
Catalytically Etching Graphene and Graphite by Metal Particles 
 

Guangjun Cheng, Irene Calizo, Angela R. Hight Walker 

 

Physical Measurement Laboratory, National Institute of Standards and Technology, 100 Bureau Drive, 

MS 8443, Gaithersburg, MD 20899, USA  

 

Future graphene applications require the advanced development of various techniques to create graphene 

configurations with desired shape and edges [1]. Particle etching has emerged as a possible route to 

produce crystalline cutting of graphene with zigzag or armchair edges [2]. In this work, we characterized 

the etching of graphene and graphite by metal particles using low-voltage scanning electron microscopy 

(LVSEM), optical microscopy, and Raman spectroscopy. Metal thin films were deposited onto 

mechanically exfoliated graphene flakes on Si/SiO2 substrates using a sputtering technique. When these 

thin films were rapidly annealed, particles were produced due to the dewetting of the films [3], and 

etching occurred at graphene/graphite-particle interfaces. Two nanoparticle systems are presented, Fe 

and Cu. LVSEM, utilizing both the SE2 and Inlens detectors, reveals different morphology for the Cu 

and Fe particles and different etching behaviors due to their distinct interactions with carbon. Raman 

spectroscopy provides damage information in graphene and graphite created by etching process. 

 

Figure 1a shows an optical image of mechanically exfoliated graphene and graphite regions on a Si/SiO2 

substrate before depositing a Fe thin film. After annealing the Fe thin film at 950 
o
C for 30s in a forming 

gas (10% H2/90% N2) environment, Figure 1b shows that these three regions exhibit different 

morphology from Figure 1a. Various blue tracks appear on pinkish graphite, indicating that graphite is 

getting thinner in these tracks. Figure 1c shows the representative micro-Raman spectra collected from 

the pristine and annealed graphene region, respectively. After annealing the Fe thin film, the appearance 

of a large D peak ~1350 cm
-1

 along with the significant reduction in the intensity of G and G' peaks, 

suggests that the annealed graphene region is severely damaged. Raman mapping was performed in the 

rectangle region shown in Figure 1b. Figures 1d and 1e show Raman mapping images of the integrated 

D peak intensity (A(D)), and the integrated G' peak intensity (A(G')), respectively. As shown in Figure 

1d, the graphene region is highlighted with the largest D peak intensity. For the Raman map of A(G') in 

Figure 1e, the graphene region has lower intensity than the graphite region, but higher than the Si/SiO2 

substrate region, indicating the existence of carbon residues. Both Raman maps show that the severe 

damage to the graphene region is relatively uniform. 

 

Severely damaged graphene was also observed for Fe particles produced in N2, suggesting that this 

graphene etching process is through a carbon diffusion process. No etching was observed on graphite for 

Fe particles produced in N2. The critical role of hydrogen indicates that this graphite etching process is 

catalyzed by Fe particles through the carbon hydrogenation reaction.  

 

While no etching takes place for Cu particles on graphite in either gas environment at 1050 
o
C, Cu 

particles unconventionally but effectively catalyze the carbon hydrogenation reaction on graphene, 

which reverses the reaction for the typical growth of chemical vapor deposition graphene on Cu foil 

using methane as the carbon source. The weak interaction between Cu and graphene, along with the low 

solubility of carbon in Cu, makes the Cu particles ideal for tracking their etching paths on graphene. 
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Figure 1.  Optical images of graphene and graphite regions on a Si/SiO2 substrate (a) before depositing 

a Fe thin film and (b) after the annealing of Fe thin film in a forming gas environment.  (c) 

Representative micro-Raman spectra of pristine and annealed graphene. Raman mapping images for the 

rectangle region marked in Figure 1b with (d) integrated D peak intensity and (e) integrated G' peak 

intensity. The scale bars in (a) and (b) are 10 µm. 

 

 

 

 

 

  


