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Fig. 1. Schematic representation of catalytic repair of the
multi-vacancy defective graphene.
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Fig. 2. (a) Atomistic configuration of the addition of 8 C atoms to the defective graphene; (b) the formation energies during the ad-
dition of 8 C atoms calculated by ReaxFF and DFT.
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Fig. 3. Typical final configurations of defective graphene after catalytic repair by Ni and Pt at different temperatures of (a) 1000 K,

(b) 1600 K, (c) 2000 K and (d) 2500 K.
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Table 1.  The statistics of the typical structures ap-
peared on the final configurationsunder different re-

pair conditions.
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Fig. 4. Effect of temperature and catalyst types on the number of (a) 5-membered rings, (b) 6-membered rings and (c) 7-membered

rings at the region of graphene hole.
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Fig. 5. Final repair structure of defective graphene without

(a) 1600 K; (b) 2000 K

catalytic atoms at different temperatures of (a) 1600 K and
(b) 2000 K.
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Fig. 6. Evolution of carbon chains with catalytic atoms of (a) Ni atom and (b) Pt atom.
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Fig. 7. (a) “Jump out from rings” behavior of Ni atom; (b) “break off rings”behavior of Pt atom.
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Table 2. Number of occurrences of two local struc-

tural evolutions under different conditions.
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Fig. 8. Typical migration patterns of catalytic atoms within the graphene plane: (a) Active migration of Ni atom; (b) passive migra-

tion of Pt atom.

Ko AT 3G BT 7 (a) NiJET; (b) Pt R T
Fig. 9. Typical migration patterns of (a) Ni atom and (b) Pt atom above the graphene surface.
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(a) C-Ni-C =JC¥; (b) C-Pt-C =JC#

Fig. 10. Typical migration patterns of (a) C-Ni-C and (b) C-Pt-C configurations above the graphene surface.
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333 HHAEEALEESH
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g5k, IrE s A ER T XS, HER

SLTAT R BB, A iz S Bt B I A == 11 34
S, i Pt B 1 P HE LB B R A5, 7 T A1 )
SHEHR C T RYU NG B A 8206, B DLW A5
o3 XBOCHEEA.

TEAE S5 A2 T AL LT 1932 3 Bl
(b) Pt J&F
Fig. 11. The motion trajectories of (a) Ni atoms and (b) Pt

atoms during the repair process.
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Fig. 12. (a) Effect of catalyst type and temperature on the probability distribution of single displacements; (b) effect of catalyst

type and temperature on total displacement.
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Self-repairing process of defect graphene
under metal atom catalysis”
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Abstract

Single-atom catalysts play a crucial role in repairing defective graphene, but the existing research on the
single-atom catalysts focuses on the reduction of energy barriers. The unique repairing behavior of the single-
atom catalysts in the graphene-healing process and the different repair mechanisms between different catalyst
atoms have not been studied in depth. In this paper, the molecular dynamics simulation is used to study the the
self-repairing process of defective graphene in the presence of Ni and Pt atoms. By changing the system
temperature, multiple sets of simulations are obtained. By observing the atomistic structure obtained at the end
of the simulations, the different catalytic repair effects are studied. We calculate the variation of 5, 6 and 7-
member rings of graphene in the repair process, it is found that at the appropriate temperatures (1600 K and
2000 K), Ni atom shows stronger catalytic repair capability than Pt atom, and as the temperature increases, the
repair effect on defects is also improved. By comparing with the repair process without metal atoms, we find
that the effect of metal atoms is significant especially in repairing the carbon chain. To figure out the reason,
some typical structure evolutions are simulated. The simulations show that when Ni atom can capture carbon
chains at 1600 K, Pt atom needs higher temperature at least 2000 K. Apart from that, Ni and Pt atoms
respectively lead to local structural transformations of “jump from the ring” and “bond breakage”. This may be
the reason why the 5, 6, and 7-membered rings in the final structure of Pt catalytic system are less than those
of Ni catalytic system at 1600 K and 2000 K. In addition, we map the migration route of metal atoms and
calculate the migration distance. By observing the different migration behaviors of the two metal atoms in and
out of the plane, the different catalytic mechanisms are further studied. The research results in this paper
conduce to understanding the catalytic mechanism of metal atoms in the repair of defective graphene. It is of

theoretical significance for selecting the external conditions and catalysts for the repairing of defective graphene.
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