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Introduction
The investigation of the detonation ultradispersed diamond formation or detonation
nanodiamond is connected with considerable difficulties because of non-equilibrium,
high chemical activity, and the short periods of time.
The ultradispersed diamond of detonation synthesis (UDD) [1,2] is formed in the nonequilibrium reaction zone of detonation wave. The main evidence of this fact is
connected with the following results: the reiteration of the UDD distribution curves for
the charges of different shapes and sizes [3].
The UDD structure consists of the diamond grains of 2-12nm (parameter of crystal
lattice is 0.3562±0.0004nm, according to other sources the parameter is 0.3572-3nm).
From the point of view of crystallography it is a diamond system with large quantity of
stable impurities. From the standpoint of chemistry the principle feature of UDD is its
structural non-homogeneity. Several scientific groups [4,5,6,7,8] were made this
conclusion. Ref. [4] introduced the idea of "primary explosive cluster" 20 – 60nm, work
[5] studied oxidation of the "composite UDD material", the structure of the "diamond-like
carbon phase" was examined in [6] and in [7] the "supermolecular UDD system" was
researched. Mention should be made of [8,19], where the authors tried to support this
assumption. Evidently, all this UDD structural non-homogeneity is feature of the nonequilibrium processes in the reaction zone.
The functional groups and heteroatoms of the UDD produced this structural nonhomogeneity [5,6,7,8]. By studying the properties and structures of these functional
groups it is possible to try to understand the non-equilibrium physical and chemical
processes of the detonation wave.
The kinetic aspects of the UDD formation
The UDD technological synthesis needs the application of two different high explosives
(HE). One is an aromatic explosive and the other is an explosive based on the nitrogen
heteroatoms. Usually a mixture of trinitrotoluene (TNT) and hexogen (RDX) is used
(Table 1).

Table 1. The UDD and condensed carbon (CC) output for the TNT/RDX mixture [10].

mass ratio of
TNT/RDX
80/20
70/30
60/40
50/50
40/60
30/70

Charge mass,
g
300
300
300
300
300
300

Density of
charge, g/cm3
1.562
1.580
1.587
1.605
1.601

CC/HE
mass %
20
18.3
16.6
16.0
15.0
15.6

UDD/ HE
mass %
2.12
3.53
4.40
2.28
5.99
3.56

The problem of the UDD preservation was solved in [1,11]. It allowed applying the
method of isotope atoms for investigation of the UDD synthesis. The experiments with
isotope atom 13C application (Fig.1) showed high content of the carbon atom of the TNT
methyl group in the UDD [3,12,13,14] (Table 2).
Table 2. The result of some isotope atoms experiments [3, 12-14]. The isotope mark is the carbon
of the TNT methyl group.
Parameters
TNT/RDX 40/60
TNT/HMX 40/60
Original charge
Charge mass, g

35

31.14

The isotope ration of 13С / 12С in the original charge, %
TNT

9.3

9.23 ± 0.1

HE

6.0

5.03 ± 0,1

The isotope ration in the detonation product %
UDD

6.8

8.05 ± 0.13

Condensed carbon (CC)

5.9

5.94 ± 0.17

СО

4.2

4.94

Non-diamond carbon

4.1

4.2 ± 0.3

СО2

4.6

3.78

СН4

3.9

-

С2Н4

6.8

-

-

45 ± 2

UDD mass/CC mass, %

To explain the results of the experiment the following samples (Table 3) were analyzed.

Table 3. Comparison of methyl group concentration for the UDD samples (20).
Output
(D1 – D0)/m
Mixture of HE, mass
Indication of
CC/HE, % UDD/HE, %
1/mg
ratio
samples
1. Trinitrobenzol - RDX TNB/RDX -40
7.77
4.66
0.0197
40/60
2. Trinitrobenzol - RDX TNB/RDX -50
6.64
3.82
0.0164
– 50/50
3. Trinitrobenzol - RDX TNB/RDX -60
8.45
5.48
0.0200
60/40
4. Picric acid - RDX Pa/RDX-60
5.17
2.6
0.0215
60/40
5. Picric acid - RDX Pa/RDX-40
4.89
3.0
0.0199
40/60
6. Trinitroresorcin – TNR/RDX –70 5.37
2.4
0.0194
RDX 70/30
7. Trinitroresorcin – TNR/RDX –20 1.91
1.1
0.0175
RDX 20/80
8. Trinitrotoluene – TNT/RDX –40 15.0
5.99
0.0251
RDX 40/60
9. Trinitrotoluene – TNT/RDX –60 16.6
4.4
0.0343
RDX 60/40
10.Trinitrotoluene
– TNT/RDX -60
16.6
4.4
0.0259
RDX 60/40
The conditions for the samples synthesis were as follows: the chamber was 0.175cm3, the medium was
molecular nitrogen under pressure of 0.7MPa., the charge mass was 100g, initiation by ED-8 and 5g
RDX. The refinement was made by boiling of chloric and sulphuric acid treatment. TNT/RDX-40 sample
synthesis was performed in CO2 atmosphere, and the refinement was performed by oxidation with boron
anhydride presence. Sample 10 was refined by the air oxidation. CC is mass of the condensed carbon,
UDD is mass of the UDD, HE is mass of high explosive. The UDD and CC output is according to [10]

The right most column of the table indicates value that is proportional to concentration
of methyl groups in the sample. Optical density D1 was determined in spectral area
2920-2975cm-1 (the maximum of the asymmetric C-H vibration of the methyl group).
There were no absorption bands almost for all samples in spectral area 2400 – 2450cm1
therefore optical density D0 was determined in this part of the spectrum, m is the UDD
mass in the pellet (Table 3). The estimation of the absolute value of the methyl groups
concentration is not important in this case.
If the data of the TNT/RDX system were removed from the Table then the behavior
characterizing the UDD output would be evident.
It is well known that any appearance of a methyl radicals source (paraffin, explosive
mixtures with alkane participation [24], a preservation atmosphere with alkanes [23]) in
the system increases the condensed carbon output. These results allow to discuss that
an important condition for the UDD preservation in the chemical aggressive medium is
the formation of methyl functional groups. Possibly, the chemically and physically inert
methyl groups slow down the oxidation of the forming UDD-grain. This assumption is in
accordance with the results [12,14] about UDD synthesis and with [4,5,6,7,15] about
UDD structure.
The method of isotope atoms showed (Fig.2) [9,16,17] that RDX carbon took
disproportionate part in the formation of the UDD. For TNT/RDX 40/60, the mass of
RDX carbon was 39.7% of the mass of all carbon atoms in the explosive and only 14%
of the UDD mass was formed from this carbon [9,16,17]. The attempts to change
TNT/RDX system to one-component thermodynamic analogue were not successful (the
UDD output decreased) [21,22]. It meant that the hexogen (RDX) was necessary for the
UDD formation but their participation was not connected with carbon. It is necessary to
discuss hexogen (RDX) influence to the UDD formation.

Fig.3 showed UV-spectra of UDD-samples synthesized from explosives with different
content of hexogen (RDX). For samples with low content of hexogen (RDX) in the
original explosive, there was no specific absorption connected with A-defect (and the
UDD output dropped). The original explosive had rather much nitrogen, for example it
was almost every third atom in hexogen (RDX).
The chemical processes in the reaction zone and the UDD-grain formation had to be
connected with each other. Otherwise a part of the nitrogen atoms had to occur in the
diamond lattice as a result of random processes and most likely, it had to be single
nitrogen atoms or C-defects. The defects of this type were not found in the UDD [6,19].
Consequently, the A-defect formation contains some information about processes
influencing on the UDD formation.
One of the main gaseous detonation products is molecular nitrogen, to a lesser extent
the nitrogen oxides and ammonia are formed [18]. The formation of molecular nitrogen
results in considerable heat absorption (945kJ/mol). Analyzing the data and the results
of the experimental work [5,16,17], it is possible to assume that the formation of
molecular nitrogen and A-defect should be connected with each other. It is quite
possible that under the non-equilibrium conditions there appear some “cold” centers for
the “adherence” of various radicals forming the UDD functional cover. The methyl
groups and may be some other functional groups hinder oxidation and increase the
probability UDD-system survival under these chemical aggressive conditions.
Conclusion
It is possible to add that the impurity system of the modern experimental science is as
usual as autumn rains or tiredness after long way. Tell to truth, they are impurities only
from the standpoint of the equilibrium thermodynamic approach. They are not
comfortable for investigation but they are reality of the real physical processes. This
work (as a part of publications [19,20]) is trying to support this idea and it examines the
UDD like "a photo" of the non-equilibrium detonation processes.
Thus, a great amount of the experimental works on the UDD synthesis revealed that the
structure of the original HE systematically influenced on the UDD and condensed
carbon (CC) output. In this work the structural influence was divided into several parts.
The first feature was the methyl group formation it was tendency of substance
condensation. The oxidation weakened this tendency while the molecular nitrogen
formation increased it. As a whole, this problem has a lot of peculiarities. The second
feature was connected with the aromatic HE. From the standpoint of the UDD synthesis,
aromatic HEs were the main source of the UDD carbon and consequently a main
source of chemically active carbon in the reaction zone of the detonation wave.
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Fig.1. Trinitrotoluene with isotope atoms 14C and 13C in the methyl group. Experiments
with 13C isotope shown high content of this atom in the UDD [3,12,13,14]. Experiments
with 14C isotope were performed in [9,16,17].

Fig.2. Hexogen (RDX – Research Department eXplosive) with isotope
with this isotope were performed in [9,16,17].
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C. Experiments

Fig.3. Trinitroresorcin (styphnic acid) and trinitrophenol (picric acid). There are some
UV-spectra of the UDD obtained with participation of these explosives. 306nm – Adefect.

