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Dear readers, colleagues, friends  
of the Institute of Materials 
Research of the Slovak Academy 
of Sciences, 
 

!ƴƻǘƘŜǊ ŦƛǾŜ ȅŜŀǊǎ ƘŀǾŜ ǇŀǎǎŜŘ 
ǎƛƴŎŜ ǘƘŜ ƭŀǎǘ ǊŜƭŜŀǎŜ ƻŦ ŀ ǎƛƳƛƭŀǊ 
ōƻƻƪ ƛƴ ȅŜŀǊ нлнлΣ Ƴŀƴȅ ŜǾŜƴǘǎ 
ƘŀǾŜ ǘŀƪŜƴ ǇƭŀŎŜΣ ǿŜ ƘŀǾŜ ŦŀŎŜŘ 
Ƴŀƴȅ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ŎƘŀƴƎŜǎΦ  
Wǳǎǘ ŀǎ ŜǾŜǊȅƻƴŜ ƛƴ ǘƘŜ ǿƻǊƭŘΣ ǿŜ 
ƘŀǾŜ ƎƻƴŜ ǘƘǊƻǳƎƘ ǘƘŜ ǇŀƴŘŜƳƛŎ 
ȅŜŀǊǎΣ ƭŜŀǊƴƛƴƎ ƴŜǿ ǘȅǇŜǎ ƻŦ ǿƻǊƪΣ 
ƴŜǿ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ǎƪƛƭƭǎ ŀƴŘ ƴŜǿ 
ƳŀƴƴŜǊǎ ƻŦ ŎƻƴŘǳŎǘƛƴƎ ƻǳǊ 
ŀŎǘƛǾƛǘƛŜǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǘŜŀƳ ǿƻǊƪΦ 
Lƴ ǘƘƛǎ ǇŜǊƛƻŘ ǘƘŜ ǿƘƻƭŜ {ƭƻǾŀƪ 
!ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ ǳƴŘŜǊǿŜƴǘ 
ŀƴ ƛƳǇƻǊǘŀƴǘ ƭŜƎƛǎƭŀǘƛǾŜ ŎƘŀƴƎŜΣ ŀƭƭ 

ƛǘǎ ƛƴǎǘƛǘǳǘŜǎ ǿŜǊŜ ǘǊŀƴǎŦƻǊƳŜŘ ŦǊƻƳ ƎƻǾŜǊƴƳŜƴǘŀƭ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ǘƻ ǇǳōƭƛŎ 
ǊŜǎŜŀǊŎƘ ƛƴǎǘƛǘǳǘƛƻƴǎΦ ¢Ƙƛǎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǇƻǎŜŘ Ƴŀƴȅ ƴŜǿ ŎƘŀƭƭŜƴƎŜǎΦ ²Ŝ ƘŀŘ 
ǘƻ ŀŘŀǇǘ ǘƻ ƴŜǿ ǎƛǘǳŀǘƛƻƴǎ ŀƴŘ ǘƻ ǘƘƛǎ Ǉƻƛƴǘ ǿŜ ƘŀǾŜ ǎǘƛƭƭ ōŜŜƴ ƭŜŀǊƴƛƴƎ ƴŜǿ 
ǘȅǇŜǎ ƻŦ ƳŀƴŀƎƛƴƎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛǘǎ ŦƛƴŀƴŎƛƴƎΦ 
!ƭǎƻΣ ǘƘƛǎ ǊŜŎŜƴǘ ǇŜǊƛƻŘ Ƙŀǎ ōŜŜƴ ƳŀǊƪŜŘ ōȅ ǎŜǾŜǊŀƭ ǎƛƎƴƛŦƛŎŀƴǘ ǿƻǊƭŘ ŎǊƛǎŜǎΣ 
ŀƳƻƴƎ ǘƘŜƳ ǘƘŜ Ƴƻǎǘ ǎŜǊƛƻǳǎ ōŜƛƴƎ ǿŀǊ ŎƻƴŦƭƛŎǘǎΣ ōǳǘ ŀƭǎƻ ŜŎƻƭƻƎƛŎŀƭ ŀƴŘ 
ƘǳƳŀƴƛǘŀǊƛŀƴ ŜƳŜǊƎŜƴŎƛŜǎΦ hǳǊ ƛƴǎǘƛǘǳǘŜ ŀŎǘƛǾŜƭȅ ŀǇǇǊƻŀŎƘŜŘ ǘƘŜǎŜ ƛǎǎǳŜǎ ŀƴŘ 
ƳŀŘŜ ŜŦŦƻǊǘǎ ƛƴ ƘŜƭǇƛƴƎ ǎŎƛŜƴǘƛǎǘǎ ǿƘƻ ŦŀŎŜ ǇǊƻōƭŜƳǎ ƛƴ ǘƘŜƛǊ ƘƻƳŜ ŎƻǳƴǘǊƛŜǎΦ 
²Ŝ ƘŀǾŜ ǇǊƻǾƛŘŜŘ ǿƻǊƪƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ ǘƘŜƳΣ ƻǇŜƴŜŘ ƻǳǊ ǎŎƛŜƴǘƛŦƛŎ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǿŜ ŀǊŜ ƘŜƭǇƛƴƎ ƛƴ ǘƘŜ ƛƳƳƛƎǊŀǘƛƻƴ ǇǊƻŎŜǎǎŜǎΣ ŀǎǎƛǎǘƛƴƎ ƛƴ ƎŜǘǘƛƴƎ 
ǎŎƛŜƴǘƛŦƛŎ ǇǊƻƧŜŎǘǎ ŀƴŘ ŦƛƴŀƴŎŜǎ ŦƻǊ ǘƘŜƳΦ   
LƴǘŜǊƴŀƭƭȅΣ {ƭƻǾŀƪ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ ŎƻƴŘǳŎǘŜŘ ŀ ƭŀǊƎŜ ŀǎǎŜǎǎƳŜƴǘ όǇŜǊƛƻŘƛŎ 
ŀŎŎǊŜŘƛǘŀǘƛƻƴύ ƻŦ ŀƭƭ ƛǘǎ ƛƴǎǘƛǘǳǘŜǎ ŀƴŘ ōǊŀƴŎƘŜǎΦ hǳǊ ƛƴǎǘƛǘǳǘŜ Ƙŀǎ ǇǊƻǾŜŘ ǘƘŀǘ ǿŜ 
ǎǳŎŎŜǎǎŦǳƭƭȅ Ƴŀƛƴǘŀƛƴ ƘƛƎƘ ǉǳŀƭƛǘȅ ǎŎƛŜƴŎŜΣ ǿŜ ŀǊŜ ƻƴ ǇŀǊ ǿƛǘƘ ƻǳǊ ǇŀǊǘƴŜǊǎ ŀƴŘ 
ŦǊƛŜƴŘǎ ŦǊƻƳ 9ǳǊƻǇŜ ŀƴŘ ŀƭǎƻ ǿƻǊƭŘǿƛŘŜΦ hǳǊ ǊŜǎǳƭǘǎ ŀǊŜ ŀōƭŜ ǘƻ ǊŜǎƻƴŀǘŜ ƛƴ 
ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǎŎƛŜƴǘƛŦƛŎ ŎƛǊŎƭŜǎΣ ǿŜ ŀǊŜ ŀ ǾŀƭǳŀōƭŜ ǇŀǊǘ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ ǊŜǎŜŀǊŎƘ 
ŀǊŜŀΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ǿŜ ƪŜŜǇ ƎƻƻŘ ǿƻǊƪƛƴƎ ŎƻƴǘŀŎǘǎ ǿƛǘƘ ƻǳǊ ƛƴŘǳǎǘǊƛŀƭ 
ǇŀǊǘƴŜǊǎΣ Ƴƻǎǘƭȅ ƛƴ {ƭƻǾŀƪƛŀΣ ǳǎǳŀƭƭȅ ǘƘǊƻǳƎƘ ŎƻƳƳƻƴ ǇǊƻƧŜŎǘǎΦ IŜǊŜΣ ǿŜ ǿƻǳƭŘ 
ǿŜƭŎƻƳŜ ƎǊŜŀǘŜǊ ǿƛƭƭƛƴƎƴŜǎǎ ƻŦ {ƭƻǾŀƪ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊǘƴŜǊǎ ǘƻ ƛƴǾŜǎǘ ƳƻǊŜ ƛƴ Ƨƻƛƴǘ 
ǊŜǎŜŀǊŎƘ ŀŎǘƛǾƛǘƛŜǎΣ ǎƻ ǘƘŀǘ ōƻǘƘ ƛƴŘǳǎǘǊȅ ŀƴŘ ŀŎŀŘŜƳƛŀ ŎƻǳƭŘ ǎǳŎŎŜǎǎŦǳƭƭȅ ƎǊƻǿ 
ŀƴŘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǎƻŎƛŜǘȅϥǎ ǇǊƻƎǊŜǎǎ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘΦ  
¢ƘŜ {ƭƻǾŀƪ ǎŎƛŜƴǘƛŦƛŎ ƭŀƴŘǎŎŀǇŜ ƛǎ ŦƻǊƳƛƴƎ ŀ ƴŜǿ ŎƻƳǇŜǘƛǘƛǾŜ ǎȅǎǘŜƳ ƻŦ 
ōǳŘƎŜǘƛƴƎΣ ǿƘƛŎƘ ƛǎ ǎǘƛƭƭ ǳƴŘŜǊƎƻƛƴƎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎΦ ²Ŝ ŀǊŜ ǇǊŜǇŀǊƛƴƎ ŦƻǊ ȅŜǘ 
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ƳƻǊŜ ǘȅǇŜǎ ŀƴŘ ƳƻŘŜǎ ƻŦ ǎŜŎǳǊƛƴƎ ǘƘŜ ŦƛƴŀƴŎŜǎ ŦƻǊ ƻǳǊ ŦǳǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘΦ  
²Ŝ ƘŀǾŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ōǊƻŀŘŜƴŜŘ ƻǳǊ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǿƛǘƘ ǳƴƛǾŜǊǎƛǘƛŜǎΣ ǿŜ ƘŀǾŜ 
ǎǘŀǊǘŜŘ р ƴŜǿ ǎǘǳŘȅ ǇǊƻƎǊŀƳǎ ǘƘǊƻǳƎƘ ƴŜǿ ŀƎǊŜŜƳŜƴǘǎ ǿƛǘƘ ǳƴƛǾŜǊǎƛǘƛŜǎ ƛƴ 9ŀǎǘ 
{ƭƻǾŀƪƛŀΣ ŀƴŘ ǿŜ ŎƻƴǘƛƴǳŜ ǘƻ ǿƻǊƪ ƻƴ ƳƻǊŜ ŎƻƴǘǊŀŎǘǳŀƭ ŎƻƭƭŀōƻǊŀǘƛƻƴǎ ǿƛǘƘ 
ƻǘƘŜǊ ŜŘǳŎŀǘƛƻƴŀƭ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ŀƴŘ ǎŎƘƻƻƭǎΦ Lƴ ŎƻƴƴŜŎǘƛƻƴ ǘƻ ǘƘŀǘΣ ǿŜ ƘŀǾŜ 
ŀƭǎƻ ƛƴǘŜƴǎƛŦƛŜŘ ƻǳǊ ǇƻǇǳƭŀǊƛȊŀǘƛƻƴ ŀƴŘ ƻǳǘǊŜŀŎƘ ŀŎǘƛǾƛǘƛŜǎ ǘƻǿŀǊŘǎ ŜŘǳŎŀǘƛƻƴŀƭ 
ŜƴǘƛǘƛŜǎ ŀƴŘ ǘƘŜ ƎŜƴŜǊŀƭ ǇǳōƭƛŎΦ IŜǊŜ ǿŜ Ŏŀƴ ǎƘƻǿ ƎǊŜŀǘ ǇǊƻƎǊŜǎǎ όǎǘŀǊǘƛƴƎ ŀ 
ƴǳƳōŜǊ ƻŦ ǇŜǊƛƻŘƛŎ ǇƻǇǳƭŀǊƛȊƛƴƎ ŀŎǘƛǾƛǘƛŜǎΣ ŜǎǘŀōƭƛǎƘƛƴƎ ŘŜŘƛŎŀǘŜŘ ƻǇŜƴ 
ƭŀōƻǊŀǘƻǊƛŜǎύΣ ǿƘƛŎƘ ǿŀǎ ŀƭǎƻ ǊŜŎƻƎƴƛȊŜŘ ƻƴ ǘƘŜ ƭŜǾŜƭ ƻŦ ǘƘŜ ŜƴǘƛǊŜ {ƭƻǾŀƪ 
!ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎΦ 
²Ŝ ƘŀǾŜ ƎǊŜŀǘƭȅ ŜȄǇŀƴŘŜŘ ƻǳǊ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǊŜŀŎƘΣ ƛƴǘŜƴǎƛŦƛŜŘ ƻǳǊ ŎƻƭƭŀōƻǊŀǘƛƻƴ 
ǿƛǘƘ ŦƻǊŜƛƎƴ ƛƴǎǘƛǘǳǘƛƻƴǎΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ŀŎŀŘŜƳƛŎ ǾƛǎƛǘƻǊǎ ƛƴŎǊŜŀǎŜŘ 
ŘǊŀƳŀǘƛŎŀƭƭȅΣ ƴƻǘ ƻƴƭȅ ƛƴ ǘƘŜƛǊ ǉǳŀƴǘƛǘȅ ōǳǘ ŀƭǎƻ ƛƴ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜƛǊ ǎǘŀȅǎΦ 
bƻǿŀŘŀȅǎΣ ǘƘŜȅ ƻŦǘŜƴ ŎƻƳŜ ŦƻǊ Ƴŀƴȅ ƳƻƴǘƘǎ ŀǘ ŀ ǘƛƳŜΣ ǿƘƛŎƘ ŀƭƭƻǿǎ ǳǎ ǘƻ 
ōǳƛƭŘ ŀƴŘ ǎǘǊŜƴƎǘƘŜƴ ǘƘŜ ǿƻǊƪƛƴƎ ǘƛŜǎΣ ŜǎǘŀōƭƛǎƘ ŦǊǳƛǘŦǳƭ ŀƴŘ ƭƻƴƎ-ƭŀǎǘƛƴƎ 
ŎƻƭƭŀōƻǊŀǘƛƻƴǎΦ ¢Ƙƛǎ ǊŜǎǳƭǘǎ ƛƴ Ƴǳǘǳŀƭ ŜƴǊƛŎƘƳŜƴǘ ƻŦ ƻǳǊ ǿƻǊƪ ŀƴŘ ƪƴƻǿƭŜŘƎŜΦ 
Lƴ ǘƘƛǎ ōƻƻƪ ǘƘŜ ǊŜŀŘŜǊ Ŏŀƴ ŦƛƴŘ ŀ ōǊƛŜŦ ǎǳƳƳŀǊȅ ƻŦ ŀƭƭ ƻǳǊ ǎŎƛŜƴǘƛŦƛŎ ŀŎǘƛǾƛǘƛŜǎ 
ŘǳǊƛƴƎ ŦƛǾŜ ȅŜŀǊǎΣ ƴŜǿǎ ŀōƻǳǘ ƻǳǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŎŀǇŀŎƛǘƛŜǎ ŀƴŘ ŎŀǇŀōƛƭƛǘƛŜǎΦ ²Ŝ 
ǎƘƻǿ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ƻǳǊ ǎǳŎŎŜǎǎŜǎΣ ǿŜ ǘǊȅ ǘƻ ǇǊŜǎŜƴǘ ǘƘŜ ǎƻŎƛŜǘŀƭ ƛƳǇŀŎǘ ƻŦ ƻǳǊ 
ǿƻǊƪΣ ŀƴŘ ǿŜ ŀƭǎƻ Ǉƻƛƴǘ ƻǳǘ ƻǳǊ Ǉƭŀƴǎ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ƴŜǿ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎΦ 
CƛƴŀƭƭȅΣ ǊŜƭȅƛƴƎ ƻƴ ǘƘŜ ǇǊŜǎŜƴǘŜŘ ǇƻǘŜƴǘƛŀƭΣ ŘŜŘƛŎŀǘƛƻƴ ŀƴŘ ǘŀƭŜƴǘ ƻŦ ƻǳǊ ǇŜƻǇƭŜΣ  
L ǎǳǊŜƭȅ Ŏŀƴ ǎŀȅ ǘƘŀǘ ǿŜ Ŏŀƴ ƭƻƻƪ ƛƴǘƻ ǘƘŜ Ǉŀǎǘ ǿƛǘƘ ǇǊƛŘŜ ŀƴŘ ƛƴǘƻ ǘƘŜ ŦǳǘǳǊŜ 
ǿƛǘƘ ŎƻǳǊŀƎŜ ŀƴŘ ŎƻƴŦƛŘŜƴŎŜΦ 
 
 
 
 

YƻǑƛŎŜΣ нпΦлпΦнлнр 

 

 

  Assoc. Prof. RNDr. Pavol Hvizdoš, DrSc. 
5ƛǊŜŎǘƻǊ Law {!{ 
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       70th Anniversary -  A Brief History of the Institute               

of Materials Research of SAS  
 
In 2025, it will be 70 years since the establishment of the Institute of Materials 

Research of the Slovak Academy of Sciences. 70 years is a respectable age. If a 

scientific and educational public institution reaches such an age, it is proof of its 

viability and certainly of its ability to contribute to society, to bring value to its 

partners and to the scientific and research environment in which it is active.  

 

So let us briefly look back to the history of the Institute of Materials Research of 

the Slovak Academy of Sciences:  

¢ƻŘŀȅȰs Institute of Materials Research was established on July 1, 1955 as the 

Laboratory of Mechanical and Metallurgical Technology of the Slovak 

Academy of Sciences ƛƴ YƻǑƛŎŜ ό[ŀōƻǊŀǘƽǊƛǳƳ ǎǘǊƻƧƴƝŎƪŜƧ ŀ ƘǳǘƴƝŎƪŜƧ 
ǘŜŎƘƴƻƭƽƎƛŜ {!±) as a detached unit of the laboratory of the same name in 

Bratislava.  

In 1959 it became independent as the Laboratory of Metallurgical Technology 

of the Slovak Academy of Sciences ([ŀōƻǊŀǘƽǊƛǳƳ ƘǳǘƴƝŎƪŜƧ ǘŜŎƘƴƻƭƽƎƛŜ {!±). 

Its activities at that time were related to the work and fate of the then newly 

built large heavy industry, metallurgy plant - the East Slovak Ironworks 

ό±ȇŎƘƻŘƻǎƭƻǾŜƴǎƪŞ ȌŜƭŜȊƛŀǊƴŜύΦ 
On July 1, 1963, it was incorporated into the Faculty of Metallurgy of the 

Technical University (IǳǘƴƝŎƪŀ Ŧŀƪǳƭǘŀ ±ȅǎƻƪŜƧ Ǒƪƻƭȅ ǘŜŎƘƴƛŎƪŜƧύ ƛƴ YƻǑƛŎŜ ŀǎ ǘƘŜ 
Laboratory of Metallurgical Technology ([ŀōƻǊŀǘƽǊƛǳƳ ƘǳǘƴƝŎƪŜƧ ǘŜŎƘƴƻƭƽƎƛŜ 
IC ±~¢). 

On January 1, 1971, it was delimited back to the Slovak Academy of Sciences, 

this time under the name of the Institute ƻŦ 9ȄǇŜǊƛƳŜƴǘŀƭ aŜǘŀƭƭǳǊƎȅ ό¨ǎǘŀǾ 
ŜȄǇŜǊƛƳŜƴǘłƭƴŜƧ ƳŜǘŀƭǳǊƎƛŜ {!±ύΦ 5ǳǊƛƴƎ ǘƘŜ мфтлǎΣ ǘƘŜ ŦƻŎǳǎ ƻŦ ǘƘŜ ƛƴǎǘƛǘǳǘŜϥǎ 
activity was the progressive direction of powder metallurgy of iron, copper and 

aluminum, including the issue of sintered carbides. 

In the 1980s, the institute participated in the initiation of basic research in the 

field of advanced structural ceramic materials throughout Czechoslovakia. 

The 1990s brought serious social and economic changes. For the institute, the 

new situation meant a radical reduction, when the number of employees fell by 

almost half in a short time. However, the institute reacted flexibly. The 

scientific and research orientation was redefined by expanding the areas of 

interest and expertise ς unconventional and very advanced materials were 

added at that time, not only refractory and structural ceramics were 

developed, but also functional electroceramics, and later biomaterials, 

polymers and complex composites. 
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This development was reflected in the change of name to the Institute of 

Materials Research (¨ǎǘŀǾ ƳŀǘŜǊƛłƭƻǾŞƘƻ ǾȇǎƪǳƳǳ) of the Slovak Academy of 

Sciences on 1.6.1992. The changed conditions were also reflected in the change 

in the functioning of the institute, when from 1993 the institute switched to a 

contributory form of management and secured part of its income through its 

own economic activity. The organizational structure is also changing. In the 

1990s, the focus shifted to the system of competitive financing through 

projects ς first financed by domestic grant agencies, then within international 

European programs. On the basis of projects solved in this way, new research 

teams were gradually profiled and by 2003 a new organizational structure was 

established, which lasted until 2015. 

An important milestone was the entry of the Slovak Republic into European 

structures, when new horizons opened up for scientists and research teams, 

which enabled them to enter international consortia and collaborations in a 

more significant way. 

After Slovakia's accession to the EU, another significant shift took place and the 

institute was very actively involved in obtaining funds from the EU structural 

funds. Thanks to them, when the institute completed 6 SF projects over the 

course of 10 years as a beneficiary/coordinator and participated in 6 as a 

partner, it was possible to significantly expand and improve the experimental 

infrastructure and thus strengthen and expand the scientific research potential 

of the department. The more than 5 million euros raised were used to build a 

number of new laboratories, many equipped with new unique methods, 

experimental techniques and technologies. Of the larger units, we can mention 

several - the joint TEM laboratory, a powerful laser station, an ultrafast 

sintering unit, or a laboratory of coating using physical vapor deposition 

methods. 

This development culminated in 2015-2016, when the IMR, in cooperation with 

close partners and colleagues and under the auspices of the Presidium of SAS, 

built and equipped a new joint scientific research center for new materials and 

technologies PROMATECH. 

During the same period, the current and planned changes in the SAS, the 

preparation of the transition to the system of public research institutions, as 

well as the demands of the new EU planning period required an intervention in 

the organizational structure of the institute. Since the beginning of 2016, the 

scientific teams have been grouped into three scientific divisions according to 

the prevailing material focus - 

 

1. Division of Metallic Systems, 

2. Division of Non-metallic and Ceramic systems, and 

3. Division of Functional and Hybrid Systems. 
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This structure was also a logical result of the development of the active 

scientific fields and the association of the particular teams with related 

scientific topics. 

In parallel with this development, the efforts of the SAS management to 

objectively assess the position of Slovak science and its institutions in the 

international context intensified, and in 2016 the first comprehensive 

accreditation of the SAS by an independent international panel took place, 

which showed its qualities and weaknesses - the institute was evaluated 

positively as visible at the European level. 

In 2020-2021, the whole world struggled in the difficult period of the pandemic, 

where we had to learn new methods of work. With the contribution of new 

technologies and the application of creative organizational procedures, we 

were able to achieve very solid scientific results even at that time. 

A big change occurred in 2022, when we, together with other institutes and 

organizations of the Academy, were legally transformed into public research 

institutions, which again required a flexible approach to the implementation of 

many activities. 

At present, our main research activities generally include areas such as 

• modern steels, 
• advanced powder metallurgy methods and materials, 
• modern structural and functional ceramics, 
• nanostructured materials; 

• hybrid metal-ceramic and metal-polymer materials, and 

• modern biomaterials. 

 

IMR SAS has been involved in a number of national and international projects. 

Presently, it works on 18 projects as part of the calls within the framework of 

the Recovery and Resilience Plan, and we are members of two transformational 

innovation consortia projects. Demographic and social development has also 

brought new challenges, and like the entire scientific community, the IMR is 

facing a lack of interest from the younger generation. Therefore, it develops 

significant activities towards the internationalization of its activities, it is open 

to those interested in scientific work and study from abroad, it hosts scientists 

from Ukraine and many other countries from the EU and beyond. 

This is related to an increased interest in attracting the scientific "youth" and to 

an active approach to the popularization of science among the general public. 

The Institute pays particular attention to working with pupils and students at all 

levels, from the youngest, through primary and secondary schools to 

universities. The employees of the institute have brought quite original and 

fresh ideas and projects to these types of activities several times, and the 

employees of the institute have been awarded several times for their 

popularization activities. 
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Figures: The IMR SAS buildings -Then and Now 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: The PROMATECH building - Opening ceremony in 2016 
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Figures: Directors of the IMR SAS: tǊƻŦΦ 5ǊΦ LƴƎΦ WŀǊƻǎƭŀǾ YǳōŜƭƝƪ όмфрр-1969); Prof. Ing. 

WǳǊŀƧ .ǳǑŀΣ /{ŎΦ όмфтлύ; tǊƻŦΦ LƴƎΦ aƛƭŀƴ ~ƭŜǎłǊΣ 5Ǌ{ŎΦ όмфтм-1990); Prof. Ing. ]ǳŘƻǾƝǘ 
ParilłƪΣ /{ŎΦ όмффл-2006); wb5ǊΦ tŜǘŜǊ ~ŜǾc, CSc.  (2006-2015); Doc. RNDr. Pavol 

IǾƛȊŘƻǑΣ 5Ǌ{ŎΦ όнлмр-2025) 
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Figures: The conferences organized at IMR SAS and the infrastructure: Then and Now 
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       Organizational Structure 
 
¢ƘŜ LƴǎǘƛǘǳǘŜ ƛǎ ŀ ƎƻǾŜǊƴƳŜƴǘŀƭ ƴƻƴ-ǇǊƻŦƛǘ ƻǊƎŀƴƛȊŀǘƛƻƴ ŦǳƴŘŜŘ ōȅ ǘƘŜ 
DƻǾŜǊƴƳŜƴǘ ƻŦ ǘƘŜ {ƭƻǾŀƪ wŜǇǳōƭƛŎ ŀƴŘ ōȅ ŦƛƴŀƴŎŜǎ ŦǊƻƳ ƻƴƎƻƛƴƎ ǇǊƻƧŜŎǘǎΦ ¢ƘŜȅ 
ƛƴŎƭǳŘŜ ƴŀǘƛƻƴŀƭ ŀƴŘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǎŎƛŜƴǘƛŦƛŎ ƎǊŀƴǘǎ ǎǳǇǇƻǊǘŜŘ ōȅ {ƭƻǾŀƪ ƎǊŀƴǘ 
ŀƎŜƴŎƛŜǎ ŀƴŘ ǾŀǊƛƻǳǎ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǇǊƻƎǊŀƳǎ ŀǎ ǿŜƭƭ ŀǎ ŎƻƭƭŀōƻǊŀǘƛƻƴǎ ǿƛǘƘ ǘƘŜ 
ŎƻƳƳŜǊŎƛŀƭ ǎŜŎǘƻǊΣ ƛƴŘǳǎǘǊƛŀƭ ŜǎǘŀōƭƛǎƘƳŜƴǘǎΣ ǳƴƛǾŜǊǎƛǘƛŜǎ ŀƴŘ ǊŜǎŜŀǊŎƘ 
ƛƴǎǘƛǘǳǘŜǎΦ ¢ƘŜ LƴǎǘƛǘǳǘŜ Ƙŀǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ млр ŜƳǇƭƻȅŜŜǎΣ ƛƴŎƭǳŘƛƴƎ ǎŎƛŜƴǘƛŦƛŎ 
ŀƴŘ ǊŜǎŜŀǊŎƘ ǿƻǊƪŜǊǎΣ tƘ5 ǎǘǳŘŜƴǘǎΣ ǘŜŎƘƴƛŎƛŀƴǎ ŀƴŘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ǎǘŀŦŦΦ 
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5ƛǊŜŎǘƻǊ 

doc. RNDr. Pavol Hvizdoš, DrSc. 
 

5ŜǇǳǘȅ 5ƛǊŜŎǘƻǊ ŦƻǊ 9ŎƻƴƻƳƛŎǎ 

wb5ǊΦ Włƴ aƛƘłƭƛƪ 

 

5ŜǇǳǘȅ 5ƛǊŜŎǘƻǊ ŦƻǊ {ŎƛŜƴŎŜ 

LƴƎΦ !ƭŜȄŀƴŘǊŀ YƻǾŀƭőƝƪƻǾłΣ tƘ5Φ όŦǊƻƳ нлнмύ 
ŘƻŎΦ LƴƎΦ YŀǊŜƭ {ŀƪǎƭΣ 5Ǌ{ŎΦ 
 

IŜŀŘ ƻŦ {ŎƛŜƴǘƛŦƛŎ 5ƛǾƛǎƛƻƴ м 

LƴƎΦ [ŀŘƛǎƭŀǾ CŀƭŀǘΣ tƘ5Φ όŦǊƻƳ нлнмύ 
ŘƻŎΦ LƴƎΦ YŀǊŜƭ {ŀƪǎƭΣ 5Ǌ{ŎΦ 
 
IŜŀŘ ƻŦ {ŎƛŜƴǘƛŦƛŎ 5ƛǾƛǎƛƻƴ н 

ǇǊƻŦΦ wb5ǊΦ Włƴ 5ǳǎȊŀΣ 5Ǌ{ŎΦ 
 

IŜŀŘ ƻŦ {ŎƛŜƴǘƛŦƛŎ 5ƛǾƛǎƛƻƴ о 

LƴƎΦ ]ǳōƻƳƝǊ aŜŘǾŜŎƪȇΣ 5Ǌ{ŎΦ  
 

IŜŀŘ ƻŦ {ŎƛŜƴǘƛŦƛŎ /ƻǳƴŎƛƭ 
LƴƎΦ !ƭŜȄŀƴŘǊŀ YƻǾŀƭőƝƪƻǾłΣ tƘ5Φ όŦǊƻƳ нлнпύ 
LƴƎΦ ]ǳōƻƳƝǊ aŜŘǾŜŎƪȇΣ 5Ǌ{ŎΦ 
 

¢ŜŎƘƴƛŎŀƭ {ǳǇǇƻǊǘ 

wb5ǊΦ aƛǊƻǎƭŀǾ 5ȌǳǇƻƴΣ tƘ5Φ 
LƴƎΦ ±ƭŀŘƛƳƝǊ Yŀǘŀƴŀ 

 

!ŘƳƛƴƛǎǘǊŀǘƛǾŜ {ǳǇǇƻǊǘ 

¢ŜǊŞȊƛŀ włŎƻǾł  όŦǊƻƳ нлнпύ 
Wŀƴŀ ¢ƻǊƪƻǑƻǾł 

 

tǊƻƧŜŎǘǎ {ǳǇǇƻǊǘ 

LƴƎΦ CǊŀƴǘƛǑƪŀ 5ƻǊőłƪƻǾłΣ tƘ5Φ 
 

¢ŜŎƘƴƛŎŀƭ ŀƴŘ 9ŎƻƴƻƳƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ  
W¦5ǊΦ DƭƽǊƛŀ DŀƧŘƻǑƻǾł 
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                       aŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ LƴǎǘƛǘǳǘŜ ƻŦ aŀǘŜǊƛŀƭǎ wŜǎŜŀǊŎƘ 

                                                {ƭƻǾŀƪ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ 

 

 

 

 

 

 

 

 

 

 

In
st

itu
te

 o
f M

at
er

ia
ls 

Re
se

ar
ch

 o
f S

AS
 



15 
 

0

10

20

30

40

50

60

70

80

90

2020 2021 2022 2023 2024

Monographs and chapters in monographs

Scientific papers in curent content journals

Scientific papers in non-curent content journals

       IMR SAS in Figures 
 
 
Overview of the number of employees, projects and publications of IMR SAS  in 

years 2020-2024. 
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           Division of Metallic Systems 
 

 
Head:  

Ing. Ladislav Falat, PhD. 

E-mail: lfalat@saske.sk 

Phone:  +421 -55 -792 -2443 

 

Members:  

InƎΦ .Ŝłǘŀ .ŀƭƭƽƪƻǾłΣ tƘ5Φ  
Ing. Mgr. Ladislav Ceniga, DrSc. 

LƴƎΦ 5łǾƛŘ /ǎƝƪΣ tƘ5Φ 
LƴƎΦ [ǳŎƛŀ 2ƛǊƛǇƻǾłΣ tƘ5Φ  
LƴƎΦ YŀǘŀǊƝƴŀ 6ǳǊƛǑƛƴƻǾł 

LƴƎΦ wƽōŜǊǘ 5ȌǳƴŘŀΣ tƘ5Φ 
wb5ǊΦ aƛǊƻǎƭŀǾ 5ȌǳǇƻƴΣ tƘ5Φ  
wb5ǊΦ ±ƛŜǊŀ IƻƳƻƭƻǾłΣ tƘ5Φ 
Doc. Ing. Yuliia Chabak, DrSc. 

Prof. Ing. Vasyl Iefremenko, DrSc. 

wb5ǊΦ CǊŀƴǘƛǑŜƪ YƻǾłőΣ /{ŎΦ  
LƴƎΦ CǊŀƴǘƛǑŜƪ YǊƻƳƪŀΣ tƘ5Φ 
aƎǊΦ YŀǘŀǊƝƴŀ YǳǑƴƝǊƻǾłΣ tƘ5Φ 
ŘƻŎΦ LƴƎΦ hƴŘǊŜƧ aƛƭƪƻǾƛőΣ tƘ5Φ 
LƴƎΦ ½ǳȊŀƴŀ aƻƭőŀƴƻǾłΣ tƘ5Φ 
wb5ǊΦ YŀǘŀǊƝƴŀ bƛƎǳǘƻǾłΣ tƘ5Φ 
aƎǊΦ [Ŝƴƪŀ hǊƻǎȊƻǾłΣ tƘ5Φ 
Mgr. Ivan Petryshynets, PhD. 

LƴƎΦ ałǊƛŀ tƻŘƻōƻǾłΣ tƘ5Φ 
LƴƎΦ ±ƛƪǘƻǊ tǳŎƘȇΣ tƘ5Φ  
doc. Ing. Karel Saksl, DrSc.  

Mgr. Vadym Zurnadzhy, PhD. 

LƴƎΦ 5ŀƎƳŀǊŀ ±ŀǘǊŀƯƻǾłΣ tƘ5Φ 
 

PhD. students:  

LƴƎΦ aƛǊƻǎƭŀǾŀ 6ǳǊőƻǾł 

aƎǊΦ aŀǊƛŀƴƴŀ IƻŘƻǊƻǾł 

LƴƎΦ aŀǊŎŜƭŀ aƻǘȇƯƻǾł 
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Characteristic of the division 
 

¢ƘŜ ǎŎƛŜƴǘƛŦƛŎ ŘƛǾƛǎƛƻƴ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ǊŜǎŜŀǊŎƘ ǘƻǇƛŎǎ ƛƴ ǘƘŜ ŦƛŜƭŘ 
ƻŦ ōŀǎƛŎ ǊŜǎŜŀǊŎƘ ŀǎ ǿŜƭƭ ŀǎ ŀǇǇƭƛŜŘ ǊŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀŘǾŀƴŎŜŘ 
ƳŜǘŀƭƭƛŎ ƳŀǘŜǊƛŀƭǎΦ ¢ƘŜ ŎƻƳƳƻƴ ŘŜƴƻƳƛƴŀǘƻǊ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ƛǎ ǘƘŜ ǎǘǳŘȅ ƻŦ ǘƘŜ 
ƛƴǘŜǊǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ 
ƛƴǾŜǎǘƛƎŀǘŜŘ ƳŀǘŜǊƛŀƭ ǎȅǎǘŜƳǎ ŀƴŘ ǘƘŜƛǊ ǊŜǎǳƭǘƛƴƎ ǇǊƻǇŜǊǘƛŜǎΦ Lƴ ǘƘŜ Ǉŀǎǘ р-ȅŜŀǊ 
ǇŜǊƛƻŘΣ ǘƘŜ ŘƛǾƛǎƛƻƴ ǿŀǎ ŘŜŀƭƛƴƎ ǿƛǘƘ ǊŜǎŜŀǊŎƘ ŀŎǘƛǾƛǘƛŜǎ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀǊŜŀǎΥ     
 

A: Electrical steels for motors of electric and hybrid vehicles 

! ŎǳǊǊŜƴǘ ŎƘŀƭƭŜƴƎŜ ƭƛŜǎ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ƴƻǾŜƭ ŜƭŜŎǘǊƻ-ǘŜŎƘƴƛŎŀƭ ǎǘŜŜƭǎ ǘƘŀǘ ƻŦŦŜǊ ŀƴ 
ƻǇǘƛƳŀƭ ōŀƭŀƴŎŜ ōŜǘǿŜŜƴ ƳŜŎƘŀƴƛŎŀƭ ǎǘǊŜƴƎǘƘ ŀƴŘ ƳŀƎƴŜǘƛŎ ǇǊƻǇŜǊǘƛŜǎΦ ¢ƘŜ 
ǇǊƛƳŀǊȅ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ƛǎ ǘƻ ǇǊƻǇƻǎŜ ŀƴŘ ŜǾŀƭǳŀǘŜ ŀ ƴŜǿ ŎƻƴŎŜǇǘ ŦƻǊ 
ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ǎǳōǎǘǊǳŎǘǳǊŜ ŘŜǎƛƎƴ ƻŦ ƘƛƎƘ-ǎǘǊŜƴƎǘƘ ƛǎƻǘǊƻǇƛŎ ŜƭŜŎǘǊƻ-

ǘŜŎƘƴƛŎŀƭ ǎǘŜŜƭǎΦ ¢ƘŜǎŜ ƳŀǘŜǊƛŀƭǎ ŀƛƳ ǘƻ ŀŎƘƛŜǾŜ ōƻǘƘ ƘƛƎƘ ǎǘǊŜƴƎǘƘ ŀƴŘ 
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ŜȄŎŜǇǘƛƻƴŀƭ ŜƭŜŎǘǊƻ-ǘŜŎƘƴƛŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜΣ ƳŀƪƛƴƎ ǘƘŜƳ ǎǳƛǘŀōƭŜ ŦƻǊ ǳǎŜ ƛƴ 
ǊƻǘƻǊ ŎƻǊŜǎ ƻŦ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ ŀƴŘ ƘȅōǊƛŘ ŎŀǊǎΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ ŀǇǇǊƻŀŎƘ ƛǎ 
ƎǊƻǳƴŘŜŘ ƛƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ŀƴŘ ƪƛƴŜǘƛŎǎ ƻŦ ǎǘǊǳŎǘǳǊŜ-ŦƻǊƳƛƴƎ 
ǇǊƻŎŜǎǎŜǎ ƛƴ ŜƭŜŎǘǊƻ-ǘŜŎƘƴƛŎŀƭ ǎǘŜŜƭǎ ǳƴŘŜǊ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ǘƘŜǊƳŀƭ-ŘŜŦƻǊƳŀǘƛƻƴ 
ŀŎǘƛǾŀǘƛƻƴΦ 
 

CƛƎǳǊŜǎΥ /ƻƭƻǊŜŘ LƴǾŜǊǎŜ tƻƭŜ CƛƎǳǊŜ όLtCύ ƳŀǇǎ ŀƴŘ hǊƛŜƴǘŀǘƛƻƴ 5ƛǎǘǊƛōǳǘƛƻƴ CǳƴŎǘƛƻƴ 
όh5Cύ ǎŜŎǘƛƻƴǎ ƛƭƭǳǎǘǊŀǘƛƴƎ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ CŜ{ƛ ǎǘŜŜƭǎ ƛƴ ǾŀǊƛƻǳǎ 

ǎǘŀǘŜǎΦ ¢ƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ƭƻŎŀƭ ǇƭŀǎǘƛŎ ǎǘǊŀƛƴǎ ƛƴ ŘŜŦƻǊƳŜŘ CŜ{ƛ ǎǘŜŜƭ ƛǎ ǾƛǎǳŀƭƛǎŜŘ ǳǎƛƴƎ 
YŜǊƴŜƭ !ǾŜǊŀƎŜ aƛǎƻǊƛŜƴǘŀǘƛƻƴ όY!aύ ƳŀǇǎΦ ¢ƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ ŀǾŜǊŀƎŜ ƎǊŀƛƴ ǎƛȊŜ ŀǎ ŀ 

ŦǳƴŎǘƛƻƴ ƻŦ ŀǇǇƭƛŜŘ ŘŜŦƻǊƳŀǘƛƻƴ ŀƴŘ ŀƴƴŜŀƭƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜ ƛǎ ŀƭǎƻ ǇǊŜǎŜƴǘŜŘΦ Lƴ 
ŀŘŘƛǘƛƻƴΣ ŀƴ ƛƳŀƎŜ ƻŦ ǘƘŜ ǊƻǘƻǊ ŦǊƻƳ ŀƴ ŜƭŜŎǘǊƛŎŀƭ ƳƻǘƻǊ ƛǎ ƛƴŎƭǳŘŜŘ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ 

ǇǊŀŎǘƛŎŀƭ ǊŜƭŜǾŀƴŎŜ ƻŦ ǘƘŜ ƛƴǾŜǎǘƛƎŀǘŜŘ ƳŀǘŜǊƛŀƭǎΦ 
 

B: Thermal degradation and hydrogen embrittlement of metals and alloys 

¢ƘŜ ǎǘǳŘȅ ƻŦ ŘŜƎǊŀŘŀǘƛƻƴ ǇƘŜƴƻƳŜƴŀ ƻŦ ƳŜǘŀƭƭƛŎ ƳŀǘŜǊƛŀƭǎ ŦƻǊ ǇƻǿŜǊ 
ŜƴƎƛƴŜŜǊƛƴƎΣ ŜǎǇŜŎƛŀƭƭȅ ƘƛƎƘ ŀƭƭƻȅ ǎǘŜŜƭǎ ƛǎ ƛƳǇƻǊǘŀƴǘ ƛƴ ǘŜǊƳǎ ƻŦ ŜǎǘƛƳŀǘƛƻƴ ƻŦ 
ǘƘŜƛǊ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǎŀŦŜǘȅ ƛƴ ƻǇŜǊŀǘƛƻƴŀƭ ŎƻƴŘƛǘƛƻƴǎΦ CƻǊ ǘƘƛǎ Ŏƭŀǎǎ ƻŦ ƳŀǘŜǊƛŀƭǎΣ 
ǘǿƻ Ƴŀƛƴ ŘŜƎǊŀŘŀǘƛƻƴ ǇƘŜƴƻƳŜƴŀΣ ƴŀƳŜƭȅ ǘƘŜǊƳŀƭ ŘŜƎǊŀŘŀǘƛƻƴ ŀƴŘ ƘȅŘǊƻƎŜƴ 
ŜƳōǊƛǘǘƭŜƳŜƴǘ ŀǊŜ ǎǘǳŘƛŜŘ ōȅ ŎƻƳǇƭŜȄ ƳŀǘŜǊƛŀƭ ŀƴŀƭȅǎŜǎ ƛƴŎƭǳŘƛƴƎ ŘŜǘŀƛƭŜŘ 
ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎΣ ƳŜŎƘŀƴƛŎŀƭ ǘŜǎǘǎ ǳƴŘŜǊ ǾŀǊȅƛƴƎ ƭƻŀŘƛƴƎ 
ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ŦǊŀŎǘƻƎǊŀǇƘƛŎ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƭƻƴƎ-ǘŜǊƳ ŀƎŜŘ ŀƴŘ 
ǎǳōǎŜǉǳŜƴǘƭȅ ƘȅŘǊƻƎŜƴ-ŎƘŀǊƎŜŘ ƳŀǘŜǊƛŀƭ ǎǘŀǘŜǎΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ǎƻƭǳǘƛƻƴǎ ŦƻǊ 
ŜƭƛƳƛƴŀǘƛƻƴ ƻǊ ƳƛǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ ŘŜƎǊŀŘŀǘƛƻƴ ǇǊƻŎŜǎǎŜǎ ŀǊŜ ƛƴǾŜǎǘƛƎŀǘŜŘΣ ŜΦƎΦ ōȅ 
ǊŜƧǳǾŜƴŀǘƛƻƴ ƘŜŀǘ ǘǊŜŀǘƳŜƴǘǎ ŀƴŘ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ōŀǊǊƛŜǊ ŎƻŀǘƛƴƎǎ ŀƎŀƛƴǎǘ 
ƘȅŘǊƻƎŜƴ ǇŜǊƳŜŀǘƛƻƴΦ  

 
CƛƎǳǊŜǎΥ IȅŘǊƻƎŜƴ ŜƳōǊƛǘǘƭŜƳŜƴǘ ǊŜǎŜŀǊŎƘ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ŜƭŜŎǘǊƻƭȅǘƛŎ ƘȅŘǊƻƎŜƴ ǇǊŜ-

ŎƘŀǊƎƛƴƎ ŀǇǇŀǊŀǘǳǎ - ǇƻǘŜƴǘƛƻǎǘŀǘκƎŀƭǾŀƴƻǎǘŀǘ - ƳƻŘŜƭ мтоΣ tǊƛƴŎŜǘƻƴ !ǇǇƭƛŜŘ wŜǎŜŀǊŎƘΣ 
hŀƪ wƛŘƎŜΣ ¢bΣ ¦{! όƭŜŦǘύΤ 9ȄŀƳǇƭŜ ƻŦ ƘȅŘǊƻƎŜƴ-ƛƴŘǳŎŜŘ ŎǊŀŎƪǎ ƛƴ ƳŜǘŀƭƭƻƎǊŀǇƘƛŎ ŎǊƻǎǎ-

ǎŜŎǘƛƻƴ ƻŦ ƭƻǿ ŀƭƭƻȅ ōƻƛƭŜǊ ǎǘŜŜƭ όƳƛŘŘƭŜύ ŀƴŘ ƛǘǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŦǊŀŎǘǳǊŜ ǎǳǊŦŀŎŜ όǊƛƎƘǘύΦ 
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C: Calculation of phase diagrams and thermodynamic modeling 

wŜǎŜŀǊŎƘ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ƳƻŘŜƭƛƴƎ ǇƘŀǎŜ ŘƛŀƎǊŀƳǎΣ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ 
ƻǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ŘŀǘŀōŀǎŜǎ ōȅ ǎŜƳƛ-ŜƳǇƛǊƛŎŀƭ ƳŜǘƘƻŘ /ŀƭǇƘŀŘ 
ŦƻǊ ǘŜǊƴŀǊȅ ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅ ŦƻǊ ƳƻǊŜ ŎƻƳǇƭŜȄ ƳŀǘŜǊƛŀƭ ǎȅǎǘŜƳǎΦ 5ŜǾŜƭƻǇŜŘ 
ŘŀǘŀōŀǎŜǎ ŜƴŀōƭŜ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǾŀǊƛƻǳǎ ǘȅǇŜǎ ƻŦ ǘƘŜǊƳƻŘȅƴŀƳƛŎ 
ŎŀƭŎǳƭŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ƎƛǾŜƴ ǎȅǎǘŜƳǎ ŀƴŘ ŀƭƭ ǎǳōǎȅǎǘŜƳǎΣ ƛΦŜΦ ŜƴŀōƭƛƴƎ ǘƘŜ 
ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǇƘŀǎŜ ŜǉǳƛƭƛōǊƛǳƳΣ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴǎ ƻŦ ŜǉǳƛƭƛōǊƛǳƳ 
ǇƘŀǎŜǎΣ ŎŀƭŎǳƭŀǘƛƴƎ ǾŀƭǳŜǎ DΣ IΣ {Σ /Ǉ ŀƴŘ ǘƘŜƛǊ ŘŜǇŜƴŘŜƴŎŜΣ ŘǊŀǿƛƴƎ ǇƘŀǎŜ 
ŘƛŀƎǊŀƳǎ ŀƴŘ ǘƘŜƛǊ ǾŀǊƛƻǳǎ ǎŜŎǘƛƻƴǎΣ ǇǊƻƧŜŎǘƛƻƴ ƻŦ ƭƛǉǳƛŘǳǎΣ ŜǘŎΦΣ ŀƴŘ ǘƘƛǎ ǘƻ ǘƘŜ 
Ŧǳƭƭ ŜȄǘŜƴǘ ƻŦ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴΦ 5ŀǘŀōŀǎŜǎ ŜȄǘŜƴŘ ǘƘŜ ǇƻǎǎƛōƛƭƛǘƛŜǎ ƻŦ 
ŘŜǎƛƎƴƛƴƎ ƴŜǿ ƳŀǘŜǊƛŀƭǎ ŦƻǊ ƘƛƎƘ-ǘŜƳǇŜǊŀǘǳǊŜ ǳǎŜ ōȅ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ƳŜǘƘƻŘǎ 
ǿƛǘƘƻǳǘ ǘƘŜ ƴŜŜŘ ŦƻǊ ǘƛƳŜ-ŎƻƴǎǳƳƛƴƎ ŜȄǇŜǊƛƳŜƴǘŀƭ ǘŜǎǘƛƴƎΦ LƴǘŜƴǎƛǾŜ ǊŜǎŜŀǊŎƘ 
ƛǎ ŘƻƴŜ ŜΦƎΦ ƻƴ ǘŜǊƴŀǊȅ ǎȅǎǘŜƳǎ ǿƛǘƘ ōƻǊƻƴ ŀǎ ǎǳōǎȅǎǘŜƳǎ ƻŦ ǎǘŜŜƭǎ ŎƻƴǘŀƛƴƛƴƎ 
ōƻǊƻƴΣ ǘƘŜƴ ŀƭǎƻ ōƻǊƛŘŜǎ ƻŦ ǘǊŀƴǎƛǘƛƻƴ ŜƭŜƳŜƴǘǎ όŀǇǇƭƛŎŀǘƛƻƴ ƛƴ ǘƘŜ ƴǳŎƭŜŀǊ ŀƴŘ 
ŎƘŜƳƛŎŀƭ ƛƴŘǳǎǘǊƛŜǎύΣ ŎƻƳǇƻǳƴŘǎ ƻŦ ōƻǊƻƴ ŀƴŘ ŎŀǊōƻƴ όƳŀǘŜǊƛŀƭǎ ŦƻǊ ŎǳǘǘƛƴƎ 
ǘƻƻƭǎ ŀƴŘ ŀǊƳƻǳǊύΦ wŜǎŜŀǊŎƘ ƛǎ ŀƭǎƻ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ǘƘŜ ŀǊŜŀ ƻŦ ŎƻƳǇƭŜȄ ƳŜǘŀƭ 
ŀƭƭƻȅǎΣ ǿƘŜǊŜ ǾŜǊȅ ƭƛǘǘƭŜ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ȅŜǘ ŀǾŀƛƭŀōƭŜΦ !ƴƻǘƘŜǊ ǎǳōƧŜŎǘ ƻŦ ǊŜǎŜŀǊŎƘ 
ƛǎ ŀƭǎƻ LǊƛŘƛǳƳ ǎȅǎǘŜƳǎ ŀǎ ǇŀǊǘ ƻŦ ƳŀǘŜǊƛŀƭǎ ŦƻǊ ǳƭǘǊŀ-ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ 
ŀǇǇƭƛŎŀǘƛƻƴǎΦ   

       CƛƎǳǊŜǎΥ {ŎƘŜƳŜ ƻŦ ǘƘŜ /ŀƭǇƘŀŘ ƳŜǘƘƻŘΤ ŎŀƭŎǳƭŀǘŜŘ ƭƛǉǳƛŘǳǎ ǇǊƻƧŜŎǘƛƻƴ ŦƻǊ ǘƘŜ .-±-

aƴ ǎȅǎǘŜƳ ŀƴŘ ǘƘŜ ƛǎƻǘƘŜǊƳŀƭ ǎŜŎǘƛƻƴ ŦƻǊ ǘƘŜ .-CŜ-² ǎȅǎǘŜƳ ŀǘ мнто YΦ ¢ƘŜ {9a ƛƳŀƎŜ 
ǇǊŜǎŜƴǘǎ ǎƻƳŜ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ǳǎŜŘ ŦƻǊ ƳƻŘŜƭƛƴƎΣ ǎǇŜŎƛŦƛŎŀƭƭȅ ƛƴ ǘƘŜ Iƻ-

LǊ-h ǎȅǎǘŜƳΦ 
D: Gradient materials for engineering applications 

wŜǎŜŀǊŎƘ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ŦƻŎǳǎŜŘ ƻƴ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ǘŜǎǘƛƴƎ ǘƘŜ ǇƻǎǎƛōƛƭƛǘƛŜǎ ŦƻǊ 
ƭƻǿŜǊƛƴƎ ǿŜŀǊ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƭƛŦŜǎǇŀƴ ƻŦ ƛƴƴƻǾŀǘƛǾŜ ƎǊŀŘƛŜƴǘ 
ƳŀǘŜǊƛŀƭǎ ƻŦ ǎȅǎǘŜƳǎ ǎǳŎƘ ŀǎ ŎƻŀǘƛƴƎκǎǳōǎǘǊŀǘŜΣ ƻǾŜǊƭŀȅκǎǳōǎǘǊŀǘŜ ŀƴŘ ǘƘŜ ƭƛƪŜΦ 
!ǊŜŀǎ ƻŦ ǊŜǎŜŀǊŎƘ ŀǊŜ ŦƻŎǳǎŜŘ ƻƴ ƳŀǘŜǊƛŀƭ ǎƻƭǳǘƛƻƴǎ ŦƻǊ ǇŀǊǘǎ ƻŦ ŦƻǊƳǎ ŦƻǊ 
ǇǊŜǎǎǳǊŜ ŎŀǎǘƛƴƎ !ƭ-ŀƭƭƻȅǎΣ ǇŀǊǘǎ ƻŦ ǎƘŀǇƛƴƎ ŀƴŘ ƳŀŎƘƛƴƛƴƎ ƛƴǎǘǊǳƳŜƴǘǎΣ ŀƴŘ 
ƛƴǎǘǊǳƳŜƴǘǎ ŦƻǊ ǇǊŜǎǎǳǊŜ ōƻƴŘƛƴƎ ǎƘŜŜǘǎΦ 
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CƛƎǳǊŜǎΥ aŜǘŀƭƭƻƎǊŀǇƘƛŎ ŎǊƻǎǎ-ǎŜŎǘƛƻƴǎ ǎƘƻǿƛƴƎ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǾŀǊƛƻǳǎ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ 
ƎǊŀŘƛŜƴǘǎ ƻŦ ƛƴǘŜǊƳŜǘŀƭƭƛŎ ƭŀȅŜǊǎ ŦƻǊƳŜŘ ƻƴ ŜƛǘƘŜǊ ǎǘŜŜƭ ƳƻǳƭŘ ƳŀǘŜǊƛŀƭ ƻǊ ǘǿƻ ŘƛŦŦŜǊŜƴǘ 

ƛƴǾŜǎǘƛƎŀǘŜŘ ǿŜƭŘ ŘŜǇƻǎƛǘǎ ǎǳōƧŜŎǘŜŘ ǘƻ !ƭ-{ƛ-/ǳ ŀƭƭƻȅ ƳŜƭǘΤ DǊŀǇƘƛŎŀƭ ŎƻƳǇŀǊƛǎƻƴ ƻŦ 
ƛƴǘŜǊƳŜǘŀƭƭƛŎ ƭŀȅŜǊ ǘƘƛŎƪƴŜǎǎ ǾǎΦ ƳŜƭǘ ŜȄǇƻǎǳǊŜ ǘƛƳŜ ŦƻǊ ǾŀǊƛƻǳǎ ƭŀǎŜǊ ŘŜǇƻǎƛǘŜŘ ŀƭƭƻȅǎΦ  

 

E: Metalhydrides for efficient hydrogen storage 

Metalhydride alloys ŀǊŜ ǇǊƻƳƛǎƛƴƎ ƳŀǘŜǊƛŀƭǎ ŦƻǊ ǘƘŜ efficient storage of 
hydrogen. IȅŘǊƻƎŜƴ ǎǘƻǊŀƎŜ Ǉƭŀȅǎ ŀ ŎǊǳŎƛŀƭ ǊƻƭŜΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ǘƘŜ ŀǳǘƻƳƻǘƛǾŜ 
ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƛƴŘǳǎǘǊƛŜǎΦ hǳǊ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎŜǎ ƻƴ ŘŜǾŜƭƻǇƛƴƎ ƴŜǿ 
ƳŜǘŀƭƘȅŘǊƛŘŜ ŀƭƭƻȅǎ ǘƻ ŜƴƘŀƴŎŜ ǎǘƻǊŀƎŜ ŜŦŦƛŎƛŜƴŎȅΦ ! ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŀƭȅǎƛǎ ƻŦ 
ǘƘŜƛǊ ƳŀŎǊƻ- ŀƴŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΣ ƘŜŀǘ ǎǘŀōƛƭƛǘȅ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ƛǎ 
ŎŀǊǊƛŜŘ ƻǳǘ ǳǎƛƴƎ ǎǘŀƴŘŀǊŘ ƳŀǘŜǊƛŀƭǎ ǊŜǎŜŀǊŎƘ ǘŜŎƘƴƛǉǳŜǎΣ ƛƴŎƭǳŘƛƴƎ ŜƭŜŎǘǊƻƴ 
ƳƛŎǊƻǎŎƻǇȅΣ ·-Ǌŀȅ ŘƛŦŦǊŀŎǘƛƻƴ ŀƴŘ ŘƛŦŦŜǊŜƴǘƛŀƭ ǎŎŀƴƴƛƴƎ ŎŀƭƻǊƛƳŜǘǊȅΦ Lƴ ŀŘŘƛǘƛƻƴΣ 
ǎȅƴŎƘǊƻǘǊƻƴ ǊŀŘƛŀǘƛƻƴ ƛǎ ǳǎŜŘ ŦƻǊ ŀŘǾŀƴŎŜŘ ·-Ǌŀȅ ŘƛŦŦǊŀŎǘƛƻƴ ŀƴŘ ŀōǎƻǊǇǘƛƻƴ 
ǎǇŜŎǘǊƻǎŎƻǇȅ ŀǘ 9ǳǊƻǇŜŀƴ ǊŜǎŜŀǊŎƘ ŎŜƴǘŜǊǎ ǎǳŎƘ ŀǎ 59{¸ όDŜǊƳŀƴȅύΣ 9{wC 
όCǊŀƴŎŜύ ŀƴŘ 5ƛŀƳƻƴŘ [ƛƎƘǘ {ƻǳǊŎŜ ό¦ƴƛǘŜŘ YƛƴƎŘƻƳύΦ 
 

 
CƛƎǳǊŜǎΥ LƭƭǳǎǘǊŀǘŜ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΣ 95{ ŜƭŜƳŜƴǘŀƭ ƳŀǇǎΣ ŀƴŘ ·-Ǌŀȅ ŘƛŦŦǊŀŎǘƛƻƴ Řŀǘŀ ƻŦ 
ǘƘŜ ŀǎ-ǇǊŜǇŀǊŜŘ ŀƭƭƻȅǎ όōƭŀŎƪ ŎǳǊǾŜǎύ ŀƴŘ ŀŦǘŜǊ ƘȅŘǊƻƎŜƴ ŜȄǇƻǎǳǊŜ όǊŜŘ ŎǳǊǾŜǎύΣ ŀǎ ǿŜƭƭ 
ŀǎ ǘƘŜ ƘȅŘǊƻƎŜƴ ŀōǎƻǊǇǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ ƻŦ ǎƻƳŜ ƻŦ ƻǳǊ ǎǘǳŘƛŜŘ ŀƭƭƻȅǎ ǳƴŘŜǊ Ŏƻƴǎǘŀƴǘ 

ǇǊŜǎǎǳǊŜ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜΦ 
 

F: Biocompatible and bioresorbable alloys  
¢ƘŜ ŀƛƳ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ƛǎ ǘƻ ǇǊŜǇŀǊŜ ŀƴŘ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ƴŜǿ 
ǘȅǇŜǎ ƻŦ ƳŜǘŀƭ ŀƭƭƻȅǎ ǘƘŀǘ ǿƛƭƭ ōŜ ƳŀŘŜ ŦǊƻƳ ōƛƻŎƻƳǇŀǘƛōƭŜ ŀƴŘ ōƛƻǊŜǎƻǊōŀōƭŜ 
ŜƭŜƳŜƴǘǎ ōŀǎŜŘ ƻƴ ½ƴΣ /ŀΣ aƎΣ [ƛΣ aƴ ǇǊŜǇŀǊŜŘ ōȅ ǘƘŜ ƳŜǘƘƻŘ ƻŦ ƛƴǘŜƴǎŜ ǇƭŀǎǘƛŎ 
ŘŜŦƻǊƳŀǘƛƻƴΣ ŀƴŀƭȅǎƛǎ ƻŦ ƳƛŎǊƻƳŜŎƘŀƴƛǎƳǎ ƻŦ ŦŀƛƭǳǊŜ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ 
ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ōŀǎƛŎ ƳŜŎƘŀƴƛŎŀƭ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎΦ ¢ƘŜ ŀƭƭƻȅǎ 
/ŀ-aƎΣ /ŀ-½ƴΣ /ŀ-!ƭΣ /ŀ-/ǳΣ ŀǎ ǿŜƭƭ ŀǎ ǘŜǊƴŀƭ ŀƭƭƻȅǎ ƻŦ ǘƘŜ ǘȅǇŜ /ŀ-aƎ-½ƴ ŀƴŘ 
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/ŀ-aƎ-/ǳ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ǾŜǊȅ ǎƳŀƭƭ ǎǇŜŎƛŦƛŎ ǾŀƭǳŜǎ όϤнллл ƪƎΦƳ-мύΣ 
ǘƘŜ ƭƻǿŜǎǘ ŀƳƻƴƎ ǘƘŜ ƳŜǘŀƭ ƎƭŀǎǎŜǎ ƪƴƻǿƴ ǘƻ ǘƘƛǎ ǇƻƛƴǘΦ ¢ƘŜƛǊ ƳƻŘŜƭ ƻŦ 
ŜƭŀǎǘƛŎƛǘȅ ό ƻ̧ǳƴƎȫǎ ƳƻŘǳƭŜύ Ϥнл-ор Dtŀ ƛǎ ŎƭƻǎŜ ǘƻ ǘƘŜ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ŜƭŀǎǘƛŎƛǘȅ ƻŦ 
ƘǳƳŀƴ ōƻƴŜǎΦ aƻǊŜƻǾŜǊΣ ǘƘŜǎŜ ŀƭƭƻȅǎ ŜȄƘƛōƛǘ ǾŜǊȅ ƭƻǿ Ǝƭŀǎǎ ǘǊŀƴǎƛǘƛƻƴ 
ǘŜƳǇŜǊŀǘǳǊŜ ¢Ǝ όϤмнл-нрл ϲ/ύΣ ŘǳǊƛƴƎ ǿƘƛŎƘ ǘƘŜȅ ǘǊŀƴǎŦƻǊƳ ŦǊƻƳ ǘƘŜ ƘŀǊŘ ŀƴŘ 
ǎƻƭƛŘ ǎǘŀǘŜ ǘƻ ǘƘŜ Ŝŀǎƛƭȅ ŦƻǊƳŀōƭŜ ǎǘŀǘŜΣ ǘƘƛǎ ŎŀǳǎŜŘ ōȅ ǘƘŜ ǇƭǳƴƎŜ ƛƴ ǾƛǎŎƻǎƛǘȅ ƻŦ 
ǘƘŜ ŀƭƭƻȅǎ ōȅ ǎŜǾŜǊŀƭ ƻǊŘŜǊǎΦ  
 

 
CƛƎǳǊŜǎΥ  9ȄŀƳǇƭŜ ƻŦ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ōƛƻŀōǎƻǊōŀōƭŜ ŀƭƭƻȅǎ ƛƴ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ǎǳǊƎŜǊȅΣ ǘƘƛƴ 

Ǌƛōōƻƴ ƳŀŘŜ ōȅ ǘƘŜ ƳŜƭǘ ǎǇƛƴƴŜǊΦ ¢ƘŜ /ŀ-aƎ-½ƴ ǘŜǊƴŀǊȅ ŘƛŀƎǊŀƳ ǎƘƻǿƛƴƎ ƛƴ ŎƻƭƻǳǊ ƳŀǇ 
ǇǊŜŘƛŎǘƛƻƴ ƻŦ Ǝƭŀǎǎ ŦƻǊƳƛƴƎ ǇǊƻōŀōƛƭƛǘȅΦ ¢ƘŜ ǘƘǊŜŜ-ŘƛƳŜƴǎƛƻƴŀƭ ŀǘƻƳƛŎ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ 

/ŀ-aƎ ŀƳƻǊǇƘƻǳǎ ŀƭƭƻȅ ƻōǘŀƛƴŜŘ ŦǊƻƳ wa/ ƳƻŘŜƭƭƛƴƎΦ ¢ƘŜ ǇŀǊǘƛŀƭ ǇŀƛǊ ŘƛǎǘǊƛōǳǘƛƻƴ 
ŦǳƴŎǘƛƻƴǎ ƻŦ /ŀ-/ŀΣ /ŀ-aƎ ŀƴŘ aƎ-aƎ ǇŀƛǊǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ wa/ ƳƻŘŜƭΦ 

 

G: Materials for New Generations of Batteries  
.ŀǘǘŜǊƛŜǎ ŀǊŜ ŀƴ ƛƴŘƛǎǇŜƴǎŀōƭŜ ǇŀǊǘ ƻŦ ƻǳǊ Řŀƛƭȅ ƭƛǾŜǎΦ ¢ƘŜȅ ŀǊŜ ŦƻǳƴŘ ƛƴ ǇŜǊǎƻƴŀƭ 
ŜƭŜŎǘǊƻƴƛŎ ŘŜǾƛŎŜǎ ŀƴŘ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǳǎŜŘ ƛƴ ǘƘŜ ŀǳǘƻƳƻǘƛǾŜ ƛƴŘǳǎǘǊȅΦ hǳǊ 
ōŀǘǘŜǊȅ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎŜǎ ƻƴ ŜŎƻƭƻƎƛŎŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ŀǎǇŜŎǘǎ ǘƻ ƳƛǘƛƎŀǘŜ ǘƘŜ 
ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ǿƘƛƭŜ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ 
ǇǊƻǇŜǊǘƛŜǎ ƻŦ ōŀǘǘŜǊƛŜǎΣ ǎǳŎƘ ŀǎ ŜƴŜǊƎȅ ŘŜƴǎƛǘȅΣ ƭƻŀŘ ŎŀǇŀŎƛǘȅΣ ŀƴŘ ŎȅŎƭƛƴƎ 
ǎǘŀōƛƭƛǘȅΦ ²Ŝ ǎǇŜŎƛŦƛŎŀƭƭȅ ŦƻŎǳǎ ƻƴ ŀƴƻŘŜ ƳŀǘŜǊƛŀƭǎ ōŀǎŜŘ ƻƴ ƘƛƎƘ-ŜƴǘǊƻǇȅ ŀƴŘ 
ƳŜŘƛǳƳ-ŜƴǘǊƻǇȅ ƻȄƛŘŜǎΣ ǿƘƛŎƘ ŜȄƘƛōƛǘ ŜȄŎŜǇǘƛƻƴŀƭ ŎȅŎƭƛƴƎ ǎǘŀōƛƭƛǘȅ ŘǳǊƛƴƎ 
ŎƘŀǊƎƛƴƎ ŀƴŘ ŘƛǎŎƘŀǊƎƛƴƎ ǿƘƛƭŜ ƳŀƛƴǘŀƛƴƛƴƎ ƘƛƎƘ ŎŀǇŀŎƛǘȅΦ !ƴƻǘƘŜǊ ƪŜȅ 
ŎƻƳǇƻƴŜƴǘ ƻŦ ōŀǘǘŜǊƛŜǎ ƛǎ ōƛƴŘŜǊǎΣ ǿƘƛŎƘ ŀǊŜ ƻŦǘŜƴ ǘƻȄƛŎΦ ¢ƘŜǊŜŦƻǊŜΣ ƻǳǊ 
ǊŜǎŜŀǊŎƘ ŀƭǎƻ ŜȄǇƭƻǊŜǎ ƴŜǿ ōƛƻ-ōŀǎŜŘ ōƛƴŘŜǊǎ ǘƻ ǊŜŘǳŎŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘΦ 
 

 

CƛƎǳǊŜǎΥ .ŀǘǘŜǊȅ ǘŜǎǘƛƴƎ ǎǘŀǘƛƻƴ ŦƻǊ Ŏƻƛƴ-ǘȅǇŜ ŎŜƭƭǎ όŀύΤ ·w5 ǇŀǘǘŜǊƴ ƻŦ ǎƛƴƎƭŜ-ǇƘŀǎŜ ƘƛƎƘ-

ŜƴǘǊƻǇȅ ƻȄƛŘŜ ό/ǊaƴCŜ/ƻbƛύїhј ǿƛǘƘ ŀ ǎǇƛƴŜƭ ǎǘǊǳŎǘǳǊŜ όōύΤ ǊŀǘŜ ŎŀǇŀōƛƭƛǘȅ ǘŜǎǘ ƻŦ 
ό/ǊaƴCŜ/ƻbƛύїhј ƘƛƎƘ-ŜƴǘǊƻǇȅ ƻȄƛŘŜ όŎύΦ  

 



23 
 

H: Metal-ceramic nano-composites for demanding friction applications 

¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ǘŀǎƪ ƛǎ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ƴŀƴƻ-ŎƻƳǇƻǎƛǘŜǎ 
ǿƛǘƘ ŀ ƳŜǘŀƭ ƳŀǘǊƛȄ ōŀǎŜŘ ƻƴ CŜ-/ǳΣ ¢ƛ-/ǳ ǿƛǘƘ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ {ƛ/Σ ½ǊhнΣ !ƭнhо 
ŀƴŘ ƎǊŀǇƘŜƴŜ ŀƴŘ ǿƛǘƘ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ƳŜǘŀƭ ǿŀǎǘŜǎ ŦǊƻƳ ŎƻƴǾŜƴǘƛƻƴŀƭ 
ƳŀŎƘƛƴƛƴƎ ƻǇŜǊŀǘƛƻƴǎ ǎǳŎƘ ŀǎ !ƭΣ /ǳ½ƴΣ ǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭΣ ¢ƛΣ aƎ!ƭΣ ŜǘŎΦ ¢ƘŜ 
ŎƻƳǇƻǎƛǘŜǎ ŀǊŜ ǘƻ ōŜ ŘǊȅ-ƳƛȄŜŘ ƛƴ ŀ о5 ǘǳǊōǳƭŀΣ ŀǘǘǊƛǘƻǊΣ ŀƴŘ ƳƛȄŜŘ ŀƭǎƻ ōȅ ǘƘŜ 
ƳŜǘƘƻŘ ƻŦ ƘƛƎƘ-ŜƴŜǊƎȅ ōŀƭƭ-ƳƛƭƛƴƎ ƛƴ ŜǘƘŀƴƻƭΦ ¢ƘŜ ƳŜǘƘƻŘ ǳǎŜŘ ŦƻǊ ŎƻƳǇŀŎǘƛƻƴ 
ƛǎ ǊŀǇƛŘ ǎƛƴǘŜǊƛƴƎ ǳǎƛƴƎ ŀ ǇǳƭǎŜŘ ŜƭŜŎǘǊƛŎ ŎǳǊǊŜƴǘ ƛƴ ŀ ǾŀŎǳǳƳ ǳƴŘŜǊ ǘƘŜ 
ǎƛƳǳƭǘŀƴŜƻǳǎ ŀŎǘƛƻƴ ƻŦ ǳƴƛŀȄƛŀƭ ǇǊŜǎǎǳǊŜ ό{t{ ϦǎǇŀǊƪ ǇƭŀǎƳŀ ǎƛƴǘŜǊƛƴƎϦύΦ ¢ƘŜ 
ǊŜǎǳƭǘǎ ǿƛƭƭ ōŜ ǳǎŜŘ ŦƻǊ ƳŀǇǇƛƴƎ ŀƴŘ ƻǇǘƛƳƛȊŜ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǇǊŜǇŀǊŜŘ ƴŀƴƻ-

ŎƻƳǇƻǎƛǘŜǎΣ ǎǳŎƘ ŀǎ ƘŀǊŘƴŜǎǎΣ ǎǘǊŜƴƎǘƘΣ ŀōǊŀǎƛƻƴ ǊŜǎƛǎǘŀƴŎŜΣ ǘƘŜǊƳŀƭ ŀƴŘ 
ǎǘǊǳŎǘǳǊŀƭ ǎǘŀōƛƭƛǘȅ ό5{/ κ ¢DύΣ ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ ŦǊƛŎǘƛƻƴ ŀƴŘ ǿŜŀǊ ŀƴŘ ǎŜƭŜŎǘƛƻƴ ƻŦ  
ƴŀƴƻ-ŎƻƳǇƻǎƛǘŜǎ ǿƛǘƘ ǘƘŜ ōŜǎǘ ǇƻǎǎƛōƭŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ŎƻƳǇƻƴŜƴǘǎΦ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CƛƎǳǊŜǎΥ Morphologies of the four input waste materials: Ti (a), MgAl (b), CuZn (c), Cu 

(d), and SSt stainless steel (e).TC1ςTC3 (from left to right) composite powder mixtures 

afterplanetary ball milling. 
 

I: Ultrahigh-strength nano-structured steels  
¢ƘŜ ǇǊƻƧŜŎǘ ƛǎ ŀƛƳŜŘ ŀǘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴƻǾŜƭ Ŏƻǎǘ-ǎŀǾƛƴƎ н Dtŀ ǎǘŜŜƭ ŦƻǊ 
ǳƭǘǊŀƘƛƎƘ-ǎǘǊŜƴƎǘƘ ŀǇǇƭƛŎŀǘƛƻƴǎ όƳŀŎƘƛƴŜǊȅΣ ŀǾƛŀǘƛƻƴΣ ŀǊƳƻǊ ǾŜƘƛŎƭŜǎΣ ŜǘŎΦύ ŀƴŘ 
ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ƻŦ ƛǘǎ ƘŜŀǘ ǘǊŜŀǘƳŜƴǘ ǿƘƛŎƘ Ŏŀƴ ōŜ Ŝŀǎƛƭȅ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǘƘŜ 
ǇǊƻŘǳŎǘƛƻƴ ƭƛƴŜǎ ŜȄƛǎǘƛƴƎ ŀǘ ǘƘŜ ƳŜǘŀƭƭǳǊƎƛŎŀƭ ǇƭŀƴǘǎΦ ¢ƘŜ ŀŘǾŀƴŎŜŘ ƳŜŎƘŀƴƛŎŀƭ 
ǇǊƻǇŜǊǘƛŜǎ ǿƛƭƭ ōŜ ŜƴŀōƭŜŘ ōȅ ŦƻǊƳŀǘƛƻƴ ƻŦ ŀ Ƴǳƭǘƛ-ǇƘŀǎŜ άǎƳŀǊǘέ ǎǘǊǳŎǘǳǊŜ ǿƛǘƘ 
ƴŀƴƻ-ǎƛȊŜŘ ƳƛŎǊƻ-ŎƻƴǎǘƛǘǳŜƴǘǎ όƴŀƴƻ-ōŀƛƴƛǘŜΣ ƴŀƴƻ- ǇǊŜŎƛǇƛǘŀǘŜǎΣ ǊŜǘŀƛƴŜŘ 
ŀǳǎǘŜƴƛǘŜ ŦƛƭƳǎΣ ŜǘŎΦύ ǘƘŀǘ Ŏŀƴ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ŜȄǘŜǊƴŀƭ ƭƻŀŘ ōȅ ¢wLtκ¢²Lt ŜŦŦŜŎǘǎ 
ƭŜŀŘƛƴƎ ǘƻ ǎŜƭŦ-ǎǘǊŜƴƎǘƘŜƴƛƴƎ ŀƴŘ ǎǘǊŜǎǎ ǊŜƭŀȄŀǘƛƻƴΦ ¢Ƙƛǎ ǎǘǊǳŎǘǳǊŜ ǿƛƭƭ ōŜ 
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ŘŜǾŜƭƻǇŜŘ ōȅ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴ ǎŜƭŜŎǘƛƻƴ ŀƴŘ ǘƘŜ ƴƻǾŜƭ 
ǇǊƻŎŜǎǎƛƴƎ ǊƻǳǘŜ ŀƭƭƻǿƛƴƎ ŦƻǊ ŀ ǊŜŘǳŎǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎ ŘǳǊŀǘƛƻƴΣ ŜƴŜǊƎȅ 
ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ǳǎƛƴƎ ŎƻƴǾŜƴǘƛƻƴŀƭ άŜŀǎȅ-ƛƴ-ƻǇŜǊŀǘƛƻƴέ ŜǉǳƛǇƳŜƴǘΦ 

 

 
CƛƎǳǊŜǎΥ ¢ŜƳǇŜǊŀǘǳǊŜ-¢ƛƳŜ-¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ŘƛŀƎǊŀƳ ƻŦ ƴƻǾŜƭ ŎƻƳǇƭŜȄ-ŀƭƭƻȅŜŘ ¢wLt-

ŀǎǎƛǎǘŜŘ ǎǘŜŜƭ όŀύΣ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ ŎŀǊōƛŘŜ-ŦǊŜŜ ƴŀƴƻōŀƛƴƛǘŜ ƛƴ ƘƛƎƘ-ǎǘǊŜƴƎǘƘ ǎǘŜŜƭ 
όōύΣ ¢9a ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǊŜǘŀƛƴŜŘ ŀǳǎǘŜƴƛǘŜ ƛƴ ƴŀƴƻōŀƛƴƛǘŜ ǎǘǊǳŎǘǳǊŜ όŎύΣ ǘƘŜ ǎǘǊŀƛƴ-

ƘŀǊŘŜƴƛƴƎ ōŜƘŀǾƛƻǊ ƻŦ ƘƛƎƘ-ǎǘǊŜƴƎǘƘ ǎǘŜŜƭǎ ƳŀƴƛŦŜǎǘƛƴƎ ǘƘŜ ¢wLt-ŜŦŦŜŎǘ ǳƴŘŜǊ ǘŜƴǎƛƭŜ 
ǘŜǎǘƛƴƎ όŘύΦ  

 

J: “Hybrid” multi-component cast alloys for tribological applications  
¢ƘŜ ǊŜƭŜǾŀƴŎŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ƴŜŜŘ ǘƻ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜ ǘƘŜ 
ǎŜǊǾƛŎŜ ƭƛŦŜ ƻŦ ƳŀŎƘƛƴŜ ǇŀǊǘǎ ŀƴŘ ŜǉǳƛǇƳŜƴǘ ǿƘƛŎƘ ƻǇŜǊŀǘŜ ǳƴŘŜǊ ǎŜǾŜǊŜ 
ŀōǊŀǎƛǾŜ ǿŜŀǊ όƛƴ ƳƛƴƛƴƎΣ ƳŜǘŀƭƭǳǊƎƛŎŀƭΣ ŎŜƳŜƴǘΣ ŜǘŎΦ ƛƴŘǳǎǘǊƛŜǎύΦ ¢ƘŜ ǇǊƻƧŜŎǘ ƛǎ 
ŀƛƳŜŘ ŀǘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀŘǾŀƴŎŜŘ ǿŜŀǊ-ǊŜǎƛǎǘŀƴǘ ŀƭƭƻȅǎ ōŀǎŜŘ ƻƴ ŀ ƴŜǿ ς 
ϦƘȅōǊƛŘϦ ς ŀǇǇǊƻŀŎƘ ǘƘŀǘ ŎƻƳōƛƴŜǎ ŘƛŦŦŜǊŜƴǘ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ŀƭƭƻȅƛƴƎ ƪƴƻǿƴ ǿŜŀǊ-

ǊŜǎƛǎǘŀƴǘ ƳŀǘŜǊƛŀƭǎΦ ¢ƘŜ ƴŜǿ ŘŜǎƛƎƴ ŎƻƴŎŜǇǘ ǿƛƭƭ ŜƴŀōƭŜ ŦƻǊƳŀǘƛƻƴ ƘŜǘŜǊƻǇƘŀǎŜ 
ǎǘǊǳŎǘǳǊŜ ŎƻƳǇǊƛǎƛƴƎ ǘƘŜ ƳǳƭǘƛǇƭŜ ǎǳǇŜǊƘŀǊŘ ŎŀǊōƻōƻǊƛŘŜ ǇƘŀǎŜǎ ōŜƴŜŦƛŎƛŀƭ ŦƻǊ 
ǿŜŀǊ ǊŜǎƛǎǘŀƴŎŜΦ ¢ƘŜ ƭŀǎŜǊ-ōŀǎŜŘ ǎǘǊǳŎǘǳǊŜ ƳƻŘƛŦƛŎŀǘƛƻƴ ƛǎ ŀƭǎƻ ƛƴ ǘƘŜ ŦƻŎǳǎ ǘƻ 
ŦǳǊǘƘŜǊ ƛƳǇǊƻǾŜ ǘƘŜ ǿŜŀǊ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ϦƘȅōǊƛŘϦ ŀƭƭƻȅǎΦ ¢ƘŜ ƴƻǾŜƭ ŀƭƭƻȅǎ ǿƛƭƭ 
ǇŜǊŦƻǊƳ ŀ ƘƛƎƘŜǊ όŀǘ ƭŜŀǎǘ нр҈ύ ǿŜŀǊ ōŜƘŀǾƛƻǊ ŎƻƳǇŀǊŜŘ ǘƻ ŎƻƴǾŜƴǘƛƻƴŀƭ ǿŜŀǊ-

ǊŜǎƛǎǘŀƴǘ ŀƭƭƻȅǎΦ 
 

 
CƛƎǳǊŜǎΥ ¢ƘŜǊƳƻ-/ŀƭŎ ǎƛƳǳƭŀǘƛƻƴ ƻŦ ǇƘŀǎŜ ŎƻƴǎǘƛǘǳŜƴǘǎ ƛƴ ōƻǊƻƴ-ŀŘŘŜŘ CŜ-²-aƻ-/Ǌ-¢ƛ 

Ŏŀǎǘ ŎƻƳǇƻǎƛǘƛƻƴ όŀύΣ ŎŀǊōƻōƻǊƛŘŜ ŜǳǘŜŎǘƛŎǎ ƛƴ άƘȅōǊƛŘέ Ƴǳƭǘƛ-ŎƻƳǇƻƴŜƴǘ ŀƭƭƻȅ όōύΣ 9ta! 
ǎǘǳŘȅ ƻŦ aƻ ǇƘŀǎŜ ŘƛǎǘǊƛōǳǘƛƻƴ όŎύΣ ŜŦŦŜŎǘ ƻŦ ŎŀǊōƻƴ ŀƴŘ ōƻǊƻƴ ƻƴ ŀōǊŀǎƛǾŜ ǿŜŀǊ 

ǊŜǎǇƻƴǎŜ ƻŦ ŀ άƘȅōǊƛŘέ Ƴǳƭǘƛ-ŎƻƳǇƻƴŜƴǘ ŀƭƭƻȅ όŘύΦ 
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K: SLM-fabricated biomedical alloys 

wŜǎŜŀǊŎƘ ŀŘŘǊŜǎǎŜǎ ǘƘŜ ƛǎǎǳŜǎ ƻŦ ŀŘƻǇǘƛƴƎ ǘƘŜ ŀŘŘƛǘƛǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŦƻǊ 
ōƛƻƳŜŘƛŎŀƭ ŀǇǇƭƛŎŀǘƛƻƴǎΦ {ǇŜŎƛŦƛŎŀƭƭȅΣ ǘƘŜ ǎŜƭŜŎǘƛǾŜ-ƭŀǎŜǊ ƳŜƭǘŜŘ ό{[aύ ŀƭƭƻȅǎ 
όǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭΣ ¢ƛ-ōŀǎŜŘ ŀƴŘ /ƻ-ōŀǎŜŘ ŀƭƭƻȅǎύ ŀǊŜ ŀǎǎŜǎǎŜŘ ǘƻ ōŜ ǳǎŜŘ ŦƻǊ ǘƘŜ 
ŀǊǘƛŦƛŎƛŀƭ ƛƳǇƭŀƴǘǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƛƴǎǘŜŀŘ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ ƳŜǘŀƭƭƛŎ ƳŀǘŜǊƛŀƭǎΦ CƻǊ 
ǘƘƛǎ ǇǳǊǇƻǎŜΣ ǘƘŜ {[a-ŦŀōǊƛŎŀǘŜŘ ŀƭƭƻȅǎ ŀǊŜ ŎƻƳǇŀǊŀǘƛǾŜƭȅ ǎǘǳŘƛŜŘ ǘƻƎŜǘƘŜǊ ǿƛǘƘ 
ǘƘŜƛǊ ǿǊƻǳƎƘǘ ŎƻǳƴǘŜǊǇŀǊǘǎ ǘƘǊƻǳƎƘ ǘƘŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ 
ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ŀƴŘ ǘŜǎǘƛƴƎ όƳŜŎƘŀƴƛŎŀƭκƳƛŎǊƻƳŜŎƘŀƴƛŎŀƭΣ ŎƻǊǊƻǎƛƻƴΣ ǘǊƛōƻ-

ŎƻǊǊƻǎƛƻƴύΦ aƻǊŜƻǾŜǊΣ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭ ōŜƘŀǾƛƻǳǊ ƻŦ {[a-ŀƭƭƻȅǎ ǳƴŘŜǊ ǘƘŜ 
ƘȅŘǊƻƎŜƴ ǎŀǘǳǊŀǘƛƻƴ ƛǎ ƛƴǾŜǎǘƛƎŀǘŜŘΦ ¢ƘŜ ŜŦŦŜŎǘ ƻŦ Ǉƻǎǘ-ǇǊƻŎŜǎǎƛƴƎ όōǳƭƪ ƘŜŀǘ 
ǘǊŜŀǘƳŜƴǘΣ ǇƭŀǎƳŀκƭŀǎŜǊ ǎǳǊŦŀŎŜ ƳƻŘƛŦƛŎŀǘƛƻƴΣ ŀƴŘ ǳƭǘǊŀǎƻƴƛŎ ƛƳǇŀŎǘ 
ƴŀƴƻǎǘǊǳŎǘǳǊƛȊƛƴƎύ ƛǎ ŀƭǎƻ ŜǾŀƭǳŀǘŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŦǳǊǘƘŜǊ ŜƴƘŀƴŎŜ ǘƘŜ ŀǎ-ōǳƛƭǘ 
ƳŜǘŀƭƭƛŎ ŎƻƳǇƻƴŜƴǘǎΩ ǎǘǊǳŎǘǳǊŀƭ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭκŎƻǊǊƻǎƛƻƴ ǇǊƻǇŜǊǘƛŜǎΦ  
 

CƛƎǳǊŜǎΥ  ¢ƘŜ ƳŜƭǘ-Ǉƻƻƭ ǇŀǘǘŜǊƴ ƻŦ {[a-ƳŀƴǳŦŀŎǘǳǊŜŘ омс[ ǎǘŜŜƭ όŀύΣ ƛƴǾŜǊǎŜ ǇƻƭŜ ŦƛƎǳǊŜ 
ƻŦ ŀǎ-ōǳƛƭǘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ {[a омс[ ǎǘŜŜƭ - 9.{5 ǎǘǳŘȅ όōύΣ {9a ƛƳŀƎŜ ƻŦ ǘƘŜ ŎŜƭƭǳƭŀǊ 

ǎǘǊǳŎǘǳǊŜ ǇŀǘǘŜǊƴ ƻŦ {[a /ƻ-ну/Ǌ-сaƻ ŀƭƭƻȅ όŎύΣ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŀ ƭŀǎŜǊ ǎǳǊŦŀŎŜ 
ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ {[a омс[ ǎŀƳǇƭŜ όŘύΣ ǘƘŜ ǿŜŀǊ ǘǊŀŎƪ ƻƴ ǘƘŜ {[a /ƻ-ну/Ǌ-сaƻ ŀƭƭƻȅ 

ǎǳǊŦŀŎŜ ŀŦǘŜǊ ǘƘŜ ǎƭƛŘƛƴƎ ǘŜǎǘ  ƛƴ ǎƛƳǳƭŀǘŜŘ ōƻŘȅ ŦƭǳƛŘ ƳŜŘƛŀ όŜύΦ 
 

 

 

L: Third-generation of Advanced High-Strength Steels (AHSS)  
¢ƘƛǊŘ-ƎŜƴŜǊŀǘƛƻƴ !ŘǾŀƴŎŜŘ IƛƎƘ-{ǘǊŜƴƎǘƘ {ǘŜŜƭǎ ό!I{{ύ ǊŜǇǊŜǎŜƴǘ ŀ 
ŦǳƴŘŀƳŜƴǘŀƭ ŎƘŀƴƎŜ ƛƴ ƳŀǘŜǊƛŀƭ ǎŎƛŜƴŎŜΣ ǘŀǊƎŜǘƛƴƎ ǘƘŜ ǎƛƳǳƭǘŀƴŜƻǳǎ 
ŜƴƘŀƴŎŜƳŜƴǘ ƻŦ ǎǘǊŜƴƎǘƘ ŀƴŘ ŘǳŎǘƛƭƛǘȅΦ ¢ƘŜǎŜ ŀƭƭƻȅǎ ŀŘŘǊŜǎǎ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ 
ǇǊŜŎŜŘƛƴƎ ƎŜƴŜǊŀǘƛƻƴǎ ōȅ ŜƳǇƭƻȅƛƴƎ ŎƻƳǇƭŜȄ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŜƴƎƛƴŜŜǊƛƴƎΦ ¢ƘŜ 
ŘŜǎƛƎƴ ǇƘƛƭƻǎƻǇƘȅ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ŀŎƘƛŜǾƛƴƎ ŀ Ƴǳƭǘƛ-ǇƘŀǎŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΣ 
ǘȅǇƛŎŀƭƭȅ ƛƴŎƭǳŘƛƴƎ ǊŜǘŀƛƴŜŘ ŀǳǎǘŜƴƛǘŜ όw!ύΣ ƴŀƴƻǎǘǊǳŎǘǳǊŜŘ ōŀƛƴƛǘŜ ŀƴŘ 
ƳŀǊǘŜƴǎƛǘŜΣ ǘƘǊƻǳƎƘ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǎǇŜŎƛŀƭƛȊŜŘ ǘǊŜŀǘƳŜƴǘ ǘŜŎƘƴƻƭƻƎȅΦ hǳǊ 
ǊŜǎŜŀǊŎƘ ƛƴ ǘƘƛǎ ŀǊŜŀ ƛǎ ŀƛƳŜŘ ŀǘ ŘŜǾŜƭƻǇƛƴƎ ƴŜǿ ǘȅǇŜǎ ƻŦ ǘƘŜǎŜ ǎǘŜŜƭǎ ŀƴŘ 
ŦǳǊǘƘŜǊ ƻǇǘƛƳƛǎƛƴƎ ǘƘŜƛǊ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴ ŀƴŘ ǘǊŜŀǘƳŜƴǘ ǇŀǊŀƳŜǘŜǊǎ ƛƴ 
ƻǊŘŜǊ ǘƻ ŀŎƘƛŜǾŜ ƛƳǇǊƻǾŜŘ ƳŜŎƘŀƴƛŎŀƭ ōŜƘŀǾƛƻǳǊΦ ¢Ƙƛǎ ŀŘǾŀƴŎŜƳŜƴǘ ŦŀŎƛƭƛǘŀǘŜǎ 
ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ǘƘƛƴƴŜǊ ŎƻƳǇƻƴŜƴǘǎΣ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǎǳōǎǘŀƴǘƛŀƭ ǿŜƛƎƘǘ 
ǊŜŘǳŎǘƛƻƴ ƛƴ ŀǳǘƻƳƻǘƛǾŜ ŀƴŘ ǎǘǊǳŎǘǳǊŀƭ ŀǇǇƭƛŎŀǘƛƻƴǎΣ ǘƘŜǊŜōȅ ŜƴƘŀƴŎƛƴƎ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ƻǾŜǊŀƭƭ ǎǘǊǳŎǘǳǊŀƭ ƛƴǘŜƎǊƛǘȅΦ  
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CƛƎǳǊŜǎΥ /ƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ оǊŘ DŜƴ !I{{Υ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ όмύΣ ǇƘŀǎŜ-ǎǘǊǳŎǘǳǊŀƭ 

ǎǘŀǘŜ όнύ ŀƴŘ ŘŜŦƻǊƳŀǘƛƻƴ ōŜƘŀǾƛƻǊ όоύΦ 
 

 

M:  Analytical mechanics of a solid continuum 

¢ƘŜ ǊŜǎŜŀǊŎƘ ƛǎ ŦƻŎǳǎŜŘ ƻƴ όмύ ƻǊƛƎƛƴŀƭ ƳŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭǎ ƻŦ ǘƘŜǊƳŀƭΣ ǇƘŀǎŜ-

ǘǊŀƴǎŦƻǊƳŀǘƛƻƴΣ ŎƻƘŜǊŜƴǘ-ƛƴǘŜǊŦŀŎŜ-ƛƴŘǳŎŜŘ ǎǘǊŜǎǎŜǎ ŀƴŘ ƘȅŘǊƻƎŜƴ-ƛƴŘǳŎŜŘ 
ǎǘǊŜǎǎŜǎ ƛƴ ǎǳŎƘ ƳƻŘŜƭ ǘǿƻ- ŀƴŘ ǘƘǊŜŜ-ŎƻƳǇƻƴŜƴǘ ƳŀǘŜǊƛŀƭ ǎȅǎǘŜƳǎ ǿƛǘƘƻǳǘ ƻǊ 
ǿƛǘƘ ǇƻǊŜǎΣ ǿƘƛŎƘ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǊŜŀƭ ǘǿƻ ŀƴŘ ǘƘǊŜŜ-ŎƻƳǇƻƴŜƴǘ ŎƻƳǇƻǎƛǘŜ 
ƳŀǘŜǊƛŀƭ όŜΦƎΦΣ ƳŀǘǊƛȄ-ǇǊŜŎƛǇƛǘŀǘŜ ŎƻƳǇƻǎƛǘŜǎΣ Řǳŀƭ-ǇƘŀǎŜ ǎǘŜŜƭΣ ŜǘŎΦύΤ όнύ ƻǊƛƎƛƴŀƭ 
ƳŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭǎ ƻŦ ƛƴǘŜǊŎǊȅǎǘŀƭƭƛƴŜ ŀƴŘ ǘǊŀƴǎŎǊȅǎǘŀƭƭƛƴŜ ŎǊŀŎƪ ŦƻǊƳŀǘƛƻƴ ƛƴ 
ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜǎŜ ƳƻŘŜƭ ƳŀǘŜǊƛŀƭ ǎȅǎǘŜƳǎΣ ƛƴŎƭǳŘƛƴƎ ƳŀǘƘŜƳŀǘƛŎŀƭ 
ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ ŎǊƛǘƛŎŀƭ ƭƛƳƛǘ ǎǘŀǘŜǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ƳŀǘŜǊƛŀƭ ŎǊŀŎƪ ŦƻǊƳŀǘƛƻƴΣ 
ǿƘƛŎƘ ƛǎ ƛƴŘǳŎŜŘ ōȅ ǘƘŜǎŜ ǎǘǊŜǎǎŜǎΤ όоύ ƻǊƛƎƛƴŀƭ ƳŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭǎ ƻŦ ƳŀǘŜǊƛŀƭ 
ƳƛŎǊƻ- ŀƴŘ ƳŀŎǊƻ-ǎǘǊŜƴƎǘƘŜƴƛƴƎ ƛƴ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜǎŜ ƳƻŘŜƭ ǎȅǎǘŜƳǎΣ ǿƘƛŎƘ 
ƛǎ ƛƴŘǳŎŜŘ ōȅ ǘƘŜǎŜ ǎǘǊŜǎǎŜǎΦ ¢ƘŜ ƳŀǘŜǊƛŀƭ ǎǘǊŜƴƎǘƘŜƴƛƴƎ ŀƴŘ ǘƘŜ ƭƛƳƛǘ ǎǘŀǘŜǎ 
ǊŜǇǊŜǎŜƴǘ ƛƳǇƻǊǘŀƴǘ ǇƘŜƴƻƳŜƴŀ ƛƴ ƳŀǘŜǊƛŀƭ ǎŎƛŜƴŎŜ ŀƴŘ ŜƴƎƛƴŜŜǊƛƴƎΦ ¢ƘŜ 
ƳŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭǎ ŀǊŜ ŦǳƴŎǘƛƻƴǎ ƻŦ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ǊŜŀƭ 
ǘǿƻ- ŀƴŘ ǘƘǊŜŜ-ŎƻƳǇƻƴŜƴǘ ƳŀǘŜǊƛŀƭǎΣ ŀƴŘ ŀǊŜ ŀǇǇƭƛŎŀōƭŜ ǿƛǘƘƛƴ ōŀǎƛŎ ǊŜǎŜŀǊŎƘ 
όƳŜŎƘŀƴƛŎǎ ƻŦ ŀ ǎƻƭƛŘ ŎƻƴǘƛƴǳǳƳΣ ǘƘŜƻǊŜǘƛŎŀƭ ǇƘȅǎƛŎǎύΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŜƴƎƛƴŜŜǊƛƴƎ 
ǇǊŀŎǘƛŎŜ όƛΦŜΦΣ ƳŀǘŜǊƛŀƭ ǘŜŎƘƴƻƭƻƎȅύΦ 
 

 

 

 

 

 

 

 

 

CƛƎǳǊŜǎΥ ¢ƘŜ ƳŀǘǊƛȄ-ŜƴǾŜƭƻǇŜ-ƛƴŎƭǳǎƛƻƴ ƳƻŘŜƭ ƳŀǘŜǊƛŀƭ ǎȅǎǘŜƳΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘǊŜŜ-

ŎƻƳǇƻƴŜƴǘ ǊŜŀƭ ƳŀǘŜǊƛŀƭǎΣ ƛƳŀƎƛƴŀǊƛƭȅ ŘƛǾƛŘŜŘ ƛƴǘƻ ƛŘŜƴǘƛŎŀƭ ŎǳōƛŎ ŎŜƭƭǎΣ ǘƘŜ ƛƴǘŜǊ-

ƛƴŎƭǳǎƛƻƴ ŘƛǎǘŀƴŎŜ Ř ŀƭƻƴƎ ǘƘŜ ŀȄŜǎ ȄмΣ ȄнΣ Ȅо ƻŦ ǘƘŜ /ŀǊǘŜǎƛŀƴ ǎȅǎǘŜƳ όhȄм Ȅн ȄоύΣ ǘƘŜ 
ƛƴŎƭǳǎƛƻƴ ŎŜƴǘǊŜ hΣ ǘƘŜ ƛƴŎƭǳǎƛƻƴ ǊŀŘƛǳǎ wмΣ ǘƘŜ ŜƴǾŜƭƻǇŜ ǊŀŘƛǳǎ wнΦ ¢ƘŜ ŎǳōƛŎ ŎŜƭƭ !Σ ǘƘŜ 

ƴŜƛƎƘōƻǊƛƴƎ ŎŜƭƭǎ .Φ 
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Characteristic of the division 

 
The scientific activities of the division are focused on the research and 

development of advanced ceramics, ceramic composites and nanocomposites, 

nano/microfibers, ceramic thin layers and coatings. During the development of 

these advanced materials, progressive processing routes are applied as spark 

plasma sintering, physical vapour deposition - impulse magnetron 

sputtering/high-target utilization sputtering and electrospinning. The 

developed systems are characterized using advanced techniques - scanning 

electron microscopy, transmission electron microscopy, atomic force 

microscopy, Raman spectroscopy, focused ion beam technique, etc. The 

fracture - mechanical properties and wear characteristics are measured at 

nano/micro/macro level at room and high temperatures. The main attention is 

focused on determination of the relationships between the processing route, 

microstructural parameters and final functional and mechanical properties of 

the systems designated for advanced applications. During the last 5 years the 

research activities in the division were realized in strong collaboration with 

partners from Slovakia and from foreign countries such as England, Germany, 

Hungary, Poland, Czech Republic, Japan, etc. The main research areas were as 

follows: 

1. Bulk (3D) and coating (2D) high entropy ceramics: carbides, nitrides, 

carbonitrides, dual ς phase boride/carbides,  

Di
vi

sio
n 

of
 C

er
am

ic 
an

d 
No

n-
m

et
al

lic
 Sy

st
em

s 



29 
 

2. Ultra ς high temperature ceramics,  

3. Advanced ceramic ς carbon structure composites, 

4. Micro/nano fibers and fiber membranes. 

 

A: High entropy ceramics – carbides, borides, carbonitrides,  dual – phase 

boride/carbides 

Advanced high entropy ceramics with improved room and high/ultra-high 

temperature properties suitable for extreme operating conditions as thermal 

protection materials on hypersonic aerospace vehicles, specific components for 

propulsion, refractory crucibles, etc., requiring excellent thermal stability, super 

hard hardness, excellent tribological properties. Systems of interest involving 

bulk as well as PVD coating materials are based on transition metal carbides, 

borides, nitrides, dual ς phase systems, etc., processed using high ς tech 

processing routes (highςenergy milling, spark plasma sintering, hot pressing, 

etc. for bulk systems and PVD techniques ς DC magnetron sputtering, High 

Power Impulse Magnetron Sputtering, High Target Utilization Sputtering, etc. 

for thin coatings) and characterized using highςtech methods such as 

micro/nano mechanical testing, high resolution TEM, etc.  

 

 

CƛƎǳǊŜǎΥ bŀƴƻƘŀǊŘƴŜǎǎ ƻŦ ŎŀǊōƛŘŜ ƎǊŀƛƴǎ ŀƴŘ ƎǊŀƛƴ ōƻǳƴŘŀǊƛŜǎ 

ƛƴ όIŦ-¢ŀ-½Ǌ-bō-¢ƛύ/ ōǳƭƪ ŎŜǊŀƳƛŎǎΦ 



30 
 

The emerging topic of high entropy ceramics opens up a large new 

compositional space, with the possibility of new materials with enhanced 

properties and demonstrating new phenomena.  At the division, basic research 

was realized during the last 5 years with significant results in the following 

fields:  

 

ω Theoretical prediction of the physical and mechanical properties of high 

entropy ceramics. 

 

ω Preparation of dense bulk high entropy ceramic materials on the base of 

transition metal carbides nitrides, dual ς phase boride/carbide with the help of 

advanced processing routes as boro/carbide reduction, reactive spark plasma 

sintering, rapid hot pressing, etc., with different chemical compositions. 

 

ω Investigation of the potential of different PVD deposition techniques and their 

optimization in the preparation of thin hard coatings involving multiprincipal 

transition metal (Ti,Zr,Hf,Ta,Nb,V,Mo,W) nitride and carbonitride systems with 

different stioichiometry. 

 

 

 

 
CƛƎǳǊŜǎΥ {ǘǊŜƴƎǘƘ ƻŦ I9/ ƎǊŀƛƴǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ŎǊȅǎǘŀƭƭƻƎǊŀǇƘƛŎ ƻǊƛŜƴǘŀǘƛƻƴǎΦ 
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CƛƎǳǊŜǎΥ Investigating the strength of grains (cca. 8 GPa) and grain boundaries (cca. 4.5 

GPa ) in reactive sintered equimolar dual-phase high-entropy ultra-high temperature 

ceramics using a microcantilever bending experiment and detailed fractography-based 

analysis was performed. 

 

 

ω Detailed investigations of the microstructure characteristics and chemical 

composition, of prepared bulk and coating systems at micro, nano and atomic 

level. 

 

ω Measuring physical, mechanical and tribological properties of the sintered 

bulk ceramics and PVD coatings using nano/micro/macro mechanical and 

tribological tests (nanoindentation, micropillar compression, micro cantilever, 

etc.) at room and elevated temperatures.  

 

ω  Understanding of the relationship between the processing steps, 

microstructure and required final physical, fracture/mechanical, thermal and 

tribological properties. 
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CƛƎǳǊŜǎΥ Microstructure analyses of grains and grain boundaries in reactive sintered non 

- equimolar dual-phase high-entropy ultra-high temperature ceramics at 

atomic/nano/micro level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CƛƎǳǊŜǎΥ Indentation hardness of TiZrHf+V/Nb/Ta-xN coatings deposited using a - 

reactive DC magnetron sputtering and b ς reactive High Target Utilization Sputtering 

over wide range of nitrogen stoichiometry (x ς flow of nitrogen in sccm during 

deposition). Apparently, hardness exceeding 40 GPa can be achieved in medium-entropy 

stabilized TiZrHf-xN coatings deposited by DC magnetron sputtering at x = 8-10 sccm N2 

corresponding to the near-stoichiometric composition. 
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CƛƎǳǊŜǎΥ Scanning transmission electron microscopy and EDS mapping of the distribution 

of the elements in the multiprincipal transition metal nitride TiZrHfVNbTa-6N coatings 

deposited by the reactive DC magnetron sputtering. Homogeneous distribution of all 

transition metals and nitrogen confirms formation of the homogeneous solid solution in 

agreement with the concept of structure stabilization by high entropy  

 (in the metallic sub-lattice). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CƛƎǳǊŜǎΥ TEM observation of the columnar growth in reactive HiTUS TiZrHfVNbTa-6N 

coatings; single phase composition with the textured fcc structure was confirmed using 

selected local area diffraction (SAED and corresponding azimuthal integral SAED. 

 

 

B: Detailed investigations of nano/microfibers in form of fibrous mats and 

cotton-like aerogels for special technical applications 

 

Needle-less electrospinning stands as a versatile technique for the fabrication 

of a diverse array of nano/microfibers, encompassing polymers, ceramics, 

composites, and carbonaceous materials. These fibers, typically exhibiting 

diameters within the submicron range (predominantly 50-700 nm), are 

distinguished by their unique one-dimensional (1D) morphology and 

Ti                           Nb                           V 

Ta Zr Hf 

N 
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exceptional functional attributes. Research endeavors in this domain are 

primarily directed towards the synthesis and in-depth investigation of ceramic 

fibers tailored for a broad spectrum of functional applications. This includes, 

but is not limited to, advanced gas sensors, next-generation Li-ion and Li-S 

batteries, and high-efficiency photocatalysts. Furthermore, their potential as 

reinforcing fillers in ceramic matrix composites for structural applications is 

being rigorously explored. For instance, TiO2 nanofibers and nanofibrous 

membranes have demonstrated remarkable efficacy in the photocatalytic 

decontamination of wastewater, addressing critical environmental concerns. 

Similarly, Nb2O5 nanofibers are emerging as promising materials for energy 

storage applications, particularly in Li-S batteries, offering a pathway towards 

more sustainable energy solutions. A significant portion of the studied fibers 

are derived from synthetic polymers and commercially available ceramic 

precursors, providing a reliable foundation for material development. However, 

the pursuit of sustainability and resource efficiency has spurred investigations 

into alternative feedstocks. Moreover, a growing emphasis is placed on the 

integration of green approaches, particularly metal recycling, to minimize waste 

and promote a circular economy. In this context, ZnO and CuO fibers have been 

successfully synthesized from solutions obtained through the 

hydrometallurgical treatment of industrial waste streams. The production of 

electrospun ZnO fibers from waste products is particularly significant, as it 

facilitates the acquisition of low-cost input materials while simultaneously 

mitigating environmental pollution and creating value-added products.  

 

CƛƎǳǊŜǎΥ {ŎƘŜƳŜ ƻŦ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻǎǇƛƴƴƛƴƎ ǇŀǊŀƳŜǘŜǊǎ ƻƴ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ 
ƻŦ ǘƘŜ Ŧƛƴŀƭ ǇǊƻŘǳŎǘΦ Zinc oxide and ƴƛƻōƛǳƳ ƻȄƛŘŜ fibers ŦƻǊ ŀǇǇƭƛŎŀǘƛƻƴǎ ƛƴ 

ǇƘƻǘƻŎŀǘŀƭȅǘƛŎ ǿŀǘŜǊ ǊŜƳŜŘƛŀǘƛƻƴ ŀƴŘ [ƛ-ƛƻƴ ŀƴŘ [ƛ-{ ōŀǘǘŜǊƛŜǎΦ 
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        Division of Functional and Hybrid Systems 
 

IŜŀŘΥ  
Ing. Ľubomír Medvecký, DrSc. 
9-ƳŀƛƭΥ ƭƳŜŘǾŜŎƪȅϪǎŀǎƪŜΦǎƪ 

tƘƻƴŜΥ Ҍпнм-рр-тфннпрмΣ 
              Ҍпнм-рр-тфннпсл 

 

aŜƳōŜǊǎΥ 
LƴƎΦ /ȅǊƛƭ .ŜǊŀΣ tƘ5Φ 
wb5ǊΦ ½ǳȊŀƴŀ .ƛǊőłƪƻǾłΣ tƘ5Φ 
wb5ǊΦ IŜƭŜƴŀ .ǊǳƴŎƪƻǾłΣ tƘ5Φ 
LƴƎΦ wŀŘƻǾŀƴ .ǳǊŜǑΣ /{ŎΦ 
LƴƎΦ ałǊƛŀ CłōŜǊƻǾł 

a±5ǊΦ ałǊƛŀ DƛǊŜǘƻǾłΣ tƘ5Φ 
wb5ǊΦ !ƭŜȄŀƴŘǊŀ DǳōƽƻǾłΣ tƘ5Φ 
LƴƎΦ 5ŀƎƳŀǊ WŀƪǳōŞŎȊȅƻǾłΣ /{ŎΦ 
wb5ǊΦ ±ƭŀŘƛƳƝǊ YƻǾŀƯΣ 5Ǌ{ŎΦ  
wb5ǊΦ aƛǊƛŀƳ YǳǇƪƻǾłΣ /{ŎΦ  
wb5ǊΦ Włƴ aƛƘŀƭƛƪ  
a{ŎΦ ±ŀǎƛƭȅ aƛƭȅǳǘƛƴΣ tƘ5Φ  
wb5ǊΦ ¢ƛōƻǊ {ƻǇőłƪΣ tƘ5Φ 
wb5ǊΦ aŀƎŘŀƭŞƴŀ {ǘǊŜőƪƻǾłΣ tƘ5Φ  
LƴƎΦ WǳǊŀƧ {ȊŀōƽΣ tƘ5Φ  
LƴƎΦ wŀŘƻǎƭŀǾŀ ~ǘǳƭŀƧǘŜǊƻǾłΣ tƘ5Φ  
 

tƘ5 ǎǘǳŘŜƴǘǎΥ 
LƴƎΦ ±ƭŀŘȅǎƭŀǾ Yƻǎǘƛǳƪ 

LƴƎΦ {ƻǳƴŘŀǊƛȅŀ wŀǾƛ 
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Characteristic of the division 
 

A: Research and development of new and modified biomaterial systems for 
the regeneration of hard and soft tissues 

 

ω tǊŜǇŀǊŀǘƛƻƴ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ŎŀƭŎƛǳƳ ǇƘƻǎǇƘŀǘŜ-

ōŀǎŜŘ ōƛƻŎŜƳŜƴǘ ǎȅǎǘŜƳǎΦ 
 

ω Lƴ ǾƛǘǊƻ ŎȅǘƻǘƻȄƛŎƛǘȅ ǘŜǎǘƛƴƎ ŀƴŘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǎŜƭŜŎǘŜŘ ǎǇŜŎƛŦƛŎ ƳŀǊƪŜǊǎ 
ŎƘŀǊŀŎǘŜǊƛȊƛƴƎ ǘƘŜ ōƛƻƭƻƎƛŎŀƭ ŀŎǘƛǾƛǘȅ ƻŦ ŎŜƭƭǎ ƛƴ ŎƻƴǘŀŎǘ ǿƛǘƘ ōƛƻƳŀǘŜǊƛŀƭǎΦ 
 

ω 5ŜǾŜƭƻǇŜŘ ƴŜǿ ŎƻƳǇƻǎƛǘŜ ōƛƻŎŜƳŜƴǘ ǎȅǎǘŜƳǎ ǿƛǘƘ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ŀƴ ŀƳƛƴƻ 
ŀŎƛŘ ŎƻƳǇƻƴŜƴǘ ǎǳǇǇƻǊǘƛƴƎ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ŀƴŘ ƎǊƻǿǘƘ ƻŦ ŎŀǊǘƛƭŀƎŜ ǘƛǎǎǳŜΤ 
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ǎǳŎŎŜǎǎŦǳƭƭȅ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ŀǊǘƛŦƛŎƛŀƭƭȅ ŎǊŜŀǘŜŘ ƻǎǘŜƻŎƘƻƴŘǊŀƭ 
ŘŜŦŜŎǘǎ ƛƴ ƛƴ ǾƛǾƻ ŀƴƛƳŀƭ ƳƻŘŜƭǎΦ 
 

CƛƎǳǊŜǎΥ aŀŎǊƻǎŎƻǇƛŎΣ awL ŀƴŘ /¢ ŜǾŀƭǳŀǘƛƻƴ ŀƴŘ ƘƛǎǘƻƭƻƎƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ƻǎǘŜƻŎƘƻƴŘǊŀƭ 
ŘŜŦŜŎǘ ǘƛǎǎǳŜ ǘǊŜŀǘŜŘ ǿƛǘƘ ōƛƻŎŜƳŜƴǘ ŀŦǘŜǊ мн ƳƻƴǘƘǎ ƻŦ ƘŜŀƭƛƴƎΤ {9a ƻōǎŜǊǾŀǘƛƻƴ ƻŦ 

ǎŜŜŘŜŘ ŎŜƭƭǎ ŀƴŘ ǎǘŀƛƴŜŘ ƭƛǾƛƴƎ ŎŜƭƭǎ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ōƛƻŎŜƳŜƴǘΤ ǳǇǊŜƎǳƭŀǘƛƻƴ ƻŦ 
ƻǎǘŜƻƎŜƴƛŎ ŎŜƭƭ ƳŀǊƪŜǊ ƎŜƴŜǎ ƛƴ ŜȄǘǊŀŎǘǎ ŦǊƻƳ ōƛƻŎŜƳŜƴǘǎ ŎƻƴǘŀƛƴƛƴƎ ŀƳƛƴƻ ŀŎƛŘǎΦ 

 

ω {ǘǳŘƛŜŘ ŀ ƴŜǿ ǎŜǘǘƛƴƎ ƳŜǘƘƻŘ ƻŦ ŀ ōƛƻŎŜƳŜƴǘ ǎȅǎǘŜƳ ōŀǎŜŘ ƻƴ ŀ ǘŜǘǊŀŎŀƭŎƛǳƳ 
ǇƘƻǎǇƘŀǘŜκƳƻƴŜǘƛǘŜ ƳƛȄǘǳǊŜ ǳǎƛƴƎ ŜƴȊȅƳŀǘƛŎ ǊŜƭŜŀǎŜ ƻŦ ƛƴƻǊƎŀƴƛŎ ǇƘƻǎǇƘŀǘŜǎ 
ƻǊƛƎƛƴŀǘŜŘ ŦǊƻƳ ŀ ƴŀǘǳǊŀƭ ƻǊƎŀƴƛŎ ǎƻǳǊŎŜ όǇƘȅǘƛŎ ŀŎƛŘύ ς ŎƻƴŦƛǊƳŜŘ ǎǘƛƳǳƭŀǘƛƻƴ ƻŦ 
ƻǎǘŜƻƎŜƴƛŎ ŀŎǘƛǾƛǘȅ ƻŦ ŎŜƭƭǎΦ 
 

CƛƎǳǊŜǎΥ  wŜƎǳƭŀǘƛƻƴ ƻŦ ǎŜǘǘƛƴƎ ǘƛƳŜ ƻŦ ŜƴȊȅƳŀǘƛŎŀƭƭȅ ƘŀǊŘŜƴŜŘ ōƛƻŎŜƳŜƴǘ ǎȅǎǘŜƳǎ ǳǎƛƴƎ 
ŜƴȊȅƳŀǘƛŎ ƘȅŘǊƻƭȅǎƛǎ ƻŦ ǇƘȅǘƛŎ ŀŎƛŘΤ ǎǘƛƳǳƭŀǘƛƻƴ ƻŦ ƻǎǘŜƻōƭŀǎǘƛŎ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ƻŦ 

ƳŜǎŜƴŎƘȅƳŀƭ ŎŜƭƭǎ όa{/ǎύ ƛƴ ŜȄǘǊŀŎǘǎ ƻŦ ōƛƻŎŜƳŜƴǘ ǎȅǎǘŜƳǎΦ 
 

ω 5ŜƳƻƴǎǘǊŀǘŜŘ ǎǘǊƻƴƎ ƻǎǘŜƻƎŜƴƛŎ ǇƻǘŜƴǘƛŀƭ ƻŦ ŀ ƴŜǿ ōƛƻŎŜƳŜƴǘ ŎƻƳǇƻǎƛǘŜ 
ŎƻƴǘŀƛƴƛƴƎ ŀ ǎƻƭǳōƭŜ ŎŀƭŎƛǳƳ ǎǳƭŦŀǘŜ ƘŜƳƛƘȅŘǊŀǘŜ ŎƻƳǇƻƴŜƴǘ ŀǎ ŀ ǎƻǳǊŎŜ ƻŦ 
ŎŀƭŎƛǳƳ ƛƻƴǎ ǎǳǇǇƻǊǘƛƴƎ ƻǎǘŜƻōƭŀǎǘ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ŦƻǊ ŜƴƘŀƴŎƛƴƎ ǘƘŜƛǊ ŀŎǘƛǾƛǘȅ 
ŘǳǊƛƴƎ ōƻƴŜ ǘƛǎǎǳŜ ŦƻǊƳŀǘƛƻƴΦ 
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CƛƎǳǊŜΥ wŜƭŀǘƛǾŜ ŎƻƴǘŜƴǘ ƻŦ ǎǇŜŎƛŦƛŎ ƳŀǊƪŜǊǎ ŀƴŘ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ŎƻƭƭŀƎŜƴ L ό/h[мύΣ 
ƻǎǘŜƻŎŀƭŎƛƴ όh/bύΣ ƻǎǘŜƻƴŜŎǘƛƴ όhbύΣ ƻǎǘŜƻǇƛƴǘƛƴ όhtύ ŀƴŘ ŀƭƪŀƭƛƴŜ ǇƘƻǎǇƘŀǘŀǎŜ ό![tύ 
ƎŜƴŜǎ ƛƴ a{/ǎ ŎǳƭǘǳǊŜŘ ŦƻǊ т ŀƴŘ мп Řŀȅǎ ƛƴ ŜȄǘǊŀŎǘǎ ŎƻƴŦƛǊƳƛƴƎ  ƛƴŎǊŜŀǎŜŘ ƻǎǘŜƻƎŜƴƛŎ 

ŀŎǘƛǾƛǘȅ ƻŦ ŎŜƭƭǎ ŀŦǘŜǊ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ŎŀƭŎƛǳƳ ǎǳƭŦŀǘŜ ƘŜƳƛƘȅŘǊŀǘŜ ǘƻ ōƛƻŎŜƳŜƴǘΦ 
 

ω tǊŜǇŀǊŀǘƛƻƴ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ŀ ŎƻƳǇƻǎƛǘŜ ōƛƻŎŜƳŜƴǘ 
ǎȅǎǘŜƳ ŎƻƴǘŀƛƴƛƴƎ ƘƻƴŜȅ ŀǎ ŀ ƴŀǘǳǊŀƭ ŀŘŘƛǘƛǾŜ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ŀƴǘƛƳƛŎǊƻōƛŀƭΣ 
ŀƴǘƛƻȄƛŘŀƴǘ ŀƴŘ ƻǎǘŜƻƎŜƴƛŎ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ŎƻƳǇƻǎƛǘŜΦ 
 

 

 

 

 

 

 

 

 

 

CƛƎǳǊŜǎΥ {ƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜ ƛƴ ŦǊŜŜ ǊŀŘƛŎŀƭ ǎŎŀǾŜƴƎƛƴƎ ŀŎǘƛǾƛǘȅ ŀƴŘ ŀƴǘƛƻȄƛŘŀƴǘ ŀŎǘƛǾƛǘȅ 
ό¢!/ύ ƻŦ ŜȄǘǊŀŎǘǎ ŦǊƻƳ ōƛƻŎŜƳŜƴǘǎ ǿƛǘƘ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ōŜŜ ƘƻƴŜȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 

ŜȄǘǊŀŎǘƛƻƴ ǘƛƳŜΤ ƳƻǊǇƘƻƭƻƎȅ ƻŦ ƴŀƴƻƘȅŘǊƻȄȅŀǇŀǘƛǘŜ ǇŀǊǘƛŎƭŜǎ ƛƴ ƘŀǊŘŜƴŜŘ ōƛƻŎŜƳŜƴǘǎ 
ŀŦǘŜǊ т Řŀȅǎ ƻŦ ǎƻŀƪƛƴƎ ŀǘ от ϲ/ ƛƴ ŀ ǎƛƳǳƭŀǘŜŘ ōƻŘȅ ŦƭǳƛŘ ǎƻƭǳǘƛƻƴΦ 

 

 

ω 5ŜǾŜƭƻǇŜŘ ǎȅƴǘƘŜǎƛǎ ƳŜǘƘƻŘ ŀƴŘ ŀƴŀƭȅȊŜŘ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ŎƻƳǇƻǎƛǘŜ 
ōƛƻŎŜƳŜƴǘǎ ŎƻƴǘŀƛƴƛƴƎ ƎƭȅŎŜǊƻƭκŎƛǘǊŀǘŜ ŎƻƳǇƻƴŜƴǘ ƛƳǇǊƻǾƛƴƎ ƳŜŎƘŀƴƛŎŀƭ 
ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳΦ 
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ω 5ŜǾŜƭƻǇŜŘ ƛƴƧŜŎǘŀōƭŜ ŦƻǊƳǎ ƻŦ ŎŀƭŎƛǳƳ ǇƘƻǎǇƘŀǘŜ ōƛƻŎŜƳŜƴǘǎ ŎƻƴǘŀƛƴƛƴƎ ŀ 
ƴŀǘǳǊŀƭ ǇǊƻǘŜƛƴ ŎƻƳǇƻƴŜƴǘ όŦƛōǊƻƛƴύΦ 
 

ω /Ƙƛǘƻǎŀƴ-ōŀǎŜŘ ōƛƻǇƻƭȅƳŜǊ ǎȅǎǘŜƳǎ ǿƛǘƘ ŜȄŎŜƭƭŜƴǘ ǇǊƻǇŜǊǘƛŜǎ ǎǳƛǘŀōƭŜ ŦƻǊ ǎƪƛƴ 
ŀƴŘ ǎƪƛƴ ǿƻǳƴŘ ǊŜƎŜƴŜǊŀǘƛƻƴ ŀǇǇƭƛŜŘ ƛƴ ŀƴ ƛƴ ǾƛǾƻ ŀƴƛƳŀƭ ƳƻŘŜƭΦ 
 

CƛƎǳǊŜǎΥ aŀŎǊƻǎŎƻǇƛŎ ƛƳŀƎŜ ŀƴŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ ǇǊŜǇŀǊŜŘ ŎƻƳǇƻǎƛǘŜ 
ōƛƻǇƻƭȅƳŜǊ ǎǳōǎǘǊŀǘŜǎ ŘƻŎǳƳŜƴǘƛƴƎ ƘƛƎƘ ǇƻǊƻǎƛǘȅ ŀƴŘ ŦƛōǊƻǳǎ ƳƻǊǇƘƻƭƻƎȅ 

ƻŦ ǇƻƭȅƳŜǊƛŎ ŎƻƳǇƻƴŜƴǘǎΦ 
 

 

B: Preparation, characterization and application of compacted soft magnetic 
composites 

 

{ƻŦǘ ƳŀƎƴŜǘƛŎ ŎƻƳǇƻǎƛǘŜǎ ǇǊŜǇŀǊŜŘ ŦǊƻƳ ǇƻǿŘŜǊŜŘ ŦŜǊǊƻƳŀƎƴŜǘƛŎ ǇŀǊǘƛŎƭŜǎ 
ƛǎƻƭŀǘŜŘ ōȅ ŀ ǘƘƛƴ ƭŀȅŜǊ ƻŦ ŘƛŜƭŜŎǘǊƛŎ ƳŀǘŜǊƛŀƭ ŀǊŜ ƴƻǿŀŘŀȅǎ ǎƻǳƎƘǘ ŀŦǘŜǊ ŦƻǊ ǘƘŜ 
ǇǳǊǇƻǎŜ ƻŦ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǘƘǊŜŜ-ŘƛƳŜƴǎƛƻƴŀƭ όƳƛƴƛŀǘǳǊƛȊŜŘύ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ 
ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ƘƛƎƘ ŦǊŜǉǳŜƴŎƛŜǎ ƛƴ ŀƴ ŀƭǘŜǊƴŀǘƛƴƎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘΦ ¢ƘŜ 
ŘŜŎƛǎƛǾŜ ǇŀǊŀƳŜǘŜǊ ƛǎ ǘƘŜ ǇǊŜǇŀǊŀǘƛƻƴ ƻŦ ŀ ƘƻƳƻƎŜƴŜƻǳǎ ŀƴŘ ƘƛƎƘƭȅ ŀŘƘŜǎƛǾŜ 
ŎƻŀǘƛƴƎ ǘƘŀǘ ǿƛƭƭ ŜƴǎǳǊŜ ƘƛƎƘ ǾŀƭǳŜǎ ƻŦ ǎǇŜŎƛŦƛŎ ŜƭŜŎǘǊƛŎŀƭ ǊŜǎƛǎǘŀƴŎŜ ŀƴŘ 
ǇŜǊƳŜŀōƛƭƛǘȅΦ 
 

ω  ¢ƘŜ ǇǊƛƳŀǊȅ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ŎƻƳǇƻǎƛǘŜǎ ŀǊŜ ŦŜǊǊƻƳŀƎƴŜǘƛŎ ƳŜǘŀƭǎ CŜΣ /ƻΣ 
bƛ ŀƴŘ ǘƘŜƛǊ ŀƭƭƻȅǎΦ ¢ƘŜ ǎŜŎƻƴŘŀǊȅ ŜƭŜŎǘǊƛŎŀƭ ƛƴǎǳƭŀǘƛƻƴ ŎƻƳǇƻƴŜƴǘ ƛǎ ŘƛǎǘǊƛōǳǘŜŘ 
ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŀ ǘƘƛƴ ƭŀȅŜǊ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ŦŜǊǊƻƳŀƎƴŜǘƛŎ ǇƻǿŘŜǊ ǇŀǊǘƛŎƭŜǎΦ 
.ȅ ǇǊŜǎǎƛƴƎ ŀƴŘ ƘŜŀǘ ǘǊŜŀǘƳŜƴǘΣ ŀ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ ŀ Ŏƻƴǘƛƴǳƻǳǎ ŜƭŜŎǘǊƛŎŀƭ 
ƛƴǎǳƭŀǘƛƻƴ ƴŜǘǿƻǊƪ ƛǎ ŎǊŜŀǘŜŘ ƛƴ ǘƘŜ ŦŜǊǊƻƳŀƎƴŜǘƛŎ ƳŀǘǊƛȄΦ ¢ƘŜ Ƴŀƛƴ ƛŘŜŀ ƛǎ ǘƻ 
ƳƛƴƛƳƛȊŜ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ŜŘŘȅ ŎǳǊǊŜƴǘǎ ƛƴ ŀƴ ŀƭǘŜǊƴŀǘƛƴƎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ǿƛǘƘ ŀ 
ƘƛƎƘŜǊ ǘƘŀƴ ƛƴŘǳǎǘǊƛŀƭ ŦǊŜǉǳŜƴŎȅΦ 
 

ω  /ƻƳǇƻǎƛǘŜǎ Ŏƻƴǎƛǎǘ ƻŦ Ƴǳǘǳŀƭƭȅ ŜƭŜŎǘǊƛŎŀƭƭȅ ƛǎƻƭŀǘŜŘ ƳŀƎƴŜǘƛŎ ǇŀǊǘƛŎƭŜǎΣ ƻŦŦŜǊ 
ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ ŜƴŜǊƎȅ ƭƻǎǎŜǎ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ ƳŜŘƛǳƳ-ƘƛƎƘ ŀƴŘ ƘƛƎƘŜǊ 
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ƳŀƎƴŜǘƛȊŀǘƛƻƴ ŦǊŜǉǳŜƴŎƛŜǎ ŘǳŜ ǘƻ ƭƻǿ ŜŘŘȅ ŎǳǊǊŜƴǘ ƭƻǎǎŜǎ όǘƘŜ ƛƴǎǳƭŀǘƛƴƎ ƭŀȅŜǊ 
ōŜǘǿŜŜƴ ƛƴŘƛǾƛŘǳŀƭ ƳŀƎƴŜǘƛŎ ǇŀǊǘƛŎƭŜǎ ŜƴǎǳǊŜǎ ƳƛƴƛƳŀƭ ǇŀǘƘǎ ŦƻǊ ŜŘŘȅ 
ŎǳǊǊŜƴǘǎύΣ ǊŜƭŀǘƛǾŜƭȅ ƘƛƎƘ ǎŀǘǳǊŀǘƛƻƴ ƳŀƎƴŜǘƛŎ ƛƴŘǳŎǘƛƻƴΣ ƛǎƻǘǊƻǇƛŎ ōŜƘŀǾƛƻǊ ƻŦ 
ǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ŀƴŘ ǿƛŘŜ ǇƻǎǎƛōƛƭƛǘƛŜǎ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻŦ о5 ŎƻƳǇƻƴŜƴǘǎ 
ǳǎƛƴƎ ǇƻǿŘŜǊ ƳŜǘŀƭƭǳǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CƛƎǳǊŜǎΥ  tǊŜǇŀǊŀǘƛƻƴ ƻŦ ǇƻǿŘŜǊ ŎƻƳǇƻǎƛǘŜΦ 
 

ω  /ƻƳǇƻǎƛǘŜǎ Ŏƻƴǎƛǎǘ ƻŦ Ƴǳǘǳŀƭƭȅ ŜƭŜŎǘǊƛŎŀƭƭȅ ƛǎƻƭŀǘŜŘ ƳŀƎƴŜǘƛŎ ǇŀǊǘƛŎƭŜǎΣ ƻŦŦŜǊ 
ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ ŜƴŜǊƎȅ ƭƻǎǎŜǎ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ ƳŜŘƛǳƳ-ƘƛƎƘ ŀƴŘ ƘƛƎƘŜǊ 
ƳŀƎƴŜǘƛȊŀǘƛƻƴ ŦǊŜǉǳŜƴŎƛŜǎ ŘǳŜ ǘƻ ƭƻǿ ŜŘŘȅ ŎǳǊǊŜƴǘ ƭƻǎǎŜǎ όǘƘŜ ƛƴǎǳƭŀǘƛƴƎ ƭŀȅŜǊ 
ōŜǘǿŜŜƴ ƛƴŘƛǾƛŘǳŀƭ ƳŀƎƴŜǘƛŎ ǇŀǊǘƛŎƭŜǎ ŜƴǎǳǊŜǎ ƳƛƴƛƳŀƭ ǇŀǘƘǎ ŦƻǊ ŜŘŘȅ 
ŎǳǊǊŜƴǘǎύΣ ǊŜƭŀǘƛǾŜƭȅ ƘƛƎƘ ǎŀǘǳǊŀǘƛƻƴ ƳŀƎƴŜǘƛŎ ƛƴŘǳŎǘƛƻƴΣ ƛǎƻǘǊƻǇƛŎ ōŜƘŀǾƛƻǊ ƻŦ 
ǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ŀƴŘ ǿƛŘŜ ǇƻǎǎƛōƛƭƛǘƛŜǎ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻŦ о5 ŎƻƳǇƻƴŜƴǘǎ 
ǳǎƛƴƎ ǇƻǿŘŜǊ ƳŜǘŀƭƭǳǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ 

 

ω  !ǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ŎƻƳǇŀŎǘŜŘ ƳŀƎƴŜǘƛŎŀƭƭȅ ǎƻŦǘ ŎƻƳǇƻǎƛǘŜǎ ŀǊŜ ƛƴ ǘƘŜ ŦƛŜƭŘ ƻŦ 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƘƛƎƘ-ŦǊŜǉǳŜƴŎȅ Ƴǳƭǘƛ-ǇƻƭŜ ŜƭŜŎǘǊƛŎ ƳƻǘƻǊǎΣ ƘƛƎƘ-ŦǊŜǉǳŜƴŎȅ 
ƛƴŘǳŎǘƻǊǎΣ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǎƘƛŜƭŘƛƴƎΣ ŜǘŎΦ 
 

CƻŎǳǎ ƻƴ ǘƘǊŜŜ ǘȅǇŜǎ ƻŦ ŎƻŀǘƛƴƎǎΥ ƻǊƎŀƴƛŎΣ ƛƴƻǊƎŀƴƛŎ ŀƴŘ ƘȅōǊƛŘΦ 
 

hǊƎŀƴƛŎ ŎƻŀǘƛƴƎǎ ŀǊŜ ǎȅƴǘƘŜǎƛȊŜŘ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ǇƘŜƴƻƭ ŦƻǊƳŀƭŘŜƘȅŘŜ ǊŜǎƛƴǎΣ 
ƛƴƻǊƎŀƴƛŎ ŎƻŀǘƛƴƎǎ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ŦŜǊǊƛǘŜǎ ǿƛǘƘ ŀ ǎǇƛƴŜƭ ǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ƘȅōǊƛŘ 
ŎƻŀǘƛƴƎǎ Ŏƻƴǎƛǎǘ ƻŦ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊŜǾƛƻǳǎ ǘǿƻ ǘȅǇŜǎ ƛƴ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ 
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ǊŀǘƛƻΦ 
tǊŜǇŀǊŀǘƛƻƴ ƻŦ ǇƻǿŘŜǊ ƳŀǘŜǊƛŀƭǎΥ 

 tƻǿŘŜǊŜŘ ƳŜǘŀƭΣ ƴƻƴ-ƳŜǘŀƭΣ ŎƻƳǇƻǎƛǘŜ ŀƴŘ ƘȅōǊƛŘ ƳŀǘŜǊƛŀƭǎ ƛƴǘŜƴŘŜŘ 
ŦƻǊ ǇǊƻŎŜǎǎƛƴƎ ōȅ ŎƻƳǇŀŎǘƛƻƴ ƻǊ ŦƻǊ ǳǎŜ ƛƴ ǇƻǿŘŜǊ ŦƻǊƳΦ 

 aŜŎƘŀƴƛŎŀƭ ƳŜǘƘƻŘǎ ƻŦ ŀƭƭƻȅƛƴƎΣ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ǇŀǊǘƛŎƭŜ ǎƛȊŜ ŀƴŘ 
ǎƘŀǇŜΣ ƳŜŎƘŀƴƻǎȅƴǘƘŜǎƛǎΣ ŎƻŀǘƛƴƎ ƻŦ ǇƻǿŘŜǊ ǇŀǊǘƛŎƭŜǎΣ 
ƘƻƳƻƎŜƴƛȊŀǘƛƻƴ ƻŦ ǇƻǿŘŜǊ ƳƛȄǘǳǊŜǎΦ 

 5ŜŀƎƎƭƻƳŜǊŀǘƛƻƴ ŀƴŘ ƘƻƳƻƎŜƴƛȊŀǘƛƻƴ ƻŦ ǇƻǿŘŜǊ ŀƴŘ ƭƛǉǳƛŘ ƳƛȄǘǳǊŜǎ 
ōȅ ǊŜǎƻƴŀƴǘ ŀŎƻǳǎǘƛŎ ƳƛȄƛƴƎΣ ǳƭǘǊŀǎƻƴƛŎ ƘƻƳƻƎŜƴƛȊŜǊΦ 
 

/ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǇƻǿŘŜǊ ƳŀǘŜǊƛŀƭǎΥ 
 5Ŝƴǎƛǘȅ ƻŦ ǇƻǿŘŜǊΣ ƭƛǉǳƛŘ ŀƴŘ ŎƻƳǇŀŎǘŜŘ ƳŀǘŜǊƛŀƭǎ ōȅ ƳǳƭǘƛǇƭŜ 

ǿŜƛƎƘƛƴƎ ƳŜǘƘƻŘ ό!ǊŎƘƛƳŜŘŜǎ ƳŜǘƘƻŘύ ŀƴŘ ƘŜƭƛǳƳ ǇȅŎƴƻƳŜǘǊȅΦ 
 {ƛȊŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǇƻǿŘŜǊ ǇŀǊǘƛŎƭŜǎ ōȅ ƭŀǎŜǊ ŘƛŦŦǊŀŎǘƛƻƴ ƳŜǘƘƻŘ ŀƴŘ 

ǎƛŜǾƛƴƎ ƳƻƴƛǘƻǊƛƴƎ ƳŜǘƘƻŘ ƻŦ ǇƻǿŘŜǊ ƳŀǘŜǊƛŀƭǎΦ 
 vǳŀƭƛǘŀǘƛǾŜ ŀƴŘ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǎƘŀǇŜ ŀƴŘ ǎǳǊŦŀŎŜ 

ƳƻǊǇƘƻƭƻƎȅ ƻŦ ǇƻǿŘŜǊ ǇŀǊǘƛŎƭŜǎ ōȅ ƻǇǘƛŎŀƭ ŀƴŘ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ 
ƳŜǘƘƻŘǎΦ 

 !ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŎƻƳǇǊŜǎǎƛōƛƭƛǘȅ ƻŦ ǇƻǿŘŜǊ ƳŀǘŜǊƛŀƭǎΣ ŎƻƳǇǊŜǎǎƛƻƴ 
ŎǳǊǾŜǎ ƻŦ ǇƻǿŘŜǊ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ƳƛȄǘǳǊŜǎΦ 

 !ƴŀƭȅǎƛǎ ƻŦ ǎƛƴǘŜǊŀōƛƭƛǘȅ ƻŦ ǇƻǿŘŜǊ ƳŀǘŜǊƛŀƭǎΣ ǎƛƴǘŜǊƛƴƎ ƪƛƴŜǘƛŎǎΦ 
 

tǊƻƎǊŜǎǎƛǾŜ ƳŜǘƘƻŘǎ ƻŦ ŎƻƳǇŀŎǘƛƻƴ ƻŦ ǇƻǿŘŜǊ ƳŀǘŜǊƛŀƭǎΥ 
 ¦ƴƛŀȄƛŀƭ ŎƻƭŘ ŀƴŘ Ƙƻǘ ǇǊŜǎǎƛƴƎΦ 
 {ƛƴǘŜǊƛƴƎ ōȅ ŦƻŎǳǎŜŘ ŀƴŘ ŘƛŦŦǳǎŜŘ ƳƛŎǊƻǿŀǾŜ ǊŀŘƛŀǘƛƻƴ ƻǊ ǘǊŀŘƛǘƛƻƴŀƭ 

ƘŜŀǘƛƴƎΦ 
 IŜŀǘ ǘǊŜŀǘƳŜƴǘ ƻŦ ǇƻǿŘŜǊ ŀƴŘ ŎƻƳǇŀŎǘŜŘ ƳŀǘŜǊƛŀƭǎ ōȅ ƳƛŎǊƻǿŀǾŜ 

ƘŜŀǘƛƴƎΦ 
 wŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǇǊƻƎǊŜǎǎƛǾŜ ƳŜǘƘƻŘǎ ƻŦ ŎƻƳǇŀŎǘƛƻƴ ƻŦ 

ǇƻǿŘŜǊ ƳŀǘŜǊƛŀƭǎ - ǾŀŎǳǳƳ ǎƛƴǘŜǊƛƴƎΣ ƛǎƻǎǘŀǘƛŎ ǇǊŜǎǎƛƴƎΣ ǇƭŀǎƳŀ 
ŘƛǎŎƘŀǊƎŜ ǎƛƴǘŜǊƛƴƎΣ ƳƛŎǊƻǿŀǾŜ ǎƛƴǘŜǊƛƴƎΣ ǇƻǿŘŜǊ ŘŜǇƻǎƛǘƛƻƴΣ ŀŘŘƛǘƛǾŜ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ 
 

C: Ferroelectric and multiferroic  materials, dielectrics for energy storage  
 

 9ƭŜŎǘǊƻ- ŀƴŘ ƳŀƎƴŜǘƻ-ŀŎǘƛǾŜ ƳŀǘŜǊƛŀƭǎ ǿƛǘƘ 
ƘȅǎǘŜǊŜǘƛŎ ǊŜǎǇƻƴǎŜ ǘƻ ŜȄǘŜǊƴŀƭ ŦƛŜƭŘǎ 
όŜƭŜŎǘǊƛŎΣ ƳŀƎƴŜǘƛŎΣ ƳŜŎƘŀƴƛŎŀƭύΦ 
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ω  !ǇǇƭƛŎŀǘƛƻƴǎ ƛƴ ǎŜƴǎƻǊǎΣ ŀŎǘǳŀǘƻǊǎΣ  ŀŎŎŜƭŜǊƻƳŜǘŜǊǎΣ ŎƻƴǾŜǊǘŜǊǎΣ w!a 
ƳŜƳƻǊƛŜǎΣ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ŀƴŘ ŎƻƴǾŜǊǎƛƻƴΦ 

 

CƛƎǳǊŜΥ !ǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ŦŜǊǊƻŜƭŜŎǘǊƛŎ ŀƴŘ ƳǳƭǘƛŦŜǊǊƻƛŎ ƳŀǘŜǊƛŀƭǎ ƛƴ w!a ƳŜƳƻǊƛŜǎΦ 
 

 

ω CƻŎǳǎƛƴƎ ƻƴ ǇŜǊƻǾǎƪƛǘŜ ƻȄƛŘŜǎ ƻŦ ǘƘŜ ǘȅǇŜ tōό½ǊΣ¢ƛύhоΣ .ŀ¢ƛhоΣ  .ƛлΦрbŀлΦр¢ƛhоΣ 
.ƛCŜhоΣ ŀƴŘ ƭŀȅŜǊŜŘ ǎǘǊǳŎǘǳǊŜ !ǳǊƛǾƛƭƭƛǳǎ ǇƘŀǎŜǎΣ ǎǳŎƘ ŀǎ .ƛрCŜ¢ƛоhмрΦ 

  

CƛƎǳǊŜǎΥ aƛŎǊƻǎǘǊǳŎǘǳǊŜ όƭŜŦǘ ƛƳŀƎŜǎύ ŀƴŘ ŀǘƻƳƛŎ ǊŜǎƻƭǳǘƛƻƴ ¢9a ƛƳŀƎŜǎ όǊƛƎƘǘ ǎƛŘŜύ ƻŦ 
ǇŜǊƻǾǎƪƛǘŜ ŜƭŜŎǘǊƻŎŜǊŀƳƛŎǎ ό.ŀ¢ƛhоΣ .ƛCŜhоύ ŀƴŘ !ǳǊƛǾƛƭƭƛǳǎ-ǇƘŀǎŜ ŎŜǊŀƳƛŎǎ ό.ƛрCŜ¢ƛоhмрύΦ 
t-9 ƘȅǎǘŜǊŜǎƛǎ ƭƻƻǇǎ ƻŦ .ŀ¢ƛhо όƛƴ ǘƘŜ ƳƛŘŘƭŜΣ ǘƻǇύ ŀƴŘ ǇŜǊƻǾǎƪƛǘŜ ǳƴƛǘ ŎŜƭƭ όƛƴ ǘƘŜ ƳƛŘŘƭŜΣ 

ŘƻǿƴύΦ 
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D: Lanthanide-based luminescent materials 

 

ω  ϦDǊŜŜƴϦ ǎƻƭǾƻǘƘŜǊƳŀƭ ǎȅƴǘƘŜǎŜǎ ƻŦ ƴŀƴƻǇƻǿŘŜǊǎΣ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƪƴƻǿƭŜŘƎŜ 
ƛƴ ǘƘŜ ŦƛŜƭŘ ƻŦ ǇǊŜǇŀǊŀǘƛƻƴ ƻŦ ǘƘƛƴ ƭŀȅŜǊǎ ŀƴŘ ŦƛƭƳǎ ōŀǎŜŘ ƻƴ ƭŀƴǘƘŀƴƛŘŜ ŜƭŜƳŜƴǘǎ 
ό[ƴύ ŀǎ ǿŜƭƭ ŀǎ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ŦƻǊ ƛƴǾŜǎǘƛƎŀǘƛƴƎ 
ǘƘŜƛǊ ǇƘŀǎŜ ŎƻƳǇƻǎƛǘƛƻƴΣ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎΦ 
 

ω ϦaŜǘŀƭ-hǊƎŀƴƛŎ CǊŀƳŜǿƻǊƪϦ όahCύ ǇƻǊƻǳǎ ǇƻǿŘŜǊ ǇǊŜŎǳǊǎƻǊǎ ōŀǎŜŘ ƻƴ 
ƭŀƴǘƘŀƴƛŘŜǎ [ƴahC ό[ƴ Ґ 9ǳΣ DŘ ŀƴŘ ¢ōύΦ 
 

ω [ƴahCǎ ǿƛǘƘ ǊƻŘ-ǎƘŀǇŜŘ ǇŀǊǘƛŎƭŜǎ ǿƛǘƘ ŀ ǎƛȊŜ ƻŦ Ϥнл-млл ƴƳ ǊŜǇǊŜǎŜƴǘ ŀ 
ǘŜǘǊŀƎƻƴŀƭ /мнIнмhнп[ƴ ǎǘǊǳŎǘǳǊŜΣ ŎƻƳǇƻǎŜŘ ƻŦ [ƴоҌ Ŏŀǘƛƻƴǎ ŀƴŘ ƭƛƎŀƴŘǎ ƻŦ мΣоΣр-

ōŜƴȊŜƴŜǘǊƛŎŀǊōƻȄȅƭƛŎ ŀŎƛŘ ό.¢/ύΦ 
 

ω ¢ǊŀƴǎǇŀǊŜƴǘ ǇƻǊƻǳǎ [ƴahC ǘƘƛƴ ŦƛƭƳǎ ǿƛǘƘ ŀ ǘƘƛŎƪƴŜǎǎ ƻŦ Ϥнлл-рлл ƴƳ ǿŜǊŜ 
ǇǊŜǇŀǊŜŘ ŦǊƻƳ ŎƻƭƭƻƛŘŀƭ ǎƻƭǳǘƛƻƴǎ ƻŦ [ƴ-.¢/ ƴŀƴƻŎǊȅǎǘŀƭǎ ōȅ ǎǇƛƴ-ŎƻŀǘƛƴƎ ƻƴǘƻ 
tǘκ{ƛhнκ{ƛ ǎǳōǎǘǊŀǘŜǎ ŀƴŘ ŀƴƴŜŀƭƛƴƎ ŀǘ ул ϲ/Φ 
 

 

 
CƛƎǳǊŜΥ {ŎƘŜƳŀǘƛŎ ŘŜǇƛŎǘƛƻƴ ƻŦ ƘȅŘǊƻκǎƻƭǾƻǘƘŜǊƳŀƭ ƳŜǘƘƻŘ όƎǊŜŜƴ ǎȅƴǘƘŜǎƛǎύ ƻŦ 

[ƴahC ό[ƴ-.¢/ύ ǘƘƛƴ ŦƛƭƳǎ ƻƴ L¢h Ǝƭŀǎǎ ƻǊ tǘκ{ƛhнκ{ƛ ǎǳōǎǘǊŀǘŜǎΦ 
 

 

ω  5ŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ƭŀƴǘƘŀƴƛŘŜ ŎƻƳǇƻƴŜƴǘ ƛƴ ƛƴŘƛǾƛŘǳŀƭ Ƴƻƴƻ-Σ 
ōƛ- ŀƴŘ ǘǊƛ-ƭŀƴǘƘŀƴƛŘŜ ǎȅǎǘŜƳǎ ƻƴ ǘƘŜ ǇƘŀǎŜ ŎƻƳǇƻǎƛǘƛƻƴΣ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ 
ǘƻǇƻƎǊŀǇƘȅ ƻŦ ŦƛƭƳǎΦ 

 

ω  /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƭǳƳƛƴŜǎŎŜƴŎŜ ǇǊƻǇŜǊǘƛŜǎ ǳǎƛƴƎ ŜȄŎƛǘŀǘƛƻƴ ŀƴŘ ŜƳƛǎǎƛƻƴ 
ǎǇŜŎǘǊŀ ŀƴŘ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ƭǳƳƛƴŜǎŎŜƴŎŜ ŀƴŘ ǘƘŜ 
ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ ŦƛƭƳǎΦ 
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CƛƎǳǊŜǎΥ 5ŜǎƛƎƴΣ {9a ǎǳǊŦŀŎŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ !Ca ǘƻǇƻƎǊŀǇƘȅ ƻŦ 
9ǳлΦнрDŘлΦр¢ōлΦнрahC όDŘлΦрύ ǘƘƛƴ ŦƛƭƳ ƻƴ ǎƛƭƛŎƻƴ ǎǳōǎǘǊŀǘŜ ǿƛǘƘ {ƛhн ŀƴŘ tǘ ƛƴǘŜǊƭŀȅŜǊΣ 9ǳоҌ 

ŘŜŎŀȅ ǘƛƳŜ ŎǳǊǾŜǎ όύ ŦƻǊ ǘƘǊŜŜ ƭǳƳƛƴŜǎŎŜƴǘ 9ǳκDŘκ¢ō-ahC ŦƛƭƳǎΤ 9Ƴƛǎǎƛƻƴ ǎǇŜŎǘǊŀ ŦƻǊ 
ǘƘǊŜŜ ƳƛȄŜŘ [ƴahC ŦƛƭƳǎ ŀƴŘ ƛƭƭǳǎǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻƭƻǊ ŘƛŀƎǊŀƳ /L9 ŀƴŘ ŎƘǊƻƳŀǘƛŎƛǘȅ 

ŎƻƻǊŘƛƴŀǘŜǎ όȄΣ ȅύ ƻōǘŀƛƴŜŘ ŦƻǊ ŦƛƭƳǎΦ 
 

 

 

ω  5ŜǎƛƎƴ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘǊŜŜ ƴŜǿ ƳƛȄŜŘ ǿƘƛǘŜ ƭƛƎƘǘ ŜƳƛǘǘƛƴƎ ŦƛƭƳǎ ƛƴ ǘƘŜ 
ǘǊƛŎƘǊƻƳŀǘƛŎ 9ǳȄ¢ōȅDŘȊahC ǎȅǎǘŜƳ ό[ƴ Ґ 9ǳлΦнрDŘлΦр¢ōлΦнрΣ 9ǳлΦнрDŘлΦнр¢ōлΦр ŀƴŘ 
9ǳлΦрDŘлΦнр¢ōлΦнрύ ŦƻǊ [ƴahC ŦƛƭƳǎΣ ŘŜǎƛƎƴŀǘŜŘ ŀǎ DŘлΦрΣ ¢ōлΦр ŀƴŘ 9ǳлΦрΦ 
 

ω  9ǳоҌΣ ¢ōоҌ ŀƴŘ DŘоҌ ƛƻƴǎ ŜƳƛǘǘƛƴƎ ǊŜŘΣ ƎǊŜŜƴ ŀƴŘ ōƭǳŜ ƭƛƎƘǘ ǿŜǊŜ ƛƴŎƻǊǇƻǊŀǘŜŘ 
ƛƴǘƻ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ǎǘǊǳŎǘǳǊŜ όϦŀƴǘŜƴƴŀϦ ŜŦŦŜŎǘύ ǎƻ ǘƘŀǘ ƛǘ ǿŀǎ ŀōƭŜ ǘƻ ƎŜƴŜǊŀǘŜ 
ǿƘƛǘŜ ƭƛƎƘǘ όŎƘǊƻƳŀǘƛŎ ŎƻƻǊŘƛƴŀǘŜǎ Ȅ Ґ лΦооΤ ȅ Ґ лΦооύΦ 
 

ω  ¢ƘŜ 9ǳлΦр ŦƛƭƳ όȄ Ґ лΦнуΤ ȅ Ґ лΦонύ ǊŜǇǊŜǎŜƴǘǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŀǾŜǊŀƎŜ 
ƭƛŦŜǘƛƳŜ ό Ґ мΦмт Ƴǎύ ƻŦ ŜǳǊƻǇƛǳƳ ōȅ ƳƻǊŜ ǘƘŀƴ ŦƛǾŜŦƻƭŘ ŀƴŘ ŀƴ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ 
ǉǳŀƴǘǳƳ ŜŦŦƛŎƛŜƴŎȅ ōȅ млл҈Σ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ DŘлΦр ŦƛƭƳΦ 
 

ω  [ƴahC ǘƘƛƴ ŦƛƭƳǎ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ŀƛƳ ƻŦ ŜȄǇŀƴŘƛƴƎ ǘƘŜƛǊ ǇƻǘŜƴǘƛŀƭ 
ǳǎŜ ƛƴ ƭǳƳƛƴŜǎŎŜƴǘ ǎŜƴǎƻǊǎ ŀƴŘ [95 ŀǇǇƭƛŎŀǘƛƻƴǎΦ 
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E: Preparation of a new family of electrocatalysts with different morphologies 
for enhanced hydrogen and oxygen evolution reactions. 
 

! ƴŜǿ ŦŀƳƛƭȅ ƻŦ ŜƭŜŎǘǊƻŎŀǘŀƭȅǎǘǎ ǿŀǎ ǎȅƴǘƘŜǎƛȊŜŘ ǳǎƛƴƎ ŘƛŦŦŜǊŜƴǘ ƳŜǘƘƻŘǎΦ ¢ƘŜ 
ǳǎŜ ƻŦ ǳǎŜǊ-ŦǊƛŜƴŘƭȅ ǘŜŎƘƴƛǉǳŜǎ ǎǳŎƘ ŀǎ ŜƭŜŎǘǊƻǎǇƛƴƴƛƴƎ ƻǊ ǎǇǊŀȅ-ŘǊȅ ŀǘƻƳƛȊŀǘƛƻƴ 
ƭŜŘ ǘƻ ŘƛŦŦŜǊŜƴǘ ƳƻǊǇƘƻƭƻƎƛŜǎ ǿƛǘƘ ŀƴ ƛƴŎǊŜŀǎŜŘ ǎǳǊŦŀŎŜ ŀǊŜŀΣ ǇǊƻǾƛŘƛƴƎ ƳƻǊŜ 
ŀŎǘƛǾŜ ǎƛǘŜǎ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ŜƭŜŎǘǊƻƭȅǎƛǎ ƻŦ ǿŀǘŜǊ CƛƎмΦ ¢ƘŜ ƘȅŘǊƻƎŜƴ ŜǾƻƭǳǘƛƻƴ 
ŀƴŘ ƻȄȅƎŜƴ ŜǾƻƭǳǘƛƻƴ ŜŦŦƛŎƛŜƴŎƛŜǎ ǿŜǊŜ ǎǘǳŘƛŜŘ ǳǎƛƴƎ ǾƻƭǘŀƳƳŜǘǊƛŎ ǘŜŎƘƴƛǉǳŜǎ 
ǎǳŎƘ ŀǎ ŎȅŎƭƛŎ ǾƻƭǘŀƳƳŜǘǊȅ ŀƴŘ ƭƛƴŜŀǊ ǎǿŜŜǇ ǾƻƭǘŀƳƳŜǘǊȅΦ 9L{ ό9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ 
LƳǇŜŘŀƴŎŜ {ǇŜŎǘǊƻǎŎƻǇȅύ ŀƴŀƭȅǎƛǎ ǿŀǎ ŜƳǇƭƻȅŜŘ ŀǎ ŀ ǇǊƻƳƛǎƛƴƎ ǘƻƻƭ ǘƻ 
ŘŜǎŎǊƛōŜ ǘƘŜ ƪƛƴŜǘƛŎǎ ŀƴŘ ƳŜŎƘŀƴƛǎƳǎ ƻŦ Ǝŀǎ ŜǾƻƭǳǘƛƻƴ ƻƴ ŎŀǘŀƭȅǘƛŎ ǎǳǊŦŀŎŜǎΦ ¢ƘŜ 
Ƴŀƛƴ Ǝƻŀƭ ƻŦ ƻǳǊ ǿƻǊƪ ƛǎ ǘƻ ǇǊŜǇŀǊŜΣ ŎƘŀǊŀŎǘŜǊƛȊŜΣ ŀƴŘ ǎǘǳŘȅ ƛƴŜȄǇŜƴǎƛǾŜΣ ǎǘŀōƭŜΣ 
ŀƴŘ ŎŀǘŀƭȅǘƛŎ ƳŀǘŜǊƛŀƭǎ ŦƻǊ ƘȅŘǊƻƎŜƴ ǇǊƻŘǳŎǘƛƻƴ ŀǎ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ŦǳŜƭ ŦƻǊ ǘƘŜ 
ŦǳǘǳǊŜΦ 
 

 

 

 

 

 

 

 

 

 

Φ  
 

 

 

 

CƛƎǳǊŜǎΥ 5ƛŦŦŜǊŜƴǘ ŦƛōǊƻǳǎ ŀƴŘ ǎǇƘŜǊƛŎŀƭ ƳƻǊǇƘƻƭƻƎƛŜǎ ƻŦ ǘǊŀƴǎƛǘƛƻƴ ƳŜǘŀƭ ǇƘƻǎǇƘƛŘŜǎ 
ǇǊŜǇŀǊŜŘ ōȅ ƴŜŜŘƭŜ-ƭŜǎǎ ŜƭŜŎǘǊƻǎǇƛƴƴƛƴƎ ŀƴŘ ǎǇǊŀȅ-ŘǊȅƛƴƎ ƳŜǘƘƻŘǎΦ 

 

 

F: Optimization of synthesis and preparation methods for transition metal 
phosphides as efficient electrocatalysts.  
 

ω  9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭΣ ǎǘǊǳŎǘǳǊŀƭΣ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŀƴŘ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ŜǾŀƭǳŀǘƛƻƴ ƻŦ 
ǘƘŜ ƴŜǿ ŎŀǘŀƭȅǎǘǎΦ  
ω  9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǎǘŀōƛƭƛǘȅ ŀƴŘ ŘǳǊŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŎŀǘŀƭȅǎǘǎΦ 

Carbon fibres with Co lames Porous carbon fibres NiCoP fibres 

Carbon fibres with NiFeP 

particles 
MoFeCoP spheres NiCoP fibres   
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CƛƎǳǊŜǎΥ bƛ/ƻt ŦƛōŜǊǎ ŀǎ ŜƭŜŎǘǊƻŎŀǘŀƭȅǎǘ ŦƻǊ I9wΦ 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Di
vi

sio
n 

of
 Fu

n
ct

io
n

a
l 

a
n

d
 H

y
b

ri
d

 S
y

st
e

m
s 



47 
 

        Technical and Administrative Support 
 

Members: 

 

DŀōǊƛŜƭ .ŀǊƎŜǊ 

aŀǊŜƪ DƻƴŎ  
aƎǊΦ ałǊƛŀ IǊƛŎƻǾł  
LƴƎΦ aŀǊŜƪ YƻőƝƪ 

aƛǊƻǎƭŀǾ YǊőƳłǊƛƪ 

aƎǊΦ YŀǘŀǊƝƴŀ hƴŘǊŜƧƻǾł  
¢ŜǊŞȊƛŀ włŎƻǾł 

¢ƻƳłǑ {ŜŘƭłƪ 

Wŀƴŀ ¢ƻǊƪƻǑƻǾł  
 

LƴƎΦ ±ƭŀŘƛƳƝǊ Yŀǘŀƴŀ 

IŜƭŜƴŀ 2ŜǊǾŜƶłƪƻǾł  
!ƭȌōŜǘŀ IǊŜƘƻǊƻǾł 

LƴƎΦ YŀǊƻƭ YƻǾŀƯΣ tƘ5Φ 
wŀǎǘƛǎƭŀǾ aƻǘȇƯ 
WƻȊŜŦ bƻǾłƪ 

9Řƛǘŀ wƛŘŀǊőƛƪƻǾł 

~ǘŜŦŀƴ {ƛƭłŘƛ  
aŀǊǘƛƴ ~ǘƻŦőƝƪ 
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