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a b s t r a c t

Diamond crystallization was experimentally studied in a CO2-bearing alkaline carbonate melt with an
increased content of nitrogen at pressure of 6.3 GPa and temperature of 1500 °C. The growth rate,
morphology, internal structure of overgrown layers, and defect-impurity composition of newly formed
diamond were investigated. The type of growth patterns on faces, internal structure, and nitrogen
content were found to be controlled by both the crystallographic orientation of the growth surfaces and
the structure of the original faces of diamond seed crystals. An overgrown layer has a uniform structure
on the {100} plane faces of synthetic diamond and a fibrillar (fibrous) structure on the faceted surfaces of
a natural diamond cube. The {111} faces have a polycentric vicinal relief with numerous twin inter-
growths and micro twin lamellae. The stable form of diamond growth under experimental conditions is a
curved-face hexoctahedron with small cube faces. The nitrogen impurity concentration in overgrown
layers varies depending on the growth direction and surface type, from 100 to 1100 ppm.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

Research of diamond crystallization processes in transition
metal-free systems of various compositions has been actively
conducted over the last two decades. These studies have mainly
focused on simulating growth medium and determining P�T
parameters of the natural diamond formation. Among other po-
tential media of the natural diamond formation, ultra alkaline
carbonate-fluid systems where growth occurs at the minimal P
and T parameters are of special interest [1]. In addition, a number
of recent works have proven the important role of both alkaline
carbonate melts in the generation of proto-kimberlite melts [2–5]
and carbon dioxide as the most important mantle fluid component
in oxidized domains [6]. The possibility of diamond crystallization
in the presence of carbon dioxide is also supported by detection of
inclusions containing carbonate [7–9] and CO2 fluid [10] in natural
diamonds. Recently, we investigated the effect of P�T parameters
on diamond crystallization in a CO2-rich sodium carbonate melt
[11]. The morphology, internal structure, and defect-impurity
composition of diamond were studied. We found several inter-
esting features, including the fibrillar structure of growth sectors
of {100} faces and the presence of a 566 nm center in

photoluminescence spectra of produced diamonds, which is also
observed in natural type Ib diamonds. However, the nitrogen im-
purity content in diamonds grown in the Na2CO3þCO2þC system
did not exceed 150 ppm. At the same time, the nitrogen impurity
content in many natural diamonds exceeds 1000 ppm. The ele-
vated nitrogen content in natural diamonds may be related to both
the peculiarities of diamond growth and the possibility of an in-
creased nitrogen content in the diamond crystallization medium.
An increased nitrogen content in the Earth's mantle may be sup-
ported by the findings of iron nitrides and carbonitrides [12] and a
CO2-N2 fluid [13] as inclusions in natural diamonds. However, in-
volvement of a nitrogen-bearing fluid in natural mineral-forming
processes and diamond crystallization has not been investigated.
All preceding works on doping of diamond with nitrogen have
been conducted using metal-carbon systems whose composition
differs significantly from that of most natural systems. In this pa-
per, we report the results of our first experiments on diamond
crystallization in a CO2-rich sodium carbonate melt in the pre-
sence of nitrogen additive. We studied the growth rate, mor-
phology, internal structure, and defect-and-impurity content of
the newly formed diamond.

2. Experimental procedure

Experiments on diamond crystallization were performed using
a multi-anvil high-pressure “split-sphere” apparatus [14]. A
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19�19�22 mm high pressure cell in the form of a tetragonal
prism was used. The design and composition of the high pressure
cell are described in our previous works [15,16]. Na2C2O4 (sodium
oxalate) of 99.99% purity was used as the starting material. The use
of sodium oxalate ensured diamond crystallization from a CO2-rich
carbonate melt and did not require an additional carbon source
under the applied experimental parameters [11,17]. CaCN2

(calcium cyanamide) of 99.9% purity was added to the charge to
increase nitrogen content of the growth system. Octahedral, cubic
and dodecahedral natural diamonds and cube-octahedral syn-
thetic diamonds with sizes of 0.4–0.5 mm were used as the seed
crystals. The octahedral crystals had sharp edges and corners and
showed triangular layers on the faces (Fig. 1g). The cubic crystals
had rough cube faces with numerous square pits (Fig. 1a).

Fig. 1. SEM micrographs of the seed diamond crystals before and after experiments. Scaling bar corresponds to 100 mm.
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