinetic curves (b), fitting results of disproportionation

kinetic curves with A2 model (c¢), and activation energy calculation using Arrhenius plot (d).
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Fig. S6. The unit cell structure of Zr; sHfysCogsFeq3Nip, hydride and the schematic diagram of

corresponding hydrogen storage interstitial sites.
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Fig. S7. XRD patterns of Zr,Co (a) and Zr, oHfy;Co (b) samples after 10 cycles; XRD patterns of
Zr,CoqgoFeq (c) and Zr,CogoNig (d) samples after 20 cycles.



