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The structure of amorphous carbon (a-C) experimentally quenched
from the liquid state on a cold diamond substrate is numerically re-
produced using a multiscale approach. At the macroscopic level, we
solve the time-dependent heat conduction equation for experimental
samples of actual size. As a result, we determine the distribution
of the quenching rate, which varies with the distance from the sub-
strate within 1014–1012 K/s. At the microscopic level, we perform
molecular dynamic simulation of the liquid carbon quenching using
the obtained quenching rates. The density of the model a-C samples
increases from 1.5 to 1.93 g/cm3 with the decreasing of quenching
rate from 1014 to 1012 K/s.
The main structural characteristics of the model a-C samples are
studied in detail: the relative number of carbon atoms with different
hybridization (sp1, sp2, sp3), radial distribution function, angular
distribution function, and the statistical analysis of rings. The
structure of model a-C samples, depending on the quenching rate,
varies from that of amorphous graphene to a highly porous material
with a large number of sp1 chains. We discuss the mechanisms
underlying the strong effect of the quenching rate on the structure
of a-C.
This work was carried out as part of the fulfillment of the state
assignment for conducting fundamental scientific research at JIHT
RAS N 075-00892-20-00 and related to the development of base
principles for obtaining new materials and researching the problem
of the behavior of metastable diamond under the influence of ultra-
high temperatures.


