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C O U R S E   C O N T E N T S

COURSE  CONTENTS:

1. INTRODUCTION AND SHORT OVERVIEW

1a) Fundamentals of solid state:    

- Bonds and energy bands;

- Electrical and optical properties of materials;

- Crystal Energy, Elastic Moduli; Ideal Strength of materials & the practically achievable one;

- Point defects, Dislocations, Cracks, Grain Boundaries;

1b) Nano-Sized and –structured materials.   

- Dispersion vs. crystallite size; the role of surface & interfacial energy in nano-materials

- Localization phenomena;

- Nanostructured materials;

- Structural nanocomposites with high specific strength;

- Functional, hard, self-lubricant nanocomposites for machine parts;

- Hard and superhard nanocomposites and heterostructures as wear and corrosion protective  

coating;

2. PROPERTIES OF NANO-SIZED AND NANO-STRUCTURED MATERIALS WHEN 

APPROACHING THE  MOLECULAR SIZE

- Thermodynamics properties vs. crystallite size;

- Localization phenomena (electrons & phonons), crystallite size and separation;

- Learning from the nature: 

- super-hydrophobic, self-cleaning surfaces; 

- "lotus effect" upside down; 

- super-adhesive surfaces; 

- design of high-specific strength; 

- design of colors;
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3. STRUCTURAL BULK NANOCOMPOSITES:

PRESENT STATUS AND FUTURE TRENDS

4. SOME ASPECTS OF THE PREPARATION OF NANO-STRUCTURED MATERIALS WITH 

FOCUS ON INDUSTRIAL APPLICATIONS

- Fundamentals of Chemical and Physical Vapour Deposition of Thin Coatings 

(Thermodynamics & Kinetics, Thermal CVD vs. plasma induced CVD; effect of substrate 

bias on the properties of coatings; applied bias and self-bias in D.C. and R.F. glow 

discharges, effect of frequency; problems of scaling of deposition processes);

- Miscellaneous techniques;

5. CHARACTERIZATION

- Determination of crystallite size by XRD and by TEM;

- Determination of internal stress in thin films;

- X-ray photoelectron and Auger electron spectroscopy (XPS & AES);

- Ions Scattering Spectroscopy (ISS), Rutherford Backscattering (RBS) and Elastic Recoil  

Detection (ERB); 

- Sensitivity vs. Dynamic Range  determination of light impurities;

- Scanning Tunnelling and Atomic Force Microscopy (STM & AFM) – morphology &  

electronic properties;

- The meaning of hardness and its correct measurement

- Miscellaneous (e.g. optoelectronic properties etc., depending on the available time)
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6. FUNCTIONAL NANOCOMPOSITE COATINGS FOR MACHINE PARTS

- The role of the ratio of elastic modulus to hardness for wear;

- Self-lubricant hard nanocomposites for harsh and variable environment (humid-dry, 

low- high temperature etc.);

7. HARD AND SUPERHARD NANOCOMPOSITES WITH HIGH THERMAL STABILITY 

AND OXIDATION  RESISTANCE 

for machining (drilling, milling, turning, forming, stamping) and possibly in oil 

industry (protection of pipelines, valves etc.). 

7.1. Different approaches to superhard coatings, their advantages and drawbacks:

a) Intrinsically superhard materials

b) Hardening by energetic ion bombardment

c) Superhard Heterostructures

d) Superhad nanocomposites by phase segregation: Design concept, their 

preparation, properties and recent progress in their understanding.

7.2. Industrial applications of hard and superhard nanocomposites in comparison to 

other advanced coatings including polycrystalline diamond.

8. SUMMARY AND CONCLUSIONS
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ABOUT THE COURSE INSTRUCTOR:

PROFESSOR STAN VEPREK

After his initial research work in plasma diagnostics and

spectroscopy, Stan Veprek began his work on the

deposition of thin films by means of plasma CVD 40 years

ago at the Institute of Physics of the Czech Academy of

Science where he started his scientific career after an

education as a high school teacher (in Ceske Budejovice)

followed by the study of physics at the Charles University

in Prague (graduated 1962). His first major result was the

deposition of nanocrystalline silicon, nc-Si, by means of

chemical transport in plasma (published in 1968;

nowadays, nc-Si is an important material for large-scale

microelectronics, flat panel displays and thin films solar

cells). He became involved in the research of the plasma-

wall interactions in nuclear fusion devices. In 1976 he

proposed the protective coating of the inner wall with

boron carbide, and in the following years developed

"boronization" by means of plasma CVD, which found

successful application in several large fusion devices

around the world.

A B O U T   T H E   I N S T R U C T O R

His continuing interest in nc-Si resulted in, among others, classical papers on Raman scattering.

Together with the Swiss national museum he developed a new plasma-chemical method for the

restoration and conservation of archeological metallic artifacts.
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In 1988 he was appointed full Professor and head of the Institute for Chemistry of Inorganic

Materials at the Technical University of Munich, where he continued his research on a- and nc-

Si, organometallic CVD, heteroepitaxy of 3C-SiC and others. Here, also the design principle

for superhard materials was born in 1995. In this field, he continued his collaboration with Prof.

Li Shizhi (Qingdao University of Science and Technology, China) and begun a collaboration

with a Czech company SHM, which pioneered the industrialization of superhard

nanocomposites coatings based on his design concept.

His latest work focuses on the understanding of the formation of the superhard

nanocomposites by spinodal phase segregation and of their mechanical properties by means

of combined ab intio DFT and thermodynamics studies (collaboration with Dr. R. F. Zhang

(visiting scientist at TUM), Prof. A.S. Argon and D. M. Parks (Massachusetts Inst. of Technol.

and other colleagues).

Stan has published 368 papers and several book-chapters. The most recent book co-authored

with Prof. C. Koch, I. Ovidko and S. Seal “Structural Nanocrystalline Materials” (Cambridge

University Press 2007). He is co-editor of Plasma Chemistry and Plasma Processing, and has co-

organized various conferences and sessions at ISPC, MRS, ICMCTF and others, and served on

several IUPAC and Int. Union of Vacuum Societies committees.

He received the Silver Medal of the Societe d’Encouragement Pour la Recherche et

l’Invention, Paris (1979), Silver Medal of the Masaryk University Brno (1991), Honorary

Doctorate (Dr. h.c.) from the Masaryk University Brno, Czech Republic (1999), the Blaise Pascal

Medal of the European Academy of Sciences (2004) and the AVS John Thornton Memorial

Award of the American Vacuum Society (2005). In 2003 he was appointed foreign member of

the Commission I of Low-Temperature Plasma Chemistry, Polish Academy of Sciences, Branch

Lublin.
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Hilton Vilamoura As Cascatas Golf Resort & Spa
Rua da Torre d'Agua, Lote 4.11.1B
8125-615 Vilamoura
Quarteira, Algarve
Portugal

Special Rates for course participants!
Contact us!
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IRONIX - CONTINUING EDUCATION:

NANOSTRUCTURED MATERIALS: FUNDAMENTALS, PREPARATION, 

CHARACTERIZATION AND APPLICATIONS

30 June & 01 July, 2011

Algarve, Portugal

....................................................................

Please print or type all information on this form and send us back by Fax 

or e-mail: FAX: ++00 351 234 410 097   

E-mail: registration@ironix-conferences.com

R E G I S T R A T I O N  F O R M

□ Prof. □ Dr. □ Mr. □ Ms.

Your Full Name

E-mail

Department

Institution / Company Name

Mailing Address

City                                      Zip / Postal Code                     

Country

Registration Fee:

Early registration =  680,EUR * (till  15 . March, 2011)

After= 980, EURO*

PAYMENT CAN BE DONE BY BANK TRANSFER or BY CREDIT CARD:

Bank Transfer:

(Please attach a copy of the receipt of remittance to this form)

Bank Holder: IRONIX-GLOBAL EVENTS CONSULTING Unip. Lda

BANK: BPN - Banco Portugues de Negocios                                               

Bank Address: Murtosa, Aveiro - Portugal

Swift Code / BIC: BPNPPTPL

IBAN: PT50 0079 0000 2608 3772 1019 7

NIB: (Only for transfer inside of Portugal) 007900002608377210197

Credit Card:  

( ) VISA    ( ) MASTER

Credit Card Number:_____________________________________

Expiration Date (Month/Year):_____________________________

______________________________________________________

Signature / Date (AUTHORIZATION)

(*) Registration cancellations must be received by March 30, 2011 for a refund 

and note that a 100 EURO administrative fee is not refundable. Please note th

at refunds will be done after the EVENT for administrative reasons.

R E G I S T R A T I O N

NOTE: THIS COURSE IS LIMITED TO A
SMALL NUMBER OF PARTICIPANTS,
RESERVE YOUR PLACE SOON!

REGISTRATION FEE: 680, EUR *

(*) Registration includes: 

 2 Full Days Course, 

 Printed Course Materials, in Book Format

 Course Certificate, 

 2 Refreshments Daily, 

 Lunch at Hotel Venue (Daily / 2 Days) 

REGISTRATION FEE:

Early registration = 680,EUR * (till  15 March,  2011)

After= 980 EUR *

CONTACT:

Dr. Meire Gomes

meire.gomes@ironix-conferences.com

IRONIX-CONTINUING EDUCATION

www.ironix-conferences.com

info@ironix-conferences.com

……………………………..

LOCAL ADVISOR:

Dr. Antonio Martins 

University of Porto 

4099-002 Porto, Portugal 

amartins@fe.up.pt 


