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Let me introduce myself: my name is Kseniya and I am a second year post-graduate student. I’m going to present my research work "Regularities in formation of polymetallic materials using electron-beam additive technology". 
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Ксеня
Записка
The manufacture of bimetallic products is an actual topic of research, as ones have a wide application. The structure of my report consists of the analysis of nowaday literature, from which follows the choice of the method of manufacturing process. Also in the report will be presented structural studies of the produced Cu-Fe bimetal. On the basis of experimental data, the main conclusions were made. 
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…material

Mono…

only one material

only one structure

only one mechanical property

Poly…

two or more materials

different structure

inequal mechanical properties

light weight

reasonable cost

Motivation

Polymetals are an optimal combination of physical, mechanical and chemical

properties

Ксеня
Записка
In the last decade, an idea of making multi-material structures, i.e. polymetallic materials, has been widely studied. Polymetals are fabricated with two and more alloys. Thus these materials are designed to provide an optimal combination of physical, mechanical and chemical properties that are not achievable using any single components.



4

Application

aerospace industry nuclear power generation

factories

https://www.multitran.com/m.exe?s=aerospace+industry&l1=1&l2=2
Ксеня
Записка
Polymetallic materials are highly desirable in applications where the service conditions of a part vary with location and therefore the material requirements also vary with location. However, the quality of polymetals produced with the use of conventional methods directly depends on the quality of a joint between the polymetallic plate layers.
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Literature analysis Additive technology

Ксеня
Записка
Additive manufacturing methods have a difference from conventional ones. The additive technologies are capable of complex-shaped and seamless production of three-dimensional components by means of a layer-by-layer deposition of the molten feedstock materials such as powder or wire. 
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Advantages:  Vacuum chamber;

 High energy intensity of the electron beam;

 High electron beam power capacity;

 High density of floating layers;

 High printing speed.

to investigate features of the "steel-copper" bimetal structure

produced by an electron-beam multi-wire additive technology
Objective of 

research:

Literature analysis
Electron beam additive 

method

Ксеня
Записка
Let’s turn to the method we used to form a polymetallic material, namely electron-beam additive manufacturing. The electron-beam 3D-printing method has at least two technological features that open up the prospect for producing polymetallic materials and guarantee the homogenious structure of the produced samples in the joint zone. So the objective of our research is the experimental investigation of features of the structure of "steel-copper" bimetallic material produced by electron-beam multi-wire additive technology.
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Materials Cu-Fe

Material

Chemical component (wt. %)

Fe Cu Ni Cr Mn Si C

AISI 304  67 ≤ 0.3 8–9.5 17–19 ≤ 2 ≤ 0.8 ≤ 0.12

С11000 ≤ 0.005 99.9 ≤ 0.002 – – – –

significant difference in

thermophysical properties (linear

expansion coefficient, crystallization

temperature, electromagnetic

properties, heat capacity and thermal

conductivity)

 no intermetallic compounds

 the solubility of copper in steel

and vice versa is very low

Ксеня
Записка
For the present research, a copper and stainless steel were chosen as the component materials. Copper-steel polymetal is a typical multifunctional material, which is widely used in the foundry industry and power engineering for conducting electric current, in heat-transmitting components as well as in cryogenic applications.
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Methods

Scheme of a structurally gradient bimetallic material building using the electron-beam 

additive manufacturing: a – SS wire deposition; b – copper wire deposition.

1 – electron beam; 2 – copper wire; 3 – steel wire

Ксеня
Записка
I'd like you to look at this chart, which show the scheme of the processes of electron beam additive technology. The formation of the gradient structure was carried out by progressively increasing the copper wire feed rate (Vc) and simultaneously decreasing steel wire feed rate (Vs) until the full stop (Fig.). 
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Macrostructure

Cu = 0 – austenitic dendrite structure

ss > Cu – solidification of copper particle

network

ss  Cu – more copper is solidified in

grain bodies and along grain boundaries of

austenite

ss < Cu – columnar austenitic structures

with copper dendritic-type lamellae and

coarse particles in austenitic grain bodies

ss = 0 – rather pronounced boundary with

a sharp change in copper and steel contents

The optical microscopy images of the bimetallic 

sample in the gradient zone.

Ксеня
Записка
Let's now move on to experimental results. Along with the decrease of the steel/copper feed rate ratio more and more copper is solidified in grain bodies and along grain boundaries of austenite.There is a rather pronounced boundary with a sharp change in copper and steel contents (Fig) formed when the supply of steel wires has stopped.Near this boundary in the upper layers of the bimetallic wall a quasi-homogeneous distribution of copper and austenitic steel grains is seen (Fig.), but there may be significant inhomogeneities in the distribution of bimetallic components in the areas enriched by steel and copper.
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Microhardness and 

elemental composition

Changes in the elemental composition (SEM EDS analysis) (a) and microhardness (b) with the distance from 

the substrate in bimetallic material produced by electron-beam additive manufacturing.

Ксеня
Записка
The analysis of the bimetallic specimen structure fully correlates with the change in the elemental composition (Fig.). The diagram in Figure,a shows a 3 mm-thick gradient zone where the as-built austenitic steel composition differs from that of the wire fed (Table) by a higher content of copper.The distribution of microhardness over the gradient zone width testifies to a sharp change of mechanical properties from 2.02 GPa microhardness value, corresponding to austenitic SS, to 1.25 GPa value in the copper part of the sample. 
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Transmission  electron 

microscopy 

The greatest dimension of the

lamellas in TEM images

reaches the value of 3.6 µm

with the thickness of the

interlayers 0.7 µm.

The average size of large

particles is 510 nm.

Ксеня
Записка
Disparted the presence of spherical Cu-based coarse particle found inside the matrix g-Fe grains there are also irregular-shaped grains and lamellas, which produced layers between the matrix grains (Fig.). The greatest dimension of the lamellas in TEM images reaches the value of 3.6 µm with the thickness of the interlayers 0.7 µm. 



12

Transmission  electron 

microscopy 

The area corresponded to the selected area electron diffraction 

pattern in (c) is circled in (a). The Dark-field image (e) was 

obtained using the reflection marked by the arrow in (c).

According to TEM analysis, four main morphological 

elements could be determined in gradient zone: 

austenitic coarse grains (Fe-based), irregular-shaped 

Cu-based coarse grains, spherical Cu-based coarse and 

fine particles in austenitic grains.

Ксеня
Записка
It should be noted that in over and above of large size particles, nanoscale ones are also formed, which are clearly visible on the next slide.According to TEM analysis, four main morphological elements could be determined in gradient zone: austenitic coarse grains (Fe-based), Cu-based coarse grains, Cu-based coarse and fine particles in austenitic grains.
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Conclusion: 

scheme

(0) Vc = 0: austenite dendrite solidifies first

and fast so that no δ-ferrite arises in the

lower part of the additively grown billet;

(i) VS >> VC: solidification starts by

epitaxial growth of austenite dendrites

while still liquid copper is forced out to

the interdendrite spaces, where it

solidifies during cooling below the

copper melting point thus forming dotted

interdendrite boundaries;

(ii) VS > VC: a solid solution hardening of

austenitic steel by copper occurs at this

stage;

(iii) VS ≈ VC, VS < VC: when copper

concentration exceeds the limit of

dissolution in the Fe-based solid solution

fine copper precipitates may formed

within the austenitic structure during

cooling;

(iv)VS = 0: depositing only copper wire

provides formation of a sharp boundary at

both sides of which there are inclusions

of copper or steel formed by intermixing

in the molten pool during remelting the

steel-containing underlying metal.

Ксеня
Записка
As a result, I’d like you to pay your attention to this chart, which shows the formation of a gradient zone of a polymetallic sample.According to the microstructural analysis, the gradient zone can be divided into the regions as follows:(i) Vc=0: austenite dendrite solidifies first and fast so that no δ-ferrite arises in the lower part of the additively grown billet(ii) VS > VC. A solid solution hardening of austenitic steel by copper occurs at this stage (Fig.(iii) VS ≈ VC, VS < VC. In addition to continuous and wide interdendrite copper-filled boundaries there formed a number of spherical copper particles located on the second order dendrite axes.  When copper concentration exceeds the limit of dissolution in the Fe-based solid solution fine copper precipitates may formed within the austenitic structure during cooling (Fig.). (iv) VS=0. The copper wire deposition provides the formation of a sharp boundary at both sides of which there are inclusions of copper or steel (Fig.) formed by intermixing in the molten pool during remelting the steel-containing underlying metal.
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Conclusion: 

summary

1. The specimens of Fe-Cu bimetallic material with gradient zone were

produced by the electron-beam 3D-printing method

2. The analysis of the bimetallic macrostructure shows the complete

deposition of layers and the absence of defects such as flaws and cracks

3. Different stages of the gradient zone formation process:

 grid distribution of copper into the iron matrix;

 grouping of elements near the dendritic boundaries;

 formation of the secondary phase Cu;

 precipitation of nanosized copper particles from a supersaturated

solid solution of Cu in austenite.

4. Particles of copper and steel were classified by their formation

mechanisms.

Ксеня
Записка
The analysis of the bimetallic "steel-copper" wall’s cross-section macrostructure shows the complete deposition of layers and the absence of defects such as flaws and cracks.Based on the above experimental results, it was proved that the absence of complete Cu-Fe and Fe-Cu dissolution and the diffusion of Cu and Fe elements have a strong influence on the bimetallic sample gradient zone evolution.
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Thank you for your attention. If there are any questions, I'll do my best to answer them




