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Material characterizations

Transmission electron microscopy (TEM) images, high-resolution TEM (HRTEM)
images, high-angle annular dark-field scanning transmission electron microscopy
(HAADF-STEM) and elemental mapping were acquired by Lorenz Transmission
Electron Microscope (Talos F200X). Scanning electron microscopy (SEM) images
were recorded by Quanta 250FEG equipment. X-ray diffraction (XRD) patterns were
obtained from a Bruker D2 PHASER using Cu/Ka radiation (A =1.5418A) at 40 kV and
30 mA. Ar plasma etching was obtained by NanoClean Model 1070 at 44.4 W for
different times (40 s and 120 s). X-ray photoelectron spectroscopy (XPS) spectra were
obtained using a Thermo Fisher ESCALAB spectrometer. The hydrogen storage
properties of MgH,-based materials were tested using a homemade HPSA-auto
apparatus.! About 50 mg of the sample was taken for dehydrogenation/cycling and 100
mg for rehydrogenation tests. Temperature programmed desorption (TPD) was tested
from 100°C to 400°C at a rate of 3 °C/min. The isothermal desorption kinetic properties
of the samples were tested at different temperatures (225, 250, 275, and 300°C) under
starting hydrogen pressures below 0.05 bar. Similarly, the isothermal hydrogen
absorption kinetic properties of the samples were tested at different temperatures (50,
100, 150, and 200°C) under 30 bar H,. The isothermal dehydrogenation (0.05 bar H,)
and rehydrogenation (30 bar H,) tests of the samples were performed repeatedly at

300°C for the cycling test.



Figure S1. SEM images of (a, b) commercial MgH, and (c, d) MgH,@10nmTiO, at

different scales.
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Figure S2. HAADF-STEM images and elemental mapping analysis of MgH,-
20nmTiO; (a-c) before and after (d-f) 40 s, and (g-1) 120 s of Ar plasma etching.
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Figure S3. Partical size distribution of (a) MgH,-20nmTiO, and (b) MgH,-
20nmTiO,@Gra.
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Figure S4. (a) Optical images of commercial MgH,, pristine MgH,, MgH,@20nmTiO,
and MgH,-20nmTiO,. High-resolution O 1s spectrum of the (b) as-produced, (c)

dehydrogenated, and (d) rehydrogenated MgH,-20nmTiO,@Gra.
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Figure S5. XRD patterns of MgH, and MgH,@TiO,.
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Figure S6. The isothermal hydrogen desorption (300°C/0.05 bar) and absorption
(300°C/30 bar) cycling curves of MgH,-20nmTi0O,.
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Figure S7. SEM images of MgH,-20nmTiO,@Gra after cycling at different scales.
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Figure S8. Isothermal dehydrogenation curves of MgH, at different temperatures.
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Figure S9. Isothermal hydrogen absorption curve of MgH,-20nmTiO,@Gra at 50°C,
30 bar H,.
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Figure S10. Time dependence of R2 modeling equation g(a) for MgH,-
20nmTiO,@Gra at different temperatures.
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Figure S11. (a) Time dependence of R2 modeling equation g(a) for MgH, at different
temperatures, and (b) Arrhenius plot for the dehydriding kinetics of MgH,.
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Figure S12. XPS spectra of MgH,-20nmTiO,@Gra at different states.

Table S1. Summary of hydrogen sorption properties for catalyst-enhanced MgH,

composites.

System Dehydrogenation Rehydrogenation  Ref.

component

MgH,- 300°C, 6 min, 6.0 200°C /30 bar H,, 2

Ti0,@rGO wt.%; 2 min, 5.9 wt.%
275°C, 12 min,
5.8wt.%

MgH,/TiO, 300°C, 5 min, 2.35 100°C /30 bar H,, 3
wt.%; 30 min, 2.5
275°C, 10 min, wt.%;
2.85wt.% 150°C /30 bar Hy,

10 min, 2.5 wt.%

MgH,- 300°C, 30 min, 5.8 300°C /15 bar Hy, *

TiO,@Graphen  wt.%; 1.5 min, 5.7

e wt.%;

MgH,- 300°C, 30 min, 6.5 300°C /15 bar Hy, *

TiH,@Graphen  wt.%; 25 min, 6.0

e wt.%;




MgHz-NazTi307
NT

MgH,-Ti

MgH,+N-

Na,TiO3

MgH,-Gra-Ni

MgHz-Ti3C2

MgHz-Nl/TIOZ

300°C, 3.75 min, 5.5
wt.%:;
250°C, 30 min, 1.7

wt.%

275°C, 10 min, 5.75
wt.%;
250°C, 20 min, 5

wt. %

300°C, 4 min, 6
wt.%;
275°C, 11 min, 6

wt.%

250°C, 30 min, 5.2
wt.%;
300°C, 18 min, 6

wt. %

275°C, 30 min, 6.2
wt.%;
300°C, 20 min, 6.6

wt.%

275°C, 10 min, 5.85
wt.%;
300°C, 5 min, 5.94

wt. %

50°C /30 bar H,,
30 1.5

wt.%:;

min,

150°C /30 bar H,,
30 min, 5.0 wt.%

225°C /20 bar Hy,
15 min, 5.8
wt.%:;

275°C /20 bar Hy,
10 min, 6 wt.%
Room
temperature/50 bar
H,, 3.8h, 4 wt.%;
Room
temperature/30 bar

H,, 10 h, 3.4 wt.%

100°C /30 bar Hy,
15 min, 5.3
wt.%:;

150°C /30 bar Hy,

8 min, 5.4 wt.%

100°C /30 bar H,,
20 2.6
wt.%;

150°C /30 bar Hy,
20 min, 5 wt.%;

min,

100°C /35 bar H,,
30 59
wt.%:;

75°C /35 bar H,,

min,
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MgHz-mi-
V20;)@C

MgH,-Ni@Pt

MgHz-Ti2VC2

MgHz-
20nmTiO0,@Gra

250°C, 100 min, 5.99
wt.%:;

300°C, 5 min, 6.02
wt.%

275C, 10 min, 6.1
wt.%:;

300°C, 5 min, 6.2
wt.%

225°C, 2h, 3.29
wt.%:;

250°C, 30 min, 5.82
wt.%

275°C, 10 min, 6.04
wt.%:;

300°C, 2.5 min, 5.6

wt.%

60 min, 6 wt.%
50°C /35 bar H,, 3
h, 5.07 wt.%:;
150°C /35 bar Hy,
9 min, 6 wt.%
150°C /15 bar H,,
1 h, 4.8 wt.%;
202°C /15 bar Hy,
10 min, 5.5 wt.%
150°C /30 bar Hy,
10 min, 5.7

wt.%:;

50°C /30 bar H,,

2 h, 5.39 wt.%;
100°C /30 bar Hy,
0.5 h, 6.17 wt.%:;
150°C /30 bar H,,
15, 5.41 wt.%;
200°C /30 bar Hy,
15s,5.75 wt.%

1

This work

Table S2. Comparison of dehydrogenation activation energy E, with reported MgH,

based composites

System component

Dehydrogenation

activation energy

Ref.

E,(kJ/mol)

Bulk MgH, 180.41 3
MgH,-Co MOF 151.3+9.4 14
MgH,-Fe MOF 1423+6.5 14

Mg-CeF; 155.3 15
MgH, 154.9+16.2 16
MgH,-CoMoO,/rGo 123.46+7.8 16
MgH, 161.3 17
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MgH,-TiN
MgH,-TiO,
MgH,@Gra
MgH, @CNT
pristine MgH,
MgH;-20nmTiO,@Gra

144.7

118.9
142.17
133.77
190.64
116.10

17
17
18

18

This work
This work

12



Reference

Sl

10.

11.

12.

13.

14.

15.

16.

17.
18.

C. Wu, Y. Wang, Y. Liu, W. Ding and C. Sun, Catal. Today, 2018, 318, 113-118.

G.Liu, L. Wang, Y. Hu, C. Sun, H. Leng, Q. Li and C. Wu, J. Alloys Compd.,2021, 881, 160644.
L.Ren, W. Zhu, Y. Li, X. Lin, H. Xu, F. Sun, C. Luand J. Zou, Nano-Micro Lett.,2022, 14, 144.
S. K. Verma, A. Bhatnagar, V. Shukla, P. K. Soni, A. P. Pandey, T. P. Yadav and O. N.
Srivastava, Int. J. Hydrog. Energy, 2020, 45, 19516-19530.

L. Zhang, L. Chen, X. Fan, X. Xiao, J. Zheng and X. Huang, J. Mater. Chem. 4, 2017, 5, 6178-
6185.

J. Cui, J. Liu, H. Wang, L. Ouyang, D. Sun, M. Zhu and X. Yao, J. Mater. Chem. A, 2014, 2,
9645-9655.

J.Li,R. Zou, Y. Cui, G. Lei, Z. Li and H. Cao, Chem. Eng. J., 2023, 470, 144259.

G. Xia, Y. Tan, X. Chen, D. Sun, Z. Guo, H. Liu, L. Ouyang, M. Zhu and X. Yu, Adv. Mater.,
2015, 27, 5981-5988.

C. Gu, H.-G. Gao, P. Tan, Y.-N. Liu, X.-Q. Liu, X.-H. Hu, Y.-F. Zhu and L.-B. Sun, Chem. Eng.
J., 2023, 473, 145462.

Z. Lan, F. Hong, W. Shi, R. Zhao, R. Li, Y. Fan, H. Liu, W. Zhou, H. Ning and J. Guo, Chem.
Eng. J., 2023, 468, 143692.

Z.Lan, X. Wen, L. Zeng, Z. Luo, H. Liang, W. Shi, F. Hong, H. Liu, H. Ning, W. Zhou and J.
Guo, Chem. Eng. J., 2022, 446, 137261.

Z. Yuan, S. Li, K. Wang, N. Xu, W. Sun, L. Sun, H. Cao, H. Lin, Y. Zhu and Y. Zhang, Chem.
Eng. J., 2022, 435, 135050.

H. Liu, X. Duan, Z. Wu, H. Luo, X. Wang, C. Huang, Z. Lan, W. Zhou, J. Guo and M. Ismail,
Chem. Eng. J., 2023, 468, 143688.

Z.Ma, J. Zou, D. Khan, W. Zhu, C. Hu, X. Zeng and W. Ding, Journal of Materials Science &
Technology, 2019, 35, 2132-2143.

T. He, X. Wang, H. Liu, S. Gao, Y. Wang, S. Li and M. Yan, Int. J. Hydrog. Energy, 2020, 45,
4754-4764.

J. Zhang, Q. Hou, X. Guo and X. Yang, J. Alloys Compd., 2022, 911, 165153.

Y. Wang, Q. Zhang, Y. Wang, L. Jiao and H. Yuan, J. Alloys Compd., 2015, 645, S509-S512.
Q. Zhang, Y. Huang, T. Ma, K. Li, F. Ye, X. Wang, L. Jiao, H. Yuan and Y. Wang, J. Alloys
Compd., 2020, 825, 153953.

13



