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Tribology Centre -

More than 25 years of experience in coatings
17 employees + 6 students

Last year we coated 234.000 items

60% on production / 40 on R&D

Definition of Tribology:

It is the science and engineering of interacting
surfaces in relative motion. It includes the study and
application of the principles of friction, lubrication and

weal.
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Surfaces are extremely important FeEhoLocica
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Wear resistance

Tribological properties
Magnetic properties
Electrical conductivity
Solderability/weldability
Hardness

High temperature resistance
Corrosive resistance
Biocompatibility
Hydrophobic/hydrophilic properties
Catalytic properties

Self cleaning properties
Friction properties

Color and appearance
Decorative appearance
Refractive index

Oxide formation/passivation
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Surfaces are important — decorative Ttierpen

Standard colors

Anthracite Copper Rose Dark Flat earth
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Surfaces are important — decorative emosgoren

PVD surface by VOLA



Low friction surfaces

PRODUKTFAMILIEN DLC

Diamond Like Carbon

Diamond Like Carbon (DLC) er
bategnelsen for en hard og glat
kulstofoverflade - en slags mellem-
Ting mellem grafit og diamant.

LAV FRIKTION

DLC-TR er Tribologicentrers lavfrik-
Tions-PVD-bel@gNing, SOm Destar af
en funkTionelt gradueret belEgning
(FGC) af diamantlignende kulstof.
Som hovedregel kan DLC-TR anven-
oes pd meraloele, hvor der anskes
nedsar friktion. Opbygningen som
FGC-bel@gning giver maksimal ved-
n@ftning af DLC-Del@gningen pa
alle stal og pa de fleste andre lege-
ringer.

DLC-TR TIL BEVAGELIGE VARKTOJS-
0G MASKINDELE

Maskinelementer og varktojsdele i
glidende eller roterende bevagels
e N@|STen altid udsat for slid. Ofte
e man Tillige iNTeresseret i at have
sa lav friktion som muligt. Diss
problemer lgses traditionelt med
SMaring enten med fedt eller med
olie.

TSmering 0g is2r oliesmaring
kr®ver at hastighea, belasting, ge-
ometri 0g smeremidael er neje af-

For mere information, kontakt

stemt efter hinanden. Nar get ikke
kan lade Sig gare ar f4 alt dere Tl
ar g4 op i en hajere enhed er resul-
tatet som regel for stort slid elier
egentlig Sammenrivning af delene.

Lasningen pa dette probiam kan
vare en overfiadebelagning med
DLC-TR. Denne kan enten bruges
tart elier | kombination med Tradi-
tionel smering. Nar DLC-TR kom-
hineres med olie eller feat, sarger
bel@gningen for smaring, nar
overflagernes ruhed alligevel
trader gennem smarefilmen.

OLIE ELLER FEDT PA PLASTEMNER -
IKKE MED DLC-TR

Bevagelige kermer ng udstadere
skal ofte smores for ikke at rive.
Denne smaring farer som regel til
en vis afsmitning af smeremiddel
pa ge f2rdige emner. Skal emnerne
bruges til fedevarer, medicin eller
s0m gekoration kan forurening med
smaremicdel normait ikke accepre-
res. Overfladebel=gning med DLC-
TR vil normalt lese dette problem.

BAD-DLC
IBAD-DLC er en ionstrale-assistersr
uaf2idning af en kulstofbelzgning,

Tribologicentret TIf. 72201599

Kongsvang Alle 29 Mail: Tribo@teknolog!
Aarmus C www.Teknologisk.dkitribo
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SOM iS@f anvendes pa heroede
staivarktajer. Den samridige ion-
implantering og belagning sikrer
en vis opblanding af materialere i
granselager mellem belegning 0g
grundmareriale. Herved opnas en
overordentlig god vedhafining af
bel=gningen.

FORMGIVNING AF TYNDPLADE

Ved minimalsmurt elier smerefri
formgivning af tynapladeprodukter
er IBAD-DLC oet helt rigtige valg.
Formgivning uten eller na@sten
utlen smeremiddel betyder ofte
Megert i emnernes videre forlab,
fordi rester af smeremidael som
regel skal fjernes.

SMBR MED VAND

Smering af metalkompanenter med
vanad er normalt ikke muligt, bl.a. pa
grund af vands Meger lave viskosi-
TeL. Hvis mindst en af glide-

elier lejeflagerne overfladebenand-
es med DLC-TR er der dog ingen
risiko for rivning pA komponenter
elier maskindele, der kerer i vand -
neller ikke ved eventuel tarkersel

>

DAMISH
TECHNOLOGICAL
INSTITUTE



Hard surface - Chromenitride

PRODUKTFAMILIEN CrN

Kromnitrid

CrN - EN FLEKSIBEL LOSNING TIL
MANGE FORMAL

Sammenlignet med mange af Tribo-
lngicentrers evrige hel@gninger er
CrN mindre hard, men til geng=ld
nar CrN en lang raekke andre unikke
fordele, som ger bei@gningen me-
ger velegner Til vaerkTaj, sliddele og
maskinkompanenter. Hardheden af
CrN er ca. To gange hardheden af
traditionel hardkrom - 0g sa skal
gen ikke slibes efter bel@gning.

CrN er en dukTil (bejelig/elastisk)
bel=gning og haroheden af grund-
materizler er derfor ikke kritisk.

CrN-LT - LAVTEMPERATUR
CrN-processen kan udfaces ved lav
temperarur (ca. 150 °C) og Tribo-
logicentret har udvikiet en speciel
skansom proces, som efterlader
overfladekvaliteten af polerede
overflader intakt.

CrN-LT g@r 02t Muligt at opna god
varmeledning og haj slidstyrke,
2001 Slip 0g g0d produktfinish pa
smaserieforme i let bearbejdelige
materialer.

Disse egenskaber ger Tribologicen-

For mere information, kontakt
Tribologicentret TIf. 7220 1599
Kongsvang Alle 28 Mail: Tribo@Teknologisk.ok

8000 Aarhus C© wwaw.Tekn0Igisk dKITribo

Trers CrN-LT Til et oprimait valg pa
alle staityper (0gsa 1avt aniebne)
samt pad aluminium og kobberlege-
ringer.

SPANTAGNING 0G

FORMGIVNING AF METAL

Ved spantagning og formgivning af
metal kan CrN anvendes mod pa-
kizbning af biade mertaller som
aluminium og kobberlegeringer
S3MT i visse Tilf2loe 0gsa Til rust-
frit stal.

CrN-SD (Super Dense)

Gennem en oprimering af mikro- og
Nanostrukturen pa kromnitrid-
krystalleme har Tribologicentret
udvikiet en s2rlig TRT bel2gning,
CrN-SD, hvor krystalieme vokser
pa en mere kompakt maae end i de
tragitionelie CrN-bel@gninger.
Herved opnas en mere hard og T=T
bel@gning, SOM er SEroeies
velegnet Til NArat belastende
processer med kiebende metaller.

SLIPBELAGNING TIL
SPROJTESTOBEFORME

AFformning af plast er et vanskeligt
problem. Grunder den meger lave
polaritet har CrN og CrN-LT gode

TEKNOLOGISK
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slipagenskaber over for visse plast-
Types. Tribologicentrer har mange
ars erfaring med afhj2lpning af
afformningsproblemer i sprejteste-
beforme.

CrN-SS (Super Siip)

For at opna optimeret slip i s@rlige
vanskelige sprajrestabevarkiojer
nar vi utviklet en ny Type krom-
nitrid, CrN-SS, der har kiart
forbedrede slipegenskaber over
for de fleste vanskelige plastry-
per. OrN-5S har endvitdere vist, at
oert er muligt at afforme i et starme
Temperaturomraade, hvilket i haje-
re grad tillader optimering af selve
SPBJTesTAbNingsprocessen uden
hensyntagen til afformningen. Dette
betyder forbearet lensomned gen-
nem reducerede cyklustider.

AFVISNING AF KALK 06

ANDRE BELAGNINGER

Den lave polariter pa Tribologicen-
rets CrN-bel@gning er Arsag Til, at
visse sToffers tendens Til at danne
bindinger Til overfiaden reduceres.
ET eksempel pd oenne virkning er
anvenaelse pa dyser eller armarturer
Til vand, vor CrN kan reducere
Kkalkugf2ldning betyoeligt

DAMISH
TECHNOLOGICAL
INSTITUTE
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How do we select coatings? Ticimoiocica

Nitriding

lon implantation Electroless plating

Thermal sprayed

Organic coating coatings

Anodization

Cladding

Vitreous enameling

Electroplating
CVD (Chemical Vapour
Deposition)

Hot dip
galvanizing
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Introduction to Physical Vapor Deposition
A vacuum based process

PVD
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Thin film processes

- Termiske processer —

_ . TEKNOLOGISK
Vakuum Fordampning INSTITUT

-Laser

- Molecular Beam Epitaxy (MBE)

-lon Platering

~Activated reactive evaporation (ARE)

Fysiske processer—

- lonized cluster beam deposition (ICBD)

- Sputtering

lon processer Implantering
|: IBAD-proces
Plasma nitrering

- Plasma CVD
-LASER CVD

-Termiske CVD
-Chemical Solvent

Kemiske Processer-

Simpel DC sputtering
-Magnetron sputtering

-RF sputtering

-Dual magnetron sputtering

-Reaktiv sputtering
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Vacuum Chamber — controlled atmosphere TEKNOLOGISK
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Raw material

Working plasma - DC-
Cathode 4+ power supply
Sputter gas —— Jl L \ \
Anode . = Pump

ubstrate holder

ltems to be coated —_—




What is a plasma

Qo 0
o} O o
o) 0
0 o
0 O 0O
Q0 o
0
0% . o
(o] (@] ]
o) Qo

o °© o,
O +
o]
Q
o o 5 0.0
o 0
o 4 o +
0 o)
Q ) OD OO (;}
0 0

Schematic of a plasma composed of atoms, molecules, charged atoms and

molecules, as well as electrons.

TEKNOLOGISK

Definition: i
Plasma is a distinct phase of matter,
separate from the traditional solids, liquids,
and gases.

It is a collection of charged particles that
respond strongly to electromagnetic fields,
taking the form of gas-like clouds or ions.
The particles in a plasma are electrically
charged (formed by stripping electrons), it
is frequently described as an "ionized gas“.

Plasma was first identified (as
"radiant matter") by Sir William
Crookes in 1879.

Sir J.J. Thomson identified the nature
of the matter in 1897.

It was Irving Langmuir who assigned
the term "plasma" in 1928.

Plasma is actually the most common
phase of matter. Flame, lightning,
interstellar nebulae, stars, and even the
empty vastness of space are all examples
of the plasma state of matter.



What is a plasma
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Sputtering

Plasma e.g. Ar*
Cathode of the raw material

Atoms removed

Target Surface

-

Incident lon

O—» ———

Sputter yield = __
Incoming ions

o

Sputter Particle
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Sputter yield TEKNOLOGISK
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Atoms coming out
Atoms coming In

Sputter yield =

What does it depends on?
Type of incoming atoms (the plasma)
Type of atoms in the target
Incoming energy
Incoming angle



Sputter Yield (atoms/ion)

Sputter yield; Ar versus Ne
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Morphology of films
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vs. energy of bombarding ions INSTITUT

Floating

Increased Ar ion energy, Bias

TiO, morphology



5 X PVD units
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e 4xTargets: * 4xTargets: * ©6XTargets: e 4xTargets
* DC sputtering  DC or pulsed-DC DC or pulsed-DC  « DC sputtering

« Bias: DC or RF supply < Bias DC, MF or RF « Bias: DC, MF or RF < Bias: DC, MF
and samples * 6 towers * HIiPIMS « 10 towers
* 6 towers * Bias: HIPIMS

* b6 towers
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4xTargets:

4xTargets
* DC sputtering DC sputtering
» Bias: DC or RF Bias: DC, MF
and samples 10 towers

* b6 towers




Vacuum Chamber TERNBLGGISE
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Raw material

Working plasma = _ DC.
Cathode | |, powersupply

Sputter gas ——= J 1 l, ‘4 ‘5'

Anode = Pump

Substrate holder

Raw material: Ti _ _ A
Working plasma: Ar ) Coating Ti metal

Raw material: Ti _ | | ‘ |
Working plasma; Ar/N, — Coating TiN ceramic nitride y e




Vacuum Chamber

Working plasma
Cathode
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TIN — this Is an old workhorse
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Zonel Coarse columnar growth morphology characterized by
low mobility. This area is characterized by a high degree of
intergranular porosity, which is linked to the low nlobility‘
This region is not significantly affected by changes in the
process pressure, since the sum of the kinetic energy
(Maxwell distribution linked to the acceleration voltage)
and the thermal energy (temperature} is simply too low to
enable sufficient mobility.

ZoneT The T-zone is an intermediate region where the obtained

WD [tilt| mag
0 000

3.6 mm|0°

morphology is dependent on the sputtering pressure, which
in turn has a major impact on the obtained morphology‘
By lowering the pressure the ion energy increases and the
morphology becomes denser.

Zone2 Coarse columnar type growth and significantly more dense
than Zone 1. Ceramic PVD-coatings are often of the Zone
2 type, when the substrate temperature is insufficient to

produce Zone 3 morphology.

Zone3 Equi-axial grown crystals. This area is characterized by the
fact that the thermal energy is high enough to approach
equilibrium growth independent of the pressure. Nucleation

and growth is progressing according to minimization of
Gibbs free energy, i.e. preferring low surface energy.

Substrate
temperature (T/T,

memng) Pressure

0.1 % (mTORR)



TEKNOLOGISK
INSTITUT

HEhh,

NPpANP 999999999

Bk ELEEELREELELLLED L

0
@)
@)
)
| -
@)
€
(D)
(7))
S
@)
L
h'e
| -
@)
=
O
@)
-
©
<
T




TEKNOLOGISK

TIN — this is an old workhorse INSTITUT

Zonel Coarse columnar growth morphology characterized by
low mobility‘ This area is characterized by a high degree of
intergranular porosity, which is linked to the low mobility.
This region is not significantly affected by changes in the
process pressure, since the sum of the kinetic energy
{Maxwell distribution linked to the acceleration voltage)
and the thermal energy (temperature) is simply too low to
enable sufficient mobility.

ZoneT The T-zone is an intermediate region where the obtained
morphology is dependent on the sputtering pressure, which

in turn has a major impact on the obtained morphology.

By lowering the pressure the ion energy increases and the
morphology becomes denser.

Zone2 Coarse columnar type growth and significantly more dense
than Zone 1. Ceramic PVD-coatings are often of the Zone
2 type, when the substrate temperature is insufficient to
produce Zone 3 morphology.

Zone 3 Equi—axial grown crystals‘ This area is characterized by the

fact that the thermal energy is high enough to approach

equilibrium growth independent of the pressure. Nucleation
and growth is progressing according to minimization of

Substrate
temperatare (T/T, .,)

Gibbs free energy, i.e. preferring low surface energy.

Pressare
1 (mTORR’
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High surface area — conductive electrodes
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Stimulationselektroden
kan hurtigt og simpelt
indsaettes under
lokalbedovelse.

Elektroden far strem fra

Stimulationen kan
en pulsgenerator der ol
implanteres den nedre herefter aktiveres efter

i - behov ved hjlp af en
del af maveregionen. fiernbetiening,

titanium med en porONgoa
eller platin. Kappen er a
silikone og modhagerne
sikrer elektrodens placerirf8 -

inden den gror sammen
med vavet i
kroppe

@
@
neuredan

Member of the O1lo Bock Group
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High surface area — conductive electrodes

H o

"Changing deposition
parameters can have a
large effect on the coating
morphology”
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neuredan

Member of the Dlo Bock Group




High surface area — conductive electrodes
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— Reference TiN
E
5
5
=
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o
=
a
=
5
=
E

Fraquency [Hz)
Highest N content

Bzd45 B2 B2dd47
B:453 B2454 B2455

Thicker TiN coating (~x2)
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Member of the Olo Bock Group




High surface area — conductive electrodes
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GoOttingen minipig



High surface area — conductive electrodes
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S1=51.3 mn
S’

~ This image belongs
to chronlcRrostatltls;j_ O
~ Used with permissio

L=1306 W = 2646




High surface area — conductive electrodes

TEKNOLOGISK
INSTITUT

Microstructures on the PEEK body and the silicone tines to
accelerate and improve tissue integration

Z um 4 pm

1) Electrode Contact
2) Lead

3) Electrode Body
4) Electrode Tines.
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Low frinction DLC to dental applicaiton

TEKNOLOGISK

Targets/
cathodes

|

Substrates

Reactive DC magnetron sputtering
Deposition parameters:
m Crto make CrN adhesion layer
m C to make a low-friction top layer
m Ar/N,
m Deposition temperature ~180-200 °C

m Thickness ~ 3 um incl. adhesion layer



Low frinction DLC to dental applicaiton
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sp>

Diamond-like

Diamond

ta-C:H
ta-C ?

HC polymers
Sputtered a-C:H

No films

Glassy carbon
graphitic C

Robertson 2002



Dental implants
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~10 million patients per year

Dental screw

wawinqy

Implant
cavity

\;

1))

4111

Implant




Dental implants
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~10 million patients per year
~10 % experience issues with peri-implantitis (bacteria,

Crown

Bacteriain

Bacterla out potentlally
infecting the implant surface

Growing bacterla ]

m Bad mouth smell



Friction coefficient
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Titanium against titanium is very bad
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Coatings
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a-C toplayer a-C toplayer
Ti adhesion
Titanium substrate Titanium substrate

Hydrogen free — no hydrogen embrittlement



Coatings
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Applied a fixed Torque [M,]

F should be as high as
possible for fixed Torque

[M]



Tighting force — fixed momentum TEKNOLOGISK
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Low-friction drills ——
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Low-friction drills

LAVFRIKTIONSBELAGNING GIVER SIKKER FASTGORELSE AF PROTESEN
SKruen | et tandproteseelement spaendes med et forudderinerst moment, typisk 20-35 Ncm. Medicarb-
lav mellem skrue og implantat - og skruen kan dermed
lettere fastspandes korrekt, hvilket minimerer risikoen for, at proteseelementet lesner sig igen.

@ Abutment

@ Kunstig krone

Skruenerbelagt

Medicarb, grafitbaseret L CarD '

lavfriktionshel@gning

. Gradueret vedhaftningslag

Substrat, f.eks. titanium

Kilder: Elos Medtech Pinol og Teknalogisk Insti

ELOS >

MEDTECH
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Why Sr?
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a Mg

= Substitutes for Ca in mineral phase of bone Sonoreson 243050

= Stimulates bone formation
= Reduces bone resorption

= Shown anti-inflammatoric effect

19
K

ssium
83

/20
i Ca

Calcium
40.078

Strontium
57.62

= Sris used via strontium ranelate as treatment for osteoporosis

= Sr in the surface of an implant gives local effect where needed

Enamel Custom-made Crown

Dentin

Pulp

Abutment

Gum Tissue

Implant

Periodontal
Ligament
Bone

Coated
surface

Beneficial effects for accelerated and
increased implant osseointegration.
General healing times are 2-4 month
before placement of the prostheses

Park, J.-W. et al.; Acta Biomaterialia (2010) 6(7); pp. 2843.
Roy, M. M. et al.; J. Biomed. Mat. Res. Part A (2012) 100(9);
pp. 2450.

Xin, Y. et al.; ACS Nano (2009) 3(10); pp. 3228.



.
The dynamic structure of bone AN

INSTITUTE

Constant remodeling — "new” skeleton every 10 years
Sr =2 "negative” effect on OC - "positive” effect on OB

Osteoclast (OC) Osteoblast (OB)

Rosting Initial Reversal Osteoid Completed

surface excavation synthesis osteon Riggs and Parfitt;
\ . J. of Bone and Mineral Research,

2005

A sufficient amount of Sr must be released from the implant surface to stimulate the
formation of bone around the implant

No delamination of particles from the surface can be accepted



Coating synthesis

= DC magnetron sputtering
= Industrial coating unit (CC 800/9 SinOx)
= Deposition parameters

Co-sputtering of Ti target (Grade 1) and
Ti-Sr-O target (99.9%), 88mm x 500mm

Sr content O - 10 at.%

Argon sputtering gas

Deposition temperature ~ 100°C
Pressure ~ 0.4 — 2.4 Pa
Deposition rate ~ 240 nm/hr

Substrates (rotating): Silicon wafer, %\
titanium implants, steel, ... ‘

DAMISH
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A ; ,Ti.adhes;on [ayer

Substrate



Coating characterization omuse

% vﬂg T 'adhgs'ro'n layer

Substrate

— 500 nm —

Sr release: wash-out in PBS
solution + inductive coupled
plasma optical emission
spectroscopy (ICP-OES)

INSTITUTE

=  Morphology (SEM), chemical composition
(XPS, RBS), crystal structure (XRD)

4,0
3,5
"E 3,0 \

Sas N\

2 AN

o 2,0 \

wn

315 \

Y]

=10

) 05 R

0,0

Day 1 Day 3 Day 5 Day 7

= Bending test of Sr-Ti-O coated Ti rod — no
delamination

= Adhesion tests by screwing implants into
polyoxymethyl (POM)



Sr release vs. Sr concentration
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Sr release vs. coating thickness

6 ' ' ' ' ' Sr-TI-O on Ti rods

3 1 —=— 1500 nm -
1 —s=— 1000 nm :

4 - —— 200 nm 4

—— 50 nm

Sr release (ug/cm?)
w

Days

= At.%: Sr 4.4; Ti 35.6; O 60.0
= Pressure 1.1 Pa

= Tncreased Sr release vs. thickness

= Thickness + porosity = larger effective area



Sr release vs. pressure

Sr release (ug/cmz)

At.%: ~ Sr 4.5; Ti 37; O 58.5

Thickness 650 — 900 nm (high pressure -
lower thickness due to gas collisions)

Increased porosity (more/thinner columns)
with higher pressure

3 I I I I I

1 1
Sr-Ti-O on Si wafer

—=— 2380 mPa
—s— 1550 mPa
2 —=— 735 mPa i

!

Days

DANISH
TECHNOLOGICAL
INSTITUTE




Sr-Ti-O coatings
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= Sr-release profile can be tailored by deposition parameters

= Coating thickness, deposition pressuer, Sr concentration

3

2380 mPa
1550 mPa
735 mPa

N
I

Sr release (ug/cm?)
H
|

Sr release (uglem’)

o = N w N (¢)] [e] ~
1 1 1 1 1 1 1

Do Sr-Ti-O coatings improve
Implant osseointegration?




In vivo model
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In vivo model
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In vivo model
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Tested in rats and rabbits
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Conclusion - summary edtocica.
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= An introduction to surface coatings

= An introduction to Physical Vapor Deposition (PVD)

= Examples of coatings for medical applications
= Porous TiN for novel electrodes
= Low friction diamond-like carbon (DLC) coating for dental applications
= Strontium releasing coatings accelerating bone growth
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