Industrial Applications of PVD Coating
Technology Today

An introduction to coating services
provided by SECA member companies
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Surface engineering principle:
i A hard skin protects metals against all
& forms of wear
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Comparison of surface hardening treatments in
metalforming




Hard coatings at the cutting edge of carbide
tools: PVD developments predominate the

last decade
1970/ CVDTIC

1975 CVD TiC/TIiCN/TiN
CVD TiC/ALO,/TiN

1980 | GvD Tic / TICN / ALO,/ TiN...
MTCVD TiCN

1985 PVD TiN
PVD TiCN

1990 | PVD TiAIN
CVD Diamond

1995 PVD TiN/ TiAIN / TiN / TiAIN...
PVD TiB,

2000 PVD TiN/ TiCN /..MoS,, TIAIN / WC-C
PVD TiAIN multi-, nano-layers, AICrN
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In metal cutting coating properties alter the heat
generation and heat transfer between chip and tool

better

coating 2

P

tool 2

Variables affecting heat generation:
Work material — fracture energy, strain-hardening coefficient, thermal
conductivity
Friction coefficient at tool/chip contact surfaces, contact length dictated by
cutting edge geometry
Coating thermal conductivity
Metal cutting parameters (speed, feed, depth of cut)



Cutting tools are ~2x harder than the workpiece materials;

the coating is significantly harder than the tool substrate
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Coatings benefit tools and components
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Metal cutting Punching/Stamping Plastic forming molds



PVD coatings are thin!

.
Trm= 7500™"

Human hair: 50 — 100 pm

PVD layers: 1 —10 pum

multi-layered coating




The three phases of coating formation

Vaporization Condensation
bo AR bias
Working gas inflow 0 o]

Base material
(substrate)

Source materials
(target, cathode,
ingot, etc.)




Typical features of PVD coating technology

The Process

The Result

@ Micro/nano-grained, hard, lubricant coating
@ Residual compressive stress

@ No edge effects — with proper edge prep

o Polished surfaces can be coated

% No heat treatment necessary after coating
@ Limited coatability of holes and sls




Critical factors for coated
cutting/forming tool performance

° Good tool design, e.g., C
geometry
o Suitable tool




Importance of surface preparation:
factors that affect coating adhesion

o Contamination-free surfaces: grease, oxide
layers, polishing residues must be removed; ho
Zn, Cd and low temp. braze metals

o No overheating during surface grinding: avoid
deep grind marks and high surface roughness

o Edge prep is important: sharp edge should be

de-burred, correctly honed

o EDM’ed surfaces must be post- treated to
remove white layer

o No surface cobalt depletion on carbide

substrates
No cobalt capping on carbide substrates



PVD technology acquisition options

Tool company,
major end user

3. Partnership on
in-house
coating plant

1. Toll coating
service with one or
several toll coaters

2. Investment in
coating plant
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Estimates of realized and potential PVD coating global
market for cutting tools

Assume PVD value = 10% of $1.1B tool sales = $1100M; total PVD
coated penetration of the global cutting tool market Is ~25%, cf. 33%
CVD coated, 32% uncoated.



PVD coating USA statistics help SECA members plan their business

253M$
i@g(et fapifng: duced US cutting tools 2003 total consumption =
4valtie g, protice $2.53B; assume PVD value is 10%
cutting tools were PVD
coated (others are CVD

coated or uncoated)

Analysis:
Strengths
Weaknesses

Opportunities
Threats

Market Potential:

PVD value of tools for
which PVD coating makes
sense

Company’s
Strategies
Tactics

Realizable market
potential is 56% of
current market volume

Goals
Market Volume: L,
PVD value of coated tools ~-— Inferred from
(including OEMs) SECA statistics
This calculation
gives total market . v
penetration of increase of GSR
58%. increase of
- market share
Company Market Share: ‘:| """""""""""""""""""""""""""""" )

PVD GSR cutting tools

SECA member company can calculate its

market share from SECA statistics
2003 20107




A simple and proven application of PVD TiN on cutting tools.

5" diameter 4-flute carbide end mill, milling 4140 steel HRc28.

[ | Tool Type: 1/2" 4-flute 1/2" 4-flute
WEAR COMPARISON ' Carbide end Carbide end
Uncoated vs. Coated mill mill

| 0007 s T - |_Condition: __UNGOATED | TiN COATED

| TiN COATED ] Material: 4140 Steel 4140 Steel
0.006 T o — _ - DIN 1.7225 | DIN 1.7225
0.005 - Depth of Cut: 500" 500"
0,004 - 12.7mm 12.7mm
0,003 - Width of Cut: 125" 125"
3.18mm 3.18mm
0.002 4 ] = Spindle
0.001 1t Speed: 1955 RPM 2933 RPM
; 78 m/min. 117 m/min
EDGE WEAR AFTER MILLING 300 INCHES Fesd Rate: 52:71";5‘:/1 8322 anlr:;\:n

100X MAGNIFICATION OF THE CUTTING EDGE

TiN Coated wear .0007”

Uncoated wear .006”

The TiN coated end mill milled the same amount of steel at a speed 50% faster than the uncoated end
mill and still had less wear.



Drilling hardened tool steel with an AITiN coated straight flute carbide drill.

Tool Type: Straight Flute | Straight Flute
Carbide drill Carbide drill
AITiN
Condition: UNCOATED COATED
Material: M-4 @ HRc64 | M-4 @ HRcB4
Depth of Cut: .591" 591"
15mm 15mm
Dia. of Cut: .2362" .2362"
6mm Bmm
Spindle
Speed: 477 RPM 477 RPM
9 m/min. 9 m/min.
Feed Rate: 1.0 IPM 1.0 IPM
25.4 mm/M 25.4 mm/M

HOLES DRILLED BY COATED AND
UNCOATED DRILLS IN HARDENED TOOL

NUMBER OF HOLES

22
20 -
18 -

STEEL

UNCOATED  AITiN COATED




