




DDeessccrriippttiioonn

Currently, striving to miniaturization is a main direction in the
computer technology, microelectronics, avionics, etc.
Development of new functional materials (ultrathin films and
their multilayer composites, nanoresistors, or components of
micro� and nanoelectromechanical systems) plays an impor�
tant role in the progress of micro� and nanoelectronics. The
transition from micro� to nanoobjects implies fundamental
modification of properties of a system. This is connected not
only with decreasing of a number of structural components,
but also with predominant role of the interface. Modification of
the interface at the nano� and microlevel, as well as predeter�
mined self�assembling of nanostructures into more complicat�
ed functional units, is an important aspect in formation of
nanosystems. One of the important exploration fields of
molecular engineering is formation of photoconductive LB
films possessing the property of high thermo� and hydrolytic
stability. However, use of fluorinated polymers for this purpose
is not studied practically. High energy of the С–F bond (107 to
116 kcal/moth), and the ability of fluorine atoms to shorten
neighbouring bonds and form hydrogen�type bonds C�H···F�C
are the factors increasing the thermal stability of polymers.
This is manifested most completely in the perfluorinated sys�
tems. Weak intermolecular forces acting on the air�solid inter�
face of fluorinated polymers lead to formation of surfaces pos�
sessing extremely low surface energy. These surfaces are
characterized by poor adhesion and low friction coefficient. 

Permittivity constant (е) of the inter�layer isolator is of great
importance in fabrication of highly�integrated chips. The lower
the е value, the higher is the velocity of propagation of electric
impulses. The permittivity constant mainly depends on the
free volume of a macromolecule, degree of hydrophobicity,
and polarizability. If one looks for a polymer combining both
the mentioned properties, the fluorine�containing polyimides
are of great interest, since if one introduces into the polymers’
macrochains the polyfluorinated and, especially, perfluorinat�
ed fragments, the free volume and hydrophobicity get
enlarged, whereas the polarizability decreases. 

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess::

New fluorocontaining functional materials based on ther�
mostable geterochain polymers were developed for the first
time.

LLaannggmmuuiirr��BBllooddggeetttt  ((LLBB))  nnaannooffiillmmss..

Composite fluorinated films with nanofillers (nanodiamonds,
carbon nanofibers, quasicrystals, metal (Cu, Ag) clusters).
Friction factor 0.06�0.07, the film is incombustible and has
fungistatic activity.

AArreeaass  ooff  AApppplliiccaattiioonn

Microelectronics (layer insulation in LSI devices, photodiodes)
and electrical engineering (MEMS). Film specimens were test�
ed in Ford Motor Co. (USA).

SSttaaggee  ooff  DDeevveellooppmmeenntt::

The technology of obtaining of laboratory lots of the product is
developed. 

CCoonnttaacctt  DDeettaaiillss::
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FFLLUUOORROOCCOONNTTAAIINNIINNGG  NNAANNOOMMAATTEERRIIAALLSS::  BBEEHHAAVVIIOOUURR  AANNDD  DDEEVVEELLOOPPMMEENNTT

FFrriiccttiioonn  mmooddiiffiieerrss  iinn  nnaannoo��ggaappss  ooff  MMEEMMSS  aanndd  NNEEMMSS,,  ffoorr  eexxaamm��
ppllee

Fig. 1 � Topographical (left) and friction (right) images of MEMS
surfaces 

Fig. 2 � LB�technology and element LSI device 

Fig. 3 � Friction factors of the compositions with nanofillers:
CNF�1 – carbon nanofiber; 3q, 4q – quasicrystals; 7� MoS2



DDeessccrriippttiioonn

At the Institute for Superhard Materials (ISM) of the Na�tional
Academy of Sciences of Ukraine (Kiev, Ukraine) in cooperation
with the Institut fьr Physikalische Ho�chtechnologie e.V. (IPHT,
Jena, Germany), the super�conducting MgB2�based nanostruc�

tural (15�37 nm aver�age grain size) materials with highest for
nowadays super�conductive (Fig.1) and mechanical character�
istics have been developed by high pressure (2 GPa)�high tem�
pera�ture (HP�HT) synthesis. The materials have the following
characteristics: at 20 K critical current jcі1000�100 кА/сm2

up to 3 Т field and the field of the irreversibility Hirr=8 Т,
trapped magnetic field В=2 Т, hardness НV=12.1 ±0.08 GPa
at P=4.9 N,  fracture toughness k1C=7.6±2.0 МPаxm1/2,
Young modulus Е=220 GPа and near�theoretical density. The
MgB2 produced without additions has a critical current densi�

ty in zero magnetic field of 780 kA/cm2 at 20 K and of 62
kA/cm2 at 35 K; MgB2 with  Zr added  at 20 K in zero field has

jc=1800 kA/cm2.

The MgB2 ingots can be HP�HT synthesized in the shape of

cylinders up to 30 mm in diameter and 20 mm in height,
square plates of sizes up to 25x25x10 mm3 and rectangular
plates  of sizes up to 25x21x10 mm3 (Fig.2a). HP�HT syn�the�
sized MgB2�based materials are about tree times cheaper

than MT�YBCO ceramics.

Rather big rings or tubes can be produced using precom�
paction by broaching with a subsequent sintering (Fig. 2b), jc =

8 kA/cm2 at  20 K.   

The world�first MgB2�based electromotor has been con�struct�

ed from high pressure�high temperature synthesized MgB2 in

cooperation with MAI and IPHT (Figs. 3, 4). 

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

Interest for the electric machines that are working at the liquid
hydrogen temperature is caused by the modern tech�nological
progress aimed at the substitution of fuel for air�crafts, com�
bustion engines of autotransport and water�transport (sub�
marines) for hydrogen as well as due to the development of
the electrical power networks  by which the electrical power
should be transmitted at a great distances through the super�
conductive cables at the liquid hydrogen temperature and
using liquid hydrogen as cooling agent. Because of this the
superconductive electromotors and pumps for liquid hydro�
gen, which are more efficient than the traditional ones due to
the essentially lower weight, much higher speed of operation
in the reversion regime and higher specific output power on
the rotor surface, will be of a high demand when changing to
technologies utilizing liq�uid hydrogen. MgB2�based materials

are rather cheap and easily produced. With increased dimen�
sions of the high�pressure chamber, it would be possible to
produce blocks of higher dimentions.  

AArreeaass  ooff  AApppplliiccaattiioonn

Nanostructural MgB2 � based materials nowadays are most

promising for cryogenic machines and devices (magnetic
bearings, MAGLEV transport, electromotors, pumps for liquid
gases, fly�wheels energy storage systems, fault current lim�
iters, etc.) working at hydrogen temperatures (20 K). 

SSttaaggee  ooff  DDeevveellooppmmeenntt

The developed nanostructural MgB2 –based material (UA

patent 68888 А) has at present the highest level of super�con�
ductive characteristics known for MgB2�based materials from

literature. The comparative tests of MgB2�based and MT�

YBCO� based motors at the same temperature condi�tions
have shown that MgB2�based motor competitive in such appli�

cations. 

CCoonnttaacctt  DDeettaaiillss

Contact person: Prikhna Tatiana 
Institute for Superhard Materials of the NAS of Ukraine
Address: 2, Avtozavodskaya Str. , 04074 Kiev, Ukraine
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SSUUPPEERRCCOONNDDUUCCTTIINNGG  NNAANNOOSSTTRRUUCCTTUURRAALL  MMAAGGNNEESSIIUUMM��DDIIBBOORRAADDEE��BBAASSEEDD
MMAATTEERRIIAALL  FFOORR  CCRRYYOOGGEENNIICC  EELLEECCTTRRIICCAALL  MMAACCHHIINNEESS

Fig.1 Generalized depen�
dences of jc on magnetic

field, μ00H, for HP�HT�syn�

the�sized MgB2 without

and with additions of Ta,
Ti, Zr (2 and 10 wt %)

Fig.2  View of MgB2 –based blocks HP�HT  synthesized meas�

uring 17x17x5 mm3, 25.5x17x5 mm3 (a) and of a ring of  size
D58xd53xh 22  mm synthesized at 1 Ar atm (b).  

Fig.3 MgB2�based rotor (40 mm in diameter and 75 mm long)

of SC motor manufactured in cooperation with the Moscow
State Aviation Institute, Russia (MAI) and IPHT (Jena,
Germany) and its characteristics at 20 K.   

Fig. 4  General view (a) and principal scheme (b) of the world�first
MgB2�based motor developed and constructed in the MAI,  from

high pressure�high temperature synthe�sized MgB2 at the ISM.
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DDeessccrriippttiioonn

Residual porosity and unchecked pollution of powders during
their condensation causes need of development of new meth�
ods of formation the nanostructured state in monolithic met�
als and alloys.The most effective directions in this field are the
equal�channel angular extrusion (ECAE) and hydroextrusion.
As a rule, hydroextrusion is carrying out at room temperature,
while ECAE is realizing at elevated temperatures. However, at
room and elevated temperatures the processes of dynamical
relaxation take place. That sets a principal limit to the defect
density attained during deformation and, therefore, degree of
the structure dispersion. It explains the search of possibility of
the deformation of materials at deep cooling. At different time
plastic deformation by tension, rolling, and drawing were real�
ized at cryogenic temperatures. Under these conditions the
processes of dynamical relaxation are depressed. However,
due to specific character of geometry of acting forces harden�
ing is accompanied by a drastic reduction of plasticity and
appearance of a plenty of microcracks.

The task of obtaining of high�strength nanostructured materi�
als but without tendency to brittle failure may be solved by
combining effect of all�round compression precluded to
appearance of tensile stresses and factor of deep cooling.
Depression of the dynamical relaxation was ensured by the
pressing of metal through a matrix at low temperature with
use as the pressure the plastic transmission medium.
Treatment based on this technology insures obtaining of dis�
persion of material structure at the level of 100 nm and less,
which improves their exploitation characteristics. Its level,
however, depends on geometry of treated blanks and degree
of deformation during treatment, which makes difficulties for
control of the structure characteristics, the obtaining in
advance given parameters and limits the upper level of mate�
rial dispersion. This problem was solved by application forces
of opposite pressure, which level is controlled.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

Processing of metals in conditions deep cooling at all�round
compression is know how of KIPT, this method is protected by
several patents and allows to receive such level of thermally
steady hardening which known ways of deformation of metals
do not allow to obtain.

AArreeaass  ooff  AApppplliiccaattiioonn

Various branches of mechanical engineering, medicine.

SSttaaggee  ooff  DDeevveellooppmmeenntt

Stage of development – the method is tested by laboratory
tests.

« A way of reception the nanostructured metals and alloys and
the device for its realization», Khaimovich P.A., the patent
application of Ukraine #2004010171 from 09.01.2004г.,
positive decision �January 2006.

CCoonnttaacctt  DDeettaaiillss

National Scientific Center, "Kharkov Institute of Physics and
Technology"
Khaimovich  Pavel   Aleksandrovich
1 Akademicheskaja St., 
61108  Kharkov, Ukraine 
Tel.:  +380 57 7002676; 

+380 57 7576428
Fax: +380 44 3351688
E�mail: pavel.41@bk.ru

NNEEWW  MMEETTHHOODDSS  OOFF  PPRROODDUUCCTTIIOONN  OOFF  NNAANNOOSSTTRRUUCCTTUURREEDD  MMOONNOOLLIITTHHIICC  MMEETTAALLSS

Fig. 1 Brittle fracture with�
out opposite pressure
(hardening 10�15 %)

Fig.2 Plastic deformation
with opposite pressure
(hardening 50�70 %)

IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGYY OOPPPPOORRTTUUNNIITTIIEESS FFRROOMM TTHHEE SSTTCCUU



DDeessccrriippttiioonn

Microwave microscope is the device for the express, non�
destructive and precise analysis of the materials and structure
parameters used in micro� and nanoelectronics. Alongside
with the high measurements locality the scanning microwave
microscopy technique allows to study the surface distributions
of the electrophysical semiconductor parameters: dielectrical
permittivity, electrical conductivity, lifetime of the non�equilib�
rium carriers’ etc. Unlike the others scanning microscopy tech�
niques (tunnel, atom�force) there is no need to use the high�
cost vacuum and high�voltage equipment, contactless meas�
urements are provided.

The microwave microscope resolution can be enhanced using
the new image reconstruction algorithm based on the com�
plexity theory and inverse problems solution methods.

We have developed the microwave microscope used the mil�
limeter�wavelength coaxial measuring aperture resonator
sensor. It allows to graduate the sensor theoretically and to
provide the high measurements locality because of using the
tip�sharpened central coaxial conductor as microprobe.

IInnnnoovvaattiioonn  aassppeeccttss  aanndd  mmaaiinn  aaddvvaannttaaggeess

Technological:

• solid�state microwave source with a high frequency stabili�
ty;

• novel measuring resonator with coaxial aperture;

• < 1 micrometer resolution;

• no need high voltage;
• computer results processing.

Perspective:

• non�termal and contactless surface modification; 

• IC structures forming.
Economical:

• cheaply than the scanning tunnel microscope for the non�
atomic resolution;

• no need vacuum equipment.

We propose:

• the space distribution analysis:

• dielectric permittivity;

• dielectric losses;

• nonequilibrium carriers lifetime 

• other parameters of dielectrics, semiconductors and nan�
oclusters with a high locality;

• quantitative IC and MEMS topography imaging.

AArreeaass  ooff  AApppplliiccaattiioonn

Application research for nanoelectronics.

SSttaaggee  ooff  DDeevveellooppmmeenntt

Experimental setup

CCoonnttaacctt  DDeettaaiillss

Vice�rector, Ph.D., Prof. Nikolay I. Slipchenko,
Kharkiv National University of Radio Electronics
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TEL: +38057�7021362, +38057�7021413, 
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DDeessccrriippttiioonn

Development of novel applications of nano�structured silica in
medicine, biotechnology and environmental protection, is a
primary focus at the Institute of Sur�face Chemistry. Fumed sil�
ica, when included in cell suspensions, demonstrates high
adhesion to the cell surface. Due to interaction with certain
terminal car�bohydrates of cell membrane receptors, high�sur�
face�area fumed silica nano�particles localize at select sites of
the cell membrane. As a result, nano�particles can stimulate
or inhibit functional processes in living cells, depending on the
silica concentration in the cell sus�pension. Moreover, chemi�
cal and adsorption modifica�tion of the surface of nano�parti�
cles by biologically active molecules diversify the spectrum of
possible effects of nano�structured silica. In particular, carbo�
hydrate molecules are promising, since they are recog�nized
by cell receptors.

IInnnnoovvaattiivvee  AAssppeeccttss  aanndd  MMaaiinn  AAddvvaannttaaggeess

• Nano�size fumed silica, used as a carrier in pro�posed
nano�materials, was proved to provide itself the positive bio�
logical effect with respect to reproductive cells

• Biological effect may be optimized by variation of admixture
concentration and structure of biomolecules used as modi�
fiers of the surface

• No necessity exist to change the composition of existing
and already used cryo�media

• Synthesized nano�materials are used as low con�centra�
tion (less than 0.5%) admixtures to existing cell cryo�media.

• The  price of artificial insemination may be re�duced essen�
tially by reduction of sperm�doze number

AArreeaass  ooff  AApppplliiccaattiioonn

• Genetics of reproduction

• Animal breeding 

• Biotechnology

SSttaaggee  ooff  DDeevveellooppmmeenntt

New silica�based nano�materials as admixtures to existing
cryo�media were synthesized and successfully tested with
post thaw bovine sperm and human reproductive cells to
increase their viability, longevity and level of artificial insemi�
nation. The development of new materials was realized in the
framework of STCU Project # 3103.

Product was field tested on animal sperm, was experi�mental�
ly tested on human gametes and is available for demonstra�
tion. 

CCoonnttaacctt  DDeettaaiillss

Institute of Surface Chemistry,
National Academy of Science of Ukraine
Contact person: Galagan Natalia
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SSIILLIICCAA��BBAASSEEDD,,  BBIIOOLLOOGGIICCAALLLLYY  AACCTTIIVVEE  AADDMMIIXXTTUURREESS  TTOO  CCRRYYOOPPRROOTTEECCTTIIOONN  MMEEDDIIAA  
AAIIMMEEDD  AATT  IINNCCRREEAASSIINNGG  VVIIAABBIILLIITTYY  AANNDD  LLOONNGGEEVVIITTYY    OOFF  PPOOSSTT��TTHHAAWW  GGAAMMEETTEESS  IINN  MMEEDDIICCIINNEE

AANNDD  LLIIVVEESSTTOOCCKK  BBRREEEEDDIINNGG

Longevity, hours

Sample #

Fig.1 Longevity of bovine gametes after freezing�thawing
cycle (hours):
(1) – native cell medium; 
(2) – cell medium after admixture of fumed silica; 
(3�8) – cell medium after admixture of fumed silica modified
by various biomolecules.

IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGYY OOPPPPOORRTTUUNNIITTIIEESS FFRROOMM TTHHEE SSTTCCUU
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DDeessccrriippttiioonn

Disposal of  pharmacophoric groups on the molecular  plat�
form of  calixarenes is  profitable  direction of   biologically
active compounds design. Calix[4]arenes substituted with dif�
ferent pharmacophoric groups have shown multifarious bio�
logical activity.

The biochemistry of calixarenes has shown rapid development
during the past ten years, the highly diverse biomedical appli�
cations of these molecules now include antiviral, anti�throm�
botic activities, enzyme blocking and protein complexation.
The future is even more promising as calixarenes have, now
been shown to have potential in the diagnosis of prion�based
diseases. Their innocuous nature, as far as is known at pres�
ent, may open up their future use in medications (Chem.
Commun., 2006, 2425–2438).

In the result of the joint project of the Institute of Organic
Chemistry NASU, the Institute of Bioorganic and
Petrolchemistry NASU and the Institute of Biochemistry NASU
it has been demonstrated that calixarenes prove to be versa�
tile molecular platforms for the construction of efficient alka�
line phosphatase inhibitors as well as regulators of Ca2+

exchange in the smooth muscle .

The preorganization of phosphonic acid fragments on the
calix[4]arene platform results in a significant increase in the
inhibition of alkaline phosphatase. The strength of the
enzyme�inhibitor interactions is determined both by coopera�
tive effects and the goodness of the fit of the inhibitor to the
enzyme binding site. 

Calixarene functionalized at the wide rim with two or four N�
sulfonylamidine groups influences Ca2+ transport in Mg2+, ATP�
dependent calcium pumps. In this case Ca2+ transport was
decreased by 75%. Calixarene�phosphonic acids in concentra�
tion 100mM inhibit enzymatic activity of Na+, K+�ATPase by 86�
98% and don’t practically affect activity of Mg2+, ATPase. These
calixarenes are more efficient than ouabaine in suppressing
enzymatic activity of the sodium pump.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

Calixarenes are promising scaffolds for design of  phos�
phatase inhibitors – the medicine�relevant molecules.
Inhibition of nonspecific alkaline phosphatases is of signifi�
cant current medical interest1 since these enzymes catalyze
the hydrolysis of phosphate monoesters,2 which are involved
in a number of important biochemical pathways.

The calixarene�methylene�bis�phosphonic acid is one of the
most efficient substance among the phosphatase inhibitors
described in the literature.

The effect of calixarenes on the Ca2+ exchange  might be use�
ful for identification of the role of the Mg2+,ATP�dependent Ca2+

pumps of the sarcoplasmic reticulum and plasma membrane
in regulation of free Ca2+ concentration in cells. 

AArreeaass  ooff  AApppplliiccaattiioonn

Calixarenes are promising materials for nanomedicine appli�
cation (drug delivery systems, diagnostics, scaffolds for drug
design). 

SSttaaggee  ooff  DDeevveellooppmmeenntt

A series of calixarene based phosphatase inhibitors and  Ca2+

exchange regulators were synthesized in the Institute of
Organic Chemistry NASU (see www.ioch.kiev.ua/calix ). The
high phosphatase inhibition activity and Ca2+ exchange regula�
tion properties of the calixarenes were examined in the
Institute of Bioorganic & Petrolchemistry NASU and in the
Institute of Biochemistry NASU (Org. Lett., Vol. 8, No. 4, 2006,
p.549�552;  Tetrahedron Letters 46 (2005) 7459–7462).
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DDeessccrriippttiioonn

Technology of obtaining the oxide nanopowders with specified
chemical, phase and granulometric composition based on
wet�chemicals methods with using MW radiation, pulse mag�
netic field and ultrasonic for prevention agglomeration.

We obtain  ZrO2 (0�8% Y2O3) powders with predetermined par�

ticle size in range from 5 to 30 nm, narrow size distribution
and specific surface area 140�20 m2/g, respectively with soft
agglomerates for ceramics, composites and solid oxide fuel
cell (SOFC) applications.

We obtained TiO2 (anatase) powders with predetermined parti�

cle size in range from 5 to 25 nm, narrow size distribution,
specific surface area from 150 to 50 m2/g and soft agglomer�
ates for catalyst and UV�protects and  TiO2 (rutile) powders with

size (30�50 nm).

We obtained LaSrMnO3 powders with narrow size distribution

(12�15 nm) and bimodal size distribution (40, 200 nm) for
magnetic sensors and SOFC cathodes.

And other oxide powders (PZT, Al2O3 based, for example).

We have a pilot line for nanopowders obtaining.

We obtain zirconia and/or alumina ceramics with small grains
for wear�resistant, structural, instrumental and functional
applications. We obtain porous ceramics for medicine, cata�
lysts, filters and SOFC electrodes.  We can obtain nanocom�
posites with metal, ceramics and polymer matrix. 

We obtain PZT ceramics.   

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess::

Our technology in compare with other one ensure:

• more narrow particle size distribution;

• lower degree of agglomeration;

• predetermined particle sizes in the  range  of 5 to 50 nm;

• high homogenious component distribution;

• low synthesis temperature (400 � 700 C);

• eliminating the mechanical grinding stage;

• easy scale�up in manufacturing;

• low sintering temperature (1250 � 1350 C)

• high performance of ceramics including homogenity, stabil�
ity and durability;

• lifetime of the ceramics mine pump plunger from zirconia
nanopowders is 15�20 times longer than usually 

• production of precise articles and films;

• lower cost, environmentally friendly

• lower energy consumption.

AArreeaass  ooff  AApppplliiccaattiioonn::

Power Engineering � SOFC, thermal stable coatings for turbine
blades  
Mining Industry � rods, plungers, injectors
Chemical Industry � parts of pumps (breechblocks, valves,
plungers) injectors, milling balls, catalysts, sorbents, paints for
polygraph
Metallurgy � refractory structural elements, cutting tools,
guides, crucibles, paints   

Medicine � bio�compatible implants, stomatologies materials,
filters, ion�exchangers, UV�protect, antibacterial coverages,
capsules, test�investigation.
Environmental � water purification and desalination 
Electronics �insulators, dies for light guides, sensors

SSttaaggee  ooff  DDeevveellooppmmeenntt::  

Tested, available for demonstration, field tested.

We are ready to decided users concrete tasks directed on
nanopowders and ceramics articles manufacturing  with sci�
entific investigations on the first stage and technology devel�
opment and sending powders and ceramics specimens for
testing.

CCoonnttaacctt  DDeettaaiillss::
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Pic.1 Structure of 3Y ZrO2 powders

Pic.2 Ceramic details 

IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGYY OOPPPPOORRTTUUNNIITTIIEESS FFRROOMM TTHHEE SSTTCCUU



DDeessccrriippttiioonn

SINTA Ltd. has developed and is the patent holder of a produc�
tion technology for nanodiamonds (ultra dispersive diamonds,
UltraDiamonds, UDD) and some applied technologies – pro�
duction of protector and restoration additives for lubricants
and composite chrome and gold plating. The perspective of
these technologies sees in large application opportunities for
the nanodiamonds in various fields such as:

• mechanical engineering,

• manufacturing of tools (including new class of diamond
tools),

• production of grinding powders and pastes for super finish�
ing of materials,

• production of semiconductors,

• production of  lubricants, etc.

NNAANNOODDIIAAMMOONNDD  CCHHRROOMMIIUUMM  EELLEECCTTRROOPPLLAATTIINNGGSS

The composite electroplating on the basis of chromium with
NanoDiamonds are intended for hardening of details and
instruments, increase of tear and wear resistant, protective
and antifriction properties of the surface.Basic technological
characteristics of the technology of nanodiamond chromium
plating

Microhardness of the plating, HV, kg/mm 1200�1400

Recommended plating width 
on the working detail surface, Micron 5�20     

Increase of the service life of the  details 2�15 times with plat�
ing (increase of deterioration resistance of friction cluster
details and instrument stability)

Increase of adhesion to the base, % by 30�40

Catalyst charging, G/L 7�10

1kg of catalyst provides 
the total plating area 
( if the plating width 
is 5 micron), thousand m2 2,5�3,0 

NNAANNOODDIIAAMMOONNDD  PPLLAATTIINNGG  EEXXAAMMPPLLEESS

EExxaammppllee  AA::    FFoorrmmiinngg  MMaannddrreell  ffoorr  SSttaaiinnlleessss  SStteeeell  TTuubbeess

The customer (Nikopol Stainless Steel Tubes Factory) manu�
factures specialty stainless steel pipes for the nuclear and
chemical industries.  The process involves using a chrome
plated 350 mm long mandrel being forced through smaller
diameter stainless steel tubes to expand the diameter and
decrease the wall thickness.  The pipes are 10 meters in
lengths.  

The mandrel plating was modified to substitute a nanodia�
mond chromium plating for the previous chrome plating.  

EEffffeeccttiivveenneessss:: The lifetime of the mandrels with the nanodia�
mond chromium plating is 4�5 times that of those with only
chrome plating.

EExxaammppllee  BB::    CCaabbllee  FFoorrmmiinngg  DDiieess

The customer (Uzhcable Factory) uses steel profiling dies as
part of the process for producing large diameter cables. An
alternative design was fabricated from a less expensive steel
alloy.  The profile areas (working surface) of the dies were
selectively plated with a nanodiamond chromium plating 15
microns thick.  

EEffffeeccttiivveenneessss::  The operational lifetime of the plated dies is
3.5 to 4.0 times the original design.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess::

The technology nanodiamond chromium plating deriving is
carried out on traditional equipment with minimum changes of
production process of chromium�plating and provides materi�
al and electrical power saving at the expense of working width
of plating decrease and current efficiency and productivity of
galvanic lines increase, specific volume of metal waste per
unit of plating area decrease.

AArreeaass  ooff  AApppplliiccaattiioonn::

Nanodiamond chromium plating are a reliable way of improve�
ment of the quality and competitiveness of cutting and manu�
facturing tools, press and punching tools, details of friction
clusters (bearings, rods of hydrocylinders, piston rings,
plungers etc.),  medical equipment and other details and
goods.

SSttaaggee  ooff  DDeevveellooppmmeenntt::

Already on the market, commercialized in Ukraine

CCoonnttaacctt  DDeettaaiillss::  

Organization: SINTA Ltd
Address: 62404 Kharkiv, p/b Kulinichi Vulytsya 7 
Gvardeyskoy Armiji, 3office 143
Contact person: Ruslan Tsyganok
Tel. + 38 (057) 740 37 88 
Fax +38 (057) 740 33 95
E�Mail: mail@sinta.kharkov.ua
Website: www.nanodiamond.com.ua
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Fig. 1. Nanodiamond  platings 
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DDeessccrriippttiioonn

Description

The unique physical and chemical properties of carbon nan�
otubes open possibilities for creating a new miniature chemi�
cal/biological sensor. This biosensor is under development. It
will be based on semiconducting single�walled nanotubes.
Using small�diameter (0.6_1.1 nm) nanotubes, NIR lumines�
cence originates in the spectral range 0.9_1.2 mkm, which
can be monitored by a conventional low�cost CCD matrix or
photomultiplier. In this spectral range human tissues are opti�
cally transparent and a sensor can be implanted into the body.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The key element in creating such sensors is elaboration of
interfaces between the nanotubes and the recognition biosys�
tem, enzymes (glucose oxidase or lactate oxidase). To avoid
the loss of intrinsic nanotube properties upon chemical modi�
fication aimed at efficient enzyme immobilization, a noncova�
lent nanotube functionalization will be applied, and the rele�
vant chemical compounds will be synthesized.

The results of the team’s current activities will be the develop�
ment of a highly sensitive low�cost biosensor for glucose
detection in blood and lactate in human saliva.

CCoonnttaacctt  DDeettaaiillss

Dr. Victor A. Karachevtsev, 

Institute for Low Temperature Physics & Engineering, Kharkiv

MMIINNIIAATTUURREE  BBIIOOSSEENNSSOORR  BBAASSEEDD  OONN  CCAARRBBOONNEE  NNAANNOOTTUUBBEESS  
((ddrraafftt))

Fig.1 Schematical representation of the operation of the
glucose biosensor

IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGYY OOPPPPOORRTTUUNNIITTIIEESS FFRROOMM TTHHEE SSTTCCUU



DDeessccrriippttiioonn

Research into photonic crystals, a new class of composite
materials, has been traditionally directed towards optical and
microwave applications. The unique features of the two�
dimensional macroporous silicon inspired research into a new
application, highly sensitive uncooled thermal and photode�
tectors. Macroporous silicon structures are created by light�
assisted electrochemical pore etching in silicon plates. The
developed method is capable to electrochemically tune the
macropore diameters and to chemically modify the surface.
Produced material has cylindrical pores of 0.5 10 microns
diameter and a high ratio of the depth to diameter. Effect of
increase in absorption of electromagnetic radiation 102 times
in comparison with the homogeneous material at J ~ 15
microns was measured in macroporous silicon. Relevant
enhancement of photoconductivity was 30 times for periodi�
cal structures and 10 times for structures with arbitrary pore
distribution due to surface wave (surface polariton) and build�
in electrical field on macropore surface. Addition photore�
sponse maxima were measured spectral area of a surface, C
H, Si H bond absorbtion (2�4 microns) and at short�wave
region (0.56 micron). Importance of the given development
will consist in creation of compact highly sensitive detectors of
optical radiation for most actual from the applied point of view
spectrum range 0.5 14 microns with low power consumption
at room temperature. 

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

Cheap electrochemical procedure makes lowest, simplest to
use uncooled photodetectors using the integral scheme tech�
nologies, plasmochemical and photoelectrochemical etching.
Our silicon based devices are suitable for analog/digital appli�
cations. Detectivity of thermal elements based on two�dimen�
sional photonic silicon structures D* ~ 2·109 сm·Hz1/2W�1 is
higher in comparison with analogues due to the greater opti�
cal absorption and lower noise level. Thus, optical absorption
98% is much higher apparently thermal detecting structures
based on amorphous and polycrystalline silicon (about 80%).
The noise level for macroporous silicon structures 2.5·10 9
V·Hz 1/2 is determined by Johnson noise, that is the order value
lower of noise in amorphous and polycrystalline silicon.
Thermal coefficient 3%/deg and sensitivity of thermal detect�
ing element based on photonic silicon structures 103 W/K are
much better, than in analogues. Photodetector can be pre�
pared on barrier structure “In–macroporous silicon” with
responsivity 3 A/W and detectivity D*j= 5·1010 W 1cm·Hz 1/2 for
J~ 0.5 1 microns that corresponded to best PIN photodiode
parameters. 

AArreeaass  ooff  AApppplliiccaattiioonn

Devices on the base of two�dimensional photonic macrop�
orous silicon structures meet a variety applications in view of
the integrated nanophotonic circuit. Photosensitivity and sur�
face wave formation inspired development of active and pas�
sive elements in photonic crystal microchips. In range 0.5 14
microns photodetectors efficiently operate at bad weather and
in a dusty atmosphere, flexibly react on natural instability of an
atmosphere. Uncooled thermal and photodetectors based on
macroporous silicon structures can be used for needs of eco�
logical monitoring of an environment (smog photosensors),

building temperature control (thermovision systems) as well
as the control over medicine, productions in the industry.Fig. 

SSttaaggee  ooff  DDeevveellooppmmeenntt

Thermal detector are protected by UA Patent declaration
“Uncooled Thermoreceiver Element for Bolometers”  No. a
2005 11998 

Prototypes of uncooled thermal and photodetectors based on
macroporous silicon structures available for testing were fab�
ricated and investigated.

CCoonnttaacctt  DDeettaaiillss

Contact person: Lyudmyla Karachevtseva
V. Lashkariov Institute of Semiconductor Physics NAS of
Ukraine.
Address: Kiev�028, 41 Nauki Av., 
Tel: (380�44) 525�98�15
Fax: (380�44) 525�83�42
E�mail: lakar@isp.kiev.ua
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Fig.1. Microphotos of two�dimensional macroporous silicon
structures with the periodical (2, 6 microns) and arbitrary (3
microns) cylinder pore distribution.

Fig. 2a. Absorbtion spectra of two macroporous silicon struc�
tures (1, 2) and monocystalline silicon. 
Fig. 2b. 500 micron thermodetector test structure with macrop�
orous silicon layer and Al contacts.

3a. Enhanced photoconductivity signal versus distance between
macropores.
Fig. 3b. 400 micron photoreceiver sendvich structure with  macro�
porous silicon layer and Al contacts.



DDeessccrriippttiioonn

25 years experience in all chain necessary for sensor develop�
ments: compound modeling, design and synthesis, thermal,
electron gun, laser, plasma, CVD and combinations of that
technologies in one run for production of nano�composite
films, film characterization in situ by optical spectroscopy,
AFM, TEM, modeling of nano�composite properties, sensor
arrays design,  optical and electrical properties measure�
ments, software design.

1. Waveguide optical sensor and electrical one.

2. Deposition technologies for Teflon (PTFE), polyparapheny�
lene sulfide (PPS) and Parylene films. 

3. Metal(oxide)�dye�polymer nanocomposite films. Materials
and deposition technologies. 

3. Synthesis of new evaporable dyes. 

4. Multi�layered systems.

5.Tests for organic and inorganic agents including toxic ana�
lytes in real probes.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The integrated both optical and electrical sensor arrays based
on the nano�structured thin films. Most robust insoluble poly�
mers for aggressive environment. Dye synthesis taking into
account deposition technology. No liquid during deposition of
multi�layered systems. Combination of different kinds of mate�
rials in one nano�composite film with new properties. Easy
production of gradient films. Standard base industrial vacuum
equipment with mask deposition process. Sensor microchip
arrays with several various sensitive dopants.

AArreeaass  ooff  AApppplliiccaattiioonn

Optical and electrical sensors based on most stable and inert
polymers will be used for environment monitoring including
hazardous processes in industry:

• Control of pollutant level of organics and toxic impurity in
environment;

• Food and beverages quality control;

• Revealing of the sources of pollutions;

• Molecular recognition of complex gas mixtures in the “elec�
tronic nose” type instrument.

PTFE films filled with metal and dye nano�clusters can find
applications in chemical catalysis, biochips, optical and pho�
tonics devices. PTFE, PPX and PPS can be used in waveguide
as materials with low and high refractive indices. Filled with
selectively sensitive compounds polymer waveguides are able
to execute active functions in integrated� optic and electric
sensor devices.

We consider our developments as ready for presentation for
farther development of technologies and installations on
industrial level.

SSttaaggee  ooff  DDeevveellooppmmeenntt

Sensors and deposition technologies on R&D level. New dyes
and new materials for sensors on scientific level.

CCoonnttaacctt  DDeettaaiillss

Contact person: Konstantin Grytsenko
Institute of Semiconductor Physics 
Address: 41 pr. Nauki, Kyiv 03028, Ukraine
Tel:  +380 44 525 97 06
Fax: +380 44 525 55 30
E�mail: D_gryts@isp.kiev.ua D_gryts@hotmail.com
Web�site: www.geocities.com/grytsenkok/index.html
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Fig.1, a� scheme of deposition installation, b� plasmon band
change during deposition of Au+polymer film.

Fig. 2, a� TEM image of Au+PTFE films, b� waveguide sensor.

Fig.3. 6�channel sensor based on the Au electrode system with
sensitive nano�porous films on the electrodes.

Fig.4. Optical and electrical response of the sensors.
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DDeessccrriippttiioonn

Protection of machine and mechanisms from wearing is actu�
al problem of modern industry.  This is caused by the necessi�
ty to perform intensive researches and search of lubricated
material and new components that will improve their operat�
ing characteristics. However, some severe operation condi�
tions (high and low temperatures, deep vacuum, ionizing radi�
ation, absence of availability of friction surface for periodical
oil supply and etc.) exclude using of gaseous, liquid and plas�
tic lubricated materials in triboconjugation units. Therefore, in
recent years, direction of solid lubricated coatings (SLC) cre�
ation has essentially developed.  These coatings are the com�
position on the base of thermostable polymer matrix with solid
powdered superfine filler. Introduction of fluorinated groups
into macrochains of polymers, as a rule, enhances its thermal
and hydrolitic stability. It is the most efficiently for perfluorinat�
ed systems. The weak inter�molecular forces on the interface
air–solid of the fluorinated polymers lead to the formation of
the surfaces with the extremely low free energy that is charac�
terized by poor adhesion and low friction factor. In fluorinating
the surface of polymer by elementary fluor or inorganic fluo�
rides one can reduce critical surface tension to a level that is
typical for polytetrafluoroethylene (0,018 N/m).

Of great interest is the use of thermostable polymer matrix and
fluorinated components for the treatment of conjugated sur�
faces in micro– and nanoelectromechanical systems (MEMS
and NEMS). In that case, Lagmuir – Blodgett (LB) and
self–assembly (SA) technologies are applied to obtain antifric�
tion coating. These technologies are associated with the mak�
ing of complex molecular assemblies by means of molecular
film–by–film transfer on the appropriate substrates.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The system of “polyamide – epoxy oligomer” was used as the
binding agent for solid lubricated coating (SLC) making for the
first time.

Apart the binding agent the following components were the
part of composition: antifrictional fillers, the friction polymer
forming additive, antioxidants and systems of the solvents. 

Characteristics of the coatings used in aviation

1. Working life is 50�60 times as much as metalfluoroplastics
band;
2. Friction  factor 0,05 – 0,15 (load P=20 MPa; V=0,78m/s);
3. Load to scoring – 5000 N (three times as high as metalflu�
oroplastic band);
4. Maximum specific load 100 MPa;
5. Operating temperature range  �196 + 18 oC;
6. Wear rate  10�7 – 10�9

Characteristics of the coatings for robot systems

1. Cumulative operating time of air cylinder  with  SLCs  �
1000 000 cycles;
2. Breakloose pressure reduces half;
3. Chrome – plating stage of air cylinder internal face is deleted

AArreeaass  ooff  AApppplliiccaattiioonn

The fluorocontaining SLC is intended for providing rubbing part
serviceability in working assemblies of mechanisms and
machines without using liquid lubricants and greases.
Proposed SLCs were first used in leading–edge flope control
assemblies of ANTONOV – 70 cargo aircraft (O. K. Antonov
ANTK). Prolonged testing (from 1995) have shown good
results.

Proposed SLCs were used in robot systems. They were applied
over the internal face of air cylinder technical robot working in
radioactive zone.

SSttaaggee  ooff  DDeevveellooppmmeenntt

1. The fluorocontaining composition is patented.
2. The technology of obtaining of laboratory lots of the product
is developed. 
3. Technical conditions for polymer and SLC composition are
also developed.

CCoonnttaacctt  DDeettaaiillss
Sheludko E. V., Ph.D., Senior Researcher
Institute of Bioorganic Chemistry and Petrochemistry of NASU
50, Kharkovskoye highway, Kiev, 02160, Ukraine
Tel.: +38�044�559�7181
Fax: +38�044�559�9800
fluortribo@rambler.ru

AANNTTIIFFRRIICCTTIIOONNAALL  CCOOAATTIINNGGSS  OONN  TTHHEE  BBAASSEE  
OOFF  FFLLUUOORROOCCOONNTTAAIINNIINNGG  CCOOMMPPOONNEENNTTSS

Fig. Fields of coatings application and coatings before (a)
and after (b) friction 



DDeessccrriippttiioonn

Disposal of  pharmacophoric groups on the molecular  plat�
form of  calixarenes is  profitable  direction of   biologically
active compounds design. Calix[4]arenes substituted with dif�
ferent pharmacophoric groups have shown multifarious bio�
logical activity.

The biochemistry of calixarenes has shown rapid development
during the past ten years, the highly diverse biomedical appli�
cations of these molecules now include antiviral, anti�throm�
botic activities, enzyme blocking and protein complexation.
The future is even more promising as calixarenes have, now
been shown to have potential in the diagnosis of prion�based
diseases. Their innocuous nature, as far as is known at pres�
ent, may open up their future use in medications (Chem.
Commun., 2006, 2425–2438).

In the result of the joint project of the Institute of Organic
Chemistry NASU, the Institute of Bioorganic and
Petrolchemistry NASU and the Institute of Biochemistry NASU
it has been demonstrated that calixarenes prove to be versa�
tile molecular platforms for the construction of efficient alka�
line phosphatase inhibitors as well as regulators of Ca2+

exchange in the smooth muscle .

The preorganization of phosphonic acid fragments on the
calix[4]arene platform results in a significant increase in the
inhibition of alkaline phosphatase. The strength of the
enzyme�inhibitor interactions is determined both by coopera�
tive effects and the goodness of the fit of the inhibitor to the
enzyme binding site. 

Calixarene functionalized at the wide rim with two or four N�
sulfonylamidine groups influences Ca2+ transport in Mg2+, ATP�
dependent calcium pumps. In this case Ca2+ transport was
decreased by 75%. Calixarene�phosphonic acids in concentra�
tion 100mM inhibit enzymatic activity of Na+, K+�ATPase by
86�98% and don’t practically affect activity of Mg2+, ATPase.
These calixarenes are more efficient than ouabaine in sup�
pressing enzymatic activity of the sodium pump.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

Calixarenes are promising scaffolds for design of  phos�
phatase inhibitors – the medicine�relevant molecules.
Inhibition of nonspecific alkaline phosphatases is of signifi�
cant current medical interest1 since these enzymes catalyze
the hydrolysis of phosphate monoesters,2 which are involved
in a number of important biochemical pathways.

The calixarene�methylene�bis�phosphonic acid is one of the
most efficient substance among the phosphatase inhibitors
described in the literature.

The effect of calixarenes on the Ca2+ exchange  might be use�
ful for identification of the role of the Mg2+,ATP�dependent Ca2+

pumps of the sarcoplasmic reticulum and plasma membrane
in regulation of free Ca2+ concentration in cells. 

AArreeaass  ooff  AApppplliiccaattiioonn

Calixarenes are promising materials for nanomedicine appli�
cation (drug delivery systems, diagnostics, scaffolds for drug
design). 

SSttaaggee  ooff  DDeevveellooppmmeenntt

A series of calixarene based phosphatase inhibitors and
Ca2+ exchange regulators were synthesized in the Institute of
Organic Chemistry NASU (see www.ioch.kiev.ua/calix ). The
high phosphatase inhibition activity and Ca2+ exchange regu�
lation properties of the calixarenes were examined in the
Institute of Bioorganic & Petrolchemistry NASU and in the
Institute of Biochemistry NASU (Org. Lett., Vol. 8, No. 4, 2006,
p.549�552;  Tetrahedron Letters 46 (2005) 7459–7462).

CCoonnttaacctt  DDeettaaiillss

Vitaly KALCHENKO
Institute of Organic Chemistry 
National Academy of Sciences of Ukraine 
Murmanskaya str. 5, 
02094, Kiev�94, Ukraine 
Tel 38�044 551 0616
Fax 38�044 573 2643
E�mail: vik@bpci.kiev.ua
www.ioch.kiev.ua/calix
Valery KUKHAR
Institute of Bioorganic Chemistry and Petrochemistry,
National Academy of Sciences of Ukraine
Murmanska str. 1,
02094, Kyiv�94, Ukraine
Tel 38�044 558 5388
Sergey KOSTERIN
Palladin Institute of Biochemistry,
National Academy of Sciences of Ukraine
Leontovicha, 9, 
02030 Kyiv�30, Ukraine
Tel. 38�044 234 1653
E�mail: kinet@biochem.kiev.ua

167

NNAANNOOTTEECCHHNNOOLLOOGGYY • AAPPPPLLIICCAATTIIOONN RREESSEEAARRCCHH IINN TTHHEE FFIIEELLDD OOFF NNAANNOOTTEECCHHNNOOLLOOGGYY

CCAALLIIXXAARREENNEESS  FFOORR  DDRRUUGG  DDEESSIIGGNN

IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGYY OOPPPPOORRTTUUNNIITTIIEESS FFRROOMM TTHHEE SSTTCCUU



168

NNAANNOOTTEECCHHNNOOLLOOGGYY • AAPPPPLLIICCAATTIIOONN RREESSEEAARRCCHH IINN TTHHEE FFIIEELLDD OOFF NNAANNOOTTEECCHHNNOOLLOOGGYY

DDeessccrriippttiioonn

Various modifications of method of evaporation in high elec�
tric fields are the most promising methods of forming surface
of different objects of nanometer�scale. However, the main
obstacle to the use of this method is the necessity of creation
of super high electric fields on a surface of the object subject�
ed to processing. In such fields there are serious technological
problems connected with the destruction of objects under the
action of mechanical stress generated by the electric field. In
this connection, we propose to use phenomenon of high�field
evaporation of metals in dielectric liquids at low temperatures.
This phenomenon was revealed and studied by our team
together with University of Surrey School of Electronic (Surrey,
UK) and Hahn�Meitner�Institute (Berlin, Germany). This phe�
nomenon and process of field evaporation in active gases
could be used for controlled forming of metal objects with the
sizes in a nanometer range. The magnitude of electric fields
below the level of field evaporation in high vacuum is required
for the realization of high�field evaporation of metals in dielec�
tric liquids. This opens up technological prospects for practical
use of this phenomenon. 

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess::

• formation of surface with a zero�level roughness (atomical�
ly smooth metal surface)

• high degree of localization of field emission

• atomic sharpness of STM probes

• lowering traumatic effects of microsurgical instruments

AArreeaass  ooff  AApppplliiccaattiioonn::

• field emitters

• probes for scanning tunneling microscopy and nanotech�
nology

• microsurgical instruments with qualitative changes of a
roughness level

SSttaaggee  ooff  DDeevveellooppmmeenntt::

Patents received: 

• Method of fabrication of tip objects, Patent of Ukraine, UA
6607 U, 16.05.2005, Velikodnaya O.A., Ksenofontov V.A., 

Mikhailovskij I.M., Sadanov E.V.

• Method of fabrication of tip objects, Patent of Ukraine, UA
8336 U,  15.07.2005, Velikodnaya O.A., Ksenofontov V.A., 

Mikhailovskij I.M., Sadanov E.V.

CCoonnttaacctt  DDeettaaiillss::

National Scientific Center, "Kharkov
Institute of Physics and Technology"
1 Akademicheskaja St., 61108 Kharkov, Ukraine
Ksenofontov Vyacheslav Alekseevich
Tel. +380 57 7002676;  +380 57 7576428
Fax:+380 57 3351688
E�mail:mikhailovskij@kipt.kharkov.ua

HHIIGGHH��FFIIEELLDD  NNAANNOOTTEECCHHNNOOLLOOGGYY  FFOORR  PPRROOCCEESSSSIINNGG  AA  MMEETTAALL  SSUURRFFAACCEE

Pic. 1. Field ion microscopic images of STM probe before
high�field sharpening

Pic. 2. Field ion microscopic images of STM probe after
high�field sharpering



DDeessccrriippttiioonn

LILEYA’s nano�positioning  rotation piezoelectric motor PM�
20RS (fig.1) on the bases standing wave  combine high torque,
variable speed, and high angular resolution using a shaft�
mounted 1000 counts/revolution optical encoder. The piezo�
electric motor PM�20RS can be used in either continuous or
stepper mode to provide accurate angular positioning. When
the piezoelectric motor is de�energized, it operates as a posi�
tioning holder (brake) with practically undetectable backlash
and drift. Piezoelectric motor PM�20RS with feedback sensor
has been manufactured on the bases of the piezoelectric
motor PM�20R (www.piezomotor.com.ua). The motor is con�
nected with the controller PSF�3 IVF IBM through the special
cable. Communication with the computer is carried out
through the COM port. The software PSF�3 IVF enable to work
with 3, 6, 9, 12 motors simultaneously.                                        

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The motor operation employs the radial oscillation of a propri�
etary ring�based piezoelectric resonator operating at approxi�
mately 73 kHz. Each cycle of radial nano�oscillation by means
of the rotor produces a single step of angular movement. A
continuous sequence of single angular steps results in a
smooth angular/rotary movement of the shaft on which the
rotor is mounted. The magnitude of the resulting nano�move�
ment depends on the number of single angular steps made,
which depends on the duration of excitation. The minimum
step approximately 1.0 arcsec corresponds to duration of exci�
tation of between 50 and 60 μs. The light�weight rotor of the
motor (approximately 30 g) and the high torque 0.10 N*m
results in high acceleration, so that the time from a demand to
maximum speed (60 rev/min) is less then 0.3 ms. The corre�
sponding deceleration torque is 0.11 N*m. These characteris�
tics facilitate a smooth transition from an angular step of 1.0
arcsec to continuous motion, a wide range of angular veloci�
ties, from 1.0 arcsec/s to 60 rev/min (equivalent to about 6
orders of magnitude dynamic range).

Technical data for piezoelectric nanomotor PM�20RS               

Maximum Torque 0.10 N*m

Self�Braking Torque 0.11 N*m

Maximum Speed 60 rev/min

Minimum Angular Step 1.0 arcsec 

Dynamic Range 2 kHz 

Supply Voltage 12 V

Operating Current no more than 300 mA

Motor Weight 220 g

Dimensions 38x99

Controller PSF�3 IVF IBM series (3 channels)

Programmable accuracy 5.4 arcmin   

AArreeaass  ooff  AApppplliiccaattiioonn

LILEYA’s advanced piezoelectric nanomotor PM�20RS  is
designed to meet a variety of positioning needs for the scien�
tific, biotechnology, medical, semiconductor and industrial

markets. It is suitable for applications such as: patch clamp
and IVF micromanipulators (fig.2) on cells in culture, microin�
jection systems, precision robotic applications (fig.3), MRI�
guided robotic surgery applications, integrated circuits appli�
cations, IC mask generation and alignment, fiber optic assem�
bly and alignment, laser production

SSttaaggee  ooff  DDeevveellooppmmeenntt

LILEYA’s unique designs are protected by: 

• United States Patent MICROMANIPULATOR ,  Application
Serial No.#2005/0023930

• UA Patent PIEZOELECTRIC MOTOR No.57167

LILEYA builds motors with superior high performance charac�
teristics and it can produce 1000 motors per year now, larger
production possible. 

CCoonnttaacctt  DDeettaaiillss

Contact person: Dr. Sc. Serhiy Petrenko
Small Scientific Production Enterprise LILEYA Ltd.
Contact address: Kiev�056, Pobeda aven.,37, KPI, 
department 1730,PSON, r.289
Tel/Fax: (380�44) 241�96�31
Mob.: 8(067) 918�32�68
E�mail: tyl1@naverex.kiev.ua
Web�site: www.piezomotor.com.ua
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Fig.1 Piezoelectric NanoMotor PM�20RS 

Devices on the bases PM�20RS 

Fig.2 NanoManipulator        Fig.3  Micro Robotic System
PSF�3 IVF                                         PRS�3



DDeessccrriippttiioonn

A micro robotic positioning system is extremely important in
many fields including: life sciences, photonics, microelectronics,
and safety/security. Currently all commercial micro robotic sys�
tem fall into one of three main classes depending on motor type:
stepper�motor, vector�motor or DC servo�motor.  LILEYA’s newly
developed precision micro robotic PRS�3 is unique software
controlled positioning system incorporating a proprietary direct�
drive motors coupling mechanism. The PRS�3 does not use a
conventional electromagnetic motor; instead it uses an
advanced piezoelectric motor. As a result it is superior micro
robotic system that eliminates the well know disadvantages of
all previous robotic technology, while at the same time providing
other intrinsic advantages.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

Being designed on the basis three rotary axes –  vertical axis “1”
piezoelectric motors PM�22RS,  horizontal axis “2”  piezoelectric
motor PM�22RS, horizontal axis “3” piezoelectric motor PM�
20RS  (www.piezomotor.com.ua) such system provides large
displacement range and high accuracy. The PRS�3 micro robot
works on a direct drive principle in which the rotary motion of
piezoelectric motor is directly coupled to the other piezoelectric
motor. The combination of high torque, self�braking torque, vari�
able speed and high angular resolution provide accurate posi�
tioning and superior dynamic performance.   

Technical data for micro robotic system  PRS�3
Axis ”1” angular range (horizontal plane) 0�270 deg
Axis “2” angular range (from vertical) ±130 deg
Axis “3” angular range (from vertical) ±360 deg
Length Arm 2 (between Axis”2” and 
Axis”3”) 110mm
Length Arm 3 (Max) 145 mm 
Height Axis “2” 200 mm
Angular resolution for all Axis
(minimum increment “Open�Loop” mode ) 1 arcsec
Long Term Stability – Drift 3 arcsec/hour@20o C
Min. Programmable Step for all axis 5arcmin(0.09 o)  
Axis “1” Torque 0.50 N*m
Axis “2” Torque 0.2 N*m
Axis “3” Torque 0.1 N*m
Maximum Speed 20 rev/min
Supply Voltage 12 V
Operating Current no more than 400 mA
Weight 1.5 kg
Controller PSF�3 IVF IBM series (3 channels)

AArreeaass  ooff  AApppplliiccaattiioonn

LILEYA’s advanced micro robotic piezoelectric system PRS�3  is
designed to meet a variety of positioning needs for the scientific,
biotechnology, medical, semiconductor and industrial markets. It
is suitable for applications such as: electrophysiology, e.g. patch
clamping, microinjection, microscopy, microsurgery, microchip
probing, re�work and prototyping, laser and fiber optic alignment,
X�Ray orientation, ultra�fine assembly, probing, soldering & test�
ing, remote control. The unique positioning capabilities of PRS�3
and its miniature size means that it has important applications in
many fields of science, engineering, medicine and manufacturing,
where all too often the traditional methods of positioning tools rely
upon standard X,Y,Z micropositioner  systems.

SSttaaggee  ooff  DDeevveellooppmmeenntt

LILEYA’s unique designs are protected by: 

• United States Patent MICROMANIPULATOR ,  Application
Serial No.#2005/0023930

• Canadian Patent Application MICROMANIPULATOR, num�
ber 2527502

• Russia Patent MICROMANIPULATOR No.2041480

• UA Patent MICROMANIPULATOR No.2002064866

LILEYA  builds systems with superior high performance char�
acteristics and it can produce 100�1000 systems per year

CCoonnttaacctt  DDeettaaiillss

Contact person: Dr. Sc. Serhiy Petrenko
Small Scientific Production Enterprise "LILEYA"Ltd 
Contact address: Kiev�056, Pobeda aven.,37, KPI, 
department 1730,PSON, r.289
Tel/Fax: (380�44) 241�96�31
Mob.: 8(067) 918�32�68
E�mail: tyl1@naverex.kiev.ua
Web�site: www.piezomotor.com.ua
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Fig.1 Micro Robotic System PRS�3 for Remote
Control of laptop PC 

Fig.2 Micro Robotic System PRS�3 for r well
plate applications



DDeessccrriippttiioonn

The PSF�3 nano�manipulator works by converting the rotary
motion of an advanced piezoelectric motor (fitted onto each
axis of the nano�manipulator) into linear motion. A combina�
tion of high torque, variable speed and high angular resolution
enables the piezoelectric motor to be used in either continu�
ous or stepper mode. These characteristics facilitate a smooth
transition, without degradation in intrinsic performance, from
an angular step of less than 5 μrad to continuous motion, and
a range of angular velocities, from 4 μrad/sec up to 60
rev/min. This translates into a linear resolution of 0.4 nm and
a linear range of velocities from 0.5 nm/sec to 500 μm/sec for
each axis of the PSF�3. Additional benefits of the PSF�3 design
include the elimination of heat dissipation, ultra�low electrical
noise and low supply voltage (12 VDC), which together make
the PSF�3 ideal for very sensitive applications (e.g. delicate
electrophysiological recordings).

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

LILEYA‘s PSF�3 is a state�of�the�art 3�axis nano�manipulator
system (fig.1), whose combination of extremely high resolution
(0.4 nm), long term stability (drift less than 2 nm/hour @20°C)
and long travel (10 mm) is unprecedented in the field. At the
heart of the design is an advanced piezoelectric rotary motor
PM�20R (www.piezomotor.com.ua ), programmable joystick
controller (fig.2). When the motor is deenergized, it provides
an automatic solid brake on movement, with almost unde�
tectable backlash and drift. The design of the PSF�3 makes it
ideal for a variety of biomedical, microelectronic and optical
applications.

Technical data for PSF�3 Nano�manipulator 
Travel Range 10 mm
Min. Linear Increment 0.4 nm
Long�term Drift <2 nm per hour @20°C
Velocity  Range
(Stepped – Continuous) (0.5 nm/sec to 500 μm/sec)
Max. Load – Capacity 3 kg
Supply Voltage 12 V
Nominal Power Consumption 1 W
Maximum Power Consumption (per axis) 4 W
Dimensions (mm) 208 (h) x 140 (w) x 110 (d)
Weight PSF�3/Joystick controller 1.5 kg/0.5 kg

AArreeaass  ooff  AApppplliiccaattiioonn

LILEYA’s advanced Nano�Manipulator technology is designed
to meet a variety of positioning needs for the scientific,
biotechnology, medical, semiconductor and industrial mar�
kets.  It is suitable for applications such as: patch clamp
experiments on cells in culture, microinjection into cells, cell
imaging, cellular and material handling, IVF fertilization and
sterility treatments, DNA cloning experiments, extra cellular
recording, intracellular recording, cyto�pathology, precision
robotic applications, MRI�guided robotic surgery applications,
integrated circuits applications, IC mask generation and align�
ment, IC lithography, IC wafer measurements, fiber optic
assembly and alignment, laser production, E�beam control for
IC’s, ion beam control for IC’s, read�write heads for recording
tape and CD’s, storage media applications.

SSttaaggee  ooff  DDeevveellooppmmeenntt

LILEYA’s unique designs are protected by: 

• United States Patent MICROMANIPULATOR ,  Application
Serial No.#2005/0023930

• Canadian Patent Application MICROMANIPULATOR, num�
ber 2527502

• Russia Patent MICROMANIPULATOR No.2041480

• UA Patent MICROMANIPULATOR No.2002064866

LILEYA  builds systems with superior high performance char�
acteristics and it can produce 100�400 systems per year

CCoonnttaacctt  DDeettaaiillss

Contact person: Dr. Sc. Serhiy Petrenko
Small Scientific Production Enterprise LILEYA Ltd 
Contact address: Kiev�056, Pobeda aven.,37, KPI, 
department 1730,PSON, r.289
Tel/Fax: (380�44) 241�96�31
Mob.: 8(067) 918�32�68
E�mail: tyl1@naverex.kiev.ua
Web�site: www.piezomotor.com.ua
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Fig.1 Piezoelectric Nano�Manipulator PSF�3 

Fig.2 Joystick controller



DDeessccrriippttiioonn

A motorized control valve is developed to regulate any kinds of
liquids, steam, gas or vacuum streams. It can be used in ener�
gy industry, chemical industry, food industry etc. At the basis of
the piezoelectric control valve is a special piezoelectric mech�
anism which, on one hand, allows very fast action (analogous
to the cut�off valve), and on the other hand, it allows very pre�
cise control (analogous to the controller valve). At the present
time these two valves work separately complementing each
other. Our single valve can replace either one of them, or both.
The suggested piezoelectric valve is intended for using simul�
taneously as a fast valve with working time less than one sec�
ond (open up to 900), as well as a precise valve with high
angular resolution (minimum angular increment ~ 1 arc�sec,
response time~ 50μs). In case a piezoelectric valve is
jammed, the piezoelectric mechanism, unlike an ordinary
electric motor, will not burn itself out. The piezoelectric valve,
unlike an ordinary motor, also generates no sparks.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

Generally, a control valve comprises three primary compo�
nents: a valve, (such as a ball valve,) a DC motor and a control
circuit (see control valves manufactured by companies such
as Siemens, Johnson Controls, Sauter, Danfoss, Belimo,
Joventa). Such control valves are characterized by low speed
(duration of “closed�open” mode ranges from 30 to 140 sec�
onds ), low resolution (1�5 angular degrees), a response time
of 1�2 seconds, high weight (1�2 kilograms) and high cost ( $
400 – for a valve with resolution 1�5 ang. degrees; $1000 for
a valve with 0.2 – 1.0 angular degree resolution). The suggest�
ed valve will be an inexpensive noiseless piezoelectric valve
with high speed (duration “closed�open” mode less than 1
second ), high resolution (less than 1/3600 angular degree or
1 arc�sec), rapid response time (1/20000 second or 50μs),
and low weight (50 �300g without the ball ) – all in one prod�
uct.

Technical data for computerized piezoelectric ball valve (fig.1)
for a Ѕ” (half�inch) pipe 

Working time ( duration “closed�open”
mode, angular range 00�900 ) < 0.5 s
Angular resolution (min. angular
increment) 1 arc�sec
Response time 50μs
Weight (with the Ѕ” valve) 250g
Voltage 12V
Maximum Power Consumption
(duration of the working time) 4�6 W

AArreeaass  ooff  AApppplliiccaattiioonn

Such a valve will find use in all systems in the world, which
contain tubes: steam heating, water pipelines, gas pipelines,
oil pipelines, power reactors, chemical reactors, power
motors, vacuum systems, etc. The Piezoelectric valve will
enable development of a new generation of power systems
(engines of internal combustion, turbojets, steam and gas
generators, nuclear reactors), various hydraulic systems with
small response times and with high control accuracy. Thus,
“thermo�gas� hydraulic” systems working in real time, with
speed approaching that of electronic systems, can be devel�

oped. In addition to the broader industrial uses described
above, the piezoelectric valve offers significant commercial
potential at an individual household level, by reducing the risk
of spark and explosion.

SSttaaggee  ooff  DDeevveellooppmmeenntt

LILEYA’s unique designs is being patented :      

• in United States (U.S. Serial No 11/406,335)

• in the World ( PCT/UA2006/000067 ) 

• in Ukraine ( Application  Serial N 2006 11804)

LILEYA builds valves with superior high performance charac�
teristics and it can produce 1000�10000 valves in years now,
larger production possible. 

CCoonnttaacctt  DDeettaaiillss

Contact person: Dr. Sc. Serhiy Petrenko
Small Scientific Production Enterprise LILEYA Ltd.
Contact address: Kiev�056, Pobeda aven.,37, KPI, 
department 1730,PSON, r.289
Tel/Fax: (380�44) 241�96�31
Mob.: 8(067) 918�32�68
E�mail:  tyl1@naverex.kiev.ua
Web�site: www.piezomotor.com.ua
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Fig.1 Computerized piezoelectric ball valve for a  Ѕ” 

Different schemes of piezoelectric valves 

Fig.2 Single direction                   Fig.3  Reverse direction
control valve                               control valve   



DDeessccrriippttiioonn

LILEYA’s nano�positioning  rotation piezoelectric nanomotor
PM�22RS (fig.1) on the bases standing wave combine high
torque, variable speed, and high angular resolution using a
shaft�mounted 1000 counts/revolution optical encoder. The
piezoelectric motor PM�22RS can be used in either continu�
ous or stepper mode to provide accurate angular positioning.
When the piezoelectric motor is de�energized, it operates as a
positioning holder (brake) with practically undetectable back�
lash and drift. Piezoelectric motor PM�22RS with feedback
sensor has been manufactured on the bases of the piezoelec�
tric motor PM�22R (www.piezomotor.com.ua). The motor is
connected with the controller PSF�3 IVF IBM through the spe�
cial cable. Communication with the computer is carried out
through the COM port. The software PSF�3 IVF enable to work
with 3, 6, 9, 12 motors simultaneously.                                        

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The motor operation employs the radial oscillation of a propri�
etary ring�based piezoelectric resonator operating at approxi�
mately 80 kHz. Each cycle of radial nano�oscillation by means
of the rotor produces a single step of angular movement. A
continuous sequence of single angular steps results in a
smooth angular/rotary movement of the shaft on which the
rotor is mounted. The magnitude of the resulting nano�move�
ment depends on the number of single angular steps made,
which depends on the duration of excitation. The minimum
step approximately 0.5 arcsec corresponds to duration of exci�
tation of between 40 and 60 μs. The light�weight rotor of the
motor (approximately 40 g) and the high torque 0.50 N*m
results in high acceleration, so that the time from a demand to
maximum speed (30 rev/min) is less then 0.3 ms. The corre�
sponding deceleration torque is 0.55 N*m. These characteris�
tics facilitate a smooth transition from an angular step of  0.5
arcsec  to continuous motion, a wide range of angular veloci�
ties, from 0.5 arcsec/s  to 30 rev/min (equivalent to about 6
orders of magnitude dynamic range).

Technical data for piezoelectric nanomotor PM�22RS              
Maximum Torque 0.50 N*m
Self�Braking Torque 0.55 N*m
Maximum Speed 30 rev/min
Minimum Angular Step 0.5 arcsec 
Dynamic Range 2 kHz 
Supply Voltage 12 V
Operating Current no more than 400 mA
Motor Weight 360 g
Dimensions 50x100
Controller PSF�3 IVF IBM series (3 channels)
Programmable accuracy 5.4 arcmin   

AArreeaass  ooff  AApppplliiccaattiioonn

LILEYA’s advanced piezoelectric nanomotor PM�20RS  is
designed to meet a variety of positioning needs for the scien�
tific, biotechnology, medical, semiconductor and industrial
markets. It is suitable for applications such as: precision
robotic applications (fig.2, fig.3), patch clamp and IVF micro�
manipulators on cells in culture, microinjection systems, MRI�
guided robotic surgery applications, integrated circuits appli�
cations, IC mask generation and alignment, fiber optic assem�
bly and alignment, laser production.

Devices on the bases PM�22RS 

SSttaaggee  ooff  DDeevveellooppmmeenntt

LILEYA’s unique designs is being patented : 

• in the World ( PCT Application) 

• in Ukraine ( Application  Serial N 2006 11804)

LILEYA builds motors with superior high performance charac�
teristics and it can produce 1000 motors per year now, larger
production is possible. 

CCoonnttaacctt  DDeettaaiillss

Contact person: Dr. Sc. Serhiy Petrenko
Small Scientific Production Enterprise LILEYA Ltd.
Contact address: Kiev�056, Pobeda aven.,37, KPI, 
department 1730,PSON, r.289
Tel/Fax: (380�44) 241�96�31
Mob.: 8(067) 918�32�68
E�mail: tyl1@naverex.kiev.ua
Web�site: www.piezomotor.com.ua
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Fig.1 Piezoelectric NanoMotor PM�22RS 

Fig.2 MicroRobotic System      Fig.3  MicroRobotic System
PRS�3 for control of                PRS�3 for well plate 

computer                                   applications



DDeessccrriippttiioonn

LILEYA’s nano�positioning inexpensive unidirectional rotation
piezoelectric motor UPM�22 (fig.1) on the bases standing
wave combine high torque, variable speed, and high angular
resolution using new piezoelectric generator. The piezoelectric
motor UPM�22 can be used in either continuous or stepper
mode to provide accurate angular positioning. When the
piezoelectric motor is de�energized, it operates as a position�
ing holder (brake) with practically undetectable backlash and
drift. The in�built angle positioning system (using the magnet
"marks" established by the customer himself) enables to real�
ize the shaft fixation in chosen positions. The motor control is
carried out by means of the driver on two lines of the XP1 joint
(see driver to UPM�20 www.piezomotor.com.ua )

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The motor operation employs the radial oscillation of a propri�
etary ring�based piezoelectric resonator operating at approxi�
mately 80 kHz. Each cycle of radial nano�oscillation by means
of the rotor produces a single step of angular movement. A
continuous sequence of single angular step results in a
smooth angular/rotary movement of the shaft on which the
rotor is mounted. The magnitude of the resulting nano�move�
ment depends on the number of single angular steps made,
which depends on the duration of excitation. The minimum
step approximately 0.5 arcsec corresponds to duration of exci�
tation of between 40 and 60 μs. The light�weight rotor of the
motor (approximately 20 g) and the high torque 0.5 N*m
results in high acceleration, so that the time from a demand to
maximum speed (30 rev/min is less then 0.3 ms. The corre�
sponding deceleration torque is 0.4 N*m. These characteris�
tics facilitate a smooth transition from an angular step of  0.5
arcsec  to continuous motion, a wide range of angular veloci�
ties, from 0.5 arcsec/s  to 30 rev/min (equivalent to about 6
orders of magnitude dynamic range).

Technical data for ultrasonic piezoelectric motor UPM�22          

Maximum Torque 0.5 N*m
Self�Braking Torque 0.4 N*m
Maximum Speed 30 rev/min
Minimum Angular Step 0.5 arcsec 
Dynamic Range 4 kHz 
Supply Voltage (with the driver) 12 V
Operating Current no more than 400 mA
Motor Weight 50 g
Driver Weight 20g   

AArreeaass  ooff  AApppplliiccaattiioonn

LILEYA’s advanced piezoelectric motor  is designed to meet a
variety of positioning needs for the scientific, biotechnology,
medical, semiconductor and industrial markets. And also: oil
and gas industry – spark and explosion safety make it an ideal
power element of the shut�off equipment of oil� and gas
pipelines; automotive industry – glass�frame riser, windscreen
wiper, ascending and descending of seats;    external adver�
tisement – external advertisement stands with a dynamical
renewed picture; trade and office equipment – automatic
shutters, presentation facilities, rotation display stands, man�
ufacturing of copiers, faxes, cash registers; peristaltic (fig.2)
and syringe (fig.3) micro�pumps, micromanipulator for cell

technologies, hospital equipment, prostheses; food industry –
weight batch equipment, piezoelectric driven ball valves;
banking equipment and security systems – safe, locks, auto�
matic opening and closing of doors. 

SSttaaggee  ooff  DDeevveellooppmmeenntt

LILEYA’s unique designs is being patented : 

• in the World ( PCT Application)

• in Ukraine ( Application  Serial N 2006 11804)

LILEYA builds motors with superior high performance charac�
teristics and it can produce 1000�10000 motors per year,
now, larger production is possible. 

CCoonnttaacctt  DDeettaaiillss

Contact person: Dr. Sc. Serhiy Petrenko
Small Scientific Production Enterprise LILEYA Ltd.
Contact address: Kiev�056, Pobeda aven.,37, KPI, 
department 1730,PSON, r.289
Tel/Fax: (380�44) 241�96�31
Mob.: 8(067) 918�32�68
E�mail: tyl1@naverex.kiev.ua
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Fig.1 Ultrasonic Piezoelectric NanoMotor UPM�22 

Fig.2 Peristaltic micropump               Fig.3  Microsyringe
PSF�100                                         MS�1

Devices on the bases UPM�22 
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DDeessccrriippttiioonn

Robotic micromanipulators are used for demanding bio�tech
applications such as Patch Clamp (holding and positioning a
cell), IVF (in�vitro fertilization), and cell cloning, as well as in
the semiconductor integrated circuits industry – all growing
markets. LILEYA’s  PSF�3 IVF  is a state�of�the�art 3�axis
nanomanipulator system based on advanced piezoelectric
rotary motor, integrated with a digital signal processor (DSP)
multifunctional programmable  controller including  46 opera�
tions. When the motor is deenergized, it provides an automat�
ic solid brake on movement, with almost undetectable back�
lash and drift. It works by converting the rotary motion of an
advanced piezoelectric motor (fitted onto each axis of the
nanomanipulator) into linear motion. A combination of high
torque, variable speed and high angular resolution enables
the piezoelectric motor to be used in either continuous or
stepper mode. These characteristics facilitate a smooth tran�
sition, without degradation in intrinsic performance, from an
angular step of less than 5 μrad to continuous motion, and a
range of angular velocities, from 5 μrad/sec up to 60 rev/min.
This translates into a linear resolution of 0.4 nm and a linear
range of velocities from 0.4 nm/sec to 500 μm/sec for each
axis of the PSF�3IVF. Additional benefits of the PSF�3 IVF
design include the elimination of heat dissipation, the use of
non�ferrous and nonmagnetic components, ultra�low electri�
cal noise and lowsupply voltage (12 VDC), which together
make the PSF�3 IVF ideal for very sensitive applications.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

PSF�3 IVF combines extremely high resolution (0.4 nm), long
term stability (drift less than 2 nm/hour @ 20°C) and long trav�
el (10 mm). The “Stick/Slip” is one of the major factors, which
limits nanometer resolution and hence the performance of
traditional nanopositioners/manipulators. The PSF�3 IVF
overcomes the stick/slip effect using the unique combination
of the piezoelectric motor and DSP control. Any angular posi�
tion of the rotor is locked by the selfdecelerating torque of the
motor. The same force locks the whole friction system of the
nanomanipulator. To limit the effect of any jump when initiat�
ing motion the unlocking process must occur almost instanta�
neously (within 10�100μsec). PSF�3 IVF’s DSP core has been
designed to implement a step formation within 2�10
μsec/μrad. This timing results in an angular step of the motor
in the nanometer range, which translates immediately into an
equivalent linear step eliminating measurable static friction
effects. 

AArreeaass  ooff  AApppplliiccaattiioonn

LILEYA’s advanced Nano�Manipulator technology is designed
to meet a variety of positioning needs for the scientific,
biotechnology, medical, semiconductor and industrial mar�
kets.  It is suitable for applications such as: patch clamp
experiments on cells in culture, microinjection into cells, cell
imaging, cellular and material handling, IVF fertilization and
sterility treatments, DNA cloning experiments, extracellular
recording, intracellular recording, cytopathology, precision
robotic applications, MRI�guided robotic surgery applications,
integrated circuits applications, IC mask generation and align�
ment, IC lithography, IC wafer measurements, fiber optic
assembly and alignment, laser production, E�beam control for

IC’s, ion beam control for IC’s, read�write heads for recording
tape and CD’s, storage media applications.

SSttaaggee  ooff  DDeevveellooppmmeenntt

LILEYA’s unique designs are protected by: 

• United States Patent “MICROMANIPULATOR” ,  Application
Serial No.#2005/0023930

• Russia Patent “MICROMANIPULATOR” No.2041480

• UA Patent “MICROMANIPULATOR” No.2002064866

LILEYA  builds systems with superior high performance char�
acteristics and it can produce 50�100 systems in years  at a
low cost. 

CCoonnttaacctt  DDeettaaiillss

Dr. Serhiy Petrenko, Director
Small Scientific Production Enterprise "LILEYA"Ltd 
Address: Kiev�056, Pobeda aven.,37, KPI, departament
1730,PSON, r.289
Tel/Fax: (380�44) 241�96�31
Mob.: 8(067) 918�32�68
E�mail: tyl1@naverex.kiev.ua
Web�site: www.piezomotor.com.ua

STCU Senior Specialist:
Nataliya Mykhaylovska 

nataliya.mykhaylovska@stcu.int

AA  NNEEWW  PPRROOGGRRAAMMMMAABBLLEE  33��AAXXIISS  PPIIEEZZOOEELLEECCTTRRIICC  NNAANNOOMMAANNIIPPUULLAATTOORR  WWIITTHH
UULLTTRRAA��LLOOWW  DDRRIIFFTT  FFOORR  CCEELLLLSS  TTEECCHHNNOOLLOOGGIIEESS

Fig.1 SOFTWARE PSF�3 IVF

Fig.2 Nanomanipoulator        Fig.3 Nanomanipulator
PSF�3 IVF                              PSF�3 IVF –H
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DDeessccrriippttiioonn

A challenging ecological situation has taken shape in many
large cities of the world.. The ever�increasing number of motor
vehicles has resulted in 2 mln tons of automobile�exhaust pol�
lutants released into the air every year, which amounts to 87%
of exhausts from all pollution sources. 

The amount of noxious substances released into the air by a
motor engine depends, in the first place, on the quality of the
motor fuel it used. Checks on the quality of fuels   sold by retail
show that 18–20% of fuels fall short of the requirements of
the State Standards.

The main discrepancies become apparent in the petrol octane
number, the content of admixtures and additives that are used
to increase it, as well as sulfur content in petrol and diesel
fuels.

Regular total control of the main parameters of fuel quality,
such as octane and cetane numbers, as well as sulfur content
in gasoline and dies IS IMPERATIVE.

The available control devices do not provide required opera�
tion speed.

IInnnnoovvaattiivvee  AAssppeeccttss  aanndd  MMaaiinn  AAddvvaannttaaggeess

The analyzer of anti�knock  ratings of all kinds of gasoline and
diesel has no analogues in the world in terms of operation,
mobility and cost�effectiveness. 

The XRF express analyzer determines sulfur content in liquid
oil products accurate to ±0,0005 %.  

Against the arbitration unit CFR F2U : 

• One measurement takes 30 sec. (against 30 min.); 

• One measurement takes 5  mcgr. of fuel (against 0.5 kg.);

• Its measuring capacity – within 50 to 105  octane units
accurate of 0.1 by the motor, research and  temperature meth�
ods simultaneously;

• Can operate in an automatic mode;

• Its weight is 10 kg. (against 1 ton); 

• Can be placed on a lab desk;

• Simple in operation.

• Allows complete automation of the process of measuring
petrol anti�knock value both in production and at every filling
station.

• The result is independent of petrol composition and addi�
tives used

The electronic express analyzer allows transportation fuel
octane and cetane ratings to be determined 300 quicker and
reference and control fuel consumption to be reduced 1000
times. Complete with an XRF meter of sulfur contaminants it
can operate in field conditions and is 5�10 times less expen�
sive than any other instrument of this class.

It allows for  automation of measurement processes.

The set we offer does not need specially equipped premises, is
simple and reliable in operation and can be attended by only
one operator.

AArreeaa  ooff  AApppplliiccaattiioonn

Wherever it is necessary to express control anti�knock ratings
and sulfur contaminants content in transportation fuels.

To accelerate formulation of gasoline blends and automate
their production at oil refineries; to express control commer�
cial fuels quality at oil refineries, customs houses and gas sta�
tions; to control fuel desulfurization processes.

SSttaaggee  ooff  ddeevveellooppmmeenntt

Express analyzer has undergone state tests and been includ�
ed in the State Register of measuring devices allowed for
operation in Ukraine (?U1732�03. 23,04.2003) and in Russia
(UA.C.31.999.A ?25040,�19.09.2006).

Ready to produce. 

It is possible to produce either individual analyzers or their
sets in small batches.

CCoonnttaacctt  ddeettaaiillss::

Kyselov Vladislav, Ph. D., 
leading researcher of the Institute.
Address: 50, Kharkivsky Shosse. Kiev, 02160, Ukraine. 
Institute of Bioorganic Chemistry & Petrochemistry of NAS of
Ukraine
Tel. (38044) 5597011;
mob (380 67 7980194)

E�mail: kvp@i.com.ua

EEXXPPRREESSSS  AANNAALLYYZZEERR  OOFF  TTHHEE  MMAAIINN  EENNVVIIRROONNMMEENNTTAALL  SSAAFFEETTYY  PPAARRAAMMEETTEERRSS
OOFF  TTRRAANNSSPPOORRTTAATTIIOONN  FFUUEELLSS  

Pic.1 The general view of the new electronic express analyzer
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IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGYY OOPPPPOORRTTUUNNIITTIIEESS FFRROOMM TTHHEE SSTTCCUU

DDeessccrriippttiioonn

The ozone application market has been strongly increasing
during last decades. Interest to ozone technologies is caused
by unique properties of ozone as strong oxidizing and bacteri�
cidal agent. Besides, ozone technologies are environmentally
friendly and this fact increases consumer attraction for appli�
cation of ozone in the production of goods, servicing and MED�
ICINE.

The key device for the ozone technology is ozone generator. At
the present, a silent or barrier discharge for ozone generators
are most widely used. At the same time, the expansion of
areas for ozone application makes demand for development
of alternative methods for ozone generation. One of the
advanced methods is a barrierless discharge.

In the NSC KIPT a new ozone generators with barrierless elec�
trode system and high�voltage pulsed power supply have been
developed. The barrierless ozone generators have a high reli�
ability due to elimination of the dielectric barrier from dis�
charge gap. It excludes the damage of electrode system in
case of accidental spark breakdowns. The barrierless ozone
generator has significantly low gas�dynamic resistance
because the discharge gap is a wider. Besides, the electronic
control system of the ozonizer improves operating characteris�
tics of the ozone generator. The advantage of the barrierless
ozone generator is a possibility of stable operation by using
the atmospheric air as a feed gas. The barrierless ozone gen�
erators have a modular construction that is an assurance of
serviceability and allows to vary the ozone productivity in wide
range 4 – 50 g O3 per hour. The parameters of the ozone mod�
ule are the following: 

• Ozone production feed gas 
is an atmospheric air – 4 g/h.

• Ozone concentration – 4g/mі

• Feed gas – atmospheric air

• Feed gas flow rate – 1 mі/h

• Power consumption – 350 watt

• Supply voltage – 220±20 Volt

• Cooling – air

• Ozone production
on dry air/ oxygen – 8/12 g/h

IInnnnoovvaattiivvee  aassppeecctt  aanndd  mmaaiinn  aaddvvaannttaaggeess::

The main innovation of the developed technology is the use of
the barrierless electrode system for plasma chemical reactor
and special current conductive coating for the anode surface.
The coating is not destroyed under impact of plasma and
aggressive radicals which are synthesized when the reactor is
operated on atmospheric air. It provides the stable long�term
operation of ozone generator.

Thus the barrierless ozone technology has the following
advantages in comparison with barrier ozonizers which are
commonly used for the ozone generation:

• reliability of operation at presence of nitrogen and water
vapour, operation on atmospheric air;

• reducing of expenses for air preparation ;

• the use of high�efficient high�voltage power supply with the
efficiency no less than 90%;

• low gasdynamic resistance of plasmachemical reactor;

• the elimination of dielectric barrier from discharge gap;

• the electrode system has a firmness to the random electri�
cal breakdown;

• the simplified construction of plasma chemical reactor, the
weak accuracy requirement on manufacturing of reactor com�
ponents.

AArreeaass  ooff  AApppplliiccaattiioonn

The most perspective market segments for a new barrierless
ozonizers are connected with water treatment, namely the
potable water preparation, preparation of water in pools and
spa, sewage treatment, disinfection by ozonized water of
packing materials, vegetables and fruit.

The barrierless ozone generators can be applied in agriculture
for presowing seed treatment what allow to increase the crop
yield on 10�15%. The perspective areas for ozone application
are  a technology of grain refreshment, deodorization and dis�
infecting of air in refrigerator systems and air�conditioning sys�
tems, disinfection of operating�rooms and other medical
premises and equipment.

SSttaaggee  ooff  DDeevveellooppmmeenntt  

The development works for barrierless ozone generator have
been fulfilled completely. The samples of ozone generators are
available for demonstration, ozone generators have been
installed at the potable water preparation systems and at the
water purification systems of the pools for 5 years. At the pres�
ent time,  the preproduction batch of the barrierless ozone
generators are realized at Ukrainian market. The barrierless
ozone generators have been protected by the patents of
Ukraine and USA.

CCoonnttaacctt  ddeettaaiillss

Dr. Golota Vladimir Ivanovich 
National Science Centre “Kharkov Institute of Physics and
Technology”
Akademicheskaya, 1, Kharkov 61108, Ukraine.
Tel: +38 057 335 39 26  
Fax: +38 057 335 39 26
E�mail: golota@kipt.kharkov.ua
Web site: www.kipt.kharkov.ua

OOZZOONNEE  GGEENNEERRAATTOORRSS  WWIITTHH  TTHHEE  BBAARRRRIIEERRLLEESSSS  GGAASS  DDIISSCCHHAARRGGEE

Fig. 1. Ozone generators with barrierless electrode system.



DDeessccrriippttiioonn

Nowadays the agricultural methods used for presowing seed
treatment are based on the processing of seed by different
chemicals (bromine methyl, chloropicrin, vitavacks etc.). High
price of chemicals, harmful impact on environment and
human health stimulate the development of alternative meth�
ods for presowing seed treatment.

One of promising methods is an ecologically safe ozone tech�
nology for presowing seed treatment which was recently
developed by scientists from NSC KIPT and Yuriev Plant
Production Institute in Kharkov. This method is a result of
investigation of influence of ozone (environmentally friendly
oxidant) on the process of activation and growing of seed, as
well as the development of ozone equipment that is well
adapted for operation under agricultural conditions.

As a result of 10 year investigation and testing of method the
impact on seed metabolism was determined and shown that
ozone presowing seed treatment leads to increase of energy
of germination and germination in field conditions in compari�
son with chemical method of seed treatment. In addition, the
crop capacity was on 10�15% above. The ozone presowing
seed treatment was met with approval at collective farms and
was confirmed high efficiency of method. Improvement in
quality of seed material which had been grown out from seed
treated by ozone was also observed as a result of investiga�
tions.

In the NSC KIPT a new ozone generators with barrierless elec�
trode system and high�voltage pulsed power supply have been
developed. The barrierless ozone generators have a high reli�
ability due to elimination of the dielectric barrier from dis�
charge gap. It excludes the damage of electrode system in
case of accidental spark breakdowns. The barrierless ozone
generator has significantly low gasdynamic resistance
because the discharge gap is a wider. Besides, the electronic
control system of the ozonizer improves operating characteris�
tics of the ozone generator. The advantage of the barrierless
ozone generator is a possibility of stable operation by using
the atmospheric air as a feed gas. The barrierless ozone gen�
erators in the best way approach for operation under agricul�
tural conditions.

The barrierless ozone generators have a modular construction
that is an assurance of serviceability and allows to vary the
ozone productivity in wide range 25 – 100 g O3 per hour. The

parameters of the agri�ozone module are the following: 

• Ozone production 25 g/h

• Feed gas atmospheric air

• Feed gas flow rate up to 100 mі/h

• Power consumption 1000 watt
• Supply voltage 220±20 V

• Cooling air

NNoovveellttyy  aanndd  mmaaiinn  aaddvvaannttaaggeess

The main innovation of the developed technology is the use of
ozone technologies for presowing seed treatment. It allows in
the environmentally friendly way to carry out the activation for
seed and as consequence the increase in the crop capacity up
10�15%.

Thus the ozone technology has the following advantages in
comparison with commonly used methods:

• increase of crop capacity on 10�15%

• improved quality of grain

• 2�4 times reduction of dosage of chemicals 

• decrease of expenses on operating supply for presowing
treatment

• environmentally friendly technology exclude the harmful
impact on environment

• the ozone is produced at the place of operation

• the technology can be used for control of seed quality dur�
ing its keeping in granaries; for seed freshening improved
quality of grain

AApppplliiccaattiioonn

This technology can be applied in agriculture for crop growing,
for keeping, drying and processing of agricultural products.

WWoorrkkiinngg  oouutt  ssttaaggee

The method of ozone presowing seed treatment is now at the
stage of commercial introduction. Operation instruction for
realization of method was approved by the Ministry of
Agriculture of Ukraine and the Ukrainian Academy of
Agriculture. The Patents of Ukraine for this technology were
taken out. Technologies of drying and keeping of seed and
other agricultural crop are now at the stage of testing under
industrial conditions.

CCoonnttaaccttss

The person to contact: Golota Vladimir Ivanovich
The name of the organization: NSC «Kharkov Institute of
Physics and Technology»
Address: Ukraine, Kharkov, 61108, Academicheskaya street,1
Tel: +38 057 335 39 26  Fax: +38 057 335 39 26
E�mail: golota@kipt.kharkov.ua
Web site: www.kipt.kharkov.ua
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OOZZOONNEE  TTEECCHHNNOOLLOOGGYY  OOFF  PPRREESSOOWWIINNGG  SSEEEEDD  TTRREEAATTMMEENNTT

Fig.1  Ozone technology of presowing seed treatment.



DDeessccrriippttiioonn

Magnetically�controlled electroslag melting (MEM) is designed
for producing round and slab ingots of multi�component high�
strength and burn�resistant alloys of titanium.

Specifics of MEM technology, as compared with traditional
VAR, is the use of a reactive slag pool and electromagnetic
control of melt movement in slag and metal pools; protection
of a metallurgical pool and consumable electrode by inert gas
chamber from metal interaction with harmful atmospheric
gases.

Innovative aspect and main advantages

As compared with traditional technologies of melting, in partic�
ular, vacuum�arc (VAR), the technology of MEM provides 1.5�
2.0 times higher service life of titanium alloys owing to the fol�
lowing advantages:

• Fine�grain structure of ingots, similar to that of forgings.

• High chemical and physical homogeneity of metal.

• Low content of harmful impurities (atmospheric gases) in
metal.

• Dense metal. Complete absence of pores and harmful
inclusions.

• The burn�resistant alloys of MEM technology with intermetal�

lic strengthening preserve heat resistance at 750�800
0

C.

Technology of MEM is more economically effective than VAR
technology. This is due to the less expensive equipment of
MEM technology than that of VAR and lower amount of repeat�
ed remelting of metal in MEM.

AArreeaass  ooff  AApppplliiccaattiioonn

Multi�component high�strength and burn�resistant alloys of
MEM technology are designed for manufacture of parts and
components operating under conditions of complex alternat�

ing loads and at heating up to 700�750
o
C temperatures. It is

most effective to use the burn�resistant alloys with an inter�
metallic type of strengthening in manufacture of blades, discs
and other parts of gas turbine aircraft aero engines. At the
same time the high�performance alloys can be used success�
fully in load�carrying elements of aircrafts.

SSttaaggee  ooff  DDeevveellooppmmeenntt

Technology, equipment and materials are protected by patents
of Ukraine and USA and have a number of “know�how” for
industrial production of high�performance alloys. The level of
developments envisages the signing of license agreements for
industrial application of MEM technology in aero engine con�
struction. CCoonnttaacctt  ddeettaaiillss

YAROSLAV KOMPAN
Doctor of Technical Sciences, Professor,
Head of Laboratory of Magnetic Hydrodynamic of Electroslag
Processes,
E.O. Paton Welding Institute,
11, Bozhenko st., Kiev, 03680,  Ukraine
Tel: (38044) 289�1819
Fax: (38044) 287�4588
E�mail: magnit@ion.kiev.ua
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IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGYY OOPPPPOORRTTUUNNIITTIIEESS FFRROOMM TTHHEE SSTTCCUU

Fig.1. Scheme of ingots production



DDeessccrriippttiioonn

The main problems of modern production: the tenfold tin cost
increase within the latest 50 years and the use in production
process of highly toxic components. According to the proposed
production process, a thin (0.1�0.3 μm) protective lustrous tex�
turally�composite tin coat is obtained using a low�toxicity sul�
fate electrolyte of increased stability. Then a passive film is
applied onto the tin coat in a chromium�free low�toxicity elec�
trolyte (instead of the coat fusion operation).

The basic production items are:

• The developed tinning technology that provides 

formation on the canned food steel sheet of a textured coat
comprised of compositions with certain preliminary specified
axial texture components (100)[hkl] and (101)[hkl]. Forming of
a specified texture in tin coats leads to an increase of their
protective properties while maintaining the adhesive strength
and plasticity characteristics. This ensures an adequate corro�
sion resistance of the passivated tinned sheet in various
model and foodstuff media while the tin coat thickness is
brought down to 0.1�0.3 μm. Operating characteristics of the
electrolyte remain stable over its whole operating time due to
the preclusion of meta�tin acid precipitate formation. The
increased electrolyte resistance against the influence of oxi�
dizers due to an aggressive suppression of the transition reac�
tion of the bivalent tin to its tetravalent state increases the
duration of the tinning electrolyte stable operation by 10
times. A method is proposed of electrochemical tinning of
steel sheet at the tin deposition rate of 0.1�0.15 μm/s.

• The developed passivating technology that provides

forming on the tin coat of a colorless protective film, and
whose usage eliminates the energy�consuming operation of
fusing the obtained coat. A method is proposed for cathode
passivation of the tinned steel sheet during 2�3 s.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The proposed canned�food steel sheet production process is
based on three potential inventions that are grounded on the
usage of the recently found phenomenon of the structure for�
mation in the metallic materials being electrochemically
deposited via a metallic liquid. These inventions are com�
prised of the development of electrolytes and methods of elec�
trochemical treatment of steel sheet and are aimed at main�
taining the quality of the canned food steel sheet while reduc�
ing its production cost and making its production more envi�
ronmentally friendly.

The major advantages of the new production technology:

• A reduction of the tin coat thickness from 1.15�1.2μm

to 0.1�0.3 μm while preserving its protective and decorative
properties, with the resulting reduction of the tin and electric
energy consumption.

• Increased rate of tin deposition onto the steel sheet to 0.1�
0.15 μm/s.

• Elimination of highly toxic components during the electro�
chemical deposition of the tin coat onto the steel sheet and its
subsequent cathode passivation.

• Increased tinning electrolyte resistance against the influ�

ence of oxidizers that increases the duration of its stable
operation by 10 times and more.

• Replacement of the energy�consuming operation of coat
fusion on the steel sheet with the operation of tinned steel
sheet passivation.

• The production process does not require any capital expen�
diture and is applicable on the existing equipment.

• The developed additives to the tinning and passivating
electrolytes are not expensive, readily available and low toxic.

AArreeaass  ooff  AApppplliiccaattiioonn

• Metallurgical industry: production of thin sheet and strip.

• Canned food industry: manufacture of food cans.

• Foodstuffs industry: production of canned food.

EEccoonnoommiicc  EEffffeeccttiivveenneessss

It is known that more than 300 million of food cans are
opened daily in the world, and the share of the tinned steel
cans (as the main canned food tare) comprises 2/3 of the
total amount of food cans. Let us assume that the production
cost of the tinned steel sheet for manufacturing one can is
brought down by as little as two cents, and the quantity of the
major tinned sheet producers in the world is about ten. Then
the economic effectiveness of the proposed new production
technology for one company will reach more than 400 thou�
sand USD per day or about 150 million USD per year.

Besides, not less than 20 m t of canned food steel sheet is
annually produced in the world, while tinned steel sheet com�
prises about 2/3 of the total volume, that is 13 m t. Let us
assume that the capacity of one steel sheet producer approx�
imately equals one tenth of the annual world volume, that is
about 1.3 m t of tinned sheet per year. It is known that with the
reduction of the tin coat thickness from 1.15 μm to 0.4 μm the
tinned sheet production expenses are reduced in the average
by 119 USD per ton of steel sheet. Then the economic effect
of the implementation of the new technology of producing
steel sheet with the tin coat thickness 0.1�0.3 μm will amount
per one producer minimum 150 million USD per year.

SSttaaggee  ooff  DDeevveellooppmmeenntt

Patenting of the inventions.

CCoonnttaacctt  DDeettaaiillss

Organization:  Ukrainian State University of Chemical
Engineering
Contact person:  Prof. Oleg Girin
Address: 8, Prospekt Gagarina, Dnipropetrovsk 49005,
Ukraine
Теl: (38 0562) 68 21 66/67 97 25
Fax: (38 0562) 33 71 36/47 33 16/67 97 25
E�mail: girin@ua.fm
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DDeessccrriippttiioonn

The production of chromium�plated canned food steel sheet
instead of the tinned steel sheet (for packing of dry and gran�
ular foodstuffs) has been ceased in many countries due to the
necessity of using in the production process of highly toxic
hexavalent chromium compounds. According to the proposed
production process, a thin (0.01�0.03 μm) protective lustrous
amorphous composite chromium coat is obtained using an
electrolyte based on trivalent chromium compounds. Then the
chromium�plated steel sheet is passivated in a chromium�free
low�toxicity electrolyte and soldered with tin solder during the
manufacturing of cans.

The basic production items are:
• The developed chromium�plating technology based on a

sulfate�acetate compound of trivalent chromium. 

• The developed chromium�plating technology based on a
sulfate�formiate compound of trivalent chromium.  

These technologies are alternative, interchangeable and pro�
vides formation on the canned food steel sheet of amorphous
coats. Forming of an amorphous structure in chromium coats
leads to an increase of their protective properties while main�
taining the adhesive strength and plasticity characteristics.
This ensures an adequate corrosion resistance of the passi�
vated chromium�plated steel sheet (coat thickness 0,01�0,03
μm ) in various model and foodstuff media, as well as a suffi�
cient level of its mechanical durability in the production of food
cans.

• The developed passivating technology that provides form�
ing on the chromium�plated steel sheet of a colorless protec�
tive film during 2�3 seconds.

• The developed technology for soldering chromium�plated
steel sheet using tin base solder. The basis of this technology
is the developed flux whose usage for soldering chromium�
plated steel sheet enable to upgrade the solder spread coeffi�
cient to 2.5�3.0 (the standard norm being not less than 1.0).

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The proposed chromium�plated canned food steel sheet pro�
duction process is based on four potential inventions that are
grounded on the usage of the phenomenon of the structure
formation in the metallic materials being electrochemically
deposited via a metallic liquid. These inventions are com�
prised of the development of electrolytes and methods of elec�
trochemical treatment of steel sheet and are aimed at reduc�
ing the canned food steel sheet production cost while replac�
ing the process of its tinning by the chromium�plating process.

TThhee  mmaajjoorr  aaddvvaannttaaggeess  ooff  tthhee  nneeww  pprroodduuccttiioonn  tteecchhnnoollooggyy::

• The replacement of the canned food steel sheet tinning
process by the process of its chromium plating results in sav�
ing expensive and scarce tin.

• Increased rate of chromium deposition onto the steel sheet
to 0.01�0.015 μm/s.

• Elimination of highly toxic hexavalent chromium com�
pounds during the electrochemical deposition of the chromi�
um coat onto the steel sheet and its subsequent cathode pas�
sivation.

• Soldering of chromium�plated canned food steel sheet
becomes commercially feasible.

• The production process does not require any capital expen�
diture and is applicable on the existing equipment.

• The developed additives to the flux, chromium�plated and
passivating electrolytes are not expensive, readily available
and low toxic.

AArreeaass  ooff  AApppplliiccaattiioonn

• Metallurgical industry: production of thin sheet and strip.

• Canned food industry: manufacture of food cans.

• Foodstuffs industry: production of canned food.

• Light industry: manufacturing of packing tare.

EEccoonnoommiicc  EEffffeeccttiivveenneessss

It is known that more than 300 million of food cans are
opened daily in the world, and the share of the tinned steel
cans (as the main canned food tare) comprises 2/3 of the
total amount of food cans. Let us assume that the quantity of
the major tinned sheet producers in the world is about ten,
and each producer will shift half of his production facilities to
manufacturing of chromium�plated steel sheet. In such case
the production cost of one food storage can will be brought
down by three cents due to the replacement of the tinned steel
sheet by the chromium�plated steel sheet. Then the economic
effectiveness of the proposed new production technology for
one company will reach more than 300 thousand USD per day
or more than 100 million USD per year.

Besides, not less than 20 m t of canned food steel sheet is
annually produced in the world, while tinned steel sheet com�
prises about 2/3 of the total volume. Let us assume that the
capacity of one tinned steel sheet producer approximately
equals one tenth of the annual world volume, and half of this
volume will be shifted by the producer to the output of chromi�
um�plated steel sheet. It is known that the economic effect of
producing 1 t of chromium�plated steel sheet instead of tinned
steel sheet is about 142 USD. Then the economic effect of the
implementation of the new technology of producing chromi�
um�plated steel sheet will amount per one producer about
100 million USD per year.

SSttaaggee  ooff  DDeevveellooppmmeenntt

Patenting of the inventions.

CCoonnttaacctt  DDeettaaiillss

Organization: Ukrainian State University of Chemical
Engineering
Contact person:  Prof. Oleg Girin
Address:  8, Prospekt Gagarina, Dnipropetrovsk 49005,
Ukraine
Теl: (38 0562) 68 21 66/67 97 25
Fax: (38 0562) 33 71 36/47 33 16/67 97 25
E�mail: girin@ua.fm
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DDeessccrriippttiioonn

High concentration of chromium anhydride in the chromium�
plating electrolytes (220�280 g/l) is the major impediment for
the replacement of the steel sheet tinning process by the
process of its chromium�plating (for packing of dry and granu�
lar foodstuffs). According to the proposed production process,
a thin (0.01�0.03 μm) protective lustrous nanostructurally�tex�
turally�composite chromium coat is obtained on the canned
food steel sheet using an electrolyte with a lowered concentra�
tion of chromium anhydride (80�120 g/l). Then the chromium�
plated steel sheet is passivated using an electrolyte with a
lowered concentration of chromium anhydride (10�15 g/l) and
soldered with tin solder during the producing of cans.

The basic production items are:

• The developed chromium�plating technology using the low�
concentration electrolyte that provides formation on the
canned food steel sheet of a textured coat having a nanocrys�
tal structure. Forming of a nanostructure in chromium coats
leads to an increase of their plasticity while maintaining the
adhesive strength characteristics. This provides an adequate
continuity of the coats after deforming the chromium�plated
steel sheet, as well as a sufficient level of its mechanical dura�
bility in the production of foodstuff cans. The texture forming in
chromium coats ensures an adequate corrosion resistance of
the chromium�plated steel sheet in various model and food�
stuff media.

• The developed passivating technology using the low�con�
centration electrolyte that provides forming on the chromium�
plated steel sheet of a colorless protective film.

• The developed technology for soldering chromium�plated
steel sheet using tin base solder. The basis of this technology
is the developed flux that ensures the solder spread coeffi�
cient 2.2�2.5 (the standard norm being not less than 1.0).

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The proposed chromium�plated canned food steel sheet pro�
duction process is based on three potential inventions that are
grounded on the usage of the phenomenon of the structure
formation in the metallic materials being electrochemically
deposited via a metallic liquid. These inventions are com�
prised of the development of electrolytes and methods of elec�
trochemical treatment of steel sheet and are aimed at reduc�
ing the canned food steel sheet production cost while replac�
ing the process of its tinning by the chromium�plating process.

The major advantages of the new production technology:

• The replacement of the canned food steel sheet 

tinning process by the process of its chromium plating results
in saving expensive and scarce tin.

• A reduction of chromium anhydride concentration in 

the chromium�plating electrolyte by 2.5 times (from 220�280
g/l to 80�120 g/l).

• A reduction of chromium anhydride concentration in 

the passivating electrolyte by 7 times (from 80�90 g/l to 10�15
g/l).

• Decreased of the duration of the steel sheet chromium�
plating to 1�3 seconds.

• Decreased of the passivating duration of the chromium�
plated steel sheet to 2�3 seconds.

• Increased of the current chromium yield to 25�30 % during
the chromium�plating of canned food steel sheet.

• Soldering of chromium�plated canned food steel sheet
becomes commercially feasible.

• The production process does not require any capital expen�
diture and is applicable on the existing equipment.

• The developed additives to the flux, chromium�plated and
passivating electrolytes are not expensive, readily available
and low toxic. 

AArreeaass  ooff  AApppplliiccaattiioonn

• Metallurgical industry: production of thin sheet and strip.

• Canned food industry: manufacture of food cans.

• Foodstuffs industry: production of canned food.

• Light industry: manufacturing of packing tare.

EEccoonnoommiicc  EEffffeeccttiivveenneessss

It is known that more than 300 million of food cans are
opened daily in the world, and the share of the tinned steel
cans (as the main canned food tare) comprises 2/3 of the
total amount of food cans. Let us assume that the quantity of
the major tinned sheet producers in the world is about ten,
and each producer will shift half of his production facilities to
manufacturing of chromium�plated steel sheet. In such case
the production cost of one food storage can will be brought
down by three cents due to the replacement of the tinned steel
sheet by the chromium�plated steel sheet. Then the economic
effectiveness of the proposed new production technology for
one company will reach more than 300 thousand USD per day
or more than 100 million USD per year.

Besides, not less than 20 m t of canned food steel sheet is
annually produced in the world, while tinned steel sheet com�
prises about 2/3 of the total volume. Let us assume that the
capacity of one tinned steel sheet producer approximately
equals one tenth of the annual world volume, and half of this
volume will be shifted by the producer to the output of chromi�
um�plated steel sheet. It is known that the economic effect of
producing 1 t of chromium�plated steel sheet instead of tinned
steel sheet is about 142 USD. Then the economic effect of the
implementation of the new technology of producing chromi�
um�plated steel sheet will amount per one producer about
100 million USD per year.

SSttaaggee  ooff  DDeevveellooppmmeenntt

Patenting of the inventions.

CCoonnttaacctt  DDeettaaiillss

Organization: Ukrainian State University of Chemical
Engineering
Contact person:  Prof. Oleg Girin
Address:  8, Prospekt Gagarina, Dnipropetrovsk 49005,
Ukraine
Теl: (38 0562) 68 21 66/67 97 25
Fax: (38 0562) 33 71 36/47 33 16/67 97 25
E�mail: girin@ua.fm
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DDeessccrriippttiioonn::

Today, full�scale implementation of titanium and its alloys is
restricted by its high price, which determined by complex and
multi�stage technology of production. Vacuum�arc remelting,
electron�beam and plasma�arc cold hearth melting are the
main technological processes for producing of titanium and its
alloys ingots. But in some cases these processes can not to
provide the necessary quality of metal. ESR is an outstanding
alternative to vacuum processes; characterized by relatively
simple equipment, flexibility of technological parameters, high
quality, and low production cost. But “classic” ESR, which is
open to the atmosphere, does not permit production of ingots
from highly reactive metals, such as titanium, chromium,
vanadium and other.  The Donetsk National Technical
University (earlier known as Donetsk Polytechnic Institute) has
a long history of scientific research, development and investi�
gation of ESR technology. In recent years, research has
focused on a new variant of the technology – ESR in controlled
atmosphere under “active” metal�containing fluxes (ChESR).
As was shown in the series of the research works, fulfilled in
DonNTU, the electroslag remelting of metals and alloys under
slag systems with active additions in the chamber type fur�
naces permits to solve the problems, for which application of
traditional methods of electrometallurgy causes the difficul�
ties or in some cases, is impossible.  Producing of high�quali�
ty ingots of titanium, its alloys and intermetallides may be con�
sidered as problem of this type.

IInnnnoovvaattiivvee  aassppeecctt  aanndd  mmaaiinn  aaddvvaannttaaggeess::  

Presence of chamber and controlled atmosphere creates the
favorable conditions for effective refining, modification, and
alloying of metals and alloys due to using of active compo�
nents of slag (calcium, rare�earth elements and other) during
the remelting process. In current time, the theoretical basis of
this process and technologies for manufacturing of high�qual�
ity ingots from various reactive metals such as titanium,
chromium and their alloys are developed by DonNTU scien�
tists. 

• High quality after the first remelting (good chemical and
structure uniformity and perfect lateral surface of ingot, which
does not demand the machining); 

• Possibility to guarantee the decreasing content of impuri�
ties (for example, nitrogen�rich inclusions);

• Decreasing of number of remelting steps for obtaining of
quality ingots;

• Possibility of obtaining of square and rectangular cross�
section of ingots, that is very important for following treatment
by pressure; 

• Using of simple and inexpensive equipment; 

• Decreased energy consumption.

AArreeaass  ooff  AApppplliiccaattiioonn::  

This technology may be used for solving of various tasks:

1. Producing of high�quality titanium ingots from titanium
sponge or powder. This task may be divided on two separate
ones: a) The producing of cast compacted ingots from tita�
nium sponge or titanium powder with quality close to quality of
iodide titanium. Content of impurities in titanium ingots after

ChESR is at following level: 0.03% O; 0.005% N;   0.003%  H;
0.01% C (weight percent). The hardness of metal is less then
100 HB. The ingots 100 � 200 mm in diameter may be the
commercial product  and may be used for application of coat�
ings in electronic industry, as a getter in superhigh�vacuum
pumps, in the medicine (stomatology in particular), for super�
conductive and magnetic alloys. Main advantage of titanium,
produced by ChESR, is the lower price in comparison with
iodide titanium (5� 6 times lower in conditions of Ukraine). 

b) Producing of ingots of titanium and its alloys by ChESR as
alternative to vacuum arc remelting, electron�beam and plas�
ma�arc cold hearth melting.

2. Refining of TiAl master alloy, obtained by the method of alu�
minothermic reduction of titanium oxides, in process of com�
pact ingot manufacturing.

3.Recycling of titanium wastes (scrap, chips), 

Chamber ESR may be perspective method for producing of
ingots of other metals with high reactive activity. � Zr, V, Cr, and
their alloys.

SSttaaggee  ooff  DDeevveellooppmmeenntt::  

Technology has been successfully tested in the laboratory and
pilot plant conditions for producing of ingots up to 200 mm in
diameter and may be proposed as the basis for commercial
technology development. 

CCoonnttaacctt  ddeettaaiillss::

Dr., Prof.  Anatoliy D. Ryabtsev
Head of Laboratory of Electrometallurgy
Donetsk National Technical University
Artyoma, 58  Donetsk 83000, Ukraine
Phone: +38062 305�32�62
Fax:     +38062 305�32�62
E�mail: rato@fizmet.dgtu.donetsk.ua
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Fig. Titanium ingots, produced by ChESR



DDeessccrriippttiioonn::

The aluminothermic reduction process (ATR) has efficient
application in several metallurgical melting processes for pro�
duction of alloys and ferroalloys with usage of the oxidized raw
materials including the secondary ones as the basic charge
components. Generally it starts with application of igniting
mechanism when all of the reacting components are in a solid
state after their mixing.  The new approach in arrangement of
the specific ATR process is being developed for the last sever�
al years in Ukraine. It is based on generation of liquid oxides
with their following pouring into a reactor before ATR starts. It
makes interaction between reacting phases more intimate.
The perfect phase separation takes place at the end of the
process. A forming upper slag layer arranges protection of a
melt and prevents it from getting in of the additional gases. the
produced alloy has virtually the same rate of purity as any vac�
uum melted alloy. The generation of the oxidized melt gives an
option to adjust its composition by reduction of the definite
part of oxides at any need. The representative number of the
correspondent melts with application of the electroslag cru�
cible remelting furnace for smelting of oxides in a form of
ilmenite for ferrotitanium production was carried out. The
melts were done without adding of expansive titanium metal�
lic compounds according to the current ATR technology with a
solid start.  As the result the produced ferroalloy has lower
content of the dissolved gases (%, 0.8 O and 0.001 N) then
that is produced by the traditional ATR (%, 2. O and 0.5 N) or
even from the metallic compounds (%, 2.O and 0.12 N).  

IInnnnoovvaattiivvee  aassppeecctt  aanndd  mmaaiinn  aaddvvaannttaaggeess::  

None booster is needed for maintaining self�consistency of
ATR, Since the major part of the charge is in molten state at
the very beginning, From the other part the oxide phase essen�
tially gets free of foreign gases during its smelting operation.
The above two features prevent risks of explosion at the ATR
process especially at its most dangerous starting phase. So
the safety of the ATR process is significantly improved as well
as the safety of handling charge materials since the explosive
ones are not used in the process.     The signify cant saving of
reductant that reacts for heating of a melt is obtained at the
same time. Moreover the higher ratio between Ti and Al can be
received. There is no need for using of expansive powdery Al
and metallic scrap as the charge materials. So the cost of the
non�traditional ATR production is 10% less. At the same time
the produced ferroalloy has virtually the equal rate of purity as
any vacuum melted alloy. So the alloyed steels manufactured
with application of this ferroalloy are also very clean without
additional refining. 

AArreeaass  ooff  AApppplliiccaattiioonn::  

The approach should be used in traditional technologies of
ferroalloys or nickel�base alloys production where ATR
processes are currently applied. It is also applicable in manu�
facturing of several specialty alloys with sufficient content of
aluminum, for example the  Gamma– TiAl base alloys. In this
case the metallic components are partially or completely
should be replaced in the charge by their oxides.

SSttaaggee  ooff  DDeevveellooppmmeenntt::  

The approach has been successfully tested in the laboratory
and pilot plant conditions for systems with Ti oxides.  It is pro�
tected by UA Patent 76918 15.09.2006.

CCoonnttaacctt  ddeettaaiillss::

Dr. Vladyslav M. Sokolov
Head of Department
Physico�Technological Institute of
Metals and Alloys of NAS of Ukraine
34/1 Vernadsky Ave.
Kiev�142, 03680, Ukraine
Phone: +38044� 424�6057
Fax:     +38044� 424�1210
E�mail: vlads@visti.com
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Fig. 1. Comparison with traditional process flow

Fig. 2. ATR process



DDeessccrriippttiioonn

The Coselle is a unique system, invented in Canada, for stor�
ing high�pressure gas in a coil of small diameter pipe.
Numerous Coselles are contained within the specially�
designed ship. This storage system has significant safety and
cost advantages over conventional large diameter pressure
cylinders. The complete Coselle delivery system consists of a
ship combined with loading and offloading facilities. The gas is
compressed at a loading terminal (onshore or offshore) and
loaded into a CNG ship. The ship then travels to the offloading
terminal (onshore or offshore) where the gas is decompressed
and delivered to market. In a Coselle, typically, ten miles of
small diameter, high�strength X70 pipe is coiled into a reel�like
structure, called a carousel. This carousel provides support
and protection for the transportation and stacking of Coselles.
The size of a Coselle may range from 15 to 20 meters in diam�
eter and 2.5 to 4.5 meters in height, and it may weigh about
550 tones. An allowable working pressure of 220 Bar (3200
PSIG) is used for the coselle and the associated load/dis�
charge manifolds, piping, and valves. A single Coselle carries
about 3.0 million standard cubic feet (mmscf) of natural gas,
depending on Coselle dimensions, and gas temperature, pres�
sure and composition. One of the main problems is to manu�
facture coiled pipe structures using the most appropriate tech�
nology. 

The experience accumulated by the E.O. Paton Electric
Welding Institute in the field of welding joints resulted in
propositions to perform experimental evaluation of the effi�
ciency of Flash�Butt Welding (FBW) applied to manufacturing
coiled pipe structures (coselles). 

Flash butt welding (FBW) is the process where the parts to be
welded are heated to required temperature by passing of elec�
tric current and pressed to each other to form a welded joint.
FBW is applied for welding steel pipes, rails, and other rolled
stocks, parts of light metal alloys, e.g. aluminium�base and
titanium�base alloys

Development of a new generation of the FBW technology and
equipment for coselle manufacture is to address the following
tasks:

1. raising efficiency of the process; 
2. raising productivity and ensuring a specified level of
mechanical properties of welded joints;
3. computerization of inspection and diagnostics.

A set of arrangements, including preparation of samples for
welding, setting up of equipment, adjustment of welding
parameters, welding trials with registration of process param�
eters, removal of flash using different designs of flash
removers, non�destructive testing of welded joints, making of
specimens, mechanical tests and metallography, are per�
formed to optimize parameters for welding of steel X70 plates. 

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The development of the advanced computerized welding
machine and specific flash�butt welding technologies are in
process. When successfully tested, these solutions will allow
strengthening mechanical properties of welded joints, in par�
ticular cyclic weld strength, to increase productivity of winding
pipes, and to enhance safety and reliability of Coselle carries.

AArreeaass  ooff  AApppplliiccaattiioonn

For many world markets of energy transportation needing
moderate volumes of gas over medium distances, or in
instances where offshore gas is flared or reinjected.

SSttaaggee  ooff  DDeevveellooppmmeenntt

The experimental equipment prototype and several batches of
welded pipes are available.

CCoonnttaacctt  DDeettaaiillss

Prof. Valerij Kryvenko
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Fig.2 Modernized K584M machine during welding of pipes for
Coselle manufacture

Fig. 1 � CNG carrier based on Coselle technology



DDeessccrriippttiioonn

Sapphire (б�Al2O3) is characterized by high optical transparen�

cy, wear�, heat�, chemical resistance, high heat conduction
and unique dielectric characteristics. Such combination of
properties makes it an indispensable material for making
highly integral microcircuits, input windows of semiconductor
and electrical vacuum devices, technological lasers, optical
devices operating under extreme conditions. The fields of sap�
phire application are constantly broadened. A technology is
proposed for the growing of high optical quality sapphire sin�
gle crystals 215x215x30 mm by the horizontal oriented crys�
tallization (HOC) in protective gas medium. The proposed tech�
nology is directed toward using a low�pressure, protective gas
medium in the dynamic pumping regime. Besides other
advantages, this makes possible a partial substitution of
metallic heating equipment using cheaper carbon.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

One of the main advantages of this technology – a possibility
to use cheap raw material with a higher concentration of impu�
rities. Due to intensive evaporation from the melt during melt
crystallization (the ratio of the melt area to its volume (S/V),
the impurities level is the biggest in the HOC method, as com�
pared to other technologies. Additionally, the development of
this method was followed by the replacement of high vacuum
by the CO gas atmosphere, which allowed to make HOC
method one of the most efficient one for growing extremely
large sapphire crystals with (0001)  orientation.  Main charac�
teristics of the crystals:

• transparency in the UV�region: > 70%;

• uniformity of optical characteristics in the UV�region: <10%;

• twins, blocks and regions with high stresses are absent;

• the chemical purity of the material: 99.99%.

AArreeaass  ooff  AApppplliiccaattiioonn

Sapphire single crystals of a large size are of interest for many
industries, but the best suited for optics and optoelectronics.
The performed marketing investigations show that the large�
size sapphire crystals are promising for application of this
material in:

• in large�size (50… 220 mm) optics (transparent windows,
screens, glasses) for working under extreme conditions and
possessing long�term service life;

• in a field of optoelectronics, such as (0001)�oriented sub�
strates for light�emitting diodes (LED’s); extremely bright
screens with a diameter of 3”�4”; electroluminescent sources
of light, etc. 

SSttaaggee  ooff  DDeevveellooppmmeenntt

The experimental equipment and several batches of samples
are available. A business�plan for organization of pilot produc�
tion of sapphire crystals at the STC “Institute for Single
Crystals” on the basis of the new generation installations
“Horizont�2” is developed. 

Nowadays the output of the pilot plant is 5000 kg of sapphire
single crystals per year.

A wide variety of large size sapphire articles (50...220mm in
diameter) for optics and optoelectronics is produced and
delivered to USA, France, Germany, Israel, Taiwan etc. 

CCoonnttaacctt  DDeettaaiillss

Olexander Dan’ko
Department of Optical and Constructional Crystals 
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Fig.1 Sapphire elements for optics and optoelectronics.

Fig.2 New�generation  apparatuses "Gorizont�2" for the growth
of sapphire crystals measuring 250x300x30 mm 



DDeessccrriippttiioonn

Technology is based on the method of electron beam evapora�
tion of carbon (graphite) using a liquid pool of tungsten and
subsequent condensation of the vapour flow, which was sug�
gested by us and patented in Ukraine and the USA (US Patent
#5296274, cl. B05D 1/00 Movchan B.A. and others. “Method
of producing carbon�containing materials by electron beam
vacuum evaporation of graphite and subsequent condensa�
tion”). Evaporation is performed as follows: a plano�cylindrical
tungsten tablet 5 – 10 mm high is placed on the end face of a
cylindrical graphite block of 50 – 100 mm diameter and spec�
ified length. The tablet is melted by the electron beam and
forms a “hot pool”. A continuous transport process of carbon
dissolution in the liquid pool volume, subsequent evaporation
from the pool surface and formation of an intensive vapour
flow of carbon atoms (clusters) is established. Tungsten prac�
tically does not evaporate. 

Located near the above�mentioned carbon evaporation
source is the second independent traditional source of elec�
tron beam evaporation of metallic and non�metallic materials,
which are added to the main vapour flow of carbon by evapo�
ration, if required (The third evaporation source can also be
used). 

This method has been recently improved by applying the tech�
nique of reflection of the vapour flow of carbon (or carbon plus
additives) from surfaces (mirrors) heated up to high tempera�
tures (1000 – 1800°C), to form in space vapour flows of a
specified orientation and more uniform in terms of composi�
tion, structure and energy of the particles. This improvement is
required at subsequent deposition of the vapor flow and “engi�
neering” of the specified coating structure. 

Vapour flow ionization and bleeding gases into the vacuum
chamber can be used as additional technological parameters
for controlling the deposition process and condensate struc�
ture. 

Temperature of the deposition surface is one of the main tech�
nological parameters, controlling the condensate structure. 

Rate of evaporation of a graphite block of 70 mm diameter is
equal to 1.0 – 1.1 kg/h. 

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess::

Electron beam technology differs from the currently available
methods of arc and laser evaporation of carbon by availability
of many parameters for fine adjustment of the main stages of
the evaporation process, vapour flow formation and its con�
densation, namely: 

1. Area, average values of evaporation rate and temperature
of atoms (molecules) evaporated from the tungsten “hot
pool”.

2. Temperature, composition and molecular structure of the
vapour flow after reflection from the heated surfaces, vapour
flow ionization, bleeding gases and using additives of inorgan�
ic and organic substances, including catalysts of the growth of
macromolecular structures of the type of nanotubes and
fullerenes.

Temperature of the condensation surface of an oriented

vapour flow in the range from room temperature to 1000�
1200°C and respective structures

3. from amorphous to nano� and micro�sized. 

Possibility of producing macromolecular (fullerenes, nan�
otubes) and diamondlike structures, carbides and composite
materials (coatings) on their base is shown. 

A pilot production electron beam unit of up to 250 kW power
adapted to the above technology variants is available. 

AArreeaass  ooff  AApppplliiccaattiioonn::

Electronics and optoelectronics, medicine, chemical technolo�
gy, instrument and mechanical engineering.

SSttaaggee  ooff  DDeevveellooppmmeenntt::

Technology and equipment have been patented, experimental
facilities are available, and a demonstration can be done. 

CCoonnttaacctt  DDeettaaiillss::

Іnternational Center for Electron Beam Technologies of
E.O.Paton Electric Welding Institute of NASU
68, Gorky str., Kiev�150, 03150, Ukraine
Kurapov Yuriy ;Yakovchuk Konstantin
Tel. +38 044 289�2176
Fax +38 044 287�3166
E�mail: yakovchuk@paton�icebt.kiev.ua
http://www.paton�icebt.kiev.ua
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AAPPPPEENNDDIIXX OOFF IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGIIEESS • RREESSEEAARRCCHH OONN NNAANNOOSSTTRRUUCCTTUURREESS

EELLEECCTTRROONN  BBEEAAMM  TTEECCHHNNOOLLOOGGYY  AANNDD  EEQQUUIIPPMMEENNTT  FFOORR  PPRROODDUUCCIINNGG  
CCAARRBBOONN��BBAASSEEDD  MMAATTEERRIIAALLSS  WWIITTHH  AANN  AAMMOORRPPHHOOUUSS,,  NNAANNOO��AANNDD  MMIICCRROO��SSIIZZEEDD  SSTTRRUUCCTTUURREE

a)

b)

Pic.1 Examples of special structures of carbon con�
densates: nanotubes (a) and spheres (b).

IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGYY OOPPPPOORRTTUUNNIITTIIEESS FFRROOMM TTHHEE SSTTCCUU



DDeessccrriippttiioonn

Apoptosis (programmed cell death) is a physiological process
intended to maintain an appropriate quantity of cells in tis�
sues and organs of the multi�cellular organism.  Apoptosis is
characterized by a sequence of distinct events ultimately lead�
ing to cell death, and is the major process responsible for the
breakdown and elimination of cells in tissues and organs. In
this way, apoptosis plays a crucial role in the renewal of aged
cells and removal of damaged, “sick” and virus�infected cells.
The disturbances in this process lead to different pathological
states such as autoimmune disorders or cancer.

A set of characteristic features attributable to apoptosis were
discovered and some of them were used for the development
of practical approaches for apoptosis detection. Most of these
features belong to biochemical markers of apoptosis, located
in the nucleus, cytoplasm or mitochondria of the cell.
Measuring such markers inside the cell is time� and resource�
consuming procedure.

Recently, we discovered a novel biomarker of apoptosis in the
plasma membrane (cell surface) of cell. The utilization of this
biomarker for apoptosis detection does not require disruption
of cell integrity. We have proved that plasma membrane of the
apoptotic cells contains an increased amount of б�D�mannose
and в�D�galactose�rich glycoproteins. Such an increase in the
level of above mentioned glycoproteins was proved to be a
universal feature of the apoptotic cells, independent on their
tissue origin, or the way of apoptosis induction. This feature of
the apoptotic cells was clearly detected as early as 12 hours
after apoptosis induction. 

Specific lectins (carbohydrate binding proteins) were applied
for selective detection of the mentioned glycoproteins. Before
use, they were labeled with horseradish peroxydase, fluores�
cent dye, or in another way for better apoptotic cell detection.
Besides, the nanoparticles conjugated with specific lectin
were used for isolation of the apoptotic cells from their mixed
population. Lectin�induced agglutination test was also devel�
oped for express detection of apoptosis in cell samples in clin�
ics.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess::

Unlike the competitor methods, the proposed technology does
not require target cell destruction in the process of apoptosis
detection, since it uses cell surface biochemical markers of
apoptosis. Besides, the technology provides high speed and
high reproducibility of the measurements. Another known bio�
marker of apoptosis is an externalization of cell membrane
phosphatidylserine, described by Fadok et. al., (J. Immunol,
1992.). An ability of protein annexin V to bind
specifically phospatidylserine was used for the development
of method for apoptosis detection (US Patent 5,834,196). One
analysis within our technology is much cheaper (~0.2 $) then
the competitor’s Annexin V binding test (~6$).

AArreeaass  ooff  AApppplliiccaattiioonn::

Express measurement of cell apoptosis for clinical diagnostics
(ex. oncology, immunology, others). 

SSttaaggee  ooff  DDeevveellooppmmeenntt::

The technology is partially protected by the USA Patent
Application 67789�368. It was tested at the Department of
Immunology and Allergology of the Diagnostic Center. It is
ready for introduction.

CCoonnttaacctt  DDeettaaiillss::

Institute of Cell Biology of the National Academy of Sciences of
Ukraine, Department of Regulation of Cell Proliferation
Drahomanov Street 14/16, 79005, Lviv, Ukraine
Contact persons:
Rostyslav STOIKA, Principal Investigator, 
E�mail: stoika@cellbiol.lviv.ua
Rostyslav BILYY, Researcher, 
E�mail: bilyy@txnet.com
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AAPPPPEENNDDIIXX OOFF IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGIIEESS • MMEEDDIICCAALL AANNAALLYYSSIISS AANNDD DDIIAAGGNNOOSSTTIICCSS

RRAAPPIIDD  AANNDD  EEAASSYY  EESSTTIIMMAATTIIOONN  OOFF  AAPPOOPPTTOOTTIICC  CCEELLLLSS  FFOORR  CCLLIINNIICCAALL  DDIIAAGGNNOOSSTTIICCSS

Pic.1. Intact human T cells

Pic. 2. Apoptotic hu�man T cells,
Detection of б�D�mannose�containing glycoproteins in
plasma membrane of the cells (lectin�peroxydase stain�
ing).



DDeessccrriippttiioonn

Al�Cu, Al�Steel and Cu�Stainless Steel transition pieces have
been produced by explosion welding process both by cutting
down from large�sized bimetal plates and individually. The
thickness of cladding layers normally is in the range from 1 to
10 mm, whereas the thickness of base layer is unlimited. The
mentioned combinations of materials are the most essential
in the electrical engineering. These transition pieces normally
are used in electrodes assembling of electrolysis equipment in
manufacturing the pure aluminium and cathode copper.

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The developed explosion welding technology is the non�alter�
native process for production of high�current electrical transi�
tion pieces and provides a very good quality with metallic bond
interface between such distinctly dissimilar materials like: alu�
minium and copper, copper and stainless steel, aluminium�
mild steel as well as between any other combinations of mate�
rials.  

AArreeaass  ooff  AApppplliiccaattiioonn

Metallurgy and electrical engineering

SSttaaggee  ooff  DDeevveellooppmmeenntt

Ready to be manufactured and delivered upon application

CCoonnttaacctt  DDeettaaiillss

Dr. Dobrushin L.D.
The E.O. Paton Electric Welding Institute of NAS of Ukraine
11, Bozhenko str., Kiev, 03680, Ukraine 
Tel./Fax: +38�044�289�1470
E�mail: dobrushin@voliacable.com

paton@paton.kiev.ua
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AAPPPPEENNDDIIXX OOFF IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGIIEESS • CCOOMMPPOOSSIITTEE MMAATTEERRIIAALLSS RREESSEEAARRCCHH

AAll��CCuu,,  AAll��SStteeeell  &&  CCuu��SSttaaiinnlleessss  SStteeeell  EEXXPPLLOOSSIIOONN  WWEELLDDEEDD  TTRRAANNSSIITTIIOONN
PPIIEECCEESS  FFOORR  EELLEECCTTRROOLLYYSSIISS  EEQQUUIIPPMMEENNTT

Aluminium busbar explosion clad with a copper plate at the
site of the sectional contact connection to a different electric
conductors

IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGYY OOPPPPOORRTTUUNNIITTIIEESS FFRROOMM TTHHEE SSTTCCUU

Cu�Stainless Steel electrical contact suspensions and workshop
with cathode copper electrolysers

Aluminium�Steel bimetal transition piece made by explo�
sion cladding and used for electron�beam welding of
electrolytic�cell anode (see below)

Finished reduction anodes for aluminium electrolysers 



DDeessccrriippttiioonn

Concentrating solar power plants produce electric power by
converting the sun's energy into high�temperature heat using
various mirror configurations. The heat is then channelled
through a conventional generator. The plants consist of two
parts: one that collects solar energy and converts it to heat,
and another that converts heat energy to electricity. A concen�
trator, is the primary solar component of the system. The dish
structure must track the sun continuously to reflect the beam
into the thermal receiver.

The thermal receiver is the interface between the dish and the
engine/generator. It absorbs the concentrated beam of solar
energy, converts it to heat, and transfers the heat to the
engine/generator. Alternate thermal receivers are heat pipes
wherein the boiling and condensing of an intermediate fluid is
used to transfer the heat to the engine. Improvement of
design of heating zone by use of high temperature heat pipe
allows to enlarge the total efficiency on 2�5%.

National Technical University of Ukraine (KPI) has addressed
solar receiver heat pipe problems and has developed a new
technology of heat pipe wicks fabrication allowing to automate
the process of capillary system formation and applying to a
substrate. 

IInnnnoovvaattiivvee  AAssppeecctt  aanndd  MMaaiinn  AAddvvaannttaaggeess

The team has worked out a novel solar receiver capillary struc�
ture design. The technology of wick applying to concave and
convex surface of the solar receiver heat exchange elements
is one of key questions for reliability of operation. Uniform
mechanical contact between wick and substrate, uniform and
specified wick properties are obligatory technical require�
ments to wick structures for solar receivers. KPI has concen�
trated its efforts on developing wick fabrication techniques for
concave cylindrical and convex spherical surfaces. Typical
parameters for cylinders are:  length 470 mm, tube inner
diameter 73 mm; for spherical segments are: curvature radii
177 mm and 244 mm, 70�degree half angle. The improve�
ment and optimization of wick designs and study of
heat/mass transfer processes inside of porous media of solar
receiver had supplemented a technological part. 

AArreeaass  ooff  AApppplliiccaattiioonn

Transformation of solar energy into electricity in areas with
good solar resources, limited fossil fuel supplies, and no
power distribution network. 

SSttaaggee  ooff  DDeevveellooppmmeenntt

Samples of heat pipe heating zone for a stirring machine,
development of technology of capillary system fabrication with
spherical, flat and cylindrical surface are transferred to Sandia
National laboratories.

CCoonnttaacctt  DDeettaaiillss

The National Technical University of Ukraine "Kyiv
Polytechnical Institute", Kyiv
Contact person: Volodymyr Baturkin
Phone: (380) 044 241�75�97; 
Fax: (380) 044 241�75�97; 
E�mail: baturkin@carrier.kiev.ua
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AAPPPPEENNDDIIXX OOFF IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGIIEESS • SSOOLLAARR TTEECCHHNNOOLLOOGGYY AANNDD PPHHOOTTOOEELLEECCTTRROONNIICCSS

HHEEAATT  PPIIPPEESS  CCAAPPIILLLLAARRYY  SSTTRRUUCCTTUURREESS  FFOORR  SSOOLLAARR  RREECCEEIIVVEERRSS ((DDRRAAFFTT))

Fig.1 Concentrating solar power system with the use of a sodi�
um cooling fluid.

Fig.2 A new type of capillary system (Solar Heat Pipe Wicks) for
sodium evaporation, made of discrete metal fibers.

Dome #1, R177 appearance 

Dome #1, R244 appearance
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DDeessccrriippttiioonn

The goal of given invention is the improvement of solar collec�
tor by  changing the structure of separate elements for reduc�
ing  the labor�intensity of their manufacturing, by providing the
possibility of creating the varied architectural forms of build�
ings, by decreasing the volume of heat�accumulating tanks
and reducing the mass loafing on the constructions of the
buildings.

Separate parallel element of absorbing panel of given solar
collector (helioprofile) is made by the method of extrusion from
aluminum alloy, from which the solid necessary profile is
formed. This let us simplify and make the main constructive
elements of collector from the one material, using modern
technological methods, what leads to reducing of labor�inten�
sity of their manufacturing.

Thanks to forming in separate element of the heat�absorbing
panel the antrum, which is filled with heat�accumulating mate�
rial, the volume of heat�accumulating tanks decreases.

Width of the helioprofile 180 mm.

The mounting length of the helioprofile is up to 6.8 m. 

IInnnnoovvaattiivvee  AAssppeeccttss  aanndd  MMaaiinn  AAddvvaannttaaggeess

Separate parallel element of absorbing panel of given solar
collector (helioprofile1 m2 = 5.65 r.m. = 10.837 kg) is made by
the method of extrusion from aluminum alloy, from which the
solid necessary profile is formed.

AArreeaass  ooff  AApppplliiccaattiioonn

CCoonnssttrruuccttiioonn  ddiirreeccttiioonn::

• energy�active shielding wall and ceiling constructions.
Utilization of direct and dispersed sunlight for the needs of hot
water supply, heating, ventilation and air conditioning.

• wall and ceiling constructions of objects with controlled
local climate conditions (objects of reaction profile etc.).

IInndduussttrriiaall  ddiirreeccttiioonn::

• absorbing panels of solar collectors with liquid or air heat
conductor, with heat accumulation, combined options.

• internal constructions of surfaces of freezers and refriger�
ators. Outer connections of liquid coolant and convection cool�
ing of the internal space.

• internal constructions of surfaces of thermal boxes. Outer
connections of liquid heat conductor, radial and convection
heating of the internal space.

• industrial installations of solar water� and air�heating.

liquid�airal heat exchangers, dry gradirnes.

The surface, formed by the mounted helioprofiles may be both
rectangular, and curved in shape. The principle of shaping
allows also to form curved�cylindrical surfaces. The inclination
of the surface relatively to the horizon may differ, but it is rec�
ommended, that it comprise not less then 3�5 degrees (to
allow the condensate and the liquid heat conductor to drip).

SSttaaggee  ooff  ddeevveellooppmmeenntt

production on a commercial scale; 

patented in Ukraine, Russia, international application PCT.

Web site: www.teps.biz

E�mail: info@teps.biz 

CCoonnttaacctt  DDeettaaiillss::

Viatcheslav Podlepich , 
Director
“Insolar USV” Ltd, 
p/b 1827, Dnepropetrovsk, 49027, Ukraine.
Tel +38 050 3038821 
Tel/fax: + 38�056�3722132
E�mail: insolar@a�teleport.com

STCU Technology Reference: 
natalia.dudko@stcu.int

HHEELLIIOOPPRROOFFIILLEE    FFOORR    CCOONNSSTTRRUUCCTTIIOONN  OOFF  EENNEERRGGYY��AACCTTIIVVEE  
SSHHIIEELLDDIINNGG  CCOONNSSTTRRUUCCTTIIOONNSS

Fig. 1. The functioning of the helioprofile

Fig. 2.Separate element Fig.3. Practical object

IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGYY OOPPPPOORRTTUUNNIITTIIEESS FFRROOMM TTHHEE SSTTCCUU



DDeessccrriippttiioonn  

There has been suggested an ecologically friendly AC electric�
ity source which works for the account of transforming electri�
cal magnet solar radiation and could be used in stand�alone
mode. 

PV unit consists of PV panels’ set, an accumulator (electrical
and chemical), a controller, an inverter, a set of connecting
cables and switching equipment.  Panel construction allows
setting variable angle tilt to the horizon. The accumulator has
got a frame with controller and inverter on it as well as there
are handles for carrying purposes.

The unit construction is suitable for commercial use.

IInnnnoovvaattiioonn  aanndd  mmaaiinn  aaddvvaannttaaggeess

The suggested PV unit has got some advantages comparing to
other stand alone power sources, like petrol station, etc.: 

• Noiseless, ecologically clean production energy;

• Comparatively simple assembling system, and simple
preparation to work in remote areas (far from traditional power
systems);

• Absence of negative effect on environment;

• “compactness” when transporting and assembling;

• Options to enlarge capacities by adding new panels;

• Regulating unit productive output due to panel variable
angle tilt to the sun.   

AApppplliiccaattiioonn  ffiieellddss

The unit can be used as local power source for remote con�
sumers; the last can be involved in any production type or
leave in recreation zones. Considering high quality of generat�
ed power the unit can be used for any load capacity equipment

DDeevveellooppmmeenntt  ssttaaggee  

An experimental unit has been made: installed capacity � 200
W, inverter – 600 W, output voltage – 220 V, frequency – 50
Hz.  It has been tested in laboratory. Technical project and
technical documentation have been developed already. The
unit can be scaled easily. 

CCoonnttaacctt  iinnffoorrmmaattiioonn

Volodymyr Golovko
Institute of Renewable Energy at NAS of Ukraine 
Address: Chervonogvardijska 20а, 02094, 
Kyiv Ukraine
Tel/Fax: (+380 44) 537 26 57
e�mail: renewable@ukr.net
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AAPPPPEENNDDIIXX OOFF IINNNNOOVVAATTIIVVEE TTEECCHHNNOOLLOOGGIIEESS • SSOOLLAARR TTEECCHHNNOOLLOOGGYY AANNDD PPHHOOTTOOEELLEECCTTRROONNIICCSS

PPHHOOTTOOVVOOLLTTAAIICC    EELLEECCTTRRIICCIITTYY  SSOOUURRCCEE

Picture.1. Unit scheme




