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Effect of Cyclotrimethylenetrinitramine on Wet
Synthesis of Ultra-Nanocrystalline Diamond
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The ultra-nanocrystalline diamond was synthesized by the detonation
of a high explosive mixtures in water confinement. The presence of a
diamond phase was revedled by X-ray diffraction and transmission eectron
microscopy. X-Ray line broadening was used to evaluate the peak profiles
of diamond nanoparticles and their corresponding average crystallite
sizes. Themicro structure of nanocrystalline diamond have been investi-
gated by high resolution transmission electron microscopy. The results
indicate that the optimum of cyclotrimethylenetrinitramine addition on
2-methyl-1,3,5-trinitrobenzene is 60 % and the size of nanodiamond
particle was about 5 nm.
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INTRODUCTION

There is increasing interest in nanomaterials- their formation and processing
with them- and nanoparticles. Specifically, particulate nanodiamond, a fairly new
nanomaterial, has unpredicted areas of practical use, from electrorheology to
biosensors'. There are numerous reports’ on experimental observations of nanosized
diamond. Reported methods of nanodiamond synthesis are diverse, involving methods
such as a gas-phase nucleation at ambient pressure®, chlorination of carbide material
at moderate temperatures’, HPHT graphite/nanocarbon transformation within shock
wave>® and carbon condensation during explosive detonation’.

Inthemethod of using energy from an explosion for diamond production, diamond
clusters are formed from carbon atoms contained within in explosive molecules
themselves, so only the explosive material is used as a precursor material. A wide
variety of materialscan beused, atypical explosiveis2-methyl-1,3,5-trinitrobenzene
(TNT) composed of C,N,O and H with a negative oxygen balance.

The number of papers in the literature®*° in which the possible formation of
finely dispersed diamond particles during detonation of condensed explosives with
a negative oxygen balance has recently increased. Most of the papers have been
focused on the explosive decomposition of TNT performed in chambers which
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werefilled with inert gasesin order to release the maximum amount of free carbon
and prevent the diamond particles from being oxidized. Most of the previous studies
on the detonation synthesis process have also been done at military or commercial
plants and thus only limited reports are available for the scientific community. This
studies report the effect of cyclotrimethylenetrinitramine addition on the detonation
synthesis of ultra-nanocrystalline diamond in water media as a coolant.

EXPERIMENTAL

Explosive charge was a solid cylinder (8 cm in diameter) and 24 cm in length.
The TNT with adensity of 1.68 to 1.70 g/cm® was mixed with 0, 10, 20, 30, 40, 50,
60, and 70 wt % cyclotrimethylenetrinitramine used as explosive material. A 30
litters polyethylene water container provides the water blanket around the explosive
charge.

After performing the explosion, the condensed detonation product is given suffi-
cient timein aconical sedimentation tank to separate and form athick black slurry.
This dlurry is filtered and dried out in an electric drier. The product is a black
powder composed of nanodiamond and other carbon component and some traces
of metals from container and explosive initiator.

For determining the fraction of nano-diamond in the detonation product, alabora-
tory procedure using perchloric acid as the oxidizing agent is followed. A double
layer glass reactor with hot oil circulation insures proper heating of the product.
Detonation product iskept at 180 °C for ca. 3 hfor completion of the batch process.
The grey solid particlesthat are ultra dispersed diamond is neutralized after washing
it several times by ammoniac and isfiltered and dried at 115 °C. The weight of this
residue is a measure of ultra dispersed diamond yield.

Transmission electron microscopy images were obtained using a Philips TEM
operating at the voltage of 200 kV. A conventiona powder diffractometer Philips
1730 (with Philips APD) using CuK,, radiation 1.5418 A operated at 40 kV and 30
mA and pyrolitic graphite secondary monochromator was used to obtain the X-ray
spectra of the samples.

X-Ray diffraction analysis method provides information not only on particle
dimensions but also on average sizes of coherently scattering domains, which we
refer to ascrystallites. For X-ray diffraction peak profileanalysis, the (111) peak of
diamond (I = 100) isused. This peak istreated to analyzed and provided information
ontheaverage crystallite size of diamond nanoparticles. The value obtained by X-ray
line broadening technique (XRLB) is comparabl e with the one obtained from trans-
mission electro microscopy (TEM) images.

RESULTSAND DISCUSSION

The results obtained using different amount of cyclotrimethylenetrinitramine
inwater mediashowed that theyield of ultra-nanocrystalline diamond and condensed
carbon (CC) relative to the initial TNT (Table-1). For the same mass of explosive
the highest yield is observed by TNT cyclotrimethylenetrinitramineratio (TCR) of
40/60.
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TABLE-1
YIELD OF ULTRA-NANOCRY STALLINE DIAMOND AND CONDENSED
CARBON FROM DIFFERENT AMOUNT OF TNT-CY CLOTRIMETHYLENE-
TRINITRAMINE RATIO IN CONTROLLED WATER MEDIA

Cyclotrimethylenetrinitramine ~ CC/explosive UNCD/explosive UNCD/CC

(wt %) (wt %) (wt %) (wt %)
0 13.93 211 15.15
10 13.84 3.86 27.89
20 13.76 5.20 37.79
30 13.74 6.55 47.67
40 12.97 6.43 49.57
50 13.01 7.72 59.34
60 13.05 7.80 50.77
70 12.86 6.28 48.83

Previous studies showed that during the detonation of TNT, itsrecorded datain
Chapman-Jouguet plane, where the chemical reactions have basically been com-
pleted, are P = 18Pa and T = 3000-4000 K, which corresponds to the region of
stability of the diamond phase™. But no appreciableyield of diamond was obtained
during the detonation of TNT. More powerful compositions, which increased the
pressure and temperature, which appreciableyield of ultra-nanocrystalline diamond
in a detonation of an explosive. The simplest of these compositions is a mixture of
TNT with cyclotri-methylenetrinitramine.

It was shown™ by increasing expl osion pressure, detonation soot contain higher
percent of nanodiamond particles. The reasons for that have been discussed by
earlier workers®* on the basis of the diamond-graphite pressure-temperature (P-T)
phase diagram.

Fig. 1 showsthetransmission el ectron microscope (TEM) images of synthesised
diamond nanoparticles under optimal TCR (60 % cyclotrimethylenetrinitramine,
40 % TNT). It is seen that nanoparticles are in spherical shape. Size measurement
on the el ectron micrographs gave valuesin therange 3-12 nm, with an average size
around 5 nm. Fig. 2 showsdiffraction pattern of nanodiamond particles. The corres-
ponding el ectron diffraction patterns showed reflection rings characteristic of essen-
tially randomly oriented diamond grains. The diffraction rings were quite diffuse
because of the nanosized of the particles.

The XRD analysis reveal s the synthesized diamond nano powder with crystal-
line structure, in addition to some amorphous content and organic materials. The
X-ray diffraction of the same sample after washing process have also studied. By
comparing the peak surfaces of the region 15°-45° 20, it is seen that there was more
nano-diamond and less organic materials or graphite inclusions in the diamond
particle.
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Fig. 1. Electron micrographs of synthesised nanodiamond

Fig. 2. Electron diffraction pattern of cubic diamond
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Conclusion

The following conclusions can be made from this study: (1) Optimal TNT-
cyclotrimethylenetrinitramineratio (TCR) for synthesizing nanodiamond particles
is 40/60 (60 % cyclotrimethylenetrinitramine, 40 % TNT). (2) Typical HRTEM
electron micrographs of diamond particles synthesised under optimal TCR was
confirmed nanocrystalline diamond powder (NDP) with particle diameters of 3-12
nm. The particles are roughly spherical in shape and they were typically coated
with agraphitic monolayer. The corresponding el ectron diffraction patterns showed
reflection rings characteristic of essentially randomly oriented diamond grains. The
diffraction rings were quite diffuse because of the nanosized of the particles.

REFERENCES

1. B.V. Spitsyn, J.L. Davidson, M.N. Gradoboev, T.B. Galushko, N.V. Serebryakova, T.A.
Karpukhina, I.1. Kulakova and N.N. Melnik, Diamond Related Mater., 15, 296 (2006).

2. O.A. Shenderova, V.V. Zhirnov and D.W. Brenner, Crit. Rev. Solid Sate Mater. Sci., 27, 227
(2002) .

3. M. Frenklach, W. Howard, D. Huang, J. Yuan, K. E. Spear and R. Koba, Phys. Lett., 59, 546
(1991) .

4. Y. Gogostsi, S. Welz, D.A. Ersoy and M.J. McNallan, Nature, 411, 283 (2001).

5. Y.Q. Zhu, T. Sekine, T. Kobayashi, E. Takazawa, M. Terrones and H. Terrones, Chem. Phys.
Lett., 287, 689 (1998).

6. P DeCarli and J. Jamieson, Science, 133, 1821 (1961).

7. V.Y. Dolmatov, Russ. Chem. Rev., 70, 607 (2001).

8.  V.V. Danilenko, ineds.: D.M. Gruen, O.A. Shenderovaand A. Ya. Vul, Nanocarbon Phase Dia-
gram and Conditions for Detonation Nanodiamond Formation, Synthesis, Properties and Appli-
cations of Ultracrystalline Diamond, Springer, pp. 181-198 (2005).

9. V.M. Titov, D.M. Gruen, O.A. Shenderovaand A. Ya. Vul, The Formatin Kinetics of Detonation
Nanodiamond, Synthesis, Properties and Applications of Ultracrystalline Diamond, Springer,
pp. 169-180 (2005).

10. I.L. Petrov, in eds.: D.M. Gruen, O.A. Shenderovaand A. Ya. Vul, Synthesis and Processing of
the Chelyabinsk Detonation Nanodiamond, Synthesis, Properties and Applications of
Ultracrystalline Diamond, Springer, pp. 333-336 (2005).

11. A.l. Lyamkin, E.A. Petrov, A.P. Ershov, G.V. Sacovich, A.M. Staver and V.M. Titov, Sov. Phys.
Dokl., 33, 705 (1988).

12. E.A. Petrov, G.V. Sakovich, PM. Brylyakov and A.P. Ershov, Sov. Phys. Dokl., 35, 226 (1990).

13. A.E. Alexensky, M.V. Baidakova, A. Ya. Vul', V. Yu. Davydov and A. Yu. Pevtsova, Phys. Solid
State, 39, 1007 (1997).

14. M.V. Baidakova, A.Ya. Val', V.I. Silitskii and N.N. Faleev, Phys. Solid Sate, 40, 715 (1990).

(Received: 22 February 2008; Accepted: 8 October 2008) AJC-6927



