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Microstructural characterization of mechanical
and corrosion wear mechanisms of bio-tribological
coatings, carried out by TEM technique
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Suggestions for topics

H European @ AN INSTITUTE OF METALLURGY European Union

Knowledge Education Development

1). Thin Films Deposition- ......................

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

3). Materials Design Inspired by Nature- ...................ees.

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

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

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

8). In-situ Electron Microscopy- .........ccoovvviiininnnnn.

10). COrrosion- ......ocovviieiiiiiiiieeeann,

11). Cell-Material Interaction and Biocomatibility- ...............cccoiiiiiintn.
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Accredited Testing Laboratories :\\Q_//_/’g_ Posie ConTRum

at the Institute of Metallurgy and Materials Science \'3' %

of the Polish Academy of Sciences =

25, Reymonta Str., 30-056 Krakéw, JALLIL

phone: (0048)(12) 295 28 00; e-mail: zlb@imim-pan.krakow.pl AB 120

LABORATORY OF ANALITICAL ELECTRON MICROSCOPY (L-2)

Authorisation: :
Accredited activity is defined in the Scope of Accreditation No. AB 120

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.

' M Institute of Metallurgy and Materials Science Polish Academy of Sciences
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High-vacuum deposition processes  zuy)

MATERIALS

[

Pulsed Laser Deposition (PLD)

Industrially-scaled large-area and high-rate tribological coating by
Pulsed Laser Deposition

Magnetron sputtering (MS)

Anode Layer lon Source treatment
and assisted deposition (ALS)

® PLD: KrF & Nd:YAG multi-beam evaporator

® MS: DC, DC-pulsed, RF on 1-4 sputter
magnetrons

— W ALS: Veeco ALS 340

Sputter

® Usable chamber volume:
planetary diameter 560
mm, 450 mm

Gas pressure: 10 to 102
mbar

HF-Sputter
seynds-4H

Yinstruction
Door

eTFunds
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Surgical tools/

Industrial partner
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POLSKI PRODUCENT NARZEDZ MEDYCZNYCH
MANUFACTURER OF SURGICAL AND MEDICAL IRSTRUMENTS
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The role of the multilayer coating
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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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In order to see the element in the size of ,,d” it is a need to have
A <d. For example the length of visible light is — 0.5 um

wavelength

Iamplitude

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

X

A=\150/V, where
A- 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

A=N150/V, where
A- wavelength in Angstroms,
V- accelerating voltage in volts

Project WND-POWR.03.02.00-0
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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
. y r:,r
high-kV beam  ojocrons (SE)
Backscattered
electrons (BSE) Characteristic
X-rays
Auger electrons "'-';i_sgjllzlrle
\ / 1ght
L
‘Absorbed’ Electron-hole
electrons <+ T pairs
" \\\_. Brem);ﬂ:;!:lung
Elastically Inelastically
scattercd Direct suﬂflcmd
electrons baaiirs electrons
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SEM or
analytical EM

Conventional
TEM & Scanning
TEM & Energy
analysis
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Comparing SEM and TEM

Electron Beam p

TEM

Broad, static beams

N

Beam focused to fine point;
sample is scanned line by line

Voltages Needed p

TEM voltage ranges from
60-300,000 volts

Accelerating voltage much lower; not
necessary to penetrate the specimen

Interaction of the >
beam electrons

Specimen must be very thin

Wide range of specimens allowed;
simplifies
sample preparation

Imaging 2

Electrons must pass through and
be transmitted by the specimen

Information needed is
collected near the surface
of the specimen

Image Rendering p

Transmitted electrons are
collectively focused by the
objective lens and magnified to
create a real image

Beam is scanned along the surface of
the sample to
build up the image
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Parameters

» Bench top system
> Two opposite arranged ion guns
> lonenergy: 1keVto 10 keV
> Gun tilt: + 45° (each gun)
» Sample tilt: 0°to 180°

» Milling angle: 0° to 90° BT S
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CORE TECHNOLOGY: Electromagnetic Lenses

electron beam

electrical coil

1 softiron pole piece

- - - - - - - -« « -« - - - -« -
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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
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least C
confusion

» light of different A brought to different focal positions

« A for electrons can be controlled by fixed KV and lens currents
* but A of electrons can change by interaction with specimen !

* rule of thumb: resolution >= (specimen thickness)/10
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« arises when the lens is more powerful in one plane

than in the plane normal to it

* causes points to be imaged as short lines, which ‘flip’ through

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

Condenser lens~ s .
b with 3 sections
Electric coil—

Objective —_|
lens
Specimen
holder

Intermediate —

lens _L_——Column

Glass window

Projector lens—1

Fluorescent —_ |
screen 7t
Photographic —
film

CCD camera—

), S——
TEM specimen holder

Supporting grid for TEM
w specimens

Thin to < 100nm
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Dr hab. eng.Jurgen Lackner Dr hab.eng. tukasz Major

TEM microstructure
characterization

Coatings deposition

Dr hab.eng. Zbigniew Nawrat

Cardiosurgical robots AGH

Dr hab.eng. Marcin Kot

Dr eng. Marcin Dyner

-.
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To heart

tumen 20 yalve

Endothelium
Basement

membrane

Smooth
A4 muscle

Adventitia

Approach for coatings design

- Advanced deposition techniques

- Detailed microstructure characterization

- Micro- mechanical tests + finite elements modeling
- Bio- compatibility tests
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Coatings were selected by: Coatings were characterized by:

rTransmission Electron

'.Mechanical test | Bio- compatibility test
Microscopy

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

Project WND-POWR.03.02.00-00-1043/16
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Standard, ex- situ tests

Indentation test (Hardness test)

Load (P)

4

1

1 !
\ j
\ 1

‘._ Specimen

e

' INSTITUTE OF METALLURGY
'M AND MATERIALS SCIENCE
POLISH ACADAMY OF SCIENCES

Scratch test set-up

Coating

e Rockwell
3 diamond

Tangential force.
—_—

Normal
load
" Substrate
4

Scratch channel

—~e

Sample motion

* Hardness —resistance to penetration of a hard indenter

European Union
European Social Fund

In- situ tests

a) SEM chamber with the testing unit inside b)

ion

electron

\ coh/mn

" vacuum chamber of the SEM

column

38
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Stress

Strain = (L-L)/Ly v
a) b)

H Electron beam
Sample
4 o—

|
Rigid shaft

Fixed jaw  Moving jaw

Worm gear + motor

3]
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General goal

Program Badan

Stosowanych INNOTECH \
CELEGIE] -badani \

e -badania przemystowe ‘
= - badania p ChWE race roZwojowe |
Podstawowe _ : X - . i

dowdrozenia

Aplikacje Badania \‘ |\
winikow ukierunko- ||
badan wane |

produktowo

3 lata

Skala czasowa trwanialprojektow
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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
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Title: Development and diagnostics of multifunctional ceramic/ hydrogenated
amorphous carbon coatings for elements of pumps of ventricle assist pumps
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Ball- on- disc wear test

i 1N 20000 cycles

Teenns

B EEEEN

TiH
a-H

Wear index
—_ —_
L} “l:"'\-\_'l “—b- F
3x(TiN/a-CH) -

gx(TiMNfa-C: H)

d2x(TiMNfa-C: H)
ax(TiMfa-C:HYR1-1
gx(TilNfa-C:H) R1-2
gx(TilNfa-C:H)R14
gx(TiMNfa-C: H) E4-1
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Bio- compatibility test

TiN
a-C:H

2x(TiN/a-C:H) r:1-1

32x(TiN/a-C:H) r:1i

—» 8x(TiN/a-C:H)r:1-1

a-C:H - | |
ReferMoatings

2xTiN/Ti/a-C:H SXTIN/TIa: G, 32xTiN/Ti/a-C:H
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Coating after mechanical tests (Ball-on-disc 1N; 2000 cycles)
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Single layer TiN coating

Coating after mechanical tests (Ball-on-disc 1N; 2000 cycles)
Microstructure characterization
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Multilayer 8x TiN/Ti/a-C:H coating

As deposited coating (Before mechnaical tests)
Microstructure characterization
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(close to epitaxial growth)

a=4.14A CrN ‘

Available online at www.sciencedirect.com
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ELSEVIER Surface & Coatings Technology 188-189 (2004) 338343

www.clsevier com/locate/surfeoat

Period dependence of hardness and microstructure on nanometric
Cr/CrN multilayers

* -
J. Romero™, J. Esteve, A. Lousa
Departamento Fisica Aplicada i Optica, Universitat de Barcelona, Avgda. Diagonal 647, E-08028 Barcelona, Catalunya, Spain

Available online 12 October 2004
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Tribological test- ball- on- disc
(EN 1071-3:2003.)

Parameter:
indenter — Al,O; ball, d=1 i 6mm,

Low stress state High stress state
Load Fy=1N Load

Ball diameter R=3mm Ball diameter
Cycles number n= 20.000 Cycles number
Friction radious r=5mm, Friction radious
Linear speed v=0,06m/s Linear speed

(3}f=CL‘15;c;’DE' (5}f=CL13 C;F%a
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Multilayer Zr/Zr,N coatings

As deposited coating (Before mechnaical tests)
Microstructure characterization
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Microstructural characterization of the as-deposited coatings by TEM
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Microstructural characterizationcyf the as-deposited coatings by TEM
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Multilayer Zr/Zr,N coatings

Coating after mechanical tests
Microstructure characterization
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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

b) 2"4 wear mechanism:
- layer by layer remove
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tribo- film formation
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Microstructural characterization of the coatings by TEM after the wear test

b) 2"4 wear mechanism:
- layer by layer remove
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tribo- film formation
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Microstructural characterization of the coatings by TEM after the wear test

Soft Zr phase
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Hard Zr,N phase
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(El } ( I:l :]' Surface fracture
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Mild Wear Severe Wear
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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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Multilayer Zr/Zr,N coatings

Coating after corrosion tests
Microstructure characterization
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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, whic%owas manifested by a sharp increase in the anode
current. td—ead—dJF i T LT T T T T T 1T T T T T 1 A
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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-impossiblecto2achievéia steady state (stable value of corrosion potential).
These results suggested that the:sample showedthe warst corrosionresistance in theRingerflisid environment.
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Microstructural characterization of the coatings by TEM after corrosion
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Badatt i Rozwoju

M-era.Net

Rudniki k/Czestochowy dnia 15 marca 2018

Prof. Dr hab. inz. Roman Major

iInzy
im. Aleksandra Krupkowskiego
Polskiej Akademii Nauk

w i iu do pr ] ji poczty elektroniczng w ramach projektu o akronimie SPD -
bioTribo przekazuje do badari prébki w postaci pojedynczych bransz tytanowych pincet atraumatycznych z naniesionymi
powtokami przez JR.

8 krotner €
W zataczeniu raport z ostatniego cyklu procesu sterylizacji oraz 6 szt. prébek o oznaczeniach:
STER-TEST/AS5/1 i STER-TEST/A6/1, STER-TEST/B5/1 | STER-TEST/B6/1, STER-TEST/C5/1 i STER-TEST/C6/1
Znaczenie:

AS5/1 - nr probki C260_3-3D, powierzchnia narzedzia szczotkowana, sztuka pierwsza

A6/1 - nr probki C260_3-3D, powierzchnia narzedzia matowana, sztuka pierwsza
B5/1 - nr prébki C260_4-3D, powierzchnia narzedzia szczotkowana, sztuka pierwsza
B6/1 - nr prébki C260_4-3D, powierzchnia narzedzia matowana, sztuka pierwsza
C5/1 - nr probki C260_5-3D, powierzchnia narzedzia szczotkowana, sztuka pierwsza
C86/1 - nr probki C260_5-3D, powierzchnia narzgdzia matowana, sztuka pierwsza

Wszelkie informacje prosze o przekazywanie na ponizszy kontakt:
Andrzej Misztela
Fabryka Narzedzi Medycznych -
Manufacturer of Surgical and Medical Instruments -
ul. Mstowska 8A L
42-240 Rudniki k/Czestochowy
POLAND
a.misztela@chirmed.pl
Tel: +48 34 320-14-84, +48 34 320-14-34
Fax: +48 34 320-15-00, +48 34 320-14-
GSM: 601 44 68 00

Pabryka Naxzt;d'é‘i éaggycmh
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e o 489057
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Furnnean
HLOVK722
MELAG Vacuklav 24-B/L
Program : Program szybki B
134°C opakowane
Data ¢ 13.03.2018
Czas 1 97:32:32 (Start)
Nr. cyklu 2 2
SN : 201724-BL1136
Podgrzewanie 109.4 °C
AIN6: Przewodnosc 8 us/cm
Postep programu Cisn. Temperat. Czas
bar ec min
Start 0.00 64.8 ©0:00
1.Frakcjonowanie
Ewakuacja -0.92 59.9 @1:15
Wlot pary .41 107.6 ©3:45
2.Frakcjonowanie
Ewakuacja -0.82 59.3 @5:22
Wlot pary 0.40 108.9 ©7:14
3.Frakcjonowanie
Ewakuacja -0.82 59.7 08:54
Wlot pary .40 108.9 10:44
Wzrost cisn. 2.05 134.0 14:20
Steryl.poczatek 2.85 134.0 14:20
Steryl.koniec 2.19 135.6 19:50
Upust cisnienia 0.18 185.4 20:32
Suszenie prozniowe
Suszenie pocz. -0.31 91.7 20:46
Suszenie cisn. -8.92 77.2 22:44
Suszenie cisn. -8.94 86.2 24:44
Suszenie cisn. -8.94 86.9 26:44
Suszenie cisn. -8.94 85.8 128:44
Suszenie cisn. -8.94 85.1 30:44
Suszenie cisn. -8.94 84.9 32:44
Suszenie koniec -8.90 85.0 32:46
Napowietrzanie -0.28 86.1 33:04
Koniec ©.00 86.6 33:21
PROGRAM PRAWIDLOWO ZAKONCZONY!
Temperatura : 135.4 +8.3 /-9.2 °C
Cisnienie : 2.17 +0.02/-0.02 bar
Czas steryliz. : 5 min 30 s
Czas : 08:05:53 (Koniec)

Strona 1

Fy vy
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77 201701136 5.15 5.06
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