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1. Boundary delamination 
 

 Nominal softening is generated by delamination of graphene's adhesive border, which is a function 

of the substrate's adhesive strength. Each loading-unloading-reloading cycle improves the contact 

between the tip and the graphene, resulting in enhanced tip-graphene adhesion and the removal of 

the vertically connected segment. In other words, under a clamped boundary condition, free-standing 

(FS) graphene with an adhesive boundary condition transforms into a slack membrane. As a 

consequence, the influence of border delamination on softening reduces with time. [11] A little 

fragment of a Free-standing (FS) 2D material is often seen sticking to the substrate sidewall at its edge 

during Free standing Indentation (FSI) experiments. This is often linked to contact between the Van 

Der Waals (vdW) and the substrate sidewall. This related component to the substrate sidewall may 

delaminate during FSI testing, according to both experimental and computational analyses; however, 

the impact of border delamination has never been explored. [11] Additionally, it was revealed that a 

little amount of indentation stress results in the delamination of the sticky graphene border. On the 

other hand, the effect of border delamination on indentation response was previously overlooked. 

[11] 

 

2. Wrinkle effect 
 

The Finite Element Method is utilised to properly simulate the FS graphene, resulting in immaculate 

adhesion between the graphene and the substrate sidewall, ensuring that the graphene-substrate 

adhesive strength stays constant throughout the contact zone. On the other side, Atomic Force 

Microscopy (AFM) photos of FS CVD graphene clearly show the creases. To characterise wrinkled 

graphene, the sinusoidal function Y 14 Y0 sin ux, where Y0 and u denote the wrinkle's amplitude and 

angle frequen was used, respectively. To imitate the wrinkling impact on the tip-graphene Van Der 

Waals (vdW) interaction, a smooth membrane with a lower LJ value might be utilised. The normalised 

LJ parameter B/B0 and the normalised contact radius r/r0, where B0 and r0 signify the original FS CVD 

graphene's LJ parameter and contact radius, respectively. [2] After entirely delaminating the adhering 

piece of graphene, the FS segment is extended, resulting in a fast rise in P with dt in Stage III; also, the 

P-dt link becomes smooth, disguising the wrinkle impact on the indentation response. [2] 
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