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Suggestions for topics
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1). Thin Films Deposition- ......................

2). Nucleation and Growth of Thin Films- ......................

3). Materials Design Inspired by Nature- ..............c.cocceeeen.

4). Sample Preparation Techniques for Transmission Electron Microscopy-..........

5). The Transmission Electron Microscope (instrument, contrast mechanism, scaning transmission electron microscopy)
6). Structure Defects- .............ccceevieinenn.

7). Standard Micromechanical and Tribological Testing- ..........................

8). In-situ Electron MIiCroSCOPY- .......covvvviiiieiniennnnns
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Accredited Testing Laboratories

at the Institute of Metallurgy and Materials Scienc e

of the Polish Academy of Sciences
25, Reymonta Str., 30-056 Krakéw,

phone: (0048)(12) 295 28 00; e-mail: zlb@imim-pan.krakow.pl

LABORATORY OF ANALITICAL ELECTRON MICROSCOPY (L-2)

Authorisation:

Accredited activity is defined in the Scope of Accr editation No. AB 1200

Quantitative and qualitative analysis of elements in alloys and ceramic materials,
identification of phases, analysis of chemical composition and shape of precipitates,

examination of structure of grain boundaries,
High resolution analysis (atomic scale)
determination of surface morphology, shape and size of inclusions.
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Biomimetics

Biomimetics

Study and simulation of biological systems with
desired properties

4

Transformation of the underlying principles into
man-made technology
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In 1959.
Richard Feynman gives his famed
talk “There is Plenty of Room at the Bottom”

“What | want to talk about is
the problem of manipulating
and controlling things on a
small scale.”

In this talk, Feynman said that
we have progressed to the
point where we can and should
manipulate matter at what
today we call the nano-scale.

Richard Feynman © 1965

Copyright Aprif 2009 The Pennsylvania State
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Resolution

Ability to distinguish between 2 closely
spaced points.

Resolution of human eye:
100 um
(100 um = 0.0039 inches)

If > 100 um If < 100 um
Will see 2 Will see only

objects 1 object
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wavelength

Iamplitude

In general, to receive information about atomic structure
it is necessary to apply I< 0.1 nm

X

| =Q150/V, where
| - wavelength in Angstroms,
V- accelerating voltage in volts
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Electron Microscopy

* An electron microscope is a microscope that uses accelerated electrons as a
source of illumination.

* Electron microscopes were developed due to the limitations of Light
Microscopes which are limited by the physics of light.

* |n the early 1930's there was a scientific desire to see the fine details of the
interior structures of organic cells (nucleus, mitochondria...etc.).

* This required >10000x magnifications which could not be achieved by simple
light/optical microscopy.

* Because the wavelength of an electron can be up to 100,000 times shorter
than that of visible light photons, the electron microscope has a
higher resolving power than a light microscope and can reveal the structure of
smaller objects.

wavelength

| =Q150/V, where
| - wavelength in Angstroms,
V- accelerating voltage in volts
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Fundamentals of Electron Microscopy

Secanning electron For studying the texture, topography and surface
microscopy (SEM): feature, resolution ~ 10 nm

Transmission electron

microscopy (TEM): Lattice imaging, resolution < 0.2 nm
_____ SEM e
_HREM __ OPTICAL MICROSCOPY __
- CTEM____ _NAKED EYE ___
L 1 | I L 1 | 1
1A 10A  100A 1000A 1um 10pm 100 um 1mm
Ol ym 0. mm

RESOLUTION ( log scale )
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Interaction of Electron with Samples

Incident Seconds
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Parameters

Bench top system

Two opposite arranged ion guns
lon energy: 1 keV to 10 keV
Gun tilt: 45 (each gun)
Sample tilt: 0 to 180
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* arises because a simple lens is more powerful at the edge than
at the centre

* is not a problem with glass lenses (can be ground to shape)
» disc of minimum confusion results instead of point focus:

* is not correctable for electromagnetic lenses



* light of different | brought to different focal positions
| for electrons can be controlled by fixed KV and lens currents
* but | of electrons can change by interaction with specimen !

e rule of thumb: resolution >= (specimen thickness)/10



« arises when the lens is more powerful in one plane
than in the plane normal to it
e causes points to be imaged as short lines, which ‘flip’ through

90 degrees on passing through ‘focus’ (minimal confusion)















Dr hab. eng.Jirgen Lackner Dr hab.eng. ukasz Major

TEM microstructure
characterization

Coatings deposition

Dr hab.eng. Zbigniew Nawrat

Cardiosurgical robots

Dr hab.eng. Marcin Kot

Dr eng. Marcin Dyner : : :
Micromechanical analysis
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Coatings were selected by:

i —

'.I\/Iechanical test '.Bio- compatibility test

Coatings were characterized by:

rTransmission Electron
Microscopy

-Ball- on- disc wear test| -Test by smooth muscle cells

- Scratch adhesion test | - Confocal microscopy

\ ]\ J
Bio- tribological tests |

Microstructure characterization



Standard, ex- situ tests

In- situ tests

38









General goal



- Project NCN nr: 3066/B/T02/2011/40- FINISHED

- Project NCN nr: 2012/06/M/ST8/00408- HARMONIA- FINISHED

- Project NCN nr: 2012/07/B/ST8/03396- OPUS- FINISHED

- Project NCN nr: 2014/15/B/ST8/00103- OPUS- FINISHED

- Project NCN nr: 2015/19/B/ST8/00942- OPUS- in progress

- Project NCBR, number: DZP/M-ERA.NET-2015/285/2016- in progress



Title: Development and diagnostics of multifunctional ceramic/ hydrogenated
amorphous carbon coatings for elements of pumps of ventricle assist pumps



Wear index

Ball- on- disc wear test

1N 20000 cycles




Bio- compatibility test

TiN a-C:H - | |

ReferMoatings

2XTiN/Ti/a-C:H 8xTiN/Ti/a-C:H 32xTiN/Ti/a-C:H



Single layer a-C:H coating

As deposited coating (Before mechnaical tests)

Microstructure characterization





















Poly crystal

Single crystal

Miller indices of major cystal planes of the
regular system




Single layer a-C:H coating

Coating after mechanical tests (Ball-on-disc 1N; 2000 cycles)

Microstructure characterization



SEM



TEM Brignt Field:

Coating after mechanical test

500 nm




Wska nik zu ycia

1N 20000 cycles



Single layer TIN coating

As deposited coating (Before mechnaical tests)

Microstructure characterization









Miller indices of major cystal planes of the regular system







Single layer TIN coating

Coating after mechanical tests (Ball-on-disc 1N; 2000 cycles)

Microstructure characterization



SEM



TEM BF:

Coating after mechanical tests
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TEM BF;

Coating
after mechanical
tests



Microstructural characterization of the coatings by TEM after the wear test
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TEM BF:

Coating after mechanical tests
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Qualitative
chemical
analysis
EDS










Wear index

1N 20000 cycles
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Multilayer 8x TiN/Ti/a-C:H coating

As deposited coating (Before mechnaical tests)
Microstructure characterization
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a= 4.9452
c=3.0342
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Multilayer 8x TiN/Ti/a-C:H coating

Coating after mechanical tests (Ball-on-disc 1N; 2000 cycles)
Microstructure characterization




1N 20000 cykli
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8x TiN/Ti/a-C:H (1:1)

SEM

mono a-C:H

mono TiN







TEM BF: o
Coat t hanical Wear mechanisms:
oating after mechanical tests == 1) by cracking

==»2) by layer by layer remove + tribo-film formation




TEM BF

cracking



TEM BF

cracking




cracking



Layer by layer remove + tribo-film formation



Microstructural characterization of the coatings by TEM after the wear test



Layer by layer remove + tribo-film formation
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EDS

Layer by layer remove + tribo-film formation

Titanium oxide

Graphite + titanium oxide



Layer by layer remove + tribo-film formation

HRTEM
Graphite
+ titanium oxide

Crystallogphic structure of graphite
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Decreasing
coatings
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Single Decreasing Different phases ratio
layer coatings period

coatings
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Summary part: |



- Project NCN nr: 3066/B/T02/2011/40- FINISHED

- Project NCN nr: 2012/06/M/ST8/00408- HARMONIA- FINISHED

- Project NCN nr: 2012/07/B/ST8/03396- OPUS- FINISHED

- Project NCN nr: 2014/15/B/ST8/00103- OPUS- FINISHED

- Project NCN nr: 2015/19/B/ST8/00942- OPUS- in progress

- Project NCBR, number: DZP/M-ERA.NET-2015/285/2016- in progress



Title: Development of wear resistant multilayer protective coatings
for carbon/ fiber composites
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Tribological test— ball- on- disc

(EN 1071-3:2003.)

Parameter:
indenter — Al ,0O5 ball, d=1 i 6mm,

Low stress state
Load

Ball diameter
Cycles number
Friction radious
Linear speed

Fy=1IN
R=3mm
n= 20.000
r=5mm,
v=0,06m/s

s,=0,45 GPa

High stress state

Load F y=5N
Ball diameter R=3mm
Cycles number n=5.000
Friction radious r=4mm,
Linear speed v=0,05m/s

s,=0,8 GPa
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TEM BF

a-C:H + nano- Cr
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Microstructural characterization of the coatings by TEM after the wear test
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SEM
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Pt deposited during FIB thin foil preparation
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Graphitization during
wear
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- Project NCN nr: 3066/B/T02/2011/40- FINISHED

- Project NCN nr: 2012/06/M/ST8/00408- HARMONIA- FINISHED

- Project NCN nr: 2012/07/B/ST8/03396- OPUS- FINISHED
- Project NCN nr: 2014/15/B/ST8/00103- OPUS- FINISHED
- Project NCN nr: 2015/19/B/ST8/00942- OPUS- in progress

- Project NCBR, number: DZP/M-ERA.NET-2015/285/2016- in progress



Title: Biomechanical and microstructure analysis of multilayer- nano-
composite protective coatings on metallic substrates for tissue
interaction
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- Project NCN nr: 3066/B/T02/2011/40- FINISHED
- Project NCN nr: 2012/06/M/ST8/00408- HARMONIA- FINISHED

- Project NCN nr: 2012/07/B/ST8/03396- OPUS- FINISHED
- Project NCN nr: 2014/15/B/ST8/00103- OPUS- FINISHED
- Project NCN nr: 2015/19/B/ST8/00942- OPUS- in progress

- Project NCBR, number: DZP/M-ERA.NET-2015/285/2016- in progress



Title: Biomimetic, self-healing, multilayer structures elaboration on
thermoplastic polymer materials


























































































- Project NCN nr: 3066/B/T02/2011/40- FINISHED
- Project NCN nr: 2012/06/M/ST8/00408- HARMONIA- FINISHED

- Project NCN nr: 2012/07/B/ST8/03396- OPUS- FINISHED
- Project NCN nr: 2014/15/B/ST8/00103- OPUS- FINISHED
- Project NCN nr: 2015/19/B/ST8/00942- OPUS- in progress

- Project NCBR, number: DZP/M-ERA.NET-2015/285/2016- in progress



Title: Bio-compatibile, wear resistant, decorative coatings for biological,
corrosive fluids interaction- development and their multiscale research



Multilayer Zr/Zr,N coatings

As deposited coating (Before mechnaical tests)
Microstructure characterization




Microstructural characterization of the as-deposited coatings by TEM
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Microstructural characterization of the as-deposited coatings by TEM
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Microstructural characterization of the as-deposited coatings by TEM
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Microstructural characterization of the as-deposited coatings by TEM

1* &* I 2& 1* &* 11 2&

% &' (( )



@ 1A



VI ©

"2#



Multilayer Zr/Zr,N coatings

Coating after mechanical tests
Microstructure characterization




Micromechanical tests results

196



Micromechanical tests results

reference
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Microstructural characterization of the coatings by TEM after the wear test
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Microstructural characterization of the coatings by TEM after the wear test
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Microstructural characterization of the coatings by TEM after the wear test
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Microstructural characterization of the coatings by TEM after the wear test
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Microstructural characterization of the coatings by TEM after the wear test
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Microstructural characterization of the coatings by TEM after the wear test
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Mechanical in situ tests performed in the SEM chamber
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Mechanical in situ tests performed in the SEM chamber
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Mechanical in situ tests performed in the SEM chamber
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Multilayer Zr/Zr,N coatings

Coating after corrosion tests
Microstructure characterization




Corrosion is the destructive attack of a metal by its reaction with the environment

Corrosion test results

(Bio- corrosion in body fluids)
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Linear Sweep Voltammetry — LSV

The nature of potentiodynamic curves indicates that the tested coatings and substrate (316L steel) underwent pitting corrosion
in Ringer's solution. The sharp increase in the anode current, at potentials above 0 mV, indicates the formation of pitting on the
surface of coatings and steel. In the cathodic area, the highest currents were recorded for the substrate (pink continuous and
dotted curves). Coated substrates with all coatings showed much lower currents in the cathodic region, which indicated that the
cathodic reaction (oxygen reduction reaction) was slower than on the uncoated substrate (316L). The course of the polarization
curves in the anodic area of the uncoated substrate and of the samples with the coatings were very similar. They showed a
passive area, and then there was a breakthrough of the passive layer, which was manifested by a sharp increase in the anode
current.

The exception was the blue curve, recorded for sample B378 (with the carbon layer), on which a continuous increase in the anode
current was visible without a clear passive area. Such character of the polarization curve indicated that the B378 sample exhibited
the lowest corrosion resistance in the Ringer solution. Fig. 2 showed the corrosion potential changes registered within 24 hours in
Ringer's solution. The corrosion potentials recorded for the sample Zr / ZrN_B378 (blue curves) deserve attention. They showed
very large potential oscillations. In 24 hours it was impossible to achieve a steady state (stable value of corrosion potential).
These results suggested that the sample showed the worst corrosion resistance in the Ringer fluid environment.



Microstructural characterization of the coatings by TEM after corrosion
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