


Â Wear in general has a yearly los of capital spending of ú120 billion 

ïCorrosion 900 Milliard

ïWear 300 Millard

Â Thermal spraying can attribute not only to:

Â Reduce these costs, but also

Â Give added value in terms of increased cycle life time

Â However to accomplish this one must know the:

Â Operating conditions,

Â Fail and wear mechanism

Â Possibilities and restriction of the available Surface 
Technologies 

to finally:

Â Come to the right choice of process and coating.



È A broad variety in Surface Technologies is available

Á Surface Technologies are per definition not exchangeable,

Á Each Surface Technology has its specific application area.

È Surface Treatment can be characterized in 2 main groups:

Á In the surface,  (thermo chemical, chemical, heat treatment, Mechanical)

Á On the surface. (Electro chemical, chemical, organic, welding, PVD, CVD, Th.Spray)

È In the surface:

Á Modifying the base material. 

È On the surface:

Ğ Applying a new material on the surface with new properties:

È All to increase the service cycle life time of the component.



È Hydraulic piston rods are used in several industries s.a.:

Á Off-shore, civil and industry in general all under different 

service conditions.

È They are used to operate the moving parts of:

Á Docks, sluice doors or marine vessels

È In their life time hydraulic piston rods are subjected to 

extreme environmental conditions s.a.:

Á Corrosive effects , (attack of salt , - fresh-, or polluted harbor water),

Á Chemical resistance to Hydraulic fluids, (pH value, viscosity),

Á Geographical location, 

Ğ s.a. exposed temp (pole-or tropical conditions)

ĞCostal conditions ,  (wind, sand a.f.)

È All above aspects in combination with wear.



Coating Process B.C. T.C. Service Experience

Hard Chromium Electro deposition na Cr <2yrs (corrosion)

Hard Chromium 
Nickel

Electro deposition/ 
electro less

Ni Cr <4yrs (corrosion)

Nitride CVD na TiN >6yrs

Nitride PVD na TiN <2yrsd (wear)

Solid Rod Inconel 625 na na >12 yrs

Ceramic Plasma NiCr Al2O3/TiO2 <6yrs (corrosion)

Ceramic Plasma NiCr Cr2O3TiO2 >10yrs (still in progress)

Carbide HVOF na Wc10Co4Cr >5yrs (still in progress)

NiCr CWS na NiCrBoSi >10yrs



È Wear is normally not the issue of failure of hydraulic piston rods, 

nevertheless wear impact tests are applied to determine the wear 

resistance of different coatings.

È Dry particle abrasion Test ASTM G65

È Wet particle abrasion Test ASTM G105

È Pin on Drum Abrasion Test ASTM G132

È Scratch Resistance Test Applied on System



DRY ABRASION TEST WET PARTICLE ABRASION TEST

Ç Abrasive: Dry Sand on rubber rim

Ç According to ASTM G65-04

Ç Tested: Volume loss

È Abrasive: grit+ sea water

È According to: ASTM G105-02

È Tested: Volume loss



È Wear resistance of a material is 
determined when relative motion 
is caused between an abrasive 
and a contact pin of the test 
material

È According to ASTM G132-96



È Contact force: Actual cylinder pressure

È Abrasive: Dry grit

È Advantages:

È Scratching abrasion of piston rod

È Seal guide and scraper behavior

È Piston seal behavior

È Tests carried out at actual cylinder pressure



1000rpm 500rpm 100rpm Average

Al2O3/TiO2 176,2 72,2 78,7 108,9

Cr2O3/TiO2 83 25 24 44

Wc-Hast 32,8 12,8 10,2 18,6
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Eaton Hydrowa/ Aludra/ Bundeswehr Hamburg (Prof. Dr. H. Kreye Ing. T.G. Kraak E.T.S.S.)   16 -04-2002



Mpa Mpa Mpa Mpa Average

Al2O3/TiO2 45 51 47 44 45

Cr2O3/TiO2 45 44 56 55 47

Wc-Hast 70 70 70 70 70
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Bondstrength according to ASTM C -633

Eaton Hydrowa/  Aludra/ SMT ( Ing. M. Kiggen, Ing S. Baars ,  Ing. T.G. Kraak E.T.S.S.   16-04-2002)


