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frzl33t
Записка
	Good morning dear colleagues! My name is Filipp D’yachenko. I’m a 2nd‑year graduate student of the Institute of Strength Physics and Materials Science.	The subject of my research work is the mechanical properties of Ti-Ni-Ta-based surface alloys on the NiTi‑substrate formed by the additive thin-film electron beam synthesis.
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frzl33t
Записка
	The structure of my talk is presented on the slide.



METALLIC GLASSES
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frzl33t
Записка
	So, let me give you a brief overview of the object and subject of my research.	Today, many scientific groups are trying to improve the mechanical properties of the metallic materials. So, at the moment there is a number of ways to produce metallic alloys not only with a crystalline structure, but also in an amorphous state.



Introduction
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frzl33t
Записка
	In the literature, such metallic alloys in an amorphous state are called metallic glasses.	Depending on the technology of production, they are classified as Bulk metallic glasses (BMGs), amorphous coatings, and Thin-films metallic glasses (TFMGs).
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frzl33t
Записка
	Nowadays, metallic glasses are used to increase the corrosion resistance and mechanical properties of the micro devices with shape memory effect. 	As an example, on the slide you can see a NiTi cardiovascular stent for medicine, and application of a NiTi springs or wires for aerospace.
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frzl33t
Записка
	However, in the series of investigations it was established that most of the metal glasses have fatigue crack propagation under applied dynamic loadings.	First of all, this is due to the low ductility of the material in an amorphous state.



SURFACE ALLOYS

A d d i t i v e   t h i n - f i l m  e l e c t r o n  b e a m  sy n t h e s i s
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frzl33t
Записка
	A solution of the problem can be found by the method of the additive thin-film electron beam synthesis of the surface alloys with an amorphous/nanocomposite structure on the metallic substrates.	The synthesis is carried out using pulsed melting of multicomponent amorphous‑forming film/substrate systems by the electron beam of microsecond duration.
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frzl33t
Записка
	On this slide, interactive image of synthesis is presented.		In this work on the surface of NiTi alloy the Ti-Ta thin film was formed. Subsequently, the NiTi specimen was moved for electron beam treatment.	These steps were repeated several times.



SUBSTRATE

SURFACE
ALLOY

SURFACE ALLOYS
9Introduction

frzl33t
Записка
	Thus, a multilayer surface alloy of the amorphous state and crystalline structure is obtained on the surface of the metallic substrate.	It is assumed that such a multilayer system will combine the elastic and strength properties of the amorphous state with the ductility of the crystalline structure of the metal.



The purpose 10

The scientific and applied tasks

to investigate the mechanical properties of

Ti-Ni-Ta-based surface alloys on the NiTi-substrate

formed by the additive thin-film

electron beam synthesis

 to study basic principles and methods of investigations of mechanical

properties of the materials on submicro- and microscale levels

 to investigate the mechanical properties of the surface layers of the NiTi

samples before and after additive thin-film electron beam synthesis by

method of the instrumented indentation

 to determine the values of hardness H, elastic modulus E, characteristic of

plasticity 𝛿 and recovery ratio η of the indent on the synthesized layers

frzl33t
Записка
	So, the purpose of my research is to investigate the mechanical properties of Ti-Ni-Ta-based surface alloys on the NiTi‑substrate formed by the additive thin-film electron beam synthesis.	To achieve the goal, the following scientific and practical tasks were set and solved. They are listed on the slide.



Materials and methods 11

Commercial NiTi alloy produced as rolled sheets by

vacuum induction melting (MATEK-SMA, Russia)

Chemical composition:

Ti – 55.08Ni – 0.051C – 0.03O – 0.002N (wt. %)
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Preliminary surface treatment
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Ultrasonic bath

1 2 3

In acid bath
(3 p. HNO3 + 1 p. HF)

In acid bath
(3 p. CH3COOH + 1 p. HClO4) 

and ice-water mixture

Three times in
distilled water

LEHCEB*
treatment
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Energy density
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Pulses

n = 32

LEHCEB* – low-energy high-current electron beam

frzl33t
Записка
	The substrate material was a commercial Nickel Titanium alloy (TiNi) produced by the vacuum induction melting (VIM). This Ti-Ni system has shape memory effect and superelasticity (SMA-SE) due to the reversible martensitic transformation.	Before modification TiNi specimens were chemically etched, electrochemically cleaned, polished in an acid bath, and washed in an ultrasonic bath with distilled water. The regimes of preliminary treatment are presented on the slide.		To avoid cratering and separation of the Ti‑Ta film during pulsed melting, the NiTi‑substrate was preliminary irradiated by the electron beam treatment (LEHCEB*).



Additive thin-film electron beam synthesis

# Magnetron sputtering
Pulsed electron beam melting of 

“film-substrate” system
Thickness

h, μm

1

Ti70Ta30 50 nm Es = 2 J/cm2 n = 5

Number of cycles N = 20

~1

2

Ti60Ta40 50 nm Es = 2 J/cm2 n = 5

Number of cycles N = 30

~1,5
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The surface modifying of NiTi specimens was performed on automatic RITM-SP facility (“Microsplav”, . Russia, Tomsk)

frzl33t
Записка
	This slide presents a table and a scheme of the formation of the surface alloys. The synthesis of the surface alloys was carried out on the modified automatic RITM-SP facility. It was produced by the researchers of the Institute of High Current Electronics (ICHE).		The NiTi‑substrate was moved by a manipulator along the magnetron sputter axis for the Ti-Ta films deposition, and along the electron beam axis for pulsed melting of the film‑substrate system. The number of deposition‑melting cycles was N = 20 and 30 so that the melted films were in total no thicker than ~ 1 and 1.5 μm, respectively.	Within this research tantalum was chosen as an alloying element because of its high X-ray contrast activity and chemical stability in the biological media.



Instrumented indentation
Nanohardness tester NanoTest 600

The example of one indentation cycle
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𝑃max
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E L A S T I C  M O D U L U S

C H A R A C T E R I S T I C  O F  P L A S T I C I T Y

R E C O V E R Y  R AT I O  O F  T H E  I N D E N T

Measurement of thin film mechanical properties using nanoindentation / G. M. Pharr, W. C. Oliver // MRS Bulletin. – 1992. – Vol. 17. –P.28–33.
Plasticity characteristic obtained through hardness measurement / Yu. V. Milman, B. A. Galanov, S. I. Chugunova // Acta Met.Mater. – 1993. –Vol. 41. – P. 2523–2531.
Shape recovery after nanoindentation of NiTi thin films / W. C. Crone, G. A. Shaw, D. S. Stone, A. D. Johnson, A. B. Ellis // Carlotte. NC. – 2003. – P. 1–6.

frzl33t
Записка
	The study of the mechanical properties of the surface alloys was carried out with a nanohardness tester NanoTest 600 under step-wise increase of the maximum load P from 5 up to 300 mN for each cycle of loading/unloading.	The nanohardness H and Young’s modulus E were determined on the diagrams of loading/unloading P(h) by the method of Oliver and Pharr. The depth recovery ratio h and plasticity characteristic d were calculated as described in the References.		These references you can also study after my talk.



Results and discussion
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frzl33t
Записка
	First of all we have investigated the properties of the initial material (figure a). On the surface of the initial NiTi specimen we have found particles of the impurity and second phases. In our last investigation was found out that these particles belong to the titanium carbide impurity phases and to oxides of the second phase based on intermetallic phase Ti2Ni. The size of all particles is varied from ~1 up to ~5 micrometers.	The figure b shows that after the preliminary surface treatment the surface of the specimen became smooth. However, we again found particles.	This made it possible to establish that the particles are not only on the surface of the specimen, but also in the volume of the surface layers of the material. Thus, in order to homogenize the surface layer of the material, we performed preliminary electron beam treatment.



[*] Surface structure and physicomechanical properties of NiTi exposed to electron beam and 
ion-plasma treatment / S.N. Meisner [et al.] // AIP CP. – 2017. – Vol. 1909. – P. 020134(1-4).

15Results and discussion Electron beam 
treatment

frzl33t
Записка
	It is important to mention that the selected mode of the preliminary electron treatment smooths the surface and does not lead to a critical change in the structure and mechanical properties of the initial NiTi-substrate.	These facts are proved on the images, that were published in the Ref. [*].



Neiman A., Mukhamedova R., Semin V. Mechanical properties of the TiNi and surface alloy formed by pulsed electron beam
treatment // Materials Research Proceedings. – 2018. – Vol. 9. – P. 58–62.
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frzl33t
Записка
	On this slide you can see the images of the structure of Ti-Ni-Ta‑based surface alloys that were analyzed in the parallel investigations of this scientific project.	According to the transmission electron microscopy (TEM) and energy dispersive X-ray spectroscopy (EDS) data, the surface alloys represent the gradient structure consisting of seven layers (in the case of composition Ti70Ta30) and three layers (in the case of composition Ti60Ta40). These layers are different in chemical composition, crystalline structure, and thickness.	Further, based on this experimental data, it can be established, that between this surface alloys and the initial NiTi-substrate there is an intermediate zone of nanocomposite and eutectic structures.
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frzl33t
Записка
	These graphs illustrate the influence of the additive thin-film synthesis on the mechanical properties.	On the graphs you can see dependencies of hardness, elastic modulus, plasticity characteristic, and depth recovery ration from the maximum indentation depth. It is seen that the additive thin-film synthesis led to the gradual change of the mechanical properties in both cases. In the surface layer of ~ 700 nm thickness, the gradient of their variation is greater than in the intermediate zone, which is being located at a depth of more than ~ 1 and 1,5 μm, respectively.	Comparing the research of the structure under investigation, it follows that the structure of the surface alloys provides a more significant effect on the mechanical properties than the intermediate zone. But availability of the intermediate zone provides a gradual change in the mechanical characteristics and high adhesion of the Ti‑Ni‑Ta‑based surface alloys to the NiTi‑substrate.



Conclusion

The additive thin-film electron beam synthesis

of Ti-Ni-Ta surface alloys leads to the formation 

of the nanocomposite structure with high 

strength and elastic characteristics of the surface 

alloys, with a good combination of plasticity 

properties of the intermediate zone.

frzl33t
Записка
	Let me briefly summarize what I have said so far. 	The main result of our investigation is that the additive thin-film electron beam synthesis of the Ti-Ni-Ta surface alloys leads to the formation of the nanocomposite structure with high strength and elastic characteristics of the surface alloy, with a good combination of plasticity properties of the intermediate zone.
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frzl33t
Записка
	On this slide you can see the list of the literature used in the study.
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Записка
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frzl33t
Записка
	Thank you all for your reading. If you have any questions, feel free to ask me.	I would like to show my research work more clearly.




