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A Education
i MSc ETHEEITZ008
i Dr. sc. ETHMich (2012

I Executive MBA, focus on
Innovation management (not
yet completed)

A Position
I Business unit manager for

hard and scratchiesistant
antireflective coatings

I Project manager (e.g. R&D)

W. Bl ° sicAcompany of BCI 3



Pal

¢KS . /L

>

Family owned
Incorporated company

Founded in 1947

Independent

>r v IR

Technology leader

International business

hr2!

Headquarter in Grenchen, Switzerland

o2

350 employees
worldwide
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Organization Structure
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Advanced Coating Systems TeChIIOlOg'le

SWISS L7 QUALITY

Switzerland Czech Republic Switzerland Switzerland
Czech Republic
U.S.A.
Scandinavia
Korea
China
Japan
X
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Research and Development Activities

A Vacuum coating technologies
(PVD/CVD

A Microsystemcomponents by
laser structuring

A Plasma treatments

A PVDplant engineering
(hardware and software)

We participate irseveral research
projects in collaboration with
International universities

W. Bl ° sicAcomp@ny of BCI 6



Markets

Swiss watch industry
Telecommunication
Optics

Medical

Cutting tool industry
Aerospace

Precise components

W. Bl ° sicAcompany of BCI 7



Examplec Technologie$or watch industry

Hard and colorless
antireflection coatings on

sapphire watch glass Colored coatings

for dial plates

Hard coatings on
stainless steel
watchcases

Special phases
of the moon

Black Diamond-Like-Carbon
(DLC) coatings for bracelets

W. Bl ° sicAcompény of BCI



|V | -_IT .®

1 /NI 1

Advanced Coating Systems
SWISS 47 QUALITY

Development and production of PVD coatungts

PLATIT AG

W. Bl ° sicAcomp@ny of BCI 9
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400%
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D A y. dvancedCoatmg ystem

SWISS 47 QUALITY

Development and production #VD coating units

Design ofledicated PVD coatings

87 employees

No job coating!

340 Installationsin 37 Countries (Feb. 2013)

Installations within the last 10 years

300%

200%

100% -

0% -

W.
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Turnkey Coating Solutions = |_,\ 110 e

Integrate coating into your manufacturing process! Advanced Coating Systems
swmsﬂuunmv
www.platit.com

Coating

Handling
Stripping

Pre- and
Posttreatment

Cleaning Quality Control

PL1001
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The PLATIT Team | /N

SWISS 47 QUALITY

N/
Technologie
Riaz, CH

W. Bl ° sicAcomp@ny of BCI



Typical Applications of PLATIT Coatings

22

Components
25%

Al I 1 . .®
WYANE R
Advanced Coating Systems
SWISS A7 QUALITY
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TheLISS

A owned by BCI 100%

A Founded in 1991,
coatingcentre 1997

P2

Surface technology and
Innovation

International business

Tt >

95 employee

New R&D and
productioncentre 3500
m2

Tt

W. Bl ° sicAcomp@ny of BCI 13
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JozefSondor

A Materials science and
Engineering

A Position
Manager of BU hard and soft
coating

R&D department, responsible
for vacuum projects

Bl ° sicAcompany of BCI 14




Tools materialg why Is Iimportant?

Carbide
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Tool steel

Chemicatomposition hardnessheattreatment
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Tools materialg why Is Iimportant?

PVD coatings usually made480C il ‘4
For Tools is importarg last temperature of e
tempering z

: N

20 100 200 300 400 500 600

Popoustéci teplota (°C)

Tools steel withhigh carbon contents; high amount of Austenite = 4 times tempering

1300

teplota (°C)

W. Bl ° sicAcompany of BCI 16



Tools materialg what else Is important?

1. Oxidationburns
2. Overtempering

3. Residuaktress

4. Rehardenindpurns

W. Bl ° sicAcomp@ny of BCI 17



Tools materialc EDMProcess

White layer
Easyto breakout with/without coating
Changecutting parameter
USE POST TREATMEN

I v Dt D>

W. Bl ° sicAcomp@ny of BCI



Tools materialg surface roughness

W. Bl ° sicAcomp@ny of BCI 19



Tools materialg surface roughness

R oS
Photo No. = 2047 1ag 30 X Tmm EHT = 20.00 KV
Date :113 Aug 2003 N Detector = SE1
User Name = JEER

W. Bl ° sicAcomp@ny of BCI



Tools materialg surface roughness

A Sz measured on cutting faces with Form Talysurf 120
A Brandnew (=original) vs. resharpened hob
A Lower Sz for the resharpened hob

3

Original Resharpened

‘Resharptooth |

Tool conditions

W. Bl ° sicAcomp@ny of BCI 21



Tools materialg surface roughness

Resharpened:

A Increased tool life Crater wear on
_ L Cutting face:

A Less fluctuation of the tool life time

A No grinding traces

A Improved chip removal A less crater wear

30

~“Orig. tool
~ after 22 m/tooth
20 -

Life time (m/tooth)

10

Resharptool
after 22 m/tooth:

AICrN orig. AICrN resharp.
HSS hob (fly cutterin = 2.5v.= 150 m/minf,= 1.69 mm/

rev: dri
W. Bl ° sicAcomp@ny of BCI 22




Surface roughness post-treatment

W. Bl ° sicAcompany of BCI 23



W.

Surface roughness post-treatment

Alphs = 48° Bets = 20° Alpha = 487 Bets = 20°

FeinAl BLOSCH dry/dry FeinAl Liss wet/wet

Alpha = 457 Bets = 20°

FeinAl Liss wet/Aerolap Alpha =48*  Beta = 30" FeinAl plus PLATIT wet/wet

Werkzeug Behandlung vor/nach Ra ARa Rz AR;
63-1 FeinAl Liss nassstrahlen/AeroLap 0.107 =+ 0.010 1.24 +0.08
63-2 FeinAlplus Platit nassstrahlen/nassstrahlen 0.124 + 0.011 1.38 +0.11
61-1 FeinAl Liss nassstrahlen/nassstrahlen 0.150 =+ 0.004 1.69 =+ 0.07
61-2 FeinAl Blésch trockenstrahlen/trockenstrahlen | 0.175 =+ 0.007 1.83 £0.20

Bl ° sicAcomp@ny of BCI 24



Surface roughness post-treatment

50394161 - 505.1 - 1000H |

Stamping Feintool

W. Bl ° sicAcomp@ny of BCI 25 m




Dry blasting

50394161 - 505.2 - 1000H - 63x

:
%

50394161 - 505.2 - 1000H - 63x

a8 B

W. Bl ° sicAcomp@ny of BCI



Wet blasting

50394161 - 505.1 - 1000H - 63x

W. Bl ° sicAcomp@ny of BCI



mikroLAPoy LISS

50394163 - 505.1 - 1000H - 63x

1 mm | é

W. Bl ° sicAcomp@ny of BCI
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Edgepreparation

Rz, Ra
I Chipping of ‘ Bz, Ra
V\ A~ Cutting Edge — [t

Roughness

Edge rounding
(Radius R,
Microgeometry)

A Stabilizing and smoothing out the cutting edge

~

A Improved chip removal

A Optimized micro geometry (dep. on the application)

A Increased Tool life!

W. Bl ° sicAcomp@ny of BCI 30 m



Edgepreparation

AEdge rounding compensates so calfettenna effecfor PVD Coatings

ACompressive stress reducedhproved coating adhesion

without m

' ® -
no rounding edge rounde
. BLOSCEL

W. Bl ° sicAcompény of BCI




Edgepreparation ¢ only HPtools?

100 o

~N
(93

Tool Life (%)
N Ul
(0)] o

o

0 10 20 30 40 50 Source: GFE, Schmalkalden
Cutting Edge Radius (pm)

A Edge rounding bigrushing
A Optimum roundingor this type of tool and this application: Tipd/ 1 K Y

Material: 1.2:3;79 X155CrVMol14, Tool: Eng milhACR®oated,
qrfr manYYZ 1T néZap+lSKadve+H1O nmfminkfz=0.05 mm/z

W. Bl ° sicAcompany of BCI 32 m
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W.

Avallable Coatings on the Market

120

100 -

80

60 -

40 -

20

2011:
/ mehr als

100;
Ti-basiert  Monolayer

Cbasiert ~ Multilayer
Cr-basiert Gradient

Zr-basiert Nanolayer
W-basiert Nanocomposite

+ +
TiICN  TiAIN

V-basiert  TripleCoatings
Mo-basiert

Al-basiert
Si-basiert

Bl ° sicAcompany of BCI

TiN CrN +"/‘_/‘/

1975 1979 1983 1987 1991 1995 1999

34

2011
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Advanced Coating Systems
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ARCcoatingdeposition process

W. Bl ° sicAcompény of BCI



W.

Demands on PVD Coatings

High hardness and wear resistance

High toughness and excellent adhesion

Good chemical, oxidative und structural stability
Thermal barrier

Low friction coefficient

af{ SLI N 42N o0SigSSy G22¢

I v >t D>t e Dt

Xat the temperature of the application!

Components Cutting/Forming Injection Molding

Bl ° sicAcomp@ny of BCI 36
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Advanced Coating Systems
SWISS 47 QUALITY

FyY R Odzi G Ay 3

Dry Cutting




Dedicated Coating#or Special Applications

A

o _/[\\ Dedicated coating
8 \
@
g 4
i)
éT_J | //\ Dedicated coating.
- ﬁ / \T\X Universal coating
<€ >
Application range R e ——
B YAYREEC

Advanced Coating Systems
SWISS A7 QUALITY

W. Bl ° sicAcompany of BCI 37 m



ToolLife Comparison for DifferenCoatings

Example: HSS®rills:

700
600

b6b4
554
510

500

300 247

200 195 158

10047 I

o | |

uncoated TIN TIN TICN  TIAIN  AICrN  AITIN nATCRo
eBeam

Mat.: Tool steel - X155CrVMo12-1 - 1.2379 - HB290 - ap=18mm - blind holes
Tools: HSS-drills - Type N - DIN 338 - d=6mm - ve=22 m/min - f=0.1 mm/rev - emulsion 7%

W. Bl ° sicAcompany of BCI 38 m

Tool life; Lm [holes]




Coating

1. Chemical composition (stoichiometry)
2. Microstructure

3. Coating design
4

Post treatment

W. Bl ° sicAcompany of BCI 39



W.

1. Chemical Composition

g -~ Structural - Lo Wear . Wear
Element Hardness @ Friction stability resistance resistancse  : resistance
: vs. T RT 600 AC
Titan ( TiN) Base Base Base Base Base Base
Chrom ( CrN) i (+) i i + +
+ Carbon Arr Arr I T ++ T
+ Al + ) + + I ++
+Sij ++ | +(+) + + +(+)
+ Oxygen i i+ ++ ++ (1) +

A General trends for the influence of different components on the properties of

the PVD coatings

A Choice of the coating system depends on the application

Bl ° sicAcompany of BCI

40



2. Microstructure

Monobloc Gradient

Laminates Nanocomposite

W. Bl ° sicAcomp@ny of BCI 41



L aminates

A Two repeating materials with defined
thickness in nanometer scale

A Each material has its unique function, e.g. %
i Hardness
I Flexibility foughness)
I Chemical stability

I Wear resistance avible
1 Friction “
A Combination of these materials in the

nanolaminateconfiguration yield to new “

properties

W. Bl ° sicAcomp@ny of BCI 42



W.

Light microscope image of a calotte-grinded
sample with FEINAL to demonstrate the
multilayered coating structure

Bl ° sicAcomp@ny of BCI

43

Laminatesc Application FEIRL

Dedicated multifunctional coating for fifrdanking:

Structure:

Aluminumchromiumnitride (AICrN-
basedmultilayered nanostructures

Combines high hardness with
toughness

Optimizedmultilayer architecture with
Alrich layers for high thermal
insulation and Crich layers for high
hardness and wear resistance

Result in application:

The finenanolayeredstructure leads
to high film elasticity that prevents
crack propagation

Extremely high abrasive wear
resistance in combination with film
oxidation resistance



Nanocomposites

A Two materials with one crystalline and one
amorphous phase

A Special properties (high hardness and high
heat resistance)

W. Bl ° sicAcomp@ny of BCI 44



SiContainingSuperhardNanocomposites

A Si additionchanges microstructure
from columnar to isotropic glassy structure

A HallPatch relation Nanocristallitesesult in highest
hardness

Ve

Nanocomposited i NHzO (0 dzNB ¢ A 1 K & 2
KI NRY Saas0GPaox nn

p>2!

TiN SN Nanocomposite

p>l

Ti,  ALN/S{N NanocompositeC nACo

W. Bl ° sicAcomp@ny of BCI



Oxydation ReS|stanceMT|N<>nAC()

= hardness; [GPa]

‘ r A ." i ‘.i.'A.‘._‘: "
B T DA TSNS T St Pl . et

»;

900 Cin a|r66m|n » '
“"""' g \ T kL

e &) 0.~ ,’

nACeM L K-grades (nc-TiAIN)/(a-Si3N4)

W. Bl ° sicAcomp@ny of BCI 46 m
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Nanocomposites; ApplicationnACo

Drilling of Inconel 718 with nACo

NnACOE
after 100 holes

WZL 07 0142 RE

TIAICN
after 45 holes

WZL 07 0138 RE

Material Strength Tool ap ve n fz f vf Lubrication | tf hole
NiCr19Fe18Nb5Mg | [N/mm=] | carbide with IC || [mm] | [m/min] | [1/min] | [mm/z] | [mm/U] | [mm/min] [s]
Inconel 718 1280 @ 6.8 mm, z=2 20 25 1170 0.045 0.09 105 Emulsion 11.4

W.

Source: MACHERENA 6th FP EU-Projekt, WZL Aachen, D. Lung, | Essel, C. Essig

Bl ° sicAcompany of BCI
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3. Coating Design

e.g.: NACRb
#h  Top layer:
nACRb

Crbasednanocrystalline

#h  Core layer:
AITICrN
microcrystalline

i Base layer:
CrNadh Layer

2 f:Q
) ?&. -(nn rl
WD

th  Cementedcarbide
substrate

ﬁ,.

HV det mag |spot| ~———4pm
10.00 kV|ETD| 8.9 mm |36 000 x| 3.0 | FEI Quanta FEG

W. Bl ° sicAcompany of BCI 48 m




TripleCoatingy ! / 2 o 1

Applications:

- Universal milling (to
replaceTiAIN

- Expert for drilling and
turning

Adhesion layer

TN _ E modulus: smooth transition

Substrate”AA Coating

Core layer

AITiN | - Low internal stresgough

- Thermal barrier

Hard Toplayer
| AITIN/SIN I - High warm hardness

- Wear resistant: abrasive, oxidative

W. Bl ° sicAcomp@ny of BCI 49 m




NACEBtT Y  for dExotan Cutting Material

Turning of ADI 900 with Coated Ceramic

Turining
Interrupted Cut

B

4
2
. | 1 1 1

W2965c CVD W29e6c PYD  SLE58C  W266TBN1 W2PEGCBEN4  W4008¢  SL508nACO?

Tested at GFE, Schmalkalden

A AustemperedDuctile castiron: high
strength, high ductility and high

Maschine: MONFORTS VNC 600
Work Piece: Tube D=198mm, d=142mm

Material: 5L onns Fowup .2 ¢nOHINESSsHYL:
Operation:  Turning interrupted cut A Hard to machine, often grinding
Insert: CNGX 120716eramic

var. CVD, P\Doatings preferred

Parameter: v,=270 m/min, f=0.4mm

a.=2mm, dry A x wmn Odzia 2yftée gAl

Bl ° sicAcompany of BCI 50 m
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Combine different coating properties in one coating system

.'l'
auan@mh

TripleCoating "
1. Adhesion layer (CrN, TiN)
2. Tough base layer(e.g. AITICrNL)
3. Hard top layer (Nanocomposite)

QuadCoatings# E:

Triple Structure + 4! coating zone:

6.q. AlCrTIN -
9 Tribo
+ Transition layer 2"dbase layer

+ top layer for self lubrication
+ Oxidation resistantop layer

W. Bl ° sicAcomp@ny of BCI 52



Cathode Use for Quad Coatings Iin tkEél11

New Power Cathode Configurations: Fast Cycle Times

. Base: AICrN Base: AICrN Base: AICrTiSIN
%} IQrSiN\ ) Top:/AICrTiN ?%op: TINSIN X
~= i © \8 1 N

W. Bl ° sicAcompény of BCI




W.

t NBPLISNOASE 2F t]

Application: Hobbing

ouammwh

A AlCrNbased Multi / Nanolayerstructure leadgo high film elasticity

C prevents craclpropagation

A Very good abrasiverear resistanceandthermal insulation

A Si doped top layemhibites crater wear on HSS hobs

Bl ° sicAcomp@ny of BCI

: _

Micro hardness [HV 0,025 | 36500
Friction coefficient O against S 0.60
steel (dry)

Coating thickness2i@ange

Max. operation temperature
[ C]

Color grey

1000

9 BLOSCELD



W.

Wear Pictures of Cutting Faces

Principle of measurement:
cutting face

.'l!
QUﬂDCoatih

Optically measurement of the crater wear

Crater Wear at 27 m/tooth
flank

Same wear behavior for AICrN and AICrTiN4

o To o I

nACRo*: Si doped AICISIN top layer

A crater wear reduced by 50%

HSS hob (fly cutter), m = 2.5/~150 m/min, f= 1.69 mm/rev, dry

Bl ° sicAcomp@ny of BCI 55 m



