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Nucleation and growth of diamond at less than 4 GPa pressures and typical temperatures was found if specially-prepared
vitreous carbon with cluster structure and stimulated free radicals level was used as carbon raw material. The authors
assume that utilization of the free radicals’ catalytic properties may soften sharp conditions of HP diamond synthesis. A
new concept of glass structure adopted to glassy carbon devitrification is taken as the basis for interpretation of lower HP
diamond nucleation. Possible mechanisms of diamond phase nucleation and growth are compiled.

1. Introduction

For some cases of mineral synthesis, a lack of
genetic knowledge or a one-sidedness of theoretical
foundations has caused negligence in physicochem-
ical process analysis. Until now, all theories on
diamond formation in nature agree that this
mineral can arise from magma in very HT/HP
conditions at depths exceeding 100 km. The
authors present a different point of view based on
a new concept of diamond nucleation and
growth"?.

2. Theoretical

Since organic compounds are enriched by lighter
carbon '*C compared with photosynthesis, and
since isotopic studies do not unambiguously deter-
mine the enrichment of diamonds with heavier
carbon (also taking atomic distances into con-
sideration), one can assume that these compounds
may be the initial “raw material” for crystalline
carbon structures. Such a hypothesis was described
in detail by A. Niedbalska and A. Szymanski' was
verified experimentally by A. Niedbalska” and
confirmed for natural metamorphic conditions by
N. Sobolev and S. Szatskij®.

In short, postorganic semi-solid polycondensates
transform to partly- or completely-carbonized
states with slow temperature increase under stable
or increasing pressure of the rock system according

to the reactions:
C.H.» — nC (diamond or graphite) + mH, (1)
or

C.H,» — nC (natural deep carbonized
amorphic carbon e.g. shungite) + mH, —
nC (diamond or graphite) + trace H.. )

The escape of hydrogen may be accelerated by
ionizing radiation and may form “in situ” residual
free radicals (e.g. H, CHs", C,Hs"), which are
chemically connected ions with noncompensed
spins. Further hydrogen split-off and cluster
nucleation may be catalysed through activity of
the free radicals. The origin of nitrogen can be
explained by the slow transition of radiocarbon
"C to "*N by isotopic degradation *C—p—"*N. It
may be assumed that in this way much less energy
is needed for the reconstruction of an noncrystal-
line deep carbonized phase than crystalline graphite
into diamond structure. The same interpretation
may be acceptable for HP synthesis also.

3. Experimental procedures

For confirmation of reaction (2) in HP synthesis,
a mono-elemental carbon polymer with glassy
structure was prepared as the raw material. Special
conditions of a phenol-formaldehyde resin slow
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nucleation and crystal growth in glassy carbon.
The presence in the glassy carbon structure of
local dissimilarities—different clusters or embryo-
crystallites—may generate different phases. The
process may be, as aforementioned, activated with
sp’ type bonds, residual free radicals as well as
catalyst metal atoms. R. Smalley ez al.*’ confirmed
the stability of carbon clusters if they form on
large metal atoms. Such spherical semidodeca-
hedral clusters contain 60-70 carbon atoms around
one metal atom with a size similar to a f-carbine
unit cell. That data permits us careful acceptance
of C. Goodman’s concept in which glassy carbon
material may devitriefy to fS-carbine, graphite,
lonsdaleite and/or diamond clusters. A similar
point of view on all amorphous solid crystallization
has been presented by L. Stoch”. Unsuccessful
earlier glassy carbon based diamond synthesis® ™"
should be interpreted as exceeding thermodynamic
conditions both in precursor preparation and
HP/HT conditions. In the studies of R. H.
Wentorf?, S. Hirano er al.”, S. Naka er al.'” and
N. V. Novikov et al.'", high carbonized market
glassy carbon as well as higher than 8 GPa pressure
were used. But according to L. F. Wereshchagin et
al.'”, F. Rozptoch et al.” and S. A. Zalewski'"
the properties of glassy carbon are distinctly depen-
dent on the degree of carbonization and the local
environment within the synthesis chamber.

5. Conclusions

The similarity of HP nucleation and crystal

growth to the devitrification of glasses up to glass-
ceramics opens new ways of interpreting HP
processes of diamond synthesis if we exchange
graphite for glassy carbon as the raw material.

Figure 7 presents all the factors affecting dia-
mond crystal nucleation and growth dependent on
the raw material state of aggregation.
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