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Schematic and parameters of Fabrication 

A double zone CVD system is used for the fabrication of Nd-Gr-NF composite material. Nd-

source was placed in Zone-I and heated at high temperature (1200-1400°C). while the nickel 

foam was placed in downstream in Zone – II (Fig. S1a). The heating time of Zone-I and Zone- 

II was synchronized and both zones reached at particular temperature at the same time (Fig.  

S1b). The hydrogen (25%) mixed argon gas was provided throughout of the experiment. When 

the temperature of Zone- II reaches as 1100°C, ethylene (C2H4) gas as carbon source was 

inserted. 

Fig. S1 (a) Schematic of double zone CVD system and (b) growth conditions (temperature vs. 
time (flow of gases))
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Table. S1 Each experiment was repeated numerous times on identical conditions
Material/Temperature 

of Zone – I of CVD

Material/Temperature 

of Zone – I of CVD
Growth Time (mins) Special Morphology

No Material Nickel Foam/1100°C 5-10 Graphene on nickel foam 

(No special morphology)

NdF3/1100°C Nickel Foam/1100°C 20 for Zone-I

10 for Zone-II

Graphene on nickel foam 

(No special morphology)

NdF3/1200°C Nickel Foam/1100°C 20 for Zone-I

10 for Zone-II

Nd-Graphene on nickel foam 

(No special morphology)

NdF3/1250°C Nickel Foam/1100°C 20 for Zone-I

10 for Zone-II

Nd-Graphene on nickel foam 

(No special morphology)

NdF3/1300°C Nickel Foam/1100°C 20 for Zone-I

10 for Zone-II

Nd-Graphene on nickel foam 

(No special morphology)

NdF3/1350°C Nickel Foam/1100°C 20 for Zone-I

10 for Zone-II

Nd-Graphene on nickel foam 

(ball-like morphology)

NdF3/1400°C Nickel Foam/1100°C 20 for Zone-I

10 for Zone-II

Nd-Graphene on nickel foam 

(fiber-like morphology)

Growth Mechanism

Li et al.1 already described the growth mechanism of graphene on copper and nickel substrates. 

The nickel has ability to absorb the carbon atoms. There are numerous steps to perform the 

experiment to get Nd-Gr-NF composites. The C-atoms will absorb in nickel and come again 

on the surface of nickel upon cooling to form the graphene, but nickel cannot absorb the Nd 

atoms. The C-atoms arrange to form graphene, but the Nd-atoms remain on the surface and 

upon cooling, start agglomerating to form different kind of morphologies on the surface of 

graphene. Fig. S2 indicates the formation of the composite. 
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Fig. S2 A comparison of the situation when loading the prepared samples and after the 
experiment, and the schematic of growth mechanism. 
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Etching of nickel to get Gr-Nd samples

The transfer of the sample is possible after etching the nickel and pure graphene foam like 

material can be obtained as reported in the literature.2-9 However, normally FeCl3 and HCl are 

used for wet-etching process. These both can also etch Nd on the surface of nickel foam. That’s 

why we have compared transfer free sample and transferred sample’s XRD to find out the 

presence of Nd. In XRD, Nd peaks are missing.

Fig. S3 The XRD of Nd-Gr-NF and nickel etched Nd-Gr samples 10

SEM of controlled growth of Nd on Gr/NF

A smooth surface of the nickel foam was observed under the SEM (Fig. S4a) which converts 

into rough upon the fabrication of graphene (Fig. S4b). The surface of nickel foam becomes 

dirty upon the deposition of neodymium (Nd) (Fig. S4c and S4d). As the pyrolysis temperature 

increases, the neodymium material on the graphene foam nickel increases. It can be seen from 
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the figure that the neodymium active materials of Nd-Gr/NF-1300°C and Nd-Gr/NF-1400°C 

are uniformly distributed on the graphene foam nickel (Fig. S4e and S4f).

Fig. S4 Surface of nickel foam (a), graphene grown on nickel substrate (b), Nd-Gr/NF-1200°C, 

(c) Nd-Gr/NF-1250°C, (d) Nd-Gr/NF-1300°C (e) Nd-Gr/NF-1350°C (f) Nd-Gr/NF-1400°C
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HRTEM of transferred graphene and Nd-graphene

Graphene with Nd and without Nd was transferred from nickel foam for the structural analysis. 

The high-resolution image of graphene without Nd shows a d-spacing of 0.33 nm and the 

distance between layers of graphene is about 0.33 nm (Fig. S5a). This indicates that graphene 

on nickel foam was multilayered. The SAED pattern of graphene shows random bright dots 

which indicates the layers of graphene were also randomly oriented. Though, XRD did not 

provide any peaks of Nd upon transferring of graphene from nickel but HRTEM shows that 

there are small Nd-particles inside the graphene sheets which results the SAED pattern into 

rings (Fig. S5c and S5d).

Fig. S5 HRTEM of transferred as-grown graphene on nickel foam (a) and its corresponding 
SAED pattern (b). The transferred Nd-graphene with small Nd-particles (c) and corresponding 
g SAED pattern (d).  
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Fig. S6 Nd deposited on nickel foam (NF) (a) and corresponding LSV in. KOH medium (b)
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Stability and ESCA normalized LSV

Fig. S7 Stability for 10 hours (a) and ECSA normalized LSV’s of Gr-NF, Nd-Gr-NF-1350 and 
Nd-Gr-NF-1400
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Characterizations after stability

Fig. S8 SEM of graphene (a), Nd-balls on graphene (b), and Nd-fiber on graphene grown on 
nickel foam (c). HRTEM of ball-like Nd in graphene sheets (d), high-resolution HRTEM (e), 
and SAED pattern (f). 

Fig. S9 XRD of Nd-Gr-NF (a) and Raman spectroscopy (b)
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