
 

“The 10 chapters in the book Detonation Nanodiamonds: Science and Applications, edited by Vul’ and 
Shenderova, provide an excellent summary of facts about diamond nanoparticles (‘nanodiamonds’). 
The book covers all relevant topics from fabrication methods, physics of nanoparticles, and surface 
modifications to applications and is therefore invaluable for not only engineers, scientists, and 
experts but also readers who have just discovered this interesting field of science and technology. 
Congratulations!”

Dr. Christoph E. Nebel
Fraunhofer Institute for Applied Solid State Physics IAF, Germany

This book, written by a team of the internationally recognized experts, provides a comprehensive 
overview of detonation nanodiamond particles produced by detonation of carbon-containing 
explosives. These tiny particles, only 4 nm in size, recently became an object of keen interest around 
the world because of their outstanding mechanical and chemical robustness and stability, large 
surface area, intriguing optical properties, and low toxicity.

The book discusses the technology of synthesis and the effect of various technological parameters 
on the structure and physicochemical properties of nanodiamonds, explores the possibilities of 
targeted chemical modification of the surface, describes methods of structural modification of 
nanodiamonds aimed at obtaining nanographite, analyzes the various methods employed in 
studies of nanodiamonds as a carbon nanostructure, and suggests and explores at length the 
potential of nanodiamond application in technology and medicine.

Alexander Ya. Vul’ graduated from Moscow Institute of Steel and Alloys in 1965 
and obtained his Ph.D. from Ioffe Physical Technical Institute, Leningrad, Russia, in 
1973. He was researcher, senior researcher, and then head of the Physics for Cluster 
Structures lab. He was appointed senior lecturer and, in 1994, full professor at the 
State Polytechnical University, St. Petersburg, Russia. He was a visiting professor 
of Toyohashi Institute of Technology, Japan, in 2000, and one of the founders, in 
1993, of the St. Petersburg biennial international conference Fullerenes & Atomic 

Cluster, renamed Advanced Carbon Nanostructures in 2011. His current research relates to 
physics properties of carbon nanostructures, in particular detonation nanodiamonds and their 
applications. Dr. Vul is the author of more than 140 articles published in refereed journals, 7 book 
chapters, and 30 inventions and patents. He has made more than 90 presentations at international 
conferences and is on the editorial board of Technical Physics Letters and on the editorial advisory 
board of Fullerenes, Nanotubes and Carbon Nanostructures.

Olga A. Shenderova is head of the Nanodiamond Laboratory at the International 
Technology Center and president of Adámas Nanotechnologies, Inc., Raleigh, 
North Carolina. She received her Ph.D. in computational materials science from the 
St. Petersburg State Technical University, Russia, in 1991. During her appointment 
at North Carolina State University, she performed atomistic simulations of 
mechanical and electronic properties of carbon nanostructures. Currently, she 
works on nanodiamonds and onion-like carbon particles and their modification, 

fractioning, development of optical and biological applications, as well as commercialization of 
nanodiamond-based nanolubricants. Dr. Shenderova is the author of more than 120 articles 
published in peer-reviewed journals, 20 book chapters, and 20 patents and a coeditor of 4 books 
on nanodiamonds.
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Preface

Diamond has been well known since time immemorial, and

applications of this material, truly unique in its beauty, hardness, and

chemical stability, keep expanding as years go by. For hundreds of

years mankind has used natural diamonds, but it was only from the

mid-1950s that industrial production of diamond on a commercial

scale in reactors capable of maintaining the required high pressures,

of tens of thousands of atmospheres, and temperatures of about

1,500 degrees Kelvin was announced to the world.

Annual production of such artificial diamonds ranging in size

from a few hundred to a few microns, the so-called micropowders,

has presently reached a level of hundreds of thousands of carats per

year.

Presently, when most technologies are moving with confidence

from the microscale into the nanometer-scale world, demand has

arisen for diamonds of the corresponding size. Such nanodiamonds

were first synthesized in the Soviet Union in the 1960s and their

industrial production initiated in the late 1980s. The starting raw

material for nanodiamond synthesis was carbon, present originally

in explosives, and the high pressure and temperature needed

for formation of the diamond structure from carbon atoms were

reached as a result of the explosion itself. The short duration of the

explosion accounted for the small size of the diamond crystallites,

which measured a few billionths of a meter only.

As is now obvious, work conducted on the explosive method

of synthesis was not made public for a period of time. As

a consequence, this method of preparing nanodiamonds from

the carbon of explosives was discovered over and over again

independently by different research groups.
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xii Preface

From the publication of the pioneering works on the so-called

detonation nanodiamonds made in Russia and the United States in

1988, scientists have passed a long way indeed.

The first studies were naturally devoted to the investigation of

the synthesis process and were aimed at increasing the fraction

of the carbon atoms contained within the explosive eventually

incorporated into the diamond lattice of the final product of the

synthesis. Possibly, the most challenging problem in the process

turned out to be the development of the technology for isolating the

diamond crystallites from the final product, that is, the detonation

carbon formed during the explosion. Detonation carbon is actually

a mixture of nanodiamonds; particles of amorphous, graphite-like

carbon; and impurities entering the material from the starting

explosive and the reactor walls.

This work was paralleled by an investigation of the processes

involved in the nanodiamond-graphite structural phase transition.

The high temperature persisting during the unavoidable drop of

pressure after the explosion brought about reverse transformation

of a part of the formed nanodiamonds into graphite, thus lowering

the efficiency of the synthesis process. It was, however, found

that under certain conditions this structural phase transition

passes through an intermediate stage in which onion-like carbon

or multilayer fullerenes form. Moreover, if acted upon by an

electron beam, the buckyonions themselves can reconvert back into

nanodiamonds. This has revealed an intimate relationship between

the fullerenes discovered in 1980s and nanodiamonds.

The emerging possibility of studying structural transformations

on the nanoscale was naturally attractive to scientists. No less

intriguing was finding nanodiamonds in meteorites. This finding

alone could have been sufficient to account for the interest in

nanodiamonds revealed in basic sciences, but it is the industrial

application of nanodiamonds that is behind the attention focused

presently on the investigation of their properties.

Studies conducted during recent years showed that nanodia-

monds, new nanosized building blocks, can be used to advantage

in devising nanocomposite materials, nanoelectronics components,

selective adsorbents, and catalysts.
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Preface xiii

Application of nanodiamonds improves considerably the quality

of microabrasive and polishing compositions, lubricating oils,

abrasive instruments, polymer compositions, rubbers, and magnetic

recording systems and offers the possibility of growing diamond

films on various substrates.

One of the most attractive applications of nanodiamonds turned

out to be their use in biology and medicine as biomarkers and for

targeted drug delivery.

A significant factor that has apparently played a major role in

stimulating interest in detonation nanodiamonds is that among

the new carbon nanostructures discovered at the turn of the

century—various types of fullerenes and nanotubes—detonation

nanodiamonds were one of the first to be produced on an

industrial scale and, thus, are commercially available for use in

nanotechnologies.

In our opinion, progress in methods of synthesis of detonation

nanodiamonds and clear insight into the broad scope of their

applications have approached at the beginning of this century

the stage where detonation nanodiamonds are considered one of

the most attractive carbon-based materials for nanotechnologies.

By this time, reports on nanodiamonds produced in detonation

synthesis began to appear at increasing frequency at international

“diamond devoted” conferences. In the period of 2003−2008,

the first specialized conferences were held and reviews and

monographs dealing with this material appeared.

Studies conducted in recent years in Russia, the United States,

Japan, China, and a number of European countries have produced

a wealth of comprehensive information on the specific features of

the structure of nanodiamond particles. Truly unique possibilities

have opened up as a result of chemical modification of their

surface, leading to considerable promise for their use in numerous

applications. The results of these studies are summarized in this

monograph. The authors of the chapters of the monograph are

world-renowned experts who have published a number of review

papers in this area.

The monograph addresses successively the specific features

of the production technology and the effect of the technological

parameters on the structure and physicochemical properties of
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xiv Preface

nanodiamonds, assesses the possibilities inherent in purposefully

directed chemical modification of the surface and methods em-

ployed in structural modification of nanodiamonds to produce

nanographite, discusses various approaches used in the investiga-

tion of nanodiamonds as a carbon nanostructure, and describes

and critically analyzes the potential promised by the use of

nanodiamonds in various areas of technology and medicine.

There are two significant features that distinguish the present

monograph. First, rather than being just a collection of individual

reviews, it is a book written with a common theme. Second, the

monograph is published in both Russian and English, an approach

that, in our opinion, will be a step forward in developing a common

terminology and a common view of many problems, both already

solved and those still remaining open, that bear on detonation

nanodiamonds.

The monograph addresses a broad audience of readers inter-

ested in nanotechnologies, and we sincerely hope that it will be

found useful both by specialists in the field and senior students who

are still looking for challenging problems to direct their efforts to.

Alexander Ya. Vul’
Olga A. Shenderova




