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Highlights 

1- For the first time, the gamma surface of graphite in two dimensions is obtained. 

2- The ground state of interstitial carbon is found to be canted spiro interstitial. 

3- Spiro interstitials lead to large critical shear stress necessary to shear graphite planes in its 

presence. 

4- The shear modulus for shearing planes, C44,   is calculated by two ways. 

.    

 

The self-interstitial carbon is the key to radiation damage in graphite moderator nuclear reactor, so an 

understanding of its behavior is essential for plant safety and maximized reactor lifetime. The density 

functional theory is applied on four different graphite unit cells, starting from of 64 carbon atoms up to 

256 carbon atoms, using AIMPRO code to obtain the energetic, athermal and mechanical properties of 

carbon interstitial in graphite. This study presents first principles calculations of the  energy of formation 

that  prove its high barrier to athermal diffusion (1.1 eV) and the consequent large  critical shear stress 

(39eV to 50 eV) necessary to shear graphite planes in its presence.  Also, for the first time, the gamma 

surface of graphite in two dimensions is calculated and found to yield the critical shear stress for perfect 

graphite. Finally, in contrast to the extensive literature describing the interstitial of carbon in graphite as 

spiro interstitial, in this work the ground state of interstitial carbon is found to be canted spiro interstitial. 
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