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Presentation outline

ÅLƴǘǊƻŘǳŎǘƛƻƴ ǘƻ YŜǊƻƴƛǘŜ ŀƴŘ ƻǳǊ άt9hέ ǘŜŎƘƴƻƭƻƎȅ

ÅTypical coating characteristics classic applications

Current applications in aerospace and defence:

ÅMagnesium gearboxes

ÅTi6Al4V landing gear bearing carriers

ÅAl MMC structures

ÅOther Al applications
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Background

Keronite International Ltd. is a Cambridge(UK)-based 
ŎƻƳǇŀƴȅ ǘƘŀǘ ǎǇŜŎƛŀƭƛǎŜǎ ƛƴ άǇƭŀǎƳŀ ŜƭŜŎǘǊƻƭȅǘƛŎ ƻȄƛŘŀǘƛƻƴέΦ

This is an electrochemical process for the surface conversion 
of anyaluminium or magnesium alloy to give a very hard but 

compliant ceramic surface. 

The process is used for wear protection in many cases where 
anodising is inadequate.  These include applications where 

superior hardness and wear performance is needed, or 
where metals such as 2XXX-series aluminium or magnesium 

alloys are to be used.  It also provides un-rivalled Cr-free 
corrosion protection for magnesium alloys.
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Origins of PEO technology

!ǇǇƭƛŜŘ άt9hέ ǘŜŎƘƴƻƭƻƎȅ Ƙŀǎ ƛǘǎ ƻǊƛƎƛƴǎ ƛƴ ǘƘŜ ŦƻǊƳŜǊ ¦{{wΣ 
where it played a role in the longevity of the Mir space station
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Keronite International
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Established in 2000, Keronite specialises in the development and 
commercial application of PEO technology throughout the world

GlobalHQ in Cambridge (UK)

USHQ in Indianapolis

Partnersand licensees worldwide

Businessstrategy

ÅService provider

ÅEquipment design and installation

ÅApplication engineering 

ÅWorld leading R&D in PEO
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Business strategy

© Keronite 2005

Can coat very large areas (e.g. 6m2) at 0.1 m/min up to ~10 m
Uses different electrolyte in G2 equipment

© Keronite 2009 6© Keronite 2011 6

Keronite aims to deliver solutions to our customers in whatever form  is most suitable,
from R&D and applications engineering, through to small scale production 

(at Keronite HQ or one of our partners), right up to licensed
high-volume production, where we will design,

install, and even operate equipment
as appropriate

Semi-automated Keronite production line in Korea
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Plasma Electrolytic Oxidation (PEO)

The process is an electrolytic process (like anodising), but employs non-

toxic, dilute alkaline electrolytes, and high voltages to generate millions of 

very short-lived, µm-scale plasma discharges.  These melt and modify the 

growing oxide layer, changing its structure, making it harder, and denser.

The process in action:



© Keronite 2011 8

20 m

20 m

-hAl2O3 corundum

Structure & Composition

As with anodising, we have a dense, well-adhered 
ceramic layer, resulting from substrate oxidation.  
In the PEO process, however, this is modified by 
melting, melt-flow and re-solidification to become 
far harder crystalline phasesǎǳŎƘ ŀǎ άǎŀǇǇƘƛǊŜέΣ 
and also a far more complex microstructure than 
the simple columnar pores of anodising.

X-ray diffraction 
phase/crystallinity analysis

Cross-section

Aluminium

Keronite
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Hardness & wear resistance

12

-hAl2O3 corundum

The crystalline phases, particularly h -Al2O3, confer 
hardnesses of 1500-2000 HV0.1 on the Keronite layer, 
making it significantly harder than steel, sand, glass 
and many common wear counterparts.  This hardness 
is typically reflected in wear performance:

http://upload.wikimedia.org/wikipedia/commons/e/ee/Star-Saphire.jpg
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Wear protection

© Keronite 2009

¢ƘŜ .a² hǊŀŎƭŜ !ƳŜǊƛŎŀΩǎ /ǳǇ ¸ŀŎƘǘ 
ǇƛƻƴŜŜǊŜŘ ǘƘŜ ǳǎŜ ƻŦ YŜǊƻƴƛǘŜϰ ŎƻŀǘŜŘ ǿƛƴŎƘ 
drums in 2007.  These have since been widely 
adopted in high-performance racing yachts.

Corrosion resistance
Extreme hardness

Reliability

© Keronite 2011
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Keronite coated Al sprockets 

last three times as long as the 

steel parts they replaced
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Process control
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Keronite and research partners in the 
University of Cambridge possess unique 
MHz process analysis and control 
capabilities for characterising individual 
discharges and plasma parameters such 
as temperature and composition. 

Tcore=    16000 K
Tenvelope= 3500 K

Plasma density:
Ne ~ 1015 cm-3

N0 ~ 1018 cm-3
Time (µs)

0 50 100

Characterisation of discharge events during plasma electrolytic oxidation, 
Dunleavy et al., Surface and Coatings Technology, 203 (2009), 22: 3410 - 3419

../../../../Offline local storage/Papers/csd_sct_203(2009)_p3410.pdf
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World motorsport

© Keronite 2011

Keronite coatings are widely used in motorsport.

¢ƘŜȅ ŀǊŜ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ŘŜƳŀƴŘ ǿƛǘƘ Ƴŀƴȅ ƻŦ ǘƘŜ ǿƻǊƭŘǎΩ ƭŜŀŘƛƴƎ 
motorsport teams, including F1 teams where Keronite is the most 

widely applied protective coating for magnesium.  

Thermal protection
Magnesium corrosion protection
Hardness and wear protection

22
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Layer structure

1 µm 

Similar to anodising: Uniform coverage of complex shapes
Well-controlled, predictable growth

Non-columnar structure:  Superior edge protection
Less susceptible to corrosion, wear
Lower fatigue debit
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Friction surfaces

The Keronite surface has intrinsic roughness of:

RaҒ Ѹѕє ¢ƘƛŎƪƴŜǎǎ

This can be enhanced (e.g. profiled substrate) or reduced (e.g. 
polishing or post-treatment) to give a very wide range of µ

Approximate examples:

Keronite vs. bearing steel: 0.6-0.7
Keronite vs. Keronite: ~0.6

Lubricated Keronite: ~0.1
Polished, lubricated: ~0.03-0.04

Polished bearing
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Racing yachts (friction)

© Keronite 2011

¢ƘŜ !ƳŜǊƛŎŀΩǎ /ǳǇ ¸ŀŎƘǘ BMW Oracle 
ǇƛƻƴŜŜǊŜŘ ǘƘŜ ǳǎŜ ƻŦ YŜǊƻƴƛǘŜϰ ŎƻŀǘŜŘ ǿƛƴŎƘ 
drums in 2007.  These have since been widely 
adopted in high-performance racing yachts.
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High friction surfaces

© Keronite 2011

The winch drums have a complex shot-peened 
profile for optimal surface roughness.  This complex 
surface finish is preserved from wear by the hard 
Keronite surface to give a durable, high-friction 

surface.

25

A similar application (high performance off-road 
cycle rims) uses Keronite to protect a machined 
braking surface, delivering far greater durability 

than hard anodised aluminium.
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Textured brake surface

5 mm

+50

-25

Relief (µm):

Black Keronite provides durable wear protection for a textured braking surface:
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Low friction

By applying conventional polishing or honing techniques to Keronite surfaces, 
Ra of just 10s of nm can readily be achieved.  This generally amounts to 
removal of the surface roughness; with the polishing somewhat self-limiting 
as soon as the bearing area increases.

Polished surfaces retain a very fine pore structure which 
is ideal for lubricant retention.  A honed cylinder liner, for 
instance, retains lubricant as well as traditional 
corrugated surfaces, whilst offering far lower friction.

Keronite was an enabling technology for certain 
aluminium valve-train components in F1 engines 
when 22,000 rpm was permitted; hard anodising 
could not provide adequate wear protection.
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Mg gearboxes

© Keronite 2011 Image courtesy of Bristow Norway 19

Surface protection for WE43B and ZE41A cast gearbox housings:

ÅCr-free corrosion protection
ÅMinimal fatigue debit
ÅWear protection
ÅPaint adhesion

ÅUp to ~4m2 (for S-92)
ÅDOW17 and HAE replacement (to exceed AMS 2466)
ÅQualified pre-treatment for RockhardResin
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Mg corrosion protection

© Keronite 2005
© Keronite 2011 20

Keronite is the only system to exceedthe protection offered by Cr(VI) conversion
-Ford Motor Co. research



© Keronite 2011 21

Mg Taber abrasion
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Revolutions of CS17 Abrader, 10N

Proprietary aondising

20 µm G3 Keronite

(like AnomagÊ)

Proprietary anodising
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Fatigue endurance

Endurance limit reduced by <10%

Number of cycles

Open symbols signify no failure

../../../../Offline local storage/Papers/Other Keronite Papers/Yerokhin_Mg_fatigue_SCT2004.pdf
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Ti6Al4V bearing carriers

© Keronite 2011© Keronite 2011

Ti6Al4V landing gear bearing carriers for civil airliner MROs

4 parts & 9 bearings per typical airframe

Keronite provides improved bearing refurbishment service:

ÅImproved wear performance
ÅImproved anti-galling protection

23
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Ti6Al4V wear

© Keronite 2011© Keronite 2011

Ti6Al4V against SAE52100 steel, block-on-ring dry sliding wear test

24
PEO layers obtained from mixed aluminateςphosphate baths on Tiς6Alς4V: Dry sliding behaviour,

C. Martini et al., Wear269 (2010) pp. 747ς756 
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Al MMC structures

Image courtesy of NASA

Keronite coated for:

ÅCorrosion protection

ÅFretting wear protection

ÅAnti-galling protection

é all with minimal fatigue 

AMC640xa MMC structural members

AA6061 with 40% SiC reinforcement 


