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Absract  - The article is dedicated to the study of 
the influence of the high intensity acoustic waves  on 
the  composition  of  the  carbon-containing  media  and 
reactivity  of detonation nanodiamonds.  In the article 
the possibility of obtaining the nanodispersed carbonic 
phase in the acoustic cavitation fields is examined.
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I. INTRODUCTION

ECENTLY THE scientific direction, 
connected   with the use of nanostructural 
materials and nanotechnologies is 

developed intensively.  This is connected with the 
possibility of obtaining the new materials, which 
have the unique physical, mechanical and chemical 
properties.

R
 Ultra-dispersed diamond is one of the promising 

nanomaterials.   It  can  be  used  in  the  tool  and 
chemical industry, in machine building, and also as 
the  additive  to  the  biologically  active  media.  A 
sufficiently large spectrum of technological methods 
to  produce  nanodiamonds  is  proposed.  And  these 
diamonds  generation  requires  high  pressure 
condition.  The  nanodiamond  can  be  synthesized 
with  the  detonation  of  the  carbon-containing 
explosives [1] and the process of hydrodynamic and 
acoustic cavitation [ 2,3]

Now   the  technological  processes,  which  use 
ultrasonic fluctuations are widespread. The action of 
the  high  intensity  fluctuations   causes  the 
irreversible physical and chemical processes in the 
workable medium. In the liquid medium appears the 
phenomenon of  cavitation  with  the  emission  into 
the  liquid  of  intensive  ultrasonic  wave.  The 
cavitation is formation in the liquid of the cavities, 
filled with gas,  by vapor or by their  mixture.  The 
acoustic cavitation is expended on the emission of 
shock waves, on the local electrization of bubbles, 
on the excitation of sonoluminescence, formation of 
free radicals. It is the basic initiator of the physical 
and chemical processes, which appear in the liquid 
under the action of ultrasound [4]. 

The aim of the work is study the influence of the 
high intensity acoustic waves  on the composition of 

the  carbon-containing  media,  on  reactivity  of  on 
reactivity of detonation nanodiamonds (DND), and 
also experimental confirmation of the possibility of 
obtaining the nano-dispersed carbonic phase in the 
acoustic cavitation fields.

II. THE DETONATION NANODIAMONDS 

The subject of studies were the detonation nano-
diamonds during the first stage, obtained in  Federal 
research  and  production  centre  “Altay”  from  the 
alloy TG 60/40. The influence of ultrasonic working 
in  the  liquid  medium  on  reactivity  of  detonation 
nanodiamond  was  researched.  Ultrasonic  working 
was conducted in the water and 96% ethyl alcohol. 
Conditions and regimes of the preparation of models 
are represented in Table 1.

Table 1. Conditions of the preparation of models
№ Model Regime Activity, 

W/сm2 / 
Time of the 
working, min

1 DND + 
ethanol

cavitation 6/90

2 DND + 
water

no cavitation 2/60

3 DND + 
water

cavitation 4,3/90

4 DND 
initial

without the 
working

-

The experiments were carried out applying  the 
ultrasonic technological device "Hope 2" designed at 
the  Biysk  technological  institute.  In  device 
ultrasonic  radiator and the generator of the electrical 
fluctuations  of  ultrasonic  frequency  are  basic 
elements.

The morphology of models  (1-4) was studied by 
the method of the scanning electron microscopy on 
microscope  Jsm-840.  The  changes  in  the 
morphology in the processed models in comparison 
with the initial DND not was discovered. 



Reactivity  of  models  was  determined  by  the 
beginning of their oxidation in air and the spread of 
the indices of the DND oxidation effect parameters 
by  methods  differential  thermal  analysis and   the 
thermal gravimetry. The repetition of experiences - 
fourfold. Data were processed statistically with the 
confidence interval  p<0.5.

Conditions for conducting the experiments:
-  the atmosphere - air;
-  the mass of model was from 1,376 - 1,710 mg;
-  the temperature interval of heating - from 20 to 

700 °C; 
-   the  temperature  interval  of  the  kinetic 

parameters calculation from 20 to 700°C.
 The behavior of ethyl alcohol and hexane with 

the ultrasonic working was studied preliminarily. 
Duration  of  action  was  90  minutes  with  the 

power of ultrasonic apparatus "Hope- 2" – 6.3 W. 
The quantity of substance - 15 ml. The multiplicity 
of experiences - 15. The models of liquid evaporated 
after working, and the dry residue was analyzed. 

The  particles  of  amorphous  carbon  were 
discovered by the method of electron microscopy in 
the models of hexane and ethanol in the dry residue. 
Their output was less than 1% of the mass of initial 
organic liquid. 

The results of the thermogravimetric  analysis of 
the DND models oxidation are represented in Tables 
2 and 3.

Table  2. The DND models oxidation.

Model Temperature of 
the oxidation 
beginning, °C

Thermal effect 
of the oxidation, 

kJ/g

DND -  ethanol 
- cavitation 536.9±1,5 27,9±1,5

DND -water –
 no cavitation 534,1±1,5 26,0±1,5

DND -water 
–  cavitation 534,1±1,5 26,8±1,5

DND initial 536,1±1,5 27,5±1,5

Table 3. The lost of mass of the DND

Model Loss of mass in 
the section

20-700 °С, %

Loss of mass at 
the oxidation 

stage, %

DND - ethanol - 
cavitation 77,3 76

DND -water – 
no cavitation 73,2 70,4

DND -water – 
cavitation 85 82,5

DND initial 71 68,9
In the first place, It follows from these data that 

ultrasonic  working  in  ethanol  leads  to  the 
precipitation of nano-carbon to the surface of DND 
and to an increase in the uniformity of surface. This 
is connected with the selective adsorption of nano-
carbon to the  DND surface (figure 1).

(а)    (b)
Fig. 1. The electron microscope images (5000 

fold resolution): a) DND initial ; b) DND after 
working in ethyl alcohol.

In the second place,  the working DND by water 
in the cavitation regime leads to an increase in the 
degree  of  the  carbon  oxidation  of  diamond phase. 
Most probably, this is connected with the cleavage 
reaction  of  the  water  molecules  into  the  atom  of 
hydrogen and the hydroxyl group

НОН →Н + ОН
inside  the  cavitation  bubble  [  5  ]  and  the 

subsequent   formation  reactions  of  hydrogen 
peroxide. The surface atoms of carbon of the DND 
particles  are  oxidized  possibly  by  peroxide  of 
hydrogen and atomic oxygen, which is formed with 
its disintegration. 

III. THE NANODISPERSED CARBONIC PHASE

The possibility of nanodispersed carbonic phase 
production  in  the  acoustic  cavitation  fields  is 
examined in the work. The acoustic cavitation is the 
effective mechanism of the concentration of energy. 
During  the  cavitation  the  relatively  low  average 
energy density of acoustic field is transformed into 
the high energy  density inside  and near  the  being 
begun  to  flap  bubble.  During  the  collapse  of 
cavitation  bubbles  in  the  liquid  medium  the 
pressures  of  order  several  MPa  and  temperature 
104K are developed [4].

While investigating a search runs of experiments 
by  applying  various  carbon-containing  media 
(hexane, ethanol) and constructional materials of the 
retaining  reservoirs  (glass,  stainless  steel)  was 
executed.

 During the application of the glass reservoirs the 
material dispersion  of reservoir and the pollution of 
the condensed products was observed. Therefore the 



retaining glass reservoirs were not used subsequent-
ly. 

The experiments were carried out applying  the 
ultrasonic  technological  device  "Hope  2".   The 
actions of the high intensity fluctuations led to the 
appearance  of  a  process  of  ultrasonic  cavitation. 
After 1.5-hour action with the power of  ultrasonic 
technological apparatus 40 W the capacities with the 
liquid media  were placed into the drying  chamber 
before obtaining of remainder in the form of solid 
phase. 

The  pictures  of  detonation  nanodiamond  and 
carbonic  particles  generated  from  hexane  and 
ethanol  are  shown  in  figures  2.  To  compare  the 
results  obtained  the  photos  from  the  article  of 
Galimov E.M. [2] are given. 

 
(а)

(b)

(c)

(d)
Fig. 2 -  The electron microscope images (2000-

and 8000 fold resolution):  a)  DND ;  b) cavitation 
nanoparticles  from  ethanol;  c)  cavitation 
nanoparticles from hexane;  d) the particles obtained 
by Galimov E.M.

In the central portion of the particles, shown on 
the  photographs  the  brown  inclusions  to  be 
considered  as  the  amorphous  carbonic  mass  are 

visible.Highly-experienced  specialists-microscopists 
engaged  in  the  field  of  detonation  nanodiamonds 
concluded rather precisely that the particles could be 
identified as nanoscale diamond formations. 

IV. CONCLUSION

The  results  obtained  will  make  it  possible  to 
form further the trends in researches  to obtain the 
diamond  phase  in  the  organic  cavitation  media 
affected by the highly active acoustic fluctuations of 
the  ultrasonic  range. The  conducted  investigations 
also  show  that  the  medium  and  the  regime  of 
ultrasonic  working  can  essentially  affect  on  the 
surface  condition  and  on  reactivity  of  the  DND 
particles.
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