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Supplementary Figures
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Fig. S1 Schematic illustration of rN-pC preparation
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[bookmark: _Hlk201516585]Fig. S2 a XRD patterns of ZIF-8 (simulated), as-synthesized ZIF-8, N-pC and rN-pC. b Pore-size distribution of ZIF-8, N-pC and rN-pC. c Survey XPS spectra of N-pC and rN-pC and d Raman spectra of N-pC and rN-pC under excitation of 514 nm laser
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Fig. S3 Raman spectra of N-pC and rN-pC under excitation of a 325nm, b 532nm, c 633nm lasers, and d I(D)/I(G) (the ratio of peak areas) dispersion with the change of excitation wavelengths with error bars
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Fig. S4 SEM images of a ZIF-8, b N-pC and c rN-pC
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Fig. S5 Typical TEM images of a rN-pC and b, c N-pC at different scales, and d representative BF image as well as corresponding EDS elemental mapping results of N-pC
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[bookmark: _GoBack]Fig. S6 Experimental H2 adsorption and fitting of rN-pC at 196 and -186 oC under ultralow pressure
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Fig. S7 Top and side views of optimized geometries of H2 adsorbed on a graphene, b C sites in graphitic N doped graphene, c N sites in graphitic N doped graphene, and d C sites in pyridinic N doped graphene
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Fig. S8 Density of States (DOS) for modelled substrates
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Fig. S9 Iso-surfaces of charge density difference for H2 adsorbed on a graphene, b N sites in graphitic N doped graphene, c C sites in graphitic N doped graphene, d N sites in pyridinic N doped graphene, and e C sites in pyridinic N doped graphene
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[bookmark: _Hlk201501898]Fig. S10 a Typical TEM and b HRTEM images of the as-synthesized pure Mg
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Fig. S11 a TEM image of 60MgH2/rN-pC and b corresponding SAED pattern
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Fig. S12 a Typical TEM, and b, c, d the corresponding HRTEM images, e TEM image and f corresponding HAADF image and EDS elemental mapping (C, N, Mg) results of the hydrogenated 60MgH2@rN-pC composite after 10 cycles at 275 oC
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Fig. S13 FTIR spectra of rN-pC, pure MgH2 and 60MgH2/rN-pC
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Fig. S14 a N2 adsorption/desorption isotherms and b pore size distribution of rN-pC and 60MgH2@rN-pC
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Fig. S15 a Experimental H2 adsorption of 60MgH2/rN-pC at 196 and -186 oC under ultralow pressure and b equivalent isosteric heat of H2 adsorption fitting of 60MgH2/rN-pC
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[bookmark: _Hlk136806402]Fig. S16 DSC curves and corresponding Kissinger’s plots of the pure MgH2
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Fig. S17 JMAK plots and the corresponding lnK-1000/T plots of a, b 60MgH2/rN-pC and c, d pure MgH2 for dehydrogenation
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Fig. S18 Isothermal a dehydrogenation and b rehydrogenation curves of the pure MgH2 at different temperatures
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Fig. S19 Isothermal dehydrogenation curves of 60MgH2/rN-pC at 225 oC and 250 oC for a relatively long time (~8h)
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Fig. S20 a PCT curves of 60MgH2/rN-pC at different temperatures and corresponding b fitting plot
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Fig. S21 Reversible hydrogen absorption/desorption cycling profiles of 60MgH2@rN-pC at 275 °C
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Fig. S22 Reversible hydrogen absorption/desorption cycling profiles of the pure MgH2 at 350 °C
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Fig. S23 Hydrogen desorption curves of 60MgH2@rN-pC at 275 oC and the pure MgH2 obtained under 350 °C at different cycles
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[bookmark: _Hlk201651456]Fig. S24 Reversible hydrogen absorption/desorption cycling profiles of the pure MgH2 at 350 oC for 25 cycles and 60MgH2@rN-pC at 300 oC for 30 cycles
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[bookmark: _Hlk201650803]Fig. S25 High-resolution a C 1s, b N 1s, and c Mg 2p spectra of the hydrogenated 60MgH2@rN-pC composite after 10 cycles at 275 oC
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Fig. S26 Continuous desorption curve of the 60MgH2@rN-pC composites

About the waste heat to trigger MgH2 desorption hypothesis, we provide a quantitative energy balance calculation based on the MgH2–solid oxide fuel cells (SOFC) powered prototype car [S1]. 
Supposing that there is 1 kg of composite material, including 400 g porous carbon and 600 g MgH2. According to the references, the specific heat capacities of porous carbon and MgH2 can be determined as ~0.8 J g-1 K-1 [S2, S3] and ~1.4 J g-1 K-1 [S4], respectively. The working efficiency of SOFC is considered as 60% [S1, S5], and the use of 8 g H2 in SOFC would provide waste heat of: 285.8 kJ mol-1×8 g/2.0 g mol-1×40%=457.3 kJ. If the utilization rate of the waste heat is 60% [S6] and the heat loss rate of the hydrogen storage tank is considered as 20% [S7, S8], it can increase the temperature of the composite from room temperature to: ΔT=457.3 kJ×60%×80%/(0.8 J g-1 K-1×400 g +1.4 J g-1 K-1×600 g) =189.2 K. The result indicates that the 60MgH2@rN-pC composite can be heated to ~214 oC by the waste heat, which is higher than its onset desorption temperature of 175 oC.
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Fig. S27 Optical photographs of a 100mg 60MgH2@rN-pC powder and b, c the corresponding pellet compacted under 500 MPa from different views
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Fig. S28 The optical photographs of a compression machine and its b compaction pressure indicator.
The compression machine was a PC-12 type tablet press from Tianjin Jingtuo Company and its effective force range is 0-12 Tons. A cylindrical die with the inner diameter of 10 mm was used for pelletizing. Based on the effective force and the size of die, the effective pressure range is 0-1500 MPa. In this work, a compression pressure of 500 MPa (4 Tons) was employed on the composite pellets.
Supplementary Equations
Equation S1 The high-pressure H2 isotherms adsorption at 77K and 87K were modelled using a semi-empirical methodology [S9]. The high-pressure H2 isotherms were measured by HPSA-auto device, and were fitted using the Tóth equation:

to represent the filling fraction θ:

the compressibility factor Z that accounts for the fact that hydrogen is not an ideal gas at 77 K, Z is approximate as:

where ρA is the density of adsorbate in g cm-3, b is the affinity constant in MPa-1, c is a heterogeneity parameter, and vp is the pore volume in cm3 g-1. p is the pressure in MPa, R = 8.314 J mol-1 K-1 is the molar gas constant, T is the temperature in K and M = 2.01588 g mol-1 is the molar mass of H2.
Equation S2 The density functional theory (DFT) is an advanced method to calculate pore size distribution and pore volume based on adsorption isotherm data, especially for the accurate analysis of micropores (<2 nm) and mesopores (2-50 nm) [S10]. The integral equation of isothermal adsorption for the case of distributed pore sizes can be written as the convolution:

Where Q(p) is the total quantity of adsorbate at pressure p, q(p,H), the Kernel function, is the density functional description of the adsorption isotherm for an ideally homo-porous material characterized by pore width H, and f(H) is the desired pore surface area distribution function with respect to H.
[bookmark: _Hlk140613048]Equation S3 To assess the interaction between H2 molecules and the rN-pC, the isosteric heat of adsorption (Qst) was calculated using the Clausius-Clapeyron equation [S11], H2 isotherm data at T1 (77 K) and T2 (87 K) were fitted with Langmuir equation.



Equation S4 The desorption apparent activation energy (Ea) was obtained by fitting DSC data using Kissinger method [S12].

where β represents the heating rate, Tp refers to the peak temperature, R is the gas constant (R = 8.314 J mol−1 K−1), and C is a constant.
[bookmark: _Hlk166158343]
[bookmark: OLE_LINK2][bookmark: _Hlk191978562]Equation S5 The enthalpy of the reaction between hydrogen and Mg was calculated by Van’t Hoff equation [S13].

Where  is the equilibrium pressure (plateau pressure) at the temperature T,  is the reference state (o, 1 bar),  and  represent the enthalpy and entropy change of the reaction, and R is the gas constant (R = 8.314 J mol−1 K−1).
Supplementary Tables
Table S1 the specific surface area, pore size distribution and pore volume of ZIF-8, N-pC and rN-pC
	
	SBET(m2 g-1)
	VDFT(mL g-1)
	SDFT(MP) (m2 g-1)
	VDFT(MP) (mL g-1)

	ZIF-8
	1877.3
	0.711
	1367.9
	0.666

	N-pC
	1146.5
	0.920
	921.5
	0.271

	rN-pC
	1525.4
	1.498
	1326.3
	0.447


MP: micropore

Table S2 Semiquantitative atomic fraction of XPS of N-pC and rN-pC (at%)
	
	C
	N
	O

	N-pC
	95.16
	2.33
	2.51

	rN-pC
	91.48
	5.97
	2.55



[bookmark: OLE_LINK3]Table S3 Semiquantitative atomic fraction of STEM of N-pC and rN-pC (at%)
	
	C
	N
	O

	N-pC
	94.7
	1.36
	3.98

	rN-pC
	94.4
	2.06
	3.52


Table S4 The high-pressure H2 isotherms adsorption at 77K and 87K were modelled using a semi-empirical methodology for rN-pC and 60MgH2/rN-pC
	Sample
	ρA 
(g cm-3)
	b
(MPa-1)
	c
	vp
(cm3 g-1)
	R2
	Max excess adsorption (wt%)

	rN-pC
	0.02629
	532.995
	0.29197
	1.77791
	0.9983
	2.49

	60MgH2/rN-pC
	0.04542
	3407.31
	0.20782
	0.34015
	0.9995
	0.66
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