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Abstract—The effect of selective inhibition of nanodiamond oxidation upon heating of detonation carbon in
air is used to extract nanodiamonds from the detonation products. The methods for cleaning nanodiamonds
from nondiamond carbon modifications are described depending on the synthesis conditions. © 2004 MAIK

“ Nauka/Interperiodica” .

One of the most important problems in cleaning
synthetic diamondsisto remove them from carbon that
did not transform into the diamond phase. In the chem-
ical methods of cleaning, conditions are chosen under
which nondiamond carbon (graphite or soot) is more
reactive. Different reaction rates, e.g., oxidation rates,
are explained by the different reaction mechanisms
(formation of layered graphite compounds), by the
effect of graphite porosity or of the large surface of
soot, and by the significantly different oxidation activa-
tion energies (including oxidation in glow-discharge
plasmas). The carbon that condenses upon the detona
tion of explosivesis extremely dispersed and possesses
an imperfect structure; therefore, it is highly improba
ble that the mechanisms of oxidation of different mod-
ifications of detonation carbon differ radically. The spe-
cific oxidation behavior of detonation carbon was con-
firmed in experiments on the oxidation of the products
of detonation of a trinitrotoluene-hexogen mixture in
an air glow-discharge plasma.

Glow discharge wasinitiated in aquartz tube 50 mm
in diameter and 600 mm long. The interelectrode dis-
tance was varied from 200 to 400 mm, and the dis-
charge current, from 0.1 to 2 A. The device was placed
in a volume pumped out to 102 mmHg. A system of
inlet valves and differential pressure gages allowed us
to maintain a controlled atmosphere of various gasesin
the range 1-100 mmHg. To remove the diffusion
restrictions, samples to be studied were arranged as a
thin layer on the bottom of a flat alundum crucible in
the zone of the positive column of the glow discharge.
The oxidation products were examined by using x-ray
diffraction, standard techniques of chemical analysis,
and back chromatometric titration.

The kinetic-oxidation datafor the detonation carbon
and the oxidation products show that the magjority of
nondiamond carbon (more than 60% of itstotal content
under the experimental conditions) oxidizes at a high
rate. The rest of the carbon oxidizes at a rate that is

close to the oxidation rate of diamonds. The imperfec-
tion of the nondiamond carbon, of course, has an effect
on the different oxidation rates, but it cannot com-
pletely explain this nonuniform reactivity. The oxida-
tion rate of diamonds increases with the content of
metallic impurities in the initial powders (originating
from the explosion chamber and detonator), which
indicates the necessity of taking their catalytic influ-
ence into account.

To study the kinetics of the isothermal oxidation of
various detonation-carbon modifications by atmo-
spheric oxygen, we took nanodiamonds (extracted
from the detonation products by boiling in a mixture of
sulphuric and nitric acids) and nondiamond carbon syn-
thesized under conditions unfavorablefor theformation
of the diamond phase. To remove metallic impurities,
the powders were boiled in dilute acids. After having
been washed in water and dried, the powders had
almost equal specific surfaces (about 270 m?/g) and
contents of metal-containing impurities (less than
0.5%). Upon heat treatment in air, the diffusion restric-
tions were absent, which was indicated by the relative
powder mass loss being independent of the sample
weight. The experiments showed that, up to a certain
degree of transformation (a < 0.3), the oxidation of all
samplesproceeded asin areactioninwhich al particles
retain their shape; as aresult, we could use the Rogin-
skii— Schulz equation to calculate the reaction rate. The
diamond powder mass loss after the time T of isother-
mal oxidation is given by [1]

(m/mg)”® = 1- AcyTexp(—E/RT)/3,

where my is the initial powder mass, m is the powder
mass at the instant of time T, A is a constant, g, is the
initial specific surface of the powder, and E is the oxi-
dation activation energy [1].

Using the temperature dependences of the reaction

rates, we calculated the oxidation activation energy for
nanodiamonds (about 180 kJ'moal) and the average oxi-
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dation activation energy for nondiamond carbon
(~160 kJmol). These results explain why it is difficult
to retain diamonds during the gasification of nondia-
mond carbon by heat treatment in air. Catalysts are tra-
ditionally applied to selectively oxidize untransformed
carbon for cleaning synthetic diamonds. The relatively
low oxidation temperatures of detonation carbon allow
us to apply another method, namely, selective inhibi-
tion of diamond oxidation. A study of the effect of
boron-containing compounds on the oxidation of deto-
nation carbon showed that the oxidation rate decreases
significantly. When using boric anhydride, we chose
conditions for which diamonds were completely
retained with aresidual nondiamond carbon content of
less than a fraction of a percent. To reveal the mecha
nism of the effect of the boron-containing compounds,
we studied the kinetics of oxidation of nanodiamonds
and nondiamond carbon in the presence of boric anhy-
dride at various temperatures. The results show that the
activation energy of oxidation remains amost
unchanged for nondiamond carbon and increases sub-
stantially for diamonds (to 250 kJymol). The selectivity
of oxidation inhibition makesit possible to separate the
diamond and nondiamond modifications of detonation
carbon. This finding was applied to develop a method
for cleaning nanodiamonds [2]. The optimum cleaning
conditions, including the temperature and the amount
of boric anhydride, depend on the characteristics of the
detonation carbon, such as the ratio of the quantities of
the diamond and nondiamond modifications and the
fraction of more ordered graphite-like carbon. The
table gives the conditions for removing nondiamond
carbon that make it possible to retain the maximum
amount of nanodiamonds depending on various param-
eters of their synthesis,

The extraction of nanodiamonds by using this
method of removing nondiamond carbon was per-
formed at the pilot bay of the Department of the Physics
of Nanophase Materials (Krasnoyarsk Scientific Cen-
ter) and of the Krasnoyarsk State Technical University.
The products made at the pilot bay are certified. Nano-
diamonds produced using this method and diamonds
produced by other manufacturers were compared by us
and other researchers. Chiganovaet al. [ 3] showed that,
as compared to diamonds from acid cleaning, the oxi-
dation rate of the nanodiamonds thus produced is sig-
nificantly lower and the sedimentation stability of sus-
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Techniques of cleaning nanodiamonds depending on the syn-
thesis conditions

Charge Conservation Average Treatment
composition medium | temperature, K | time, h
Trinitrotolu- | CO, 770 2.5
ene/hexogen

40/60 N, 740 3.0
Trinitrotolu- | CO, 770 3.0
ene/hexogen

60/40 H,O 800 3.0

Ice (shell) 820 20
Graphite N, 920 4.0

pensions fabricated through ultrasonic dispersion of
powders in water is higher. Our technology provides
the minimum size of particle aggregates among the
powdersstudiedin [4]. According to [5, 6], our technol -
ogy providesasignificant output of individual diamond
particles about 4 nmin size, which was used to produce
two-dimensiona diamond crystals.

Thus, the surface modification of nanodiamonds
upon cleaning by the method proposed in [2] can be
useful in a number of technical applications of nanodi-
amonds.
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