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STRUCTURE, PROPERTIES AND APPLICATIONS OF DETONATION
NANODIAMONDS

ABSTRACT of Ph. D. THESIS

The subject of the current Ph. D. thesis is related to detonation
nanodiamond particles obtained in a phase transition of the free carbon contained
in explosives with negative oxygen balance (S. Stavrev et al, 1991). The
processing conditions are the following: pressure - 22 GPa; temperature - 4500
K; time-frame of the process - a few milliseconds.

The parameters of the detonation wave and phase diagram of carbon
shows that diamond crystallizes from microscopic drops of carbon.
MNanodiamonds synthesized by detonation (DND) with monocrystalline structure
and a particle size around 4 = 6 nm, are particularly important for the
nanotechnology application. DND has high specific area 300 = 400 m2/g and in
the same time DND has a high surface activity. Nanodiamond crystals, which are
obtained at the front of a detonation wave in an extremely varying regime and in a
very short period of time, have many surface defects. Therefore, the carbon
atoms on the surface of the nanodiamond crystals cannot stabilize their electron
shell. DND has a three-layer structure. The third layer consists of different
functional goups (oxygenic, carboxylic, carbonylic and others) around the
diamond nucleus. They determine the hydrophilic properties of the nanodiamond
surface.

The conditions of the nanodiamond synthesis determine the distinguishing
charactenstics of the nanodiamond produced, which differ considerably from
these of the natural diamond and the nanodiamond obtained by static or dynamic
synthesis. These characteristics determine the specific properties of the
detonation nanodiamond, which make it suitable for biological and industnal
applications.
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SURVEY OF CARBON NANOSTRUCTURES SYNTHESIZED
BY DETONATION METHOD IN BULGARIA

A Petrova, S. Stavrev

Space Research and Technology Institute, Bulgarian Academy of Sciences,
Acad G. Bonchev Str_ bl 1, 1113 Sofia, Bulgana

Abstract: The past two decades were characterized by a huge
development of explosives technology as a way to synthesize
and modify nanomaterials. The creation of new powerful
explosive muxtures, technologies for their preparation and
methods to implement explosive processes lead to deeper
understanding of the phenomena that accompany these
processes (shock waves, detonation, mmpact velocity,
accumulation, phase transitions, etc.). The rapid development of
computer technology enabled accurate modeling of the complex
explosive processes. Dynamic methods for synthesis of
nanoparticles represent one of the most interesting changes of
the energy of the shock-wave. For development of
nanotechnologies detonation nanodiamonds are of special
mterest. Applications of detonation nanodiamonds m mdustry
and science are diverse. They have the thermal stability typical
of a natural diamond. They are suitable for various industrial
applications both in the form of powder and as mechanically
stable compacts. Detonation nanodiamonds are used to create
high-quality materials with nanocrystalline structure (with
particle size up to 100 nm) In some applications it is
permussible  to  use chenucally untreated detonation
nanodiamonds — initial suspension, which 1s almost two times
cheaper. It 1s necessary to make preliminary studies of powder
to determine the size, particle shape and surface conditions.

Kevwords: detonation nanodiamonds, aqueous suspensiomn,
electron microscopy.

quanfities. The base 15 formed by knowledge developed
over the past 30 years, which is a guarantee for technical
superiority on the European market. The complete set of
features of the nanodiamonds has been studied. Goals are
achieved by combining nanotechnology and mtellectual
production in the synthesis of detonation nanodiamonds,
by creating new applicable knowledge and radical inno-
vations m advanced materials and multifunctional prod-
ucts.

The object of the present study are nanodiamond
samples in the form of an aqueous suspension (sample 1)
and dry powder (samples 2 and 3). Samples were pre-
pared by the shock-wave method. Output explosives are
TNT+hexogen m suitable proportions. The weight of the
charge 15 0,580 kg. The cooling environment is water.
The samples were analyzed in TISNUM, Troitsk, Russia.

The interaction of X-rays with matter can be re-
duced to two processes: absorption, that 1s, transforma-
fion of the energy of the X-rays mto other types of en-
ergy, and scattering, that is, change of the mitial propaga-
tion direction of the X-rays.

The composition and the structure of the samples
were determined by X-ray diffraction using a TETA ARL
X'TRA diffractometer. Particle size was measured on a
JEM-2010 electron microscope with acceleration voltage
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A. Petrova, Z. Karaguiozova, S. Simeonova-Vasseva, St. Stavrev
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Abstract: The need for an IP (I-STONE) to address the current
problems and the future requirements of the Furopean Stone
Sector originates from the ever increasing need of the EU
Construction industry for more and higher quality stone
products and the fact that despite its economic importance, the
Stone Sector has not made any significant technological
progress the last decades. The aim of the proposed IP is the re-
engineering of the stone production chain, in order to
considerably increase its efficiency and productivity, minimize
the amount of stone wastes disposed in the environment,
produce a new generation of multifunctional products based on
stone wastes and safeguard the quality in stone application and
use. The ultimate target of the project is to transform the rather
traditional Stone Sector into a modern, competitive and
knowledge-based industry and ensure @ lasting technological
superiority of EU over its competitors.

Keywords diamond, metallization, composites, coating, tools

1. Project summary

Among all the raw minerals (energy, metallic and in-
dustrial) the Stone Sector is the most significant in terms of
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Figure 1. I-Stone logo

These objectives will be achieved with the incorpo-
ration of nanotechnology and intelligent manufacturing in
stone processing and through the creation of new appli-
cable knowledge and radical innovations in advanced ma-
terials and multifunctional products [1].

o



’hmm

Nnexnapubie AoKnapwbi

ey muae pie nagw
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METALLIZATION OF DIAMOND POWDER

Z. Karaguiozova, S. Stavrev, and A. Petrova

Space Research Institute, Bulgarian Academy of Sciences, Moskovska Str, 6, 1000 Sofia, Bulgaria

Abstract. The paper has studied the wear resistance and the mi-
crohardness of composite diamond coatings, made in a solution
"EFTTOM NICKEL" with a metallized Ultra Dispersed Dia-
mond Powder — UDDP. The obtained coatings are with a good
adhesion with the base of the samples. The best wear resistance
1s obtained in the case with the electroless grasping of a metalized
UDDP.

Keywords: diamond,

tools

metallization, coating, superabrasives,

the use of diamonds with coatings. particularly titanium or
chromium [4].

In electroplated bonds a single layer of diamond crys-
tals is attached to a grinding wheel by means of a layer o1
metal, typically nickel that is electroplated on top of the
diamonds [5]. Usually pill-out ratio of coated grits can be
reduced by 20-40% compared to that of uncoated ones.
Moreover, most of crystals can be used to their full poten-
tial [6].
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PHYSICO-MECHANICAL AND PHYSICO-CHEMICAL PROPERTIES
OF BIO-INERT COMPOSITE CERAMICS

Anna PETROVA!, Silvia SIMEONOVA'!, Radoslav VALOV?
and Vladimir PETKOV®
:Space Research Institute, Bulgarian Academy of Sciences, Sofia, Bulgaria
“Institute of Metal Science, Bulgarian Academy of Sciences, Sofia, Bulgaria
email: am@phvs.bas bg

ABSTRACT

Bio-inert ceramics are non-toxic, non-allergenic and non-carcinogenic
materials which explain why these are frequently used as orthopedic and dental
implants. Unfortunately, these are chemically inert and do not naturally form a
direct link with the bone. The research carried studies micro/nanostructure
properties and the porosity of the TiO,-Nb,Os ceramics, used as biocompatible
polvimer matrix, prepared by different technological regimes. The morphology of
the composite samples of TiO;-Nb,Os was studied using scanning microscopy. The
phase identification of the composites was carried by metallographic microscopy.
Results obtained show the chemical composition, the technological paramerers and
the porosity defermined, favors formation of sufficiently strong bond berween the

studied materials and vitreous carbon layers.

KEYWORDS: bio-inert ceramics, physico-mechanical, physico-chemical

properties
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METHODS FOR ANALYSIS OF SURFACE MODIFIED METAL ALLOYS

Anna Petrova

Space Research and Technology Institute — Bulgarnian Academy of Sciences
e-mail- anippetrova@abv.bg

Keywords: Microstructure, morphology, roughness, electroless Ni coatings, aluminum alloy, stainless
steel

Abstract: In the last decades, there Is interest in the fabrication of nanostructures suitable for different
applications. Physical and mechanical properties of the nanoscale particles are novel, different from those in the
bulk materials.

This review deals with the latest techniques developed to perform the analysis of coatings on alluminium
alloys or steel, classical and novel measurements for complementary characternization of the surfaces.

The topography of the surfaces of the metals and applied coafings are fested using afomic force
microscopy (AFM), scanning electron microscope (SEM) and optical microscopy (OM) analysis. Coating defects
and pores are demonstrated on 2D and 3D images.
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AHAINK3 HA HAHOCTPYKTYPU YPE3 CKAHWUPALLA MUKPOCKOIMWA

AHHa MNeTpoBa

HMHecmumym 3a KocMudYecku uscnedeaHua U mexHonozul — Benzapcka akadeMus Ha HayKume
e-mail: anippetrova@abv.bg

Knroyosu dymu: Mukpocmpykmypa, Mopghonoaua, apanasacm

Pesrome: Texywume usobpaxenun npedocmasam dombfHUMENHa uHghopMauus 3a ceolicmeama Ha
nosppxHoomma. Texnukume 3a u3cnedsaHe [pu  CKaHupawa coHdosa mukpockonus (SPM)  ca
bespaspywiumenHu U ocuaypAsam UuU3MepsaHe Ha MexXaHUYHume csolcmsea Ha uscnedsanHume obpasyu.
Mukpockomsm no3sonasa U3MepsaHe Ha 2panasocmma Ha nosbpxHocmma. TpydHo e da ce ckaHupa, ko2amo
uMa nopu, sonemu obpasosaHusa u dpackomuHU 8bPXY MO8bPXHOCMIMa Ha npobama.

Mopgbonozuama Ha noswpxHocmma ce Habmodasa ¢ mukpockon NanoScan.
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DISPLACEMENT (IMMERSION) TIN PLATING

Zdravka Karaguiozova', Anna Petrova', Aleksander Ciski?, Grzegorz Cieslak?

fS,crace Research and Technology Institute — Bulgarian Academy of Sciences
Insfitute of Precision Mechanics, Warsaw, Poland
e-mail: karazuzi@yahoo.com, aleksander.ciski@imp.edu.pl

Keywords: Electroless immersion coatings, tin coatings, printed circuit boards, efching, wet angle

Abstract: The metal layering on the metal surface flowing without the presence of the reducing agents
or an extemal source of electricity is called immersion plating. The salt solution of the noble metal and less noble
metal substrate are needed the process fo take place. The deposition of the noble metal on the plated surface is
observed due to displacement process.

The immersion plating of Tin on Copper is foo popular in the production of printed circuit boards. The
displacement of copper with tin in the solution of tin salt becomes. The achieved layer is characterized with befter
solder wettability, corrosion and oxidation profection of the surface.

The morphology observation, hardness and elasticity measurements are camed out of the Tin and Tin-
DND coatings.

INNOVATIVE NANOSTRUCTURED COMPOSITE COATINGS

Associate Professor, Phd Temenuga Stoikova
University of Economics, Varna, Bulgaria
Assistant Anna Petrova
Chief Assistant Eng. Tinka Grozdanova
Space Research and Technologies Institute-BAS, Sofia, Bulgaria

1. Introduction

The past two decades were characterized by a huge development of
nanotechnologies as a way to synthesize and modify nanomaterials.
Dynamic methods for synthesis of nanoparticles represent one of the
most interesting changes of energy. Nanodiamonds (ND) are of special
interest for the development of various technologies. They are used to
create high-quality materials with nanocrystal structure and particle size
up to 100 nm. The nanostructured composite coatings are usable m the
production of new generation of mmltifunctional products based on
innovative materials, which safeguard the qualify in application and use.

The gear mdustry has to implement major changes in gear design,
mechanical transmission systems and fabrication techmiques. The
production of new gears, using new materials steel-coated with
innovative surface freatments, based on nanodiamonds, has been
analysed.

This survey relates to samples with ND synthesized by the methods
[11. [2]. [3]. A detailed study of the characteristics and the properties was
performed in [4].

Financial support by ,X-GEAR”™ project EC Framework 6 -
Development of Gear Drive-Trains Based on New Materials and Novel
Gear Systems, Contract Number 030433 1s gratefully acknowledged. The
participants are 22 structures from 8 countries: Ifaly (6). Netherlands (1),
Belgium (3), Portugal (2), Bulgaria (4), Poland (4), England (1), Finland
(1).
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NEPCNEKTUBHU MATEPUAIIU 3A PABOTA B EKCTPEMHW YCINOBUA
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Knroyosu dymu: Tpubonozua, HaHOMEXHOMOSUU.

Pezrwome: B cmamuama ca npedcmaseHu caMocMasgally Cce KOMMoIUUUoHeH aHmUghpuKyuoHeH
mMamepuan, cedepaawy monubderoes ducyngud, npedHasHavyeH 3a paboma ebe 8akyyM U KOCMUYECKU yCnosus,
U Mamepuanu ¢ fosulieHa mebpdocm U USHOCOYCMOLYUSOCM OmM CMOMaHa U [Am 4YyayH, ¢ HaHeceHU
KOMMO3UMHU, HAHOCMPYKMYPUPAHU, HUKENOo8U MOKPUIMUA.
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NANOTECHNOLOGIES — THE REALISTIC FUTURE

Anmna Petrova, Tinka Grozdanova, Stavri Stavrev

SPACE RESEARCH AND TECHNOLOGY INSTITUTE - BULGARIAN ACADEMY OF
SCIENCES, SOFI4 1113, ACAD. G. BONCHEV 5TR., BL. 1
E-mail: tmka_gri@abv bg, ani@phys bas bg, prof staveev@email com

ABSTRACT: Nanotechnology is one of the key technologies of the 21st Century.
Nanotechnological products and processes hold an enormous economic potential for the
markets of the future. The produciion of ever smaller, faster and more efficient products with
acceptable price-to-performance rafio has become for may idustrial bremches an
increasingly important success factor. Due fo iis mterdisciplinary cross-sectional character,
nanotechnology will affect broad application fields aof chemistry, materials, electronics,
medicine, mformation technology, envirommental and emergy engineering Also i space
technology a high potential for nanotechnological applications is postulated. The increasing
commercialisation of manned and unmanned space fravel as well as ever more ambitious
missions for the scientific imvestigation qf the solar system amnd jar space, reguire the
development of more gfficient, more economical and more resisiant space technologies and
systems i the future. Nanotechnology could conmtribute significantly fo solutions and
technological breakthroughs in this area (nano-spin-on).

KEY WORDS: Nanotechnologies, detonafion namodiamond, scamning probe
nicroscopy.
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TRIBOLOGY AND ECOLOGY
Tinka Grozdanova, Anna Petrova
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ABSTRACT: Ecological and economical aspects of frictional interactions must be
taken info account in product design and im the operation of machines. Tribology is the study
af friction, wear and [ubrication. The concept of ,,Green (ribology” (environmeni-friendly
tribology) as ,,the science and technology of the tribelogical aspects of ecological balance, as
wall as the environmental and biclogical impacts” was infroduced by Praf. P. Jost. There are
a number of problems that can be addressed by Green mibology. The specific field of
tribology emphasizes on the aspects of imteracting surfaces in relative motion, which are of
importance for energical or environmmental sustamability. It is necessary not only fo expect
novel development but also to create realistic solutions by conventional technologies.
Ecotribology is an engineering technology that can contribute a lot to the develgpment of the
modern sociefy.

KEY WORDS: Tribology, vacuum conditions, self-lubricating composite materials,
molybdenum disulfide (MoS5:), nanotechmolagies.
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®U3UKO-MEXAHUYHU CBONUCTBA HA OBEPA3LM OT TUTAHOBA KEPAMUKA
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Knroyosu dymu: buokepamuka, eHdonpomesu, cnbiNosbanepod.

Pesrome: lNpu umnnaHmupaHemo Ha pasnuyHu cmasu 6 YoselKomo maso, kamo Hal-uenecbobpaseH
e ycmaHoseH ModynHUSA MPUHLUN 3a usspaxdaHe Ha cmaeHUme Mpomesu, No3eonasally eapuayuu ebe suda Ha
usron3saHus Mamepuan 3a omdenHume KoMMIOHeHMU Ha emopanHo-auemabynapHama cmasa. Tosa
nossonAsa usbop Ha onmumanHa kombuHauus om Mamepuanu 3a apmukynupawjume MOSbPXHUHU Ha
umnnadma cbobpasHo crneyughuyHume daHHU Ha nayuenma. 3a uspabomeaHe Ha pa3nuyHu eudose nMpomesu
ce u3non3sam Kakmo MemanHu (CmoMaHeHu U MmUuMmaHosU) crinasu, maxka u pasnuyHu sudose KepamuKu.
BuounepmHume kepamuku ca HemokcuUYHU U He rpedussuxkeam anepauu. Tosa obecHdaea 20MAMOMO UM
MpunoXeHUe Kamo Mamepuanu 3a opmodoHHU U CMasHU UMIIaHMU.

B Hacmoswama paboma ca uscnedsaHu obpa3uyu om mumaHosa Kepamuka (mumados duokcud u
dobasku), Hanpaseru no npoexkm 02-234/17.12. 2008 ¢ HOHM npu MOMH.

AHanusupaHu ca MUKpPO U Makpocmpykmypama - NnosbpxHocm, cpedeH pasMmep Ha yacmuuume,
enacmu4Hocm, Mukpomebpdocm no Buwepc, Knyyn u NanoScan 3a obpasyu, Ha ocHosama Ha KoAmMo ca
uspabomeru cmasHu uMnIaHmu 3a brdelyo meduyuHcko npunoxeHue. MNMonyyeHume pesynmamu ca cpasHeHu
€ Xapakmepucmukume Ha dpyau, USSeCmHU & Iumepamypanma Mamepuanu, usnonssadu 3a pasnuyHu sudose
UMIIaHMU 8 YO8eLKUA Op2aHu3bM.
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MICROSTRUCTURAL AND MECHANICAL STUDY OF COMPOSITE CERAMIC
MATERIAL INTENDED FOR HIP JOINT PROSTHESIS

H3CTIEIBAHE HA MHKPOCTPYKTYPATA H MEXAHHUHHTE CEOHCTBA HA
KOMIIOIHTEH EEPAMHYEH MATEPHAT C IPHTOREHHE 3ATIPOTEIAHA

TASOBEIPEHA CTABA

HCCIETOBAHHE MHKPOCTPYVETYPBI H MEXAHWUECKHY CBOICTE
KOMIIOSHITHOHHOI'O KEP AMHUYECKOTI'O MATEPHATA TTH IIPHMEHEHITA KAK
IMFOTES TAJOBETPEHOT O CVCTABA

_ D Teodosiev', B Valov', V Petkov’, 5. Simeonova', A. Petrova', B. Tebakova’
" Space and Solar — Temesirial Research Institate — BAS, - Institute of Medzl Science, Equipment and Technology with Hydro-
Aprodynamics Center — BAS, * Technical University of Sofia

Abstract We imesiigated the mechanical properiies af the compesite marerial i the Al,0;- Zr0Q, sysiem with different content gf the
two oxides and the fjffuemce of the temparaiure ireatment Praliminary synthesis s made amimg parial stabilizaiton af the Zr0, with
T.0; The sintaring of the composite marerial i carried our ar temperanire up fo 1650°C. The obrmained composite ceramic possessas
kigh hardness — 90 HRA, compressive simengih - 1050 MPa and bending strength - 260 MPa. We srudied four compasiions with
different content af the tweo basic oxides. The mechanical properties — compressinve and bendmg sirength af the composiions are
determined_4 method for coarimg of the described ceramic with vitreous carbon iz developed. For this purpose the ceramic substrarte,
i our case the sintemed A1:05 - Zrd; samples, are coverad with polymer organic material, with complex structure of the ppe
{CnHm). During the heaning the pohmer decompeses to: carbon, which mbsequendy forms the desired carbide rmruciture; hydrozen
(H ) and organic radicals (CxHy). The presence of H; in the firnace emironment finours the reduction of the oxides ar the caramic
surface By exracting and chemically bonding the labile oxysen OF jons. The obained free chemical Bonds are lately sarurared by
the carbon aroms from the decomposition of the pohmer organic material, thur forming the desired carbide layver on the subsmrare
surfice.

EEYWORDS: BIO COMPATIBLE CERAMIC, ALD: - ZRO:, VITREOUS CARBOMN, PHYSICO-MECHANICAL,
PHYSICO-CHEMICAL PROPERTIES
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Teodosiev D., Valov R., Petkov V.,
Simeonova S., Petrova A., Tabakova B.

MICROSTRUCTURAL AND MECHANICAL STUDY
OF COMPOSITE CERAMIC MATERIAL INTENDED
FOR HIP JOINT PROSTHESIS

The mechanical properties of the composite material in the Al,O; - ZrO,
system with different content of the two oxides and the influence of the tem-
perature treatment have been investigated. Preliminary synthesis is made aim-
ing partial stabilization of the ZrQ> with Y,0s3. The sintering of the composite
material is carried out at temperature up to 1680°C. The obtained composite
ceramic possesses high hardness — 90 HRA, compressive strength - 1650 MPa
and bending strength - 260 MPa. Four compositions with different content of
the two basic oxides have studied. The mechanical properties — compressive
and bending strength of the compositions are determined.A method for coating
of the described ceramic with vifreous carbon is developed. For this purpose
the ceramic substrate, in our case the sintered Al,O;- ZrQ, samples, are cov-
ered with polviner organic material with complex structure of the type (CyHy).
The polviner is decomposing during heating to: carbon, which subsequently
Sforms the desired carbide structure; hydrogen and organic radicals (C.H,).
The presence of hvdrogen in the finrnace environment favours the reduction of
the oxides at the ceramic surface by extracting and chemically bonding the la-
bile oxvgen O’ ions. The obtained free chemical bonds have saturated lately
by the carbon atoms from decomposition of the polviner organic material, thus
Jforming the desired carbide laver on the substrate surface.

Keywords: biocompatible ceramic, Al,O;- ZrO, system, vitreous carbon,
physico-mechanical properties, physico-chemical properties.



BAUAHWE HA TEPMUYHATA OBPABOTKA HA OCHOBHMA
MATEPUAA BbPXY ®OU3NKO-MEXAHUYHUTE MOKA3ATEAU
HA XUMWUYECKWU NMOKPUTU 3bBEHW KOAEAA
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Marepuana. B caywaure, Korato crana ayma 4a CroManeni uiaenms, onpeje-

Jisuia I‘«’,:»l B TOBRA OTHOUICHHE MMA CpMHHaTa \":'[“ll‘l\‘lhﬂ

2 Mickenepus nayku, rog. XLV 2009, Ne 4 69 D Engincering Sciences, XLV, 2009, No 4

HBMHOMITEDAT H NSO TERHGTONHH B BETOMOMEMEHON N SBHINOOHHWETNON MPOMBILTSHHOICTH

Cuurea kapbug THTaHa C NpMMEHEHHEM HOBOTO AOHOPA yrhepoaa
0. Teogockes®, W. Meoprwes’, H. Netpos®, A. Merposa’
! IHCTMTYT KOCMMYECKIX necnegsarnii - BAH, Codws, Bonrapus
T MHCTWTYT MeTannosegeHus —bAH, Codwn, Bonrapwa
? MHCTMTYT OPraHU-ECcKoN XMMWIA € LUeHTPOM duToxMMuiA — BAH, Codua, Bonrapun

MoTpefHoCTs B pacxoao- W IHeproaGdeKTHBHLIX MaTEpWanax W TEXHONOMMAX,
LWRAARWMY OAHOBPEMEHHO C 3TWM OKDYHaIOWY Cpedy, HenpepuliBHo Bo3pactaeT. Boe
Bonee WHPOKOE NPUMEHEHWE B MALMHOCTPORHHK M MEJWLWHE HAXOAWMT HOBLIK KNace
TAKKY MAaTEPHaNoB, paspaboTaHHBL MNKW Ha OCHOBE aMopPdHOrD CTEKNOYTNEROAa, MK
Ha Gase kapbunoe 6opa, TWTaHa WNK eonbdpama.

Kapfiun ¥apaKkTepu3yioTca BbICOKMMM: TEMNEPaTypoR MNasnequs, TEEpaOCThIo
INEKTPOMPOBOOMMOCTEO, XMMWYECKOH W TErVIOBOH YCTOHYMBOCTEAMM, 3 TalOKe
BLICOKHM COMPOTWBNEHWEM W3HOCY. M0 3TWM Ka4ecTBaM OHW ABNAKOTCA OCHOBOW OnA
KEREMHKH C WHPOKHM CTIEKTPOM NPUMEHEHHA B KNOYEBLIX BBICOKHX TEXHOMOTHAX,

Kapbug TWTaHa MOMHO WCNONbL30BATH M KaK 3aMecTMTent kapbuna sonsdpama
[1-4]. Ha ceroppAwHWA fedb 10% wMumposoro notpelnedus  AOPOrOCTOALEro
KoBansTa MONONEIYIOTCA B KAYSCTBE CBA3KW B M3envax M3 Kapbwaa esonsgpama. B
KEPAMMKE HE OCHOBE KapbWga TWTEHa B PONK CBA3YIOWEro BEWeCTBa ynoTpebnawT
HUMKENE, KOTOPLIA CTOMT B gBa paia gewesne, Kapbua v kapbosvTpug THTakHa Taoke
HaxXOAT NPWMEHEHWE B Npov3soacTee KoMnoauToe SIiC - TiC, SisNg - TiC, ALLO; - TiC,
Zr0; -Ti{CN).

Mockonbiy BLILEYTIOMAHYTEE MATEPHAN MPUMEHAIOT rMaBHbHM 0BpasoM B
BMie nopowkos, Bonewoe 3Hadedwe npuwoSpeTaeT paspabaThiBaHWe TEXHOROMA
CHHTEIE MUKDOHHBLIX MOPOWKDE, MOMOMEHHBLIY N0 XMMAYBCKOMY COCTABY M HMEKILMX
MUHMMATEHEA pa3bpoc No pasMepan.
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JOURNAL OF OPTOELECTRONICS AND ADVANCED MATERIALS, Vol. 11, No. 9, September 2009, p. 1351 - 1354

Structural characterization and photoluminescence
of ZnSe nanolayers

D. NESHEVA™, M. J. SCEPANOVIC®, Z. LEVF. 5. ASKRABIC®, Z. ANEVA® A, PETROVA®, Z. V. POPOVIC®
“Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tzarigradske Chaussee Blvd., 1784 Safia, Bulgaria.
PInstitute of Physics (IF), Pregrevica 118, Belgrade 11080, Serbia and Montenegro

‘Space Research Institute, Bulgarian Academy of Sciences, P.O. Box 799, 1000 Sofia, Bulgaria

Single layers of ZnSe (30, 40, 50, 70, 100 nm and 1 pm thick) are deposited at room substrate temperature by thermal
evaporation of ZnSe powder in vacuum. The film surface morphology and structure are investigated by Atomic Force
Microscopy (AFM). The as-deposited films are smooth and homogeneous while the relaxed ones show pits on the surface
and a root mean square roughness of 2-4 nm. It is assumed that as-deposited films are highly strained and the strain
relaxation with time creates pits and increases the surface roughness. Optical transmission measurements on relaxed films
(= 100 nm thick) show an energy dependence of the absorption coefficient typical of amorphous materials, but the AFM
data indicate the presence of nanocrystals (apparent grain size 25 - 30 nm). Therefore, it is assumed that the layers contain
two phases, amorphous and crystalline, and the portion of the crystalline phase decreases with decreasing thickness.
Photoluminescence (PL) measurements carried out at various temperatures in the range 20 — 300 K reveal two bands in
the spectra of all films, centred at ~ 500 and ~ 550 nm. The bands are related to radiative recombination in the crystal
phase, via two kinds of deep acceptors which are not discrete but have certain energy distributions in the forbidden gap.

(Received November 5, 2008; accepted December 15, 2008)

Keywords: Thin films, ZnSe, Thermal vacuum evaporation, Atemic force microscopy, Photoluminescence
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Photoelectrical characterization of nanocrystalline
AgBIiS, thin films

D. NESHEVA®*, Z. ANEVA® B. PEJOVAP, [. GROZDANOV®, A. PETROVA®

“Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee Blvd,, 1784 Safia, Bulgaria
®Institute of Chemistry, Faculty of Natural Sciences and Mathematics,Sts. Cyril and Methodius University, POB 162, 1000
Skopje, Macedonia

‘Space Research Institute, Bulgarian Academy of Sciences, P.O. Box 799, 1000 Sofia, Bulgaria

The photoelectric properties of chemically produced nanostructured AgBiS: thin films are investigated. Atomic force
micrascopy is used to prove the nanocrystalline structure of the films, and a value of ~ 10 nm is obtained as an upper limit
for the average grain size. The temperature dependences of the photocurrent measured in the range 77 — 390 K do not
display high photosensitivity at low temperatures. This cbservation is related to a high density of fast recombination centers
created at the interfaces between the nanocrystals. Persistent photoconductivity is measured at low-temperatures after
turning off the light, and a high voltage polarization is observed on light illumination of the films. Both effects are related to
trapping of photoexcited carriers in deep defect states, and are considered as responsible for the rather low value (< 0.5) of
the exponent in the photocurrent intensity dependence. Constant photocurrent method measurements, camied out at
energies higher than the optical band gap, reveal fine structure in the absorption spectra of the films, which could be
assigned to higher excitons in AgBiS; quantum dots, and be considered as an indication of a narmow size distribution of the
nanocrystals in the layers.

(Received November 5, 2008; accepted December 15, 2008)

Keaywords: AgBiS, thin films, Nanocrystals, Photocurrent
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Thin film semiconductor nanomaterials and nanostructures prepared by
physical vapour deposition: An atomic force microscopy study

D. Nesheva™*, A. Petrova®, S. Stavrev®, Z. Levi®, Z. Aneva®

*Institute of Solid State Physics, Bulgarian Academy of Sciences, Tzarigradsbo chaussee 72, 1784 Sofia, Bulgaria
“Spare Research Institute, Bulgarian Academy of Sciences. P.O). Box 799, 1000 Sofia, Bulgaria

Abstract

Amorphous/nanocrystalline $i0./CdSe, GeSz/CdSe, S5i0:/ZnS%e and Se/CdSe amorphous multilayers (MLs) were grown by
consecutive physical vapour deposition of the constituent materials at room subsirate temperature. A step-by-step manner of deposition
was applied for the preparation of each layer (2—10nm thick) of MLs. Surface morphology has been investigated by atomic force
microscopy (AFM) in order to getinformation about ML interfaces. For a scanned area of 3.4 = 4 pm?® 8i0,/CdSe and GeS; /CdSe MLs
showed surface roughness which is around three times greater than the rouvghness of Si0,/Zn%s MLs. This observation has been
connected with effects of bath film composition and deposition rate. For ascanned area of 250 x 250 nm® the roughness determined in all
MLs displayed close values and a similar increase with the ML period. The latter has been related to the flexible structure of amorphous
materials. The AFM results, in good agreement with previous X-ray diffraction and high resolution electron microscopy data, indicate
that the application of step-by-step physical vapour deposition makes possible fabrication of various amorphous /nanocrystalline MLs
with smooth interfaces and good artificial periodicity at low substrate temperamres.

@ 2007 Elsevier Ltd. All rights reserved.

Keywords: A MWanostructures; A. Chalcopenides; B. Vapour deposition; D. Surfuce properties
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Osteoblast cell activity on calcium phosphate layers
grown on glass by a laser-liquid-solid interaction

M. DIMITROVA®, L. PRAMATAROVA_ E. PECHEVA, P. LAQUERRIERE?, P. MONTGOMERY®, A. PETROVA®,
G. ALTANKOV*

Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee blvd., 1784 Sofia, Bulgaria
“INSERM ERM 0203 (labo des biomatérimix), IFR53, 1 rue du Marechal Juin, BP 138, 51685 Reims, France

®mstitut d'Electronique du Solide et des Systemes (InESS), CNRS, 23 rue du Loess, 67037 Strasbourg, France

“Space Research Institute, Bulgarian Academy of Sciences, 6 Moskovska str., 1000 Sofia, Bulgaria

Institute of Biophysics, Bulgarian Academy of Sciences, Acad. G. Bonchev str., bl. 21, 1113 Sofia, Bulgaria

A calcium phosphate layer was grown on glass by a laser-liquid-solid interaction (LLSI) process in simulated body fluid
(SBF). Glass samples with a layer grown by simple soaking in the SBF (i.e. without laser irradiation) were prepared for
comparson. Formation of an inhomogeneous calcium phosphate (CaP) layer on both laser-treated and non-treated
samples was observed. The results showed that the laser irradiation did not change the layer structure and morphology but
yielded the growth of a thicker CaP layer. With increasing load the elasticity and the hardness increased for both laser-
treated and non-treated samples. Furthermore, we tested the osteoblast cell activity of the CaP layers grown on the laser-
treated and non-treated samples. Toxicity test showed that the viability of the cells on the layer grown by the LLSI process
was over 95%. A permanent increase in the cell number was observed for both groups of samples, and it was more stable
on the laser-treated surfaces. The latter showed a higher cell number after 7 days of cell cultunng. A slower increase,
resulting in a lower cell numbers was observed for the samples untreated with laser iradiation.

(Received November 28, 2006; accepted December 21, 2006)

Keaywords: Calcium phosphate, Simulated body fluid, Laser-liquid-solid mteraction. Osteoblast cells
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Mechanical properties of extracellular
matrix/hydroxyapatite composites

L. PRAMATAROVA, E. PECHEVA, M. DIMITROVA®, A. PETROVA®, P. MONTGOMERY®, T. PETROV
Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee Blvd., 1784 Sofia

“Space Research Institute, Bulgarian Academy of Sciences, Sofia, 72 Tzarigradsko Chaussee Blvd., 1784 Sofia
*Institut d'Electronique du Solide et des Systemes (InESS), CNRS-ULP UMR7163, 23 rue du Loess, 67037 Strasbourg,
France

An increasing interest in biomimetics — design of materials based on natural biological structures - has led to the
nanomechanical characterization of biomaterials. In this regard, nancindentation has been used in conjunction with the
determination of the mechanical properties of the extracellular matrix (ECM) proteins that are known as ligands in reactions
with cell surface receptors involved in bone physiclogy. The aim of the presented work is to investigate the - and nano-scale
mechanical properties of laser designed extracellular matrix/hydroxyapatite composites. The osteoblast-like cell line SAOS-
2 synthesised and assembled its own ECM on the solid substrates under standard cell culture conditions. After selective
removal of cells, thin films of ECM on subsfrates of stainless steel (S5), silicon (S) and silica glass (SG) were obtained. One
group of samples was soaked in simulated body fluid (SBF) and another was obtained by simultanecus immersion in the
SBF and treatment by laser irradiation. As a result, a hydroxyapatite (HA) crystal layer was grown on the surfaces. The
mechanical properties of the obtained composites, such as elastic modulus (E) and indentation hardness (H), were
analysed. It was observed that by applying a typical working force in the range 200 pN to 600 pN and a displacement range
of 0-60 pm, E increased for all composites obtained by the laser process (for samples immediately removed from the SBF).
Surface scanning along the direction centre of the sample to the laser treated area showed a decrease in the Young's
maodulus, to values similar to those in the human bone.

{Received November 28, 2006; accepted December 21, 2006)

Keywords: Extracellular matrix, Mechanical properties, Hydroxyapatite, Laser-liquid-solid-interaction process
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The role of high-energy electron irradiation induced
defects in some mechanical properties of Si-SiO,
structures

S. KASCHIEVA', K. CHRISTOVA. 1. BORADIIEV. A. PETROVA®. . KOPRINAROVA. S. N. DMITRIEV®
Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee Blvd., 1784 Sofia, Bulgaria.
@ Space Research Institute, Bulgarian Academy of Sciences, 6 Moskovska St., 1000 Sofia, Bulgaria

Y Joint Institute of Nuclear Research, Flerov Laboratory of Nuclear Reactions Dubna, Moscow region 141980, Russia

The mechanical stress produced by 23 MeV energy electron radiation in both n- and p-type Si-SiO; structures is studied as
a function of the dose. Low dose electron irradiation (2,4 — 4.8x10" cm'z) increases significantly the yield stress for n-type
Si-Si0z samples, but to a much lesser extent for p-type ones. The nanohardness of irradiated structures is measured using
the sclerometry method. Our results show that the nanohardness increases with the dose in the same manner for both
groups studied. The values are very close, but for p-type samples are consistently higher. The variations of both the stress
and nanohardness are remarkable at low doses. These mechanical properties of the irradiated samples are discussed on
the basis of radiation induced defects.

(Received November 1. 2006: accepted December 21, 2006)

Keywords: Thin films. Electron irradiation, Mechanical stress, Nanohardness
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Detonation generated nanodiamond reinforced calcium
phosphate composites grown through laser-liquid-sold-
interaction process

L. Pramatarova*?, M. Dimitrova® P.C. Montgomery”® E. Pecheva®, S. Stavrev®, M.
Apostolova® N. Milinovik?, A, Toth®, T. Petrov®, A. Petrova®

*Institute of Solid State Physics, Bulgarian Academy of Sciences. Bulgaria,
® Institut d'Electronique du Solide et des Systemes (InESS), CNRS-ULP, UMR 7163. 23 rue
du Loess, 67037 Strasbourg. France. tel. +333/88106231. fax 333/88106230
¢ Space Research Institute, Bulgarian Academy of Sciences, Bulgaria
9 Institute of Molecular Biology, Bulgarian Academy of Sciences, Bulgaria
¢ Research Institute for Technical Physics and Materials Sciences, Hungarian Academy of
Sciences, Hungary

Abstract

Recently, hydroxvaptite (HA) has received increasing attention as a bone implant material to promote the ability
to bond chemically with living bone tissues owing to its similar chemical composition and erystal structure as
apatite in the human skeletal system. On the other hand detonation generated nanodiamond (DND) has become
an attractive candidate for fundamental research studies since 1t has been shown that 1t can play the organic part,
imitating the role of collagen in bones. Inclusion of DND in a ceramic matrix 1s expected to produce composites
possessing high stiffness and improved mechanical properties compared to the single phase ceramic material. In
the presented study, DND reinforced HA composite coatings have been successfully fabricated by the method
of laser-liquid-solid interaction (LLSI) process. The morphology. elemental composition and structure of the
composite coatings have been studied using SEM/EDX. coherence probe microscopy and Raman spectroscopy.
Additionally, measurement of the elastic modulus and the hardness of the composite coatings by
nanoindentation tests (Nanoscan), have indicated that the mechanical properties are affected by the DND in the
starting precursor material of sumulated body fluid . Therefore, DND reimnforced hydroxyapatite composites are
promising coating materials for high-load-bearing implants.

Keywords: reinforced caleium phosphate composites, detonation generated nanodiamond, laser-liquid-sold-
inferaction process
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The paper has studied the wear resistance and the microhardness of composite diamond coatings,
made in a solution “EFTTOM-MICKEL” with a metallizated Ultra Dispersed Diamond Powder - UDDP. The
obtained coatings are with a good adhesion with the base of the samples. The best wear resistance is obtained
in the case with the electroless grasping of a metallizated UDDP.

Kepamuku, kapbugmn kato sondpamor kapbug, TBLpA KAMBK KaTo rpaHWT, U CTBKMO ca
BCE MO-BaXHU MPOMULLNEHU MaTepuani npes nocnefHUTe HAKONKo AeceTuneTua. B MHoro
cnyYan AgMamMaHTeT € MPepnodnTaH 3a HanpasaTa Ha MHCTPYMEHTW 3a psAsaHe, TodeHe U
nonupaHe Ha Tezu MaTepuanu. MNopagn cBpbXBUCOKaTa TBBPAOCT Ha AMamMaHTa, cTeneHTa
Ha OTCTpaHABaHe Ha MaTepuana e 3HaYyuTENHO Mo-BMCOKa OT Tasu MPW WHCTPYMEHTUTe ¢
KOHBEHUMOHanHW abpasuen. ToBa NpW AMaMaHTeHWTe MNOKPWTUA NOEeBTWHABa npoueca B
CpaBHEeHWe C TO3M Npu paboTaTa ¢ MHCTPYMEHTH, HanpaeeHW ¢ abpasmemn KaTo anyMUHUER U
cunuymee kapbug [1].

3a HanpaeaTa Ha AMamMaHTeH WHCTPYMEHT, AWaMaHTeHWTe KpWcTanu ce cMmeceaT ¢
maTepuana Ha maTtpuyata. EguH oT ronemute npobnemn e TpPyQHOTO 3adbpkaHe Ha
dWamaHTa Ha onpegeneHo MAcTo B MaTpuyarta.

HAakonko pasnuMuHM MaTepuana ce MW3nonseaT 3a CBbP3BaHe Ha AWamaHTa KbM
maTtpuyara.

qEHy BUCOKOAKN AAYMUHMERy

:pCHOVSIK
IEPCH CITAABU

JMCI

: “naBpeB, A I bysekoba, A IL [TempoBa, Cm. L. Koﬁpoﬁ,
C. 51. Cmabpeb, g ¥

gecemuaemue HayqHuUme uscaegBanus kb
aaymunueBu cnaaBu, yakueHu € gucnepewy
7rC. TiN GeaexXkam uskaovumeao Bucok

B nocaegromo
cvigaBane Ha Bucokosiku
yacmuuu om muna SiC, TiC

wem [1, 2. '
i 1{“usu dakm Hamupa cBoemo obacneHue 8 usnoazBanume gha

MOQeAd HA MEXaHU3Ma Ha QUCNEPCHOMO yskvaBane: B Un'prua MOgeA
ua Amcea U AeHea ce npegnoaaza, “C B3aumogelicmBuemo 1
gucaokayuume ¢ yskvaBawume Mampuuama “acmuuu Bogu ke
ommecmBane Ha YacCMUUUME UAU MAXHOMO PaspywiCHuc.
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THE “OSNET"” No GTC1 - 2000 — 2820.
PROJECT OF THE FIFTH FRAMEWORK PROGRAMME

S. Stavrev, J. Karadjov, L. Markov, A. Petrova, Z. Karagyozova

Space Research Institute, Bulgarian Academy of Sciences, 1000 Sofia, P. O. Box 799

1. Introduction

The “OSNET” project is of the “Development” Programme
has key activities “Innovationproduct, processes and orga-
nization”. In itself it’s a network, and covers allimportant
branches of output, working up and utilization of the deco-
rative stones, equipment, environment and safety.

Nanoscience & Nanotechnology
eds. E, Balabanova, |. Dragieva, Heron Press, Sofia, 2001

The Network covers a wide range of experts in investor’s
technologies, stones producers, equipment producers, con-
sumers, national organizations, trading agencies and it has
pointedly industrial orientations. There is significant partic-
ipation of small companies.

As a result of its transnational character, the offered
Network will give assistance to get over the geographical

THERMAL AND ELECTRIC CONDUCTIVITY OF UDDP COMPACTS FOR THE
MICROELECTRONIC INDUSTRY

S. Stavrev, L. Markov, J. Karadjov, A. Petrova

Space Research Institute, BAS, Sofia 1000, Moskovska str. 6

Abstract. Compacts were made from ultradisperse diamond pow-

der (UDDP) alone, and with the addition of 50% AIN, or SiC.

Compacts made from pure UDDP are most prom-ising as a non

metallic material for the production of pads. They combine good

mechanic stability with high ther-mocon-ductivity and a very low

electric conductiv-ity, and can be used as pads in microelectron-
| ics.

| Keywords: nanodisperse diamond, silicon carbide, aluminium
| nitride

Highest thermoconductivity is typical for natural di-
amond and precious metals, especially silver. Their high
price either and necessity of electric isolation limit their ap-
plication only to unique, expensive appurtenances.

A widely used material with good isolating properties
is BeO. It has a relatively high thermoconductivity, but its
extreme toxicity limits its use.

In the last decade, many attempts were made to solve
the heat dissipation problem by the use of pads made from
synthetic diamond compacts.
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THERMAL STABILITY AND DENSITY MEASUREMENT OF A NEW ALLOTROPIC FORM
OF CARBON

S. Stavrev, L. Markov, J. Karadjov, A. Petrova

Space Research Institute, BAS, Sofia 1000, Moskovska str. 6

Abstract. A new carbon phase was obtained from ultradisperse
diamond powder by the action of a shock wave. Thermal analysis
shows that in an inert atmosphere the new material is stable in the
tempera-ture range up to 1500°K. Raman and X-ray spectra of the
new mate-rial are surprisingly similar, but not identical, to the cor-
responding spectra of boron carbide. Our hypothesis is that under
the action of the shock wave on dia-mond a new carbon phase is
formed which contains carbon icosahedres.

Keywords: diamond, carbon

'T'he new material was obtained during experiments
with ultradisperse diamond powder (UDDP) [1] in an at-
tempt to increase the size of diamond particles under the
action of a shock wave. When a very high pressure was ap-
plied, diamond was transformed into a new carbon phase.
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: nceasm] conversion of graphite into diamond in 1955 [l].
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YBenuyaBaHe pecypca Ha HHCTPYMCHTH
3a 00paboTBaHE HAa MATEPHAIIUTE
ciej oriarasHe Ha ciou Huken — Y /11

3. Kapazvo3zosa, 1. Heanosa, A. [lemposa, A. Kensizosa*

HKH — BAH,
* I[JI CEHEH — BAH

[TopeQpABaHeTO Ha NOBBPXHOCTHUTE CBOHCTBA HA MHCTPYMEHTHTE H JIETAiATe
HlelOGHBa ocobeHo 3HaYeHHe Ha ChBPEMCHHHA €Tall OT Pa3BUTHETO HA TCXHHUKATA.
B ToBa OTHOIEHHE HApPACTBAL] HHTEPEC MPEAH3IBHKBAT KOMOMHMpaHUTE
(KOMITO3UIMOHHYT) MATEPUATU. B MPaKTHKATA CHIECTBYBAT PA3AUUHY NpUMEPH 34
ChYETABAHE HA METAIH, KEPAMHKA, HCOPIraHWYHH ChCIIMHCHHA 32 I10/TY4YaBaHC HA HOBH
matepuany. 1o ceoiicTBara cu KOMOMHMPAHMAT MaTePHAI NPEBB3X 0K CHCTABHUTE
CH HaCTH MUK PA3KO C€ OTIMYaBa OT TAX. HpHCTO ¢ KOM6HHHpaHHTC Marcpydanm aa
CE pasriekIaT KaTo MOJyYCHH MOCPEACTBOM (QH3NYECKO NPUCHEUHABAHE HA JBE
uian nosene dasi. INippara gasa  marpuuaTa e 10 enacTiriia, ZOKATO DTOPOTA
AUCNEPCHOAA — MPUTEXKABAa BHCOKa AKOCT, TBBPAOCT, HBHOCO)’CTOﬁ‘lHBOCT. da3zure
Morar aa Opnar METaJIF, HEMETAJIH, XOMOTI€HHH ¥ XETCPOTCHHHM CTITaBH, HCOPraHHYHH
HJIH OPraHWYHHU CheANHCHMA. B HOBYS MaTEpHa T€ ¢e ChEAMHABAT KaTO CTPYKTYPHO
LA10. MC)I(le KOMITOHEHTHTE € Bb3MOKHO B3aUMOICHCTBHE qpe3 aAXC3HOHHH CHIIH.
B MHOro OTHOLICHHS KOMIIO3HUMATA MPEBB3X0XKJIa CyMapHUTE CBOHCTBA Ha
OTHEINHUTE KOMIIOHEHTH, T.€. Habai0/1ara ce e)eKT Ha YCHIIBAHE.



