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with contribution from LaPlas staff of National Research Nuclear University MEPhI  

(Moscow Engineering Physics Institute): 

 

Visgalov I.V. , Gutorov K.M., Sorokin I.A.,Tumarkin A. V., Kharkov M. M., Kolodko D. 

V., V. Berdnikova M. M., Mozgrin D. V., Pisarev A. A, Stepanova T. V, Borisyuk Y.V., 

Oreshnikova N.M 

 

and students  

 

Ageychenkov D. G. Drobinin V. E., Kozlova V V , Leonova K. A., Nenashev, N M. 

9th International Conference on Plasma Physics and Plasma Technology, PPPT-9»  

(Minsk, Belarus, 17-21, September 2018) 



Outline 

• Introduction 
          -  MEPhI University 
          -  LaPlas Institution 
          -  Plasma Physics Department + PSI&PT Laboratory 

• Self Oscillated  Secondary Electron Emission 
Discharge 

• Magnetron based technologies 
            - High-current impulse magnetron sputtering 
            - Magnetron sputtering from liquid target 

• Plasmas for surface modification 
             - Inductively-coupled plasma 
             - Plasma immersion ion implantation  
             - Pulsed periodic abnormal glow discharge with      
hollow cathode  

•   Conclusion 



3rd International school on Physics of Plasma Surface Interactions MEPhI 16-20July 2018 

hppt://plasma.mephi.ru 

+ Lab. on Plasma Surface Interactions and Plasma Technologies under supervision 

of Prof. S. Krasheninnikov (USA), now Dr.Zakharov L.E. (USA)  

 Conferences and schools: 
Bi-annual:  

• Int. Conf. on Ion Surface interactions (ISI) –the next in August 2019 

• Novel methods of plasma diagnostics  - the next 13-15 November 2018 

• Int. School on Physics of Plasma Surface Interactions  (in 2 years) 

Annual: 

• Plasma physics+ Laser & plasma technologies  - the next February 2019 

• Plasma surface interactions  - the next 24-25 January 2019 

 
Proceedings are published in indexed by Scopus /WoS  



Conclusion 

New type of gas discharges are found and investigated at 
MEPhI:  
• Self Oscillated  Secondary Electron Emission Discharge 
• High-current impulse magnetron Discharge (HCIMD) 
•              - Magnetron sputtering from liquid target 
• Pulsed Periodic Abnormal Glow Discharge with Hollow 

Cathode (PPAGDHC) 
 
It is shown that these discharges have technological potential 
for different tasks. 
 
Some known discharge plasma are used to obtain products 
with new specific properties. 
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Для LIBS:  
Igor Gurnushkin (BAM Federal Institute for 

Material Research and testing) Dinamical 

Chemical model of Laser Induced 

Plasma – пригласить на СМДП-2018 

Лабутин и Зайцев (МГУ) моделирование LIBS 

(c.71), регистрация молекул абляция метеоров 

FeO (астероидная опасность) с.279. с.372  

Существуют открытые базы данных NIST LIBS 

(National Institute of Standards and Technology) 

database –можно пользоваться! 

Alessandro De Giacomo (Univ. Bari, Italy) 

NELIBS Au наночастицы из за возб. плазмонов 

– многофотонная ионизация –многократно 

вырастает выход! (Progr.9)  in Spectrochimica 

Acta Part B Atomic Spectroscopy 148 · June 2018  

M.Tirtica (Белград) LIBS – new trends 

Vinca ins. of nuclear physics exp in Belgrad 

Ершов Павлов -Белю 
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PLASMA  APPLICATION  FOR CATALYST  PREPARATION 

___Basic Principles 

Plasma 

Synthesis of 
catalytically active 

nanoparticles 

Plasma assisted 
deposition of 

catalytically active 
materials on the 

support 

Plasma 
modification of 
either catalysts  
or support 

Laser ablation 
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AUTOMOTIVE EXHAUST GAS CATALYSTS 

___Automotive Catalysis on Nanoscale 

  Nanoparticles   have edges and 

corners that crystal faces do not 

have 

catalysis on metal 

surfaces depends on the 

face of the metal crystal 

used 
 

 nanoparticles are 

expected to be much 

more effective   
 



AUTOMOTIVE EXHAUST GAS CATALYST 

Performance of Monometallic-Nanopowders  

Low  Temperature 

Activity  

100° C 



AUTOMOTIVE EXHAUST GAS CATALYST 

Enhancing Low Temperature Activity 



ELECTROCATALYSTS 

Methods and Equipments 

Plasma treatment is to replace conventional heat treatment 

step in catalyst preparation.  

Replacement of pyrolysis by low-temperature 

plasma treatment minimizes some problem caused 

by high temperature such as aggregation, crystalline 

size grow and sublimation.  

The plasma treatment induces the functional 

groups on the surface.  

These functionalities can improve the wettability 

and, in turn, influence on the impregnation of 

substrate with catalyst precursor.  

They can enhance the catalytic performance of 

catalysts. 



ELECTROCATALYSTS 

Catalysts Preparation 

Catalysts preparation includes: 

 

- Plasma functionalization:  

treatment of support (Vulcan XC-72) by  Ar:O2 -, Ar-
, N2-, and HN3 - Radio Frequency (RF) plasma ; 

 

- Impregnation catalysts support with catalysts 
precursor: 

phthalocyanine  and porphyrin complexes; 

 

- Catalyst fixation via 

Ar:O2 -, Ar-, and N2-, - radio frequency (RF) plasma 

 Ar- and N2 -Dielectric Barrier Discharge (DBD) 
plasma. 
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ELECTROCATALYSTS 

Deposition of Plasma Treated FeTFPPCl on the  MEA 

PEMFC test 

_______________ 

Tests have been performed by AMT GmbH, Rostock, Rermany  

Plasma 

treatment  

improves 

the catalysts 

performance 

up to 70%.   



CONCLUSIONS 

  Laser ablation technique is a promising way to obtain 

nanopowders with unique catalytic properties  (automotive 

catalysts) 

 

Plasma treatment enhanced electrocatalysts performance   

due to morphological and chemical changes  up to 70% 

 

  Threefold increase of rate constant for MO 

photodegradation  was achieved  by BDD-plasma treatment 

of  photocatalyst impregnated with  Ag NPs.  
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Плазма в сельском хозяйстве 

Л.И.Филатова –родоначальник этого направления и готова с 

сотрудничеству и приему студентов 
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