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== Nanolechnology Centre The concept of

— "superhardening” introduced
mumm for PVD Research by James Koehler , University

of lllinois in 1970.
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Q- critical stress to move a
dislocation across the interface
GA, GB, shear modulus of
material A and B
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Influence of the "superlattice” period on the hardness of

the TIAIN/CrN coating.
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Wear mechanism of single and multilayer coatings
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Industrial Scale Hauzer HTC 1000/4 PVD Coater at SHU
> -

a) XSEM of CrN/NbN Coated
knife blade

b) BF XTEM showing the
nanoscale multilayer structure
on the tip of the blade, p.en.

Hovsepian et al, Surf. and Coat. Technol. 133,
(2000).



SHU Nanoscale Multilayer Coating Family

CrAlYN/CrN

0

D=4.0 nm
High temperature

oxidation resistant
Dry machining, automotive
and aero engines.

TIAICN/VCN  CrN  NbN C/Cr

D=3.2nm D =3.4nm D=2nm
High hardness Corrosion and Low friction -
low friction Wear resistant tribological

Al and Ti cutting



HIPIMS-ABS Days, Sheffield Hallam University, 12-13  July, 2005

A project strongly driven by industrial needs

hot corrosion resistance

lifetime

mechanical properties AI—Z

wear resistance

oxidation resistance

cost savings
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Novel High Power Impulse Magnetron Sputtering (HIPIMS) Technology
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Patented for surface pre treatment by SHU in USAdBurope: A.P. Ehiasarian, P. Eh. Hovsepian, W.-Blinz,
US Pat. US 10718435, (2005EP 02 011 204.1 (2001).
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During pre-treatment, the peak substrate ion currem density
was Js = 155 mAcm-2.



2 #HINS ! %

#$%9$



Coating-Substrate Interface Microstructure

STEM Bright Field STEM Z-Contrast
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Local Epitaxial Growth in HIPIMS — Lattice Imaging
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Ultra-high resolution characterisation of the interface between CrAIYN/CrN
coating and the -TiAl substrate grown using HIPIMS technology

Atomic resolution chemical composition High resolution atomic image showing the
across the interface intimate atomic bonding at the interface



Local epitaxial growth on large areas due to HIPIMS pre treatment of
the substrate
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Homogeneous contrast along interface
signifies local epitaxial growth on
substrate (steel) grain
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CrAIYN/CrN CrAIYN/CrN
arc etch HIPIMS etch



XTEM images of the structure of CrAIYN/CrN deposited by various
techniques: a) HIPIMS/HIPIMS and b) HIPIMS UBM.

CrAlYN/CrN
nanoscale multilayer

CrAlN base layer

substrate
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Alternated HIPIMS/DCMS/HIPIMS/DCMS deposition of CrN
> 4



High purity intercolumnar boundaries in TiN films deposited by HIPIMS. a)
cross sectional view, b) plan view, near bulk material density achieved with
PVD coating

A.P. Ehiasarian at al , Influence of HIPIMS plasm#nization on the microstructure of TiN, J. Appl.Ws.,
manuscript accepted for publication (2011).



High Temperature Phase and Hardness Stability of CrAIYN/CrN
> 2



High Tempearture Tribological Behaviour of CrAIYN/CrN
D>



Thermogravimetric data for various CrAIYN/CrN coatings from
guasi-isothermal tests carried out at 850C in air
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Onset of Rapid Oxidation of CrAIYN/CrN deposited by various techniques
> 4
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High Temperature Corrosion Resistance of CrAIYN/CrN.

Weight gain after 1000 hours exposure to H,/H,S/H,O at 750C
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CrAIYN/CrN -TiAl Al2Au TIAICr
uncoated




Fatigue testing



Ultimate tensile strengths of -TiAl samples



Maximum stress vs. number of cycles to failure of -TiAl specimens bare and
coated with CrAIYN/CrN using different magnetron sputtering technologies



Wear and fretting resistance of TiAl turbine blades with best available
coatings in simulated aero engine environment at MTU Munich

New Aero Engine Concept:
Geared Turbo Fan

Low Pressure Turbine
Blade required in Gamma

Up to 30% less CO2
Perceived aircraft noise is halved

TIAl
CrAlYN/ CrN +
Oxidation and Al203
Corrosion Resistant Wear Resistant
Coatings Coatings
max. 800 C max . 800 C
35.000 hours 25.000 Cycles

50 % weight reduction per blade
compared to current nickel alloy

*Fretting wear tests with contact pressures relevant to blade shroud contact area



Fretting wear test results at Room temperature and 700C

RT,
CrAIYN/CrN

RT,
CrAlYN/CrN
+ Al203

700C,
CrAlYN/CrN

Test Parameters

R.T. and 700 C in air, 700C,

55 h, 20.000 cycles, frequency 0,1 Hz, CrAlYN/CrN
contact pressure 25 MPa + Al203



Gas turbine buckets and engine valves coated with CrAIYN/CrN nanoscale
multilayer coating at SHU using HIPIMS technology



CONCLUSIONS

A new generation nanoscale CrAIYN/CrN multilayer PVD coatings to operate in
harsh environment have been successfully deposited in an industrial sized
Hauzer HTC-4 1000 PVD coater enabled with the HIPIMS technology.

The novel HIPIMS technology offers better plasma conditions with higher
percentage of Me* to Ar* ratio:

For pre-treatment conditions: ratio of 3:1 (ionisation state for Cr +3)
For deposition conditions: ratio of 1:3 (factor of 6 higher than DC)

HIPIMS deposited coatings have clean and sharp interfaces, flat multilayers and
very dense structures with evidence of epitaxial growth promoting high
adhesion.

The new coatings have shown excellent mechanical, tribological, and high
temperature oxidation resistance. The technology and the coatings are close to
industrialisation
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