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Supplementary Table 1 | H adsorption energy (Eads) at B sites in different coordination environments.
	Site
	Coordination number
	Eads (eV)

	
	Ni
	C
	B
	

	B1
	0
	0
	5
	-1.80

	B2
	0
	0
	6
	0.97

	C1
	0
	0
	5
	-1.34

	C2
	0
	1
	5
	-1.14

	N1
	3
	0
	4
	-1.08

	N2
	3
	0
	1
	-0.70

	N3
	3
	0
	2
	-0.65

	N4
	0
	0
	5
	-0.47
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Supplementary Figure 1 | a) XRD patterns of Grs-xNi, b) XPS survey spectrum and c) HRTEM image of Grs-10Ni.
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Supplementary Figure 2 | a) XRD patterns, b) FTIR spectra of Grs-xNi-LiBH4 nanocomposite.
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Supplementary Figure 3 | DSC curves of pristine LiBH4 and Grs-xNi-LiBH4 nanocomposites.
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Supplementary Figure 4 | Kissinger’s plots of pristine LiBH4 under different heating rates.
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Supplementary Figure 5 | Non-isothermal hydrogenation curves of Grs-10Ni-LiBH4 nanocomposite.
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Supplementary Figure 6 | Isothermal hydrogenation curves of LiBH4-Grs nanocomposites.
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Supplementary Figure 7 | 1st, 5th and 10th isothermal dehydrogenation curves of a) Grs-10Ni-LiBH4 and b) LiBH4-Grs nanocomposites at 350 °C.
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Supplementary Figure 8 | a) SEM image of Grs-10Ni-LiBH4 after 20th rehydrogenation, b-c) SEM image and corresponding EDS mappings of Grs-10Ni-LiBH4 after 30th rehydrogenation.
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Supplementary Figure 9 | SEM images of Grs-10Ni-LiBH4 nanocomposite after a) dehydrogenation and b) hydrogenation, c) high-resolution Ni 2p XPS spectra, d) FTIR spectra and e) solid state 11B NMR spectra of LiBH4-Grs-10Ni nanocomposite after dehydrogenation and hydrogenation at 300 ºC. The peaks marked with * in e) indicate the spinning sidebands.
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Supplementary Figure 10 | SEM images of Grs-6Ni-LiBH4 after a) dehydrogenation and b) hydrogenation, SEM images of Grs-20Ni-LiBH4 after c) dehydrogenation and d) hydrogenation.
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Supplementary Figure 11 | a) XRD patterns, b) high-resolution B 1s XPS spectra and c) solid state 11B NMR spectra of LiBH4-Grs-10Ni nanocomposite after dehydrogenation and hydrogenation at 350 ºC.. The peaks marked with * in c) indicate the spinning sidebands.
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Supplementary Figure 12 | Ab initio molecular dynamics (AIMD) simulation of H2 reaction around Ni-B. The dissociation, adsorption, and migration of hydrogen on the Ni-B surface at 500 K were simulated, revealing the breaking and recombination of B-B bonds during the migration of the B-H groups.
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