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1. Experimental Section

1.1 Chemicals

Nickel acetylacetonate [Ni(acac)2, 200 nm], sodium hydroxide (NaOH), anhydrous ethylene glycol 

(H2O < 5 ppm), h-BN nanosheets (200 nm), polyethyleneimine, and anhydrous tetrahydrofuran (THF, 

99.5%, H2O < 50 ppm) were purchased from Biochemical Technology Co., Ltd.

1.2 Preparation of Ni/NixB@MgH2

First, 0.1 g NaOH and 30 mL distilled water were stirred and ultrasonically treated at 70°C for 6 h. 

Ethylene glycol was added to h-BN and stirred at 160°C for 40 min, and the precipitate was obtained by 

centrifugation. Subsequently, 10 mL polyethyleneimine was added to h-BN and processing by high-speed 

ball milling. The grafted h-BN was added to a round-bottom flask along with 0.5 g Ni(acac)2 and 30 mL THF. 

The mixture was stirred, dried, and heated to 1,200°C. The mixture was maintained at this temperature 

for 90 min in Ar to obtain Ni/NixB. The following samples were prepared for characterization: sample 1, 

ratio of h-BN to Ni2+ = 10:1; sample 2, h-BN: Ni2+ = 10:3; sample 3, h-BN: Ni2+ = 10:5; sample 4, h-BN: Ni2+ = 

10:7; and sample 5, h-BN: Ni2+ = 1:1. Finally, Ni/NixB and MgH2 were subjected to high-speed ball milling 

to prepare the Ni/NixB@MgH2 composite. For the gas adsorption measurement, sample 1, the ratios of h-

BN to Ni2+ : 10:1; sample 2, the ratios of h-BN to Ni2+:10:3, and sample 3, the ratios of h-BN to Ni2+:10:5. 

For fourier-transform infrared characterization, the h-BN nanosheets were grafted with different 

concentration ratios of OH to -CONH2:Ni2+/h-BN-1, OH:-CONH2=10:1; Ni2+/h-BN-2, -OH:-CONH2=10:3; Ni2+/ 

h-BN-3, OH:-CONH2=10:10. 

1.3 Characterization

X-ray diffraction (XRD) was conducted with a scanning speed of 10°/min and scanning range of 5° 

to 90° in increments of 0.02°. The samples were also characterized by field-emission scanning electron 

microscopy and aberration-corrected scanning transmission electron microscopy (STEM). The surfaces of 



 3 / 11

the samples were analyzed by X-ray photoelectron spectroscopy (XPS) using a Thermo Scientific K-alpha 

XPS system. Fourier-transform infrared (FTIR) spectra were obtained using a FTIR/STA6000-TL9000 MS 

system in the range of 4,000–400 cm−1. The specific surface areas and pore size distributions of the 

samples were analyzed by Brunauer–Emmett–Teller (BET) surface area analysis. The N2 absorption 

performances of the composites were evaluated by measuring the sorption isotherms at −196°C.

1.4 Hydrogen storage performance measurements

These Ni/NixB@MgH2 composites contain materials that adsorb H2 through both physical and 

chemical absorption. High-pressure sorption equipment was used to measure the isothermal hydrogen 

absorption/desorption performance of the samples under constant temperature and varying pressure. 

PCT hydrogen equipment combined with a hydrogen generator and gas chromatography was used to 

analyze the kinetics of physical and chemical adsorption. PCT was explained that the high-pressure gas 

analysis system controlled by a computer for fully automatic operation can accurately determine the 

adsorption capacity of various materials such as powders and block solids for high-pressure gas. Its testing 

execution standard is GB19560-2008 "High pressure Isothermal Adsorption Test Method for Coal".
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2. Figures and Tables

               

Fig. S1. The corresponding HAADF-STEM image of Ni/NixB@MgH2 composite (a), (b).
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Fig. S2. SEM images of as-prepared multilayer Ni/Ni2B/Ni4B3@MgH2 composite (a). (b) EDS mapping of the 

corresponding B (c), N (d), Mg (e) and Ni (f).
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Fig. S3. The corresponding HAADF-STEM image of Ni/NixB composites with different ratio of Ni2+ to h-BN 

(a), (b), (c), (d).
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Fig.S4. The XRD spectrum of multilayer Ni/NixB catalyst after hydrogenation and dehydrogenation (b). 
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Table S1. Hydrogen storage capacity and temperature of Mg-based catalysts previously

reported in the literature.

Materials Observed storage capacity (wt%) Operation temperature (°C)

Mg2NiS1 3.4~3.6 ＞327

MgH2-LiNHS2 4~6 ＞227

Mg(BH4)2
S3, S4 2~3 ＞300

MgNiXM0.03 (M=Cr, Fe, Co,Mn)S5-S7 3.0~3.9 ＞327

Mg(BH4)2(NH3)2
S8 3~5 ＞227

Pt doped Mg2Ni S9 6~7 ＞227

Ti doped Mg2NiS6,S7 2~3 ＞227

Mg-PMMA S10 4.5~5.5 ＞327

La doped Mg2NiS11 3~5 ＞277

Mg-RES7 3~5 ＞327

Ni@MgS12 7.5% 260

Ni/h-BNS13

f-CNT-M (M=La2O3, Ni)S15                       

6.9

6.2%

15 bar

100

Ti(OC3H7)4 @MgH2 5.2%

MgH2-(CuO)@GrS11 6.1% 290

This work 7.0% <200
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Table S2. The sorption temperature and content of hydriding and dehydriding corresponding

to several samples.

Sample H2 absorb/desorption 

temperature (°C)

H2 content/Time(min)

catalyst-5 wt%@MgH2 200/200 6.8/60

catalyst-10 wt%@MgH2 200/200 6.8/30

catalyst-30 wt%@MgH2 200/200 6.8/10

catalyst-50 wt%@MgH2 200/200 6.8/10
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